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Abstract
Given the increasing complexity of cancer care, multidisciplinary tumor boards 
have become essential in daily clinical oncology practice. The Project Extension for 
Community Healthcare Outcomes (ECHO) initiative developed an innovative 
telementoring model using a "hub and spoke" design consisting of a team of 
experts (hub) that offers a full service to multiple participants (the spokes) during 
regularly scheduled sessions discussing patients' clinical cases. The Alexander 
Fleming Cancer Institute in Buenos Aires was the first hub in Latin America to 
implement Project ECHO for gastrointestinal tumors. In our 3-year experience, 80 
patients from 37 centers were evaluated within Project ECHO and a range of three 
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to five cases were discussed in each meeting. From our perspective, the impact of this novel 
approach was a remarkable strategy to reduce care disparities by equalizing access to high-quality 
medical knowledge in a multidisciplinary environment for medical discussions. Additionally, it 
was shown to have a cost-effective impact directly on the patients and the local health system, 
since relevant costs were saved after unnecessary treatments, studies and travel expenses were 
avoided.

Key Words: Tumor board; Virtual; Gastrointestinal; Cancer disparities; Oncology; Extension for Community 
Healthcare Outcomes project

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Tumor boards (TBs) have existed for the last 50 years, and at the present time, represent an 
essential strategy in daily clinical oncology practice. We reported our positive experience and perspective 
with a novel approach of multidisciplinary virtual TBs using an innovative telementoring model called 
Project Extension for Community Healthcare Outcomes. This first experience in Latin America for 
gastrointestinal tumors has shown to reduce care disparities by equalizing access to high-quality medical 
knowledge in a context of a multidisciplinary environment for medical discussions.

Citation: Esteso F, Tissera NS, O'Connor JM, Luca R, Huertas E, Sánchez Loria F, Pedraza I, Pairola A, Brancato 
F, Paganini L, Kucharczyk M, Amat M, Pombo MT, Galli M, Bruno L, Caro L, Rodriguez A, Enrico D, Waisberg 
F, Chacón M. Implementation of a virtual multicenter gastrointestinal tumor board to reduce cancer disparities in 
Argentina. World J Clin Oncol 2022; 13(6): 423-428
URL: https://www.wjgnet.com/2218-4333/full/v13/i6/423.htm
DOI: https://dx.doi.org/10.5306/wjco.v13.i6.423

INTRODUCTION
During recent decades, cancer care has become increasingly complex mainly due to the personalized 
approach for every single patient. Each patient requires a careful assessment which often involves a 
multidisciplinary effort and experienced physicians. However, many countries experience the central-
ization of tertiary referral cancer units in the most populated cities. In many urban centers in Argentina, 
medical oncologists provide care for patients with multiple types of cancer which challenges practi-
tioners to stay current with the evidence that is necessary to deliver high-quality care. However, given 
the increasing knowledge of cancer, and the observed trend of subspecialization among oncologists, 
tumor boards (TBs) have become a widely accepted and successful strategy to promote discussion and 
evidence-based decisions in a scenario with unequal health access[1,2].

A TB is a multidisciplinary treatment planning approach in which health professionals with different 
specialties review and discuss the diagnosis and treatment strategies using an integrative approach[3]. 
In the past few years, TBs have incorporated virtual modalities to make them accessible in remote 
locations, promoting timely diagnostic and treatment planning for patients in different regions and 
socioeconomic settings.

In this context, Project Extension for Community Healthcare Outcomes (ECHO) created by Dr. 
Sanjeev Arora in 2003 in New Mexico, EEUU, uses video conferencing technology to discuss cases and 
treat rural cases of hepatitis-C[4]. It aims to reduce health disparities by allowing clinicians to share 
current medical knowledge in underserved and remote areas to cooperate with the care of patients with 
hepatitis C through innovative telementoring. The ECHO model uses a hub-and-spoke knowledge-
sharing approach where expert teams lead virtual meetings amplifying the capacity for providers to 
deliver best-in-practice care to underserved areas in their communities (Figure 1)[5]. This "hub and 
spoke" design consists of a model that arranges a network consisting of a team of experts (the hub) that 
offers a full service to multiple participants (the spokes) during regularly scheduled sessions where 
patients with clinical cases that need a more accurate treatment are discussed[6,7]. The use of this design 
also provides the capability to facilitate clinical mentoring and the implementation of regular 
educational sessions for medical training. Thus, the ECHO approach represents a completely different 
model than “telemedicine”, wherein a specialist assumes the care of a patient in a typical consultation 
by using remote technology.

Currently, over 373 academic centers serve as ECHO hubs for multiple severe medical conditions 
such as infectious diseases, rheumatologic diseases, chronic pain, addiction, human immunodeficiency 
virus, diabetes, complex multisystem diseases and cancer[8,9].

https://www.wjgnet.com/2218-4333/full/v13/i6/423.htm
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Figure 1 Extension for Community Healthcare Outcomes hub and spoke model. Citation: ECHO. Project ECHO. [cited 11 August 2021]. Available 
from: https://hsc.unm.edu/echo/. Copyright© Project ECHO 2022. Published by ECHO.

Multidisciplinary virtual TBs represent an opportunity to reduce the existing care disparities by 
information equality. Under this premise, the Alexander Fleming Cancer Institute in Buenos Aires was 
the first hub in Latin America to implement Project ECHO for gastrointestinal tumors. Since December 
2017, monthly virtual meetings (an hour and a half long) using videoconferencing software have been 
performed to discuss cases of gastrointestinal cancer. The participating physicians had primary practices 
in academic and community general hospitals in at least 8 provinces of Argentina. The central hub staff 
was composed of surgeons, radiotherapists, imaging specialists, pathologists, genetic counselors, 
gastroenterologists and medical oncologists specifically dedicated to gastrointestinal cancer care. The 
modality included a case-based discussion followed by a moderated discussion with a final medical 
recommendation taking into account local available resources. The first 15 min of each meeting were 
dedicated to an educational lecture.

In our 3-year experience, 80 patients were evaluated within the Project ECHO, and a range of three to 
five cases was discussed in each meeting (Table 1). During the first 2 years, 15 health centers regularly 
participated in the virtual meetings. Notably, exponential growth was observed concurrently with the 
coronavirus disease 2019 (COVID-19) quarantine. Since June 2020, professionals from an average of 37 
centers have habitually participated in these monthly meetings. Of note, each participating institution 
decided and proposed to the expert hub team the most relevant clinical cases that required a 
multidisciplinary discussion to the expert hub team. The median time from the first oncology visit until 
the ECHO referral was 16 d (range 12-19).

Most patients included in the program were diagnosed with colorectal cancer (n = 43, 53.75%), 
followed by neuroendocrine (n = 14, 17.5%), esophagogastric (n = 12, 15%), biliodigestive (n = 7, 8.75%), 
anal (n = 3, 3.75%) and appendix (n = 1, 1.25%) tumors. Most patients had advanced disease at the time 
of presentation to the TB (n = 28, 40%). Case discussions included systemic treatment for the advanced 
scenario, surgical approaches, and adjuvant decisions. Of note, the suggested strategies were mostly 
managed at local places (n = 60, 75%); other patients were referred to the Alexander Fleming Cancer 
Institute or tertiary health care centers (n = 8, 10%) for surgery or chemotherapy (n = 10, 12.5%) and a 
minority of cases were referred for radiotherapy (n = 2, 2.5%). Notably, during the COVID-19 pandemic 
period, only 6% of the patients were suggested to receive centralized treatment at a tertiary center. In 
addition, participant satisfaction was evaluated by a centralized digital survey provided to 30 profes-
sionals showing the highest level of satisfaction in 25 (83%) participants.

TBs have existed for the last 50 years and have been proven to improve medical training and, in the 
long run, patient care[10]. Under current conditions, Project ECHO emerges as a collaborative and 
integrative networking environment for cancer management in remote locations. The impact of novel 
virtual TB approaches in Argentina is a remarkable strategy to reduce care disparities by equalizing 
access to a multidisciplinary environment for medical discussions. Furthermore, these models have 
proven to be consistently cost-effective. Available evidence has highlighted that relevant costs were 
saved after unnecessary treatments, studies and travel expenses were avoided. The latter is particularly 
relevant, considering the vast extensions of Argentina[11-14]. As a typical example, a patient with a 
specific gastrointestinal tumor who would need to travel and have a consultation at a reference cancer 

https://hsc.unm.edu/echo/
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Table 1 Characteristics

Characteristics n = 80
Age (range) 57 yr (48-68)

Sex

Male 45 (56.25%)

Female 35 (43.75%)

Tumor type

Colorectal cancer 43 (53.75%)

Neuroendocrine 14 (17.5%)

Esophagogastric 12 (15%)

Biliodigestive 7 (8.75%)

Anal 3 (3.75%)

Appendix 1 (1.25%)

Stage

Locally/locally advanced 52 (65%)

Metastatic 28 (35%)

Treatment strategy management

Local institution 60 (75%)

Referred to specialized cancer center 20 (25%)

Reference areas of Argentina (Province)

North 40 (50%)

Center 24 (30%)

South 16 (20%)

center in Argentina would have to spend approximately 500 USD regardless of the study and treatment. 
Additionally, in terms of saving time, this strategy could normally take approximately 3 more weeks in 
delaying the treatment plan decision in Argentina.

Our heal system is heterogeneous, including the private and public sub-systems. Under this circum-
stance, some patients have to be referred to tertiary or local centers for coverage of treatment and 
studies to become effective. We believe that the discussion of the clinical cases in a context such as the 
ECHO initiative represents one of the better chances for high-quality cancer care considering that the 
referral does not cause a significant delay in the treatment. In our health system context, the virtual 
ECHO initiative would be more accessible, accurate, affordable and properly developable than the 
strategy of extending more sub-specialized oncologists in urban and suburban areas.

Our Project ECHO experience has led us to address some important factors that should be improved 
upon in the future. Internet access, low-quality video-conferencing devices and protected time 
availability are some of the key areas to expand in the future. The participation of professionals with 
non-oncology medical specialties should also be promoted to facilitate a comprehensive discussion of 
the multiple dimensions that are involved in cancer care.

One of the potential limitations of the virtual TB approach could be the lack of complete information 
on the clinical case for proper and personalized clinical decision-making, given that the medical 
opinions of the board are based on the case presentation and not on the direct evaluation of the patient. 
Additionally, monthly meetings may not meet the demand, mainly in situations when a medical 
decision is urgent.

Although limited, our experience was extremely positive. We are convinced that this strong profes-
sional network also creates a unique opportunity to promote national evidence-based recommend-
ations, academic collaborations and clinical cancer research, as well as continuing medical education 
programs.
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CONCLUSION
In our view, multidisciplinary virtual experiences, such as the Project ECHO, should be carefully 
addressed by health care decision-makers given their popularity and their demonstrated cost-effect-
iveness. Many of the evaluated barriers require government participation to improve budget and 
technology access in health care facilities. The COVID-19 pandemic has led to a tremendous need to 
incorporate modern technology into different work scenarios. Under these circumstances, the 
implementation of virtual educational and medical activities may be one of the key elements that cannot 
be excluded in the design and execution of National Cancer Control Programs.
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Abstract
The treatment of small cell lung cancer (SCLC) is a challenge for all specialists 
involved. New treatments have been added to the therapeutic armamentarium in 
recent months, but efforts must continue to improve both survival and quality of 
life. Advances in surgery and radiotherapy have resulted in prolonged survival 
times and fewer complications, while more careful patient selection has led to 
increased staging accuracy. Developments in the field of systemic therapy have 
resulted in changes to clinical guidelines and the management of patients with 
advanced disease, mainly with the introduction of immunotherapy. In this article, 
we describe recent improvements in the management of patients with SCLC, 
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review current treatments, and discuss future lines of research.

Key Words: Small cell lung cancer; Whole-brain radiotherapy; Prophylactic cranial irradiation; Stereotactic 
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Core Tip: The treatment of small cell lung cancer (SCLC) continues to be a challenge. Recent studies have 
described survival benefits achieved by new treatments or combinations of treatments that are both safe 
and effective. Immunotherapy has a new role in SCLC. Nevertheless, continued research efforts are 
needed. Here, we review the current management of SCLC and discuss recent improvements and future 
lines of research.
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INTRODUCTION
Small cell lung cancer (SCLC) accounts for 14% of all lung cancers[1,2], and most cases are associated 
with tobacco use[3]. Although the global incidence of SCLC is falling, the ratio of male to female cases is 
currently 1:1[1,2]. SCLC is a fast-growing cancer, and most patients have extensive disease when 
diagnosed. In approximately one-third of cases, the cancer is limited to the thorax and can be treated 
with concurrent chemotherapy and radiotherapy. Just a small percentage of patients are amenable to 
surgery and adjuvant therapy. The goal of treatment in patients with extensive disease is to alleviate 
symptoms and prolong survival, although long-term survivorship in this setting is rare[4].

LIMITED-STAGE DISEASE
Surgical treatment of SCLC
Early-stage SCLC, stage I and IIA (T1-2N0M0) SCLC in the American Joint Committee on 
Cancer/International Union Against Cancer classification[5-7], accounts for 7% of all SCLCs and 0.29% 
of all lung cancers[8]. Numerous studies have shown excellent survival rates in patients with SCLC cT1-
2N0M0 treated with surgery as part of a multimodal approach[6,9-28] (Table 1).

Surgical resection followed by adjuvant therapy is currently recommended by most clinical 
guidelines for operable stage I and IIA SCLC. Choice of adjuvant treatment varies according to 
pathologic tumor-node-metastasis stage: Chemotherapy for pN0, chemotherapy ± radiotherapy for pN1 
and chemoradiotherapy for pN2[29-32] (Figure 1). The indications for the surgical treatment of SCLC 
can be summarized as follows: (1) Intraoperative diagnosis of a pulmonary SCLC nodule. Between 3% 
and 5% of SCLCs present as a pulmonary nodule. Multidisciplinary treatment involving surgical 
resection, systematic nodal dissection, and adjuvant chemotherapy or chemoradiotherapy can achieve 
survival rates comparable to those seen in non-SCLC[8]; (2) Diagnosis of stage I or IIA SCLC. Local or 
regional recurrence[33-39] (tumor and/or hilar-mediastinal lymph nodes) is the most common form of 
disease in patients who relapse after complete remission with chemoradiotherapy[40-45]. Surgery as 
part of a multimodal approach achieves better local disease control[46-50] than chemoradiotherapy[51-
54]; (3) Mixed histology (SCLC with a non-SCLC component). Between 2% and 28% of patients have 
mixed SCLC/non-SCLC[55-59]. Recurrence or failure to respond to first-line chemotherapy is likely to 
be due to the non-SCLC component; and (4) Salvage surgery for local chemo-resistant SCLC or 
exclusively local recurrence after response to chemoradiotherapy. Selected patients in this setting might 
benefit from surgical resection[60-62].

Lobectomy is the preferred procedure for surgical resection, as it is associated with significantly 
better survival than sublobar resection[40,45,49,54,63]. The significant discrepancies observed between 
clinical and pathologic stages (mainly due to undetected lymph node metastasis before surgery) 
highlight the importance of accurate clinical nodal staging and systematic lymph node dissection[47,
64]. The recommendations for ruling out hilar and mediastinal lymph node involvement are very 
similar across the different guidelines. Ideally, clinical staging should be performed using semi-invasive 
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Table 1 Surgical and survival rates for patients with small cell lung cancer (period time revised 1999-2020) - (dash), lack of information 
or details

Ref. Study type & time 
period. LoE

Inclusion 
criteria

Number of 
patients

Neoadjuvant/adjuvant 
treatments PCI Survival data

Jin et al[9], 2018 RS; SEER 2004-2013; 
3A

cI-II n = 2129; S: 387; 
RT 1032; S + 
RT: 154; No S or 
RT: 556

- 5-yr OS T1N0: 46.0% S vs 
23.8% RT; 5-yr OS T2N0: 
42.6% S vs 24.7% RT; T3N0 
or T1-2N1 (stage IIB) 
patients treated with S did 
not have higher 5-yr OS 
rates than those treated 
with RT

Yang et al[10], 
2018

RS; NCDB 2003-
2011; Propensity 
score match S + AC 
vs CRT; 3A

cT1-2N0M0 S + AC: 501; 
CRT: 501

S + AC: 501 - 5-yr OS: 47.6% S + AC vs 
29.8% CRT (P < 0.01)

Ahmed et al
[11], 2017

RS; SEER 2007-2013; 
3A

Stage I SCLC n = 1902; S: 427; 
S + RT: 115

- - MST: 50 mo (S); MST: 60 + 
mo (S + RT)

Wakeam et al
[12], 2017

RS; NCDB 2004-
2013; 3A

cT1-2N0M0 n = 5079 - MST: 25.3 mo

Wakeam et al
[13], 2017

RS; NCDB 2004-
2013; Stage-specific 
propensity score 
match S vs NST; 3A

cI-III n = 2619 No AD treatment 24% NC or NR 
4%; AC 27%; AR 1%; ACR 32%; 
NC or NR and AC or AR 2%; 
Other 10%

- MST cI 38.6 vs 22.9 mo S vs 
NST; MST cII 23.4 vs 20.7 
mo S vs NST; MST cIIIA 
21.7 vs 16.0 mo S vs NST

Combs et al
[14], 2015

RS; NCDB 1998-
2011; 3A

cT1-3N0-2 
SCLC

n = 2476; S 841 
cIA, 168 cIB

All; S: 68% - 5-yr OS: 54% (cIA); 36% 
(cIB)

Ogawa et al
[15], 2012

RS; Institutional 
1995-2008; 4

cI-III; pI-III 
SCLC

n = 28 (23 SCLC 
before S); S 21 
cI, 5 cII, 7 cIII2

NC 8; AC 19, ACR 2 - 5-yr OS 47%

Ju et al[16], 
2012

RS; Institutional 
1990-2009; 4

pI-III n = 34 NC 3; AC 1, AR 19, 10 CRT - 5-yr OS 66%

Vallières et al
[6], 2009

RS; IASLC 1990-
2000; 3A

Resected SCLC n = 349 (68 pIA, 
91 pIB)

- - 5-yr OS: 53% (pIA); 44% 
(pIB)

Lim et al[17], 
2008

RS; Institutional 
1980-2007; 4

cI-cIIIB n = 59 AC 13; AR 2; ACR 1 - 5-yr OS for all patients 52%; 
No difference in 5-yr 
survival across; cT and cN 
categories; No difference in 
5-yr survival across; cI to 
cIII stages

Wang et al[18], 
2007

RS; Institutional; 4 pI-III n = 122 QT & CRT (not specified) - MST 50 mo; 5-yr OS 66%

Veronesi et al
[19], 2007

RS; Institutional; 4 cI-IIIA n = 23 AC all - MST 24 mo

Tsuchiya et al
[20], 2005

Prospective phase II 
trial; 1991-1996; 2B

cI-IIIA n = 62 AC 42 (69%) - MST not reached in pI; MST 
449 d for pII; MST 712 d for 
pIIIA; 3-yr OS 61%; 3-yr 
survival rate cI, cII, cIIIA 
68%, 56% and 13% 
respectively

Brock et al[21], 
2005

RS; Institutional 
1976-2002; 4

Resected SCLC n = 82 (24 stage 
I, S + AC)

AC 55% 23% 5-yr OS: 86% (platinum 
AC); 42% (non-platinum 
AC)

Nakamura et al
[22], 2004

RS; Institutional; 4 cI-III SCLC n = 69 S 37, NC 32, AC 41, ACR 7 - 5-yr survival 48.9 % cI, 33.3 
% cII, 20.2 % cIIIA, 0 % cIIIB

Badzio et al
[23], 2004

Comparative RS; 
Institutional 1984-
1996; 4

cI-III balanced 
in both, S and 
NST groups

n = 134 S 67 (all AC); NST 67 (all QT) 34% only 
S group

MST 22 mo (S); MST 11 mo 
(NST); 5-yr OS S 27%, NST 
4%

Lewiński et al
[24], 2001

R; Institutional 1976-
2002; 4

cI-IIIA SCLC n = 75 NC all If CR to 
NC

MST N0+1 25 mo; MST N2 
14 mo; MST resected 18 mo; 
5-yr OS resected 29%

Cataldo et al
[25], 2000

RS; Institutional 
1982-1992; 4

cI-III SCLC n = 60 AC 88%; pII AR (11%); pIII AR 
(21%)

41% 5-yr survival rate 40% pI, 
36% pII and 15% pIII
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Inoue et al[26], 
2000

RS; Institutional 
1975-1994; 4

Resected SCLC n = 91 (32 cIA, 
30 cIB)

All 78% 5.5% MST 53 mo, 5-yr OS 49% 
(cIA); MST 25 mo, 5-yr OS 
47% (cIB)

Kobayashi et al
[27], 2000

RS; Institutional 
1982-1992; 4

cI-III SCLC n = 59 NC 71% - 5-yr survival rate 55% pI, 
33% pII, 23% pIII

Eberhardt et al
[28], 1999

Prospective phase II 
trial; Institutional 
1991-1995; 2B

cIB-cIIIB n = 46 IB/IIA had NC + S; IIB/IIIA had 
NCR + S

- MST all patients 36 mo; 
MST R0 patients 68 mo; 5-yr 
survival rate all patients 
46%; 5-yr survival rate R0 
patients 63%

ACR: Adjuvant chemoradiotherapy; AD: Adjuvant; AC: Adjuvant chemotherapy; cIA: Clinical stage IA; cIB: Clinical stage IB; CR: Complete response; 
CRT: Chemoradiotherapy; IASLC: International Association for the Study of Lung Cancer; ISC-LCSG: The Lung Cancer Study Group of the International 
Society of Chemotherapy; LoE: Level of evidence; MST: Median survival time; NC: Neoadjuvant chemotherapy; NST: Non-surgical treatment; NCDB: 
National Cancer Data Base; OS: Overall survival; PCI: Prophylactic cranial irradiation; pIA: Pathologic stage IA; pIB: Pathologic stage IB; pII: Pathologic 
stage II; pIIIA: Pathologic stage IIIA; pIIIB: Pathologic stage IIIB; QT: Chemotherapy; R0: Complete resection; RS: Retrospective study; RT: Radiotherapy; S: 
Surgery; SCLC: Small cell lung cancer; SEER: Surveillance, Epidemiology, and End Results database.

Figure 1 Proposed algorithm for the treatment of early-stage small cell lung cancer focused on surgical treatment. CT: Chemotherapy; PCI: 
Prophylactic cranial irradiation; RT: Radiotherapy; SBRT: Stereotactic body radiation therapy.

techniques that enable biopsy and the pathologic study of lymph nodes (e.g., transbronchial ultrasound 
and esophageal echoendoscopy) and invasive techniques such as video mediastinoscopy, anterior 
mediastinotomy, and videothoracoscopy.

Radiotherapy in limited-stage SCLC
Thoracic radiotherapy and stereotactic body radiotherapy in early-stage SCLC: SCLC is usually 
classified as limited-stage (LS) or extensive-stage (ES) disease[65]. With adequate treatment, overall 
survival (OS) is 16-22 mo in patients with LS-SCLC and 8-13 mo in those with ES-SCLC. The corres-
ponding 5-year survival rates are < 20% and < 2%[66]. Radiotherapy is associated with better OS when 
given in the first few weeks after the start of chemotherapy (ideally during cycle 1 and never later than 
cycle 3), and the shorter the duration the better[67].

Hypofractionated radiotherapy is well tolerated and produces similar response rates to standard 
fractionation. Proposed schedules include 40 Gy in 16 fractions with chemotherapy and prophylactic 
cranial irradiation (PCI)[68] and 55 Gy in 25 once-daily fractions, also with chemotherapy and PCI[69]. 
Higher complete response rates and longer OS have been observed for hyperfractionated vs hypofrac-
tionated radiotherapy (45 Gy in 30 fractions twice daily vs 42 Gy in 15 fractions twice daily), but the 
differences were not statistically significant[70].

Treatment must be individualized. Some clinical guidelines recommend surgery and adjuvant 
chemotherapy for stage I and IIA disease[30,71]. This combination has achieved OS rates of 50%-70%[20,
21,72,73]. Nonetheless, stereotactic body radiotherapy (SBRT) should be considered in patients who are 
unfit for or refuse surgery, as it is not inferior to conventional treatment and has an acceptable safety 
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profile (toxicity < grade 3)[74-80]. Although the evidence is based on small series, SBRT can achieve 
local control rates > 85%. No clear benefit, however, has been observed for OS (63%-83% at 1 year, 35%-
76% at 2 years, and 21%-26% at 3 years) (Table 2). This could have several explanations. First, SCLC is a 
fast-spreading tumor (associated with distant metastases in 50% of cases), requiring clinicians to 
consider neoadjuvant or adjuvant chemotherapy (preferably adjuvant in the case of SBRT due to its 
short treatment time), particularly in the case of tumors > 2 cm[77-81]. Adjuvant chemotherapy can 
improve OS by up to 25%[82]. Second, the disease may have been initially understaged. Thus, staging 
with positron emission tomography-computed tomography (CT) and mediastinoscopy/endobronchial 
ultrasound is recommended before proposing surgery or SBRT. SBRT should be planned using 
intensity-modulated techniques (e.g., intensity-modulated radiotherapy, volumetric modulated arc 
therapy) and delivered with image-guided inter- and/or intrafraction monitoring (e.g., Conebeam, 
ExacTrac) and respiratory control (e.g., four-dimensional CT, deep inspiration breath hold, active 
breathing control, gating). The number of fractions can vary, but a biologically effective dose of >100 Gy 
must be delivered to the isocenter of the tumor. Because SCLC is highly radiosensitive, some groups 
have suggested using a lower dose, particularly in patients with ultracentral tumors[83].

PCI
Patients with SCLC are at high risk of brain metastases (BM)[84,85]. Research into the potential of PCI 
began in the late 1970s[86]. Brain magnetic resonance imaging (MRI) should be performed after 
chemoradiotherapy or systemic therapy[87], as 21.8%-32.5% of patients who achieve complete response 
subsequently develop BM[88,89]. A meta-analysis published by Aupérin et al[90] in 1999 showed that 
PCI was associated with a reduced incidence of BM at 3 years (59% vs 33%) and a 5.4% increase in OS. 
Subsequent meta-analyses have shown similarly favorable results for PCI in patients who had 
responded to treatment[91-94]. Most of these studies, however, were published before the introduction 
of restaging with brain MRI, and therefore the true benefit of PCI in LS-SCLC is not so clear[95,96]. 
Nonetheless, retrospective studies have described beneficial effects for PCI in patients with a previous 
negative brain MRI scan[97,98]. Patients who have undergone complete resection should benefit from 
PCI, except patients with stage I disease, who have a low risk of BM[99-101]. There is a growing interest 
in the use of brain MRI and stereotactic irradiation rather than PCI in patients with LS-SCLC[102], but 
prospective randomized trials are needed.

Concomitant treatment in locally advanced disease
Radical treatment with chemotherapy and concomitant radiotherapy are recommended for patients 
with stage IIB-IIIC disease in good general health[4,103]. Eighty percent of patients with mediastinal 
involvement treated exclusively with chemotherapy experience local recurrence[104], but the addition 
of radiotherapy lowers this rate and increases survival[104,105]. The CONVERT trial, which compared 
fractionated and unfractionated radiotherapy in patients treated with cisplatin-etoposide, reported an 
overall response rate (ORR) of 70%-90%, an OS of 24-30 mo, and a 5-year OS rate of 25%-30%[106]. 
Another two trials investigated the combination of bevacizumab, an angiogenic, with conventional 
chemoradiotherapy, but had to be discontinued because of a relatively high incidence of severe adverse 
events (tracheoesophageal fistulae)[107].

Perspectives for radiotherapy in LS-SCLC
Radiotherapy with immunotherapy in LS-SCLC: Three trials are currently analyzing the combined use 
of radiotherapy and immunotherapy in LS-SCLC: The NRG Oncology and Alliance trial 
(ClinicalTrials.gov Identifier: NCT03811002) investigating chemoradiotherapy with and without atezol-
izumab; the phase II STIMULI trial (NCT02046733) analyzing nivolumab and ipilimumab after 
chemoradiotherapy and PCI; and the phase III ADRIATIC trial (NCT03703297) comparing durvalumab, 
durvalumab plus tremelimumab, and placebo in patients without progression after chemoradiotherapy.

Hippocampal avoidance to reduce the neurotoxicity of PCI: The role of PCI with hippocampal 
avoidance (HA) in patients with LS- or ES-SCLS without BM is being investigated in three phase III 
trials: The Dutch NKI/AVL trial (NCT01780675), the NRG Oncology CC003 trial (NCT02635009), and 
the Spanish PREMER-TRIAL (NCT02397733)[108]. The Dutch group found no significant differences in 
recall assessed using the revised version of the Hopkins Verbal Learning Test between patients who 
received PCI and those who received HA-PCI[109]. Using the Free and Cued Selecting Reminding Test, 
the Spanish group found a significant decline in 3-mo delayed recall [22.22% vs 5.08%; odds ratio (OR) = 
5.33; 95% confidence interval (CI): 1.44-19.65; P = 0.006) and total recall (20.63% vs 6.78%; OR = 3.57; 
95%CI: 1.09-11.68; P = 0.02] in the PCI vs HA-PCI group[110]. Another potentially interesting line of 
research is the use of Alzheimer disease drugs to preserve cognition in patients treated with PCI[111].

Proton beam radiation therapy: In non-SCLC, proton therapy has been used to reduce doses to the 
heart while maintaining high doses to the tumor[112]. Proton beam radiation therapy (PBRT) is 
potentially beneficial in SCLC, as patients tend to have bulky central disease at diagnosis. In a study of 
30 patients at the University of Pennsylvania, PBRT at a median dose of 63.9 cobalt Gy equivalents 
achieved a promising median OS of 28.2 mo with low toxicity[113]. These results need to be validated in 
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Table 2 Thoracic radiotherapy and stereotactic body radiotherapy in early-stage small cell lung cancer

Ref. Sample 
size Fractionation QT Prophylactic cranial 

irradiation Local control Overall 
survival

Disease-free 
survival

Videtic et al[76], 
2013

n = 6 60 Gy (3 fx); 50 Gy (5 fx); 
30 Gy (1 fx)

4/6 4/6 100% (1 yr) 63% (1 yr) 75% (1 yr)

Shioyama et al
[77], 2015

n = 64 48 Gy (4 fx) 36/64 10/64 89% (2 yr) 76% (2 yr)

Stahl et al[79], 
2017

n = 285 48-60 Gy (3-5 fx) 130/285 35% (3 yr). 21.5% (5 
yr)

Verma et al[75], 
2017

n = 74 50 Gy (5 fx) 45/74 17/74 96% (3 yr)

Shioyama et al
[78], 2018

n = 43 36-60 Gy (3-10 fx) 8/43 8/43 80.2% (2 yr) 72.3% (2 yr) 44.6% (2 yr)

Verma et al[74], 
2019

n = 149 45-60 Gy (3-8 fx) 149/149 83.8% (29.2 mo)

Newman et al
[81], 2019

n = 239 BED > 100 Gy (max 8 fx) 84/239 27% (5 yr); 36% (5 
yr, with QT)

Singh et al[80], 
2019

n = 21 BED 105.6 Gy (3-5 fx) 4/21 100% (1, 2, 3 yr) 73.1% (1 yr); 
36.6% (2 yr)

85.7% (1 yr); 
42.9% (2 yr)

BED: Biologically equivalent dose; fx: Fraction; QT: Chemotherapy.

further studies.

ES SCLC
Initial management
Chemotherapy with platinum compounds and etoposide has been the standard treatment for ES-SCLC 
for many decades. The COCIS meta-analysis showed that cisplatin- and carboplatin-based 
chemotherapy produced comparable results in terms of OS (9.6 vs 9.4 mo), progression free survival 
(PFS) (5.5 vs 5.3 mo), and ORR (67% vs 66% mo)[114]. Other strategies attempted, including maintenance 
treatments and combinations with antiangiogenics, have produced disappointing results[115-117]. The 
recently published results of the IMpower 133[118] and CASPIAN[119] trials comparing combinations 
of chemotherapy and immunotherapy followed by immunotherapy with standard platinum and 
etoposide chemotherapy in ES-SCLC have shown that the combined use of chemotherapy and immuno-
therapy prolongs OS.

IMpower133 is a phase III trial in which patients received four cycles of carboplatin and etoposide 
and either atezolizumab or placebo followed by maintenance atezolizumab[118]. The response rates in 
both arms were similar, but patients in the atezolizumab arm survived for a median of 2.3 mo longer 
[hazard ratio (HR) = 0.7; 95%CI: 0.54-0.91; P = 0.007]. The updated trial data presented at the 2019 
European Society for Medical Oncology congress showed an increase in OS at both 12 mo (39% to 
51.9%) and 18 mo (21% to 34%)[120,121].

The phase III CASPIAN trial has three treatment arms. Treatment with durvalumab plus 
chemotherapy (4-6 cycles of cisplatin or carboplatin plus etoposide) followed by durvalumab 
maintenance achieved an OS of 12.9 mo (vs 10.5 mo for standard chemotherapy) (HR = 0.75; 95%CI: 
0.62-0.9; P = 0.0032), a 2-year PFS of 11% (vs 2.9%), and a 2-year response rate of 13.5% (vs 3.9%)[119,
122]. In the third arm, tremelimumab plus durvalumab vs chemotherapy showed no benefit in 
antitumor activity and was associated with increased toxicity[123].

Results from other studies evaluating combinations of anti-programmed death 1 (PD-1) antibodies 
have been disappointing. While the combined use of pembrolizumab and chemotherapy increased PFS, 
it did not provide any significant improvements in OS[124]. In the phase II ECOG-ACRIN EA5161 trial, 
chemotherapy plus nivolumab followed by maintenance treatment achieved a non-significant 
improvement in PFS (5.5 vs 4.7 mo) and OS (11.3 vs 8.5 mo)[125] (Table 3). A systematic review and two 
meta-analyses published in 2020 concluded that a combination of chemotherapy with atezolizumab or 
durvalumab was the best first-line treatment for ES-SCLC[126,127]. Other options that have been 
explored include combinations of ipilimumab and chemotherapy (no benefit and greater toxicity)[128,
129] and combinations of different chemotherapy agents, such as irinotecan plus etoposide and cisplatin 
plus irinotecan (also without benefits)[130-132].
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Table 3 Combined first-line immunotherapy options for extensive-stage small cell lung cancer

Study n Design Treatment RR PFS OS

NCT01450761 1132 Phase III; Randomized, double-
blind; Drug: Ipilimumab

Arm A: PE × 4C + ipilimumab × 4C; 
Control: PE × 4C + placebo × 4C

PR 62% vs 62%; 
SD 26% vs 27%; 
PD 6% vs 9%

4.6 vs 4.4 mo; 
HR = 0.85, P = 
0.0161

11.0 vs 10.9 
mo; HR = 0.94, 
P = 0.3775

Impower 133 403 Phase III. Randomized, double-
blind; Drug: Atezolizumab

Arm A: PE + atezolizumab × 4C/atezol-
izumab; Control: PE + placebo × 
4C/placebo

60% vs 64% 5.2 vs 4.3 mo; 
HR = 0.77, P = 
0.02

12.3 vs 10.3 
mo; HR = 0.70, 
P = 0.007

CASPIAN 805 Phase III. Randomized, open-
label; Drug: Durvalumab

Arm B (n = 268): Durvalumab + PE × 
4C/durvalumab; Control: PE × 4C

68% vs 58% 5.1 vs 5.4 mo; 
HR = 0.78, P 
not tested

13.0 vs 10.3 
mo; HR = 0.73, 
P = 0.0047

CASPIAN 805 Phase III. Randomized, open-
label; Drug: Durvalumab + 
tremelimumab

Arm A (n = 268): Durvalumab + 
tremelimumab + PE × 4C/durvalumab + 
tremelimumab. Control: PE × 4C

58% both arms 4.9 vs 5.4 mo; 
HR = 0.84

10.4 vs 10.5 
mo; HR = 0.82, 
P = 0.045

KEYNOTE 
604

453 Phase III; Randomized, double-
blind; Drug: Pembrolizumab

Arm A: Pembrolizumab + PE; Control: 
PE + placebo

71% vs 62% 4.5 vs 4.3 mo; 
HR = 0.75, P = 
0.0023

10.8 vs 9.7 mo; 
HR = 0.80, P = 
0.0164

ECOG-
ACRIN

160 Phase I. Randomized, open-
label; Drug: Nivolumab

Arm A: PE + nivolumab × 4C/nivolumab; 
Control: PE × 4C

52.29% vs 47.71% 5.5 vs 4.6 mo; 
HR = 0.65, P = 
0.012

11.3 vs 8.5 mo; 
HR = 0.67, P = 
0.038

4C: 4 cycles; OS: Overall survival; PD: Progressive disease; PE: Platinum and etoposide; PFS: Progression free survival; PR: Partial response; RR: Response 
rate; SD: Stable disease.

PCI in ES-SCLC
The results of the first randomized trial to demonstrate a reduction in the risk of symptomatic BM 
(14.6% vs 40.4% at 1 year) and an improvement in OS (27.1% vs 13.3%) in chemotherapy responders who 
underwent PCI were published in 2007[133]. The results are supported by data from several meta-
analyses[134-136], although as a shortcoming of the trial, pre-PCI brain imaging was not performed
[133]. The results of a randomized trial conducted in Japan comparing PCI with close MRI follow-up in 
patients with ES-SCLC who had responded to chemotherapy and had a negative brain MRI were 
published in 2017. While they did not show an increase in OS (11.6 mo for PCI vs 13.7 mo for MRI 
follow-up; HR = 1.27; 95%CI: 0.96-1.68; P = 0.094), they did show a significant decrease in the incidence 
of BM[137].

A recent meta-analysis showed that PCI was only associated with prolonged OS in studies where 
brain imaging was not performed between chemotherapy and irradiation (HR = 0.70; 95%CI: 0.57-0.85). 
In other words, PCI did not offer any significant benefits when preceded by MRI or CT to test for BM 
(HR = 0.94; 95%CI: 0.74-1.18)[138]. Considering the above results and the neurotoxic effects of PCI[139], 
it would seem reasonable to consider periodic MRI examination as an alternative to PCI in patients with 
ES-SCLC. In such cases, a joint evaluation should be made by the medical and radiation oncologists[30]. 
The recommended dose for PCI is 25 Gy in 10 fractions, as higher doses do not appear to reduce the 
incidence of BM at 2 years and are associated with higher mortality and chronic neurotoxicity[140].

Treatment of refractory and relapsed SCLC
Relapsed SCLC tends to be resistant to treatment and is associated with an OS of 4-5 mo. Response to 
second-line treatment varies according to PFS and is 10% in patients with a PFS < 3 mo (refractory 
SCLC) and 25% in those with a PFS of 3-6 mo (sensitive SCLC)[141-143].

Relapse after PFS > 3 mo: Rechallenge treatment with combinations of platinum-based chemotherapy 
has been investigated in patients with sensitive SCLC. Patients treated with carboplatin and etoposide 
had a longer PFS than those treated with topotecan, and the greatest benefits were observed for those 
who relapsed after 6 mo[144,145].

Relapse after PFS of < 3 mo: Until recently, topotecan was the only drug authorized by the US and 
Food and Drug Administration (FDA) to treat relapsed SCLC. In the 2006 phase III trial that led to its 
approval, it significantly improved survival compared with best supportive care only[146]. Another 
phase III trial comparing topotecan and CAV (cyclophosphamide, doxorubicin, and vincristine) 
reported similar survival and response rates for the two treatments, but found topotecan to be 
associated with better symptom control and lower toxicity[147]. An additional study evaluating 
topotecan plus aflibercept, an antiangiogenic, reported an OS of 5 mo[148].

One recent advance in this setting is the recent approval by the FDA of lurbinectedin as a second-line 
treatment for SCLC. In a study of patients with SCLC without BM, lurbinectedin achieved an ORR of 
35%, and a median response duration of 5.1 mo (> 6 mo in 25% of patients)[149]. The combination of 
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lurbinectedin and doxorubicin was investigated in two cohorts in a phase I trial and showed disease 
control rates of 81% and 70% and a median response duration of 4.5 and 5.2 mo[150]. These findings led 
to the design of the phase III ATLANTIS trial comparing lurbinectedin plus doxorubicin with topotecan 
and with CAV; a press release, however, announced no improvement in OS[151] (Figure 2).

Amrubicin is available for the treatment of relapsed SCLC in Japan, but it has not been approved by 
the FDA. A phase III trial comparing amrubicin with topotecan showed superior symptom control for 
topotecan but no significant differences in OS[152]. Immune checkpoint inhibitors have also been tested. 
The CheckMate 032 trial comparing nivolumab alone with nivolumab plus ipilimumab in recurrent 
SCLC reported improved ORR and OS in both treatment arms regardless of prior treatment or PD-L1 
expression[153,154]. With these data, the FDA approved nivolumab for use in previously treated 
patients.

The phase III CheckMate 331 trial showed similar OS for nivolumab vs standard chemotherapy in the 
second-line treatment of SCLC[155]. Pembrolizumab has also been tested in SCLC. A pooled analysis of 
the KEYNOTE-028 (phase Ib)[156] and KEYNOTE-158 (II)[157,158] trials found an ORR of 19.3%, 
leading to FDA approval. Atezolizumab was also tested in a phase II trial, but the primary endpoint was 
not met[159]. Paclitaxel every 3 wk for 6 cycles plus pembrolizumab after the second cycle until disease 
progression achieved a disease control rate of 80% and a median OS of 9.2 mo[160]. Other drugs tested 
in the setting of relapsed SCLC are temozolomide[161,162], irinotecan[163], paclitaxel[164,165], 
docetaxel[166], gemcitabine[167,168], and vinorelbine[169]. Finally, a recent phase IIb study showed that 
belotecan was associated with better OS and disease control than topotecan in patients with sensitive 
SCLC[170].

Recent advances in systemic therapy
New drugs linked to targets with a role in cell proliferation have been developed. These include poly 
(ADP-ribose) polymerase (PARP) inhibitors, delta-like ligand 3 inhibitors (DLL3), and drugs that 
selectively inhibit oncogenic transcription. The expression of DNA damage response proteins [especially 
PARP1/checkpoint kinase 1 (CHK1)] is elevated in SCLC, and in vitro studies have shown an antitumor 
effect for PARP inhibitors[171]. Monotherapy with PARP inhibitors has also been investigated in 
different clinical trials, but the results have been disappointing. In an early study, talazoparib showed 
an ORR of 8.7%[172]. No benefit was observed for maintenance treatment with olaparib after first-line 
chemotherapy with cisplatin and etoposide[173] or for the addition of veliparib vs placebo to first-line 
cisplatin and etoposide, with findings showing no significant differences in PFS (6.1 vs 5.5 mo) or OS 
(10.3 vs 8.9 mo)[174,175].

Discordant results have been reported for combinations of chemotherapy and PARP inhibitors in 
successive treatment lines. No significant differences were found for PFS or OS in a study comparing 
temozolomide plus veliparib vs temozolomide only[176]. Temozolomide combined with olaparib, 
however, was associated with a response rate of 41.7%, a PFS of 4.2 mo, and an OS of 8.5 mo in a phase 
I/II clinical trial[177]. No benefits have been observed for the combined use of PARP inhibitors and 
immunotherapy (durvalumab with olaparib, among others)[178]. Future actions targeting this 
actionable molecular pathway in SCLC will probably involve combinations of PARP inhibitors and 
chemotherapy agents and immunotherapy, or new molecules. Promising results have been reported for 
CHK1 (SRA737) combined with low-dose gemcitabine and anti-PD-1/programmed death ligand 1 (PD-
L1) immune checkpoint inhibitors[179] and for PARP inhibitors combined with WEE1 inhibitors, which 
act at the cell-cycle level[180].

Other treatments have also yielded positive results. Lurbinectedin, a selective oncogenic transcription 
inhibitor, was recently evaluated in combination with irinotecan in pretreated patients in a phase Ib/II 
basket trial. The results for the SCLC cohort showed an ORR of 62%, a clinical benefit rate of 81%, a 
disease control rate of 90%, and a PFS of 6.1 mo[181]. Other new molecules with different ligands under 
investigation include DLL3 inhibitors, such as rovalpituzumab-tesirine. This is a promising drug in 
pretreated patients expressing DLL3, although recent reports have described greater toxicity and little 
benefit compared with topotecan[182-184]. AMG 757, a half-life extended DLL3 bispecific T-cell 
engager, has also shown promising results in pretreated patients in an ongoing phase I trial, with an 
ORR of 14%, a disease control rate of 37%, and a very promising median duration of 6.2 mo[185].

Perspectives for radiotherapy in ES-SCLC
Numerous questions remain to be answered regarding the role of radiotherapy in ES-SCLC.

Consolidation radiotherapy in extensive SCLC: What is the optimal radiation dose or indication for 
patients with complete thoracic response or partial distant response? The Chinese phase III trial 
(NCT02675088) is comparing 45 Gy at 3 Gy/d in 15 fractions vs 10 fractions (CREST trial schedule) with 
a primary endpoint of OS at 2 years[186]. How can radiotherapy be best combined with immuno-
therapy? The RAPTOR phase II/III trial (NCT04402788) is evaluating the use of radiotherapy to the 
chest and distant lesions after 4-6 cycles of carboplatin and etoposide plus atezolizumab.

Stereotactic radiosurgery to treat BM: Stereotactic radiosurgery has not traditionally been investigated 
in SCLC due to the high incidence of BM and poor prognosis. Nonetheless, there is growing evidence 
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Figure 2  Proposed algorithm for the treatment of relapsed small cell lung cancer.

that it may be appropriate[187]. ENCEPHALON, a phase II trial (NCT03297788) is currently comparing 
stereotactic radiosurgery with whole-brain radiotherapy in patients with SCLC and 1-10 BM.

CONCLUSION
The treatment of SCLC will continue to be a challenge. Immunotherapy has a new role lung cancer and 
will be the future treatment standard alone or in combination, as well as the new radiotherapy 
techniques. As has been occurred in non-SCLC, the future of treatments in both early and advanced 
stages is through immunotherapy and targeted treatments. Furthermore, the use of different combin-
ations of chemoimmunotherapy in recent months has improved the prognosis of patients with 
advanced SCLC. Nevertheless, continued research efforts are needed. Different lines of investigation are 
open and we hope that their findings will continue to improve prognosis and quality of life in this 
setting.
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Abstract
Hepatocellular carcinoma (HCC) is a leading cause of cancer-associated mortality 
worldwide. HCC is an inflammation-associated immunogenic cancer that 
frequently arises in chronically inflamed livers. Advanced HCC is managed with 
systemic therapies; the tyrosine kinase inhibitor (TKI) sorafenib has been used in 
1st-line setting since 2007. Immunotherapies have emerged as promising treat-
ments across solid tumors including HCC for which immune checkpoint 
inhibitors (ICIs) are licensed in 1st- and 2nd-line treatment setting. The treatment 
field of advanced HCC is continuously evolving. Several clinical trials are invest-
igating novel ICI candidates as well as new ICI regimens in combination with 
other therapeutic modalities including systemic agents, such as other ICIs, TKIs, 
and anti-angiogenics. Novel immunotherapies including adoptive cell transfer, 
vaccine-based approaches, and virotherapy are also being brought to the fore. Yet, 
despite advances, several challenges persist. Lack of real-world data on the use of 
immunotherapy for advanced HCC in patients outside of clinical trials constitutes 
a main limitation hindering the breadth of application and generalizability of data 
to this larger and more diverse patient cohort. Consequently, issues encountered 
in real-world practice include patient ineligibly for immunotherapy because of 
contraindications, comorbidities, or poor performance status; lack of response, 

https://www.f6publishing.com
https://dx.doi.org/10.5306/wjco.v13.i6.448
mailto:tsoulfasg@gmail.com


Rallis KS et al. Immunotherapy for advanced HCC

WJCO https://www.wjgnet.com 449 June 24, 2022 Volume 13 Issue 6

efficacy, and safety data; and cost-effectiveness. Further real-world data from high-quality large 
prospective cohort studies of immunotherapy in patients with advanced HCC is mandated to aid 
evidence-based clinical decision-making. This review provides a critical and comprehensive 
overview of clinical trials and real-world data of immunotherapy for HCC, with a focus on ICIs, as 
well as novel immunotherapy strategies underway.

Key Words: Hepatocellular carcinoma; Liver cancer; Immunotherapy; Immune checkpoint inhibitors; 
Clinical trials; Real-world data

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In the last five years, immune checkpoint inhibitors (ICIs) have entered the treatment landscape 
of hepatocellular carcinoma (HCC) in the 1st and 2nd line setting. However, due to restrictions in clinical 
trial inclusion and exclusion criteria, there remains a need for further real-world data on the efficacy, 
toxicity, and cost-effectiveness of ICIs in a broader cohort of HCC patients. New trials are underway 
investigating further ICI regimens, including combination therapy strategies, while novel immunotherapies 
are also being brought to the fore. This review discusses key clinical trials, real-world data, and future 
advances of immunotherapy for HCC, with a focus on ICIs.
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INTRODUCTION
Liver cancer is the third leading cause of cancer-related mortality worldwide and sixth in terms of 
incidence accounting for 830180 deaths and 905677 cases in 2020[1]. Hepatocellular carcinoma (HCC) is 
the leading type of primary liver cancer representing 85%-90% of cases[2]. The incidence of HCC is 
expected to continue to increase in countries, including the United States, until 2030. Asia and Africa 
feature the highest incidence of disease due to the endemic prevalence of hepatitis B or C virus (HBV or 
HCV) which, when untreated, lead to chronic liver disease and subsequent development of HCC. 
Global vaccination efforts against HBV and HCV are expected to lower the incidence of HCC, with 
effects becoming apparent after a latency period of 20-30 years correlating to the time required from 
liver damage to cancer development[3]. Second to viral hepatitis, alcohol abuse is another main cause of 
HCC development[4]. Diabetes, aflatoxin-B1 exposure, obesity, nonalcoholic steatohepatitis (NASH), 
nonalcoholic fatty liver disease, and metabolic syndrome represent other leading contributors to HCC 
development[5]. NASH typically develops in patients with obesity, type 2 diabetes, dyslipidemia, and 
hypertension, therefore being a leading risk factor for HCC in rich developed countries such as the 
United States[3]. Both incidence and mortality of liver cancer are expected to double in the next two 
decades[6]. With a 5-year survival rate of less than 20%, liver cancer carries one of the worst cancer 
prognoses after pancreatic cancer[7]. Although this figure represents a significant improvement 
compared to the 3% 5-year survival observed in the 1970s[7], further research is warranted to improve 
treatments, especially for individuals with distant and regional metastatic disease which feature a 3% 
and 12% 5-year survival, respectively[8].

The current treatment landscape of HCC depends on disease stage (Figure 1). Surgical resection, liver 
transplantation (LT), and locoregional ablation therapies (2nd-line) are used with curative intent in early 
and intermediate disease. Yet, recurrence rates are high, while only 30%-40% of patients qualify for the 
above treatments[9,10]. Advanced HCC (aHCC) is managed with systemic therapies. Historically, 
systemic chemotherapies have largely been ineffective in HCC due to high rates of chemoresistance and 
liver impairment with associated susceptibility to toxicities[9]. Starting with the Food and Drug 
Administration (FDA) approval of sorafenib, a multiple tyrosine kinase inhibitor (TKI) with antian-
giogenic and antiproliferative action, as a frontline systemic therapy for HCC in 2007, systemic therapies 
for HCC have evolved remarkably[11]. In 2018, following several randomized controlled trials exploring 
systemic therapies, which failed to surpass sorafenib, the multikinase inhibitor, lenvatinib, gained FDA 
approval as another 1st-line therapy in HCC following results of a phase III non-inferiority trial[12]. 
Subsequently, the TKIs regorafenib[13], cabozantinib[14], and ramucirumab[15] received approval in 
refractory HCC.
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Figure 1 Schematic of the cancer-immunity cycle and strategies to overcome mechanisms of resistance in each step by enhancing 
necessary immune stages via different anti-cancer therapeutic modalities in advanced hepatocellular carcinoma. ACT: Adoptive cell transfer; 
APC: Antigen presenting cell; CTL: Cytotoxic T lymphocyte; DC: Dendritic cell.

In the last decade, the field of cancer immunotherapy has evolved tremendously, largely owing to the 
success of monoclonal antibodies (mAbs) directed against negative regulator molecules of T-cell 
activation, namely cytotoxic T-lymphocyte protein-4 (CTLA-4), programmed cell death protein 1 (PD-1), 
and its ligand, PD-L1. Immune checkpoint inhibitors (ICIs) reverse the immunosuppressive cancer 
phenotype by binding to and blocking co-inhibitory immune signalling molecules that are upregulated 
in cancer providing a means of systemic immune recognition and targeting of malignant cells. 
Following the approval of ipilimumab (anti-CTLA-4) for metastatic melanoma in 2011, ICIs have 
gradually been trialled and expanded across solid tumors. To date, four ICI regimens have been 
approved for HCC: nivolumab (anti-PD-1), approved as 2nd-line in 2017[16]; pembrolizumab (anti-PD-1), 
approved as 2nd-line in 2018[17]; nivolumab plus ipilimumab, approved as 2nd-line in 2020[18]; and 
atezolizumab (anti-PD-L1) plus bevacizumab (anti-vascular endothelial growth factor [VEGF] mAb), 
approved as 1st-line in 2020[19].

The complex interdependent relationship between chronic inflammation and anticancer immunity in 
HCC represents a possible opportunity and challenge for immunotherapy. Intelligent therapeutic 
strategy design that balances enhancing anti-tumor immunity whilst minimizing pro-tumorigenic 
inflammation and immunosuppressive adaptations lies at the center of successful immunotherapeutic 
regimens for HCC. Furthermore, effective anti-cancer immunity to overcome cancer immune escape 
involves multiple steps. Hence, new immunotherapies continue to be investigated for HCC, with novel 
adoptive cell transfer (ACT), therapeutic cancer vaccines, and virotherapy being developed as 
monotherapies or in combination strategies. This review summarizes updates and future directions for 
immunotherapies and their combinations in HCC.
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IMMUNOGENICITY IN HCC
Immunotherapies are potentially promising therapeutic strategies in HCC. A complex interdependent 
relationship exists between chronic inflammation and anticancer immunity in the normal liver and in 
HCC, representing an opportunity and challenge for immunotherapy in HCC.

The liver itself is an immune organ with rich and unique immune cell populations (e.g., Kupffer cells), 
functional anatomy, and immune functions. Under normal conditions, the liver finetunes immune 
tolerance, systemic inflammation and immunity, and anti-tumor immunity (reviewed in[20]). The 
tolerogenic potential of the liver – required for the modulation of host response to gut flora – underlies 
its capacity to generate potent immune tolerance to tumors when liver metastases occur from other 
primary cancers[21]. This same tolerogenic potential of the liver also underlies its ability to fully accept 
allograft LT and safely discontinue immunosuppressants in some LT patients[22]. Immune tolerance 
within the liver develops through complex interactions between liver-resident cells and peripheral 
leukocytes involving poor or incomplete activation of CD4+ and CD8+ T cells, elevated expression of 
immune checkpoints, and an immunosuppressive environment mediated by IL-10 and TGFβ[23,24]. 
Indeed, through new technologies and machine learning algorithms tumor immune microenvironment 
features have been correlated with patient prognostication to classify patients into separate groups 
based on response to immunotherapy and other treatments[25-28].

HCC represents a typical inflammation-associated immunogenic cancer as it often arises in 
chronically inflamed livers (necroinflammation)[29]. It is well known that chronic inflammation causes 
local and systemic immunosuppression of innate and adaptive immunity due to chronically elevated 
pro-inflammatory stimuli[20], while scar tissue itself impedes immunosurveillance[30]. Chronic antigen 
stimulation results in T-cell exhaustion, immune inhibitory receptor upregulation (e.g., PD-1), and 
progressive loss of polyfunctional cytokine production[20]. Moreover, cirrhotic patients are systemically 
immunocompromised, due to loss of synthetic liver functions, and are susceptible to life-threatening 
infections[31]. Locally, both tumor cells and surrounding stroma orchestrate tissue remodeling with 
concurrent functional and phenotypical immunobiology adaptations resulting in a dysfunctional and 
immunosuppressive tumor milieu[32]. Simultaneously, successive chronic inflammatory stresses cause 
hepatocellular DNA damage, whereby genetic and epigenetic mutations give rise to immunogenic 
pathogen-associated proteins (abnormal amino acid sequences) through transcription and translation of 
mutated genetic sequences. In turn, tumor associated antigens (TAA) and neo-antigens may result that 
act as recognizable epitope targets to facilitate effector T-cell recognition of a non-self antigen against 
which to mount an immune response, so long as strong human leukocyte antigen binding and immuno-
logical synapse is possible against the new abnormal peptide sequence[32].

ICIs and other emerging forms of immunotherapy display high efficacy in cancers expressing 
targetable TAAs and neo-antigens. Indeed, some forms of immunotherapy incorporate molecular 
recognition of specific TAAs and neo-antigens in their mechanistic design[33]. Tumor mutational 
burden (TMB) is regarded as a surrogate marker for the expression of TAA and neo-antigens, and hence 
immunotherapy efficacy, as seen in the case of melanoma[34]. HCC has been shown to feature a low-to-
moderate TMB compared to other tumors[35]. Although this theoretically corresponds to lower 
probability of immunotherapy efficacy, the antigenicity and immunogenicity of any resultant TAAs and 
neo-antigens in HCC is not well characterized and these may still be sufficiently potent targets for 
immunotherapies[36].

Intelligent therapeutic strategies that achieve an acceptable balance between enhancing anti-tumor 
immune surveillance and destruction whilst minimizing pro-tumorigenic inflammation and 
immunosuppression lie at the center of successful immunotherapy regimen design for HCC.

IMMUNE CHECKPOINT INHIBITORS IN HCC
ICI monotherapy in aHCC
The first study to investigate the efficacy of ICIs in HCC was CheckMate 040, a phase I/II clinical trial of 
nivolumab with or without ipilimumab in aHCC. Patients treated in the nivolumab monotherapy arm 
demonstrated an objective response rate (ORR) of 20% [95% confidence interval (CI): 15-26%] and a 
manageable toxicity profile; 25% of patients experienced grade 3-4 treatment-related adverse events 
(AEs). Of interest, 68% (n = 145 of 216) of patients in the expansion phase had previously received 
sorafenib in the 1s-line setting. Analysis was stratified by PD-L1 expression but not by receipt of 
previous treatment[16]. Nivolumab received accelerated approval in the 2nd-line setting for the 
treatment of aHCC following results from this trial.

Another phase I/II study of ICI therapy for aHCC was NCT01693562, a trial assessing the efficacy of 
durvalumab in advanced solid tumors, including aHCC. In this trial, 93% of patients had been 
previously treated with sorafenib. ORR for the whole cohort was 10% (95%CI: 2.9%-24.2%) with a 
median overall survival (mOS) of 13.2 mo (95%CI: 6.3-21.1). Grade 3-4 AEs were noted in 20% of 
patients, with elevated aspartate aminotransferase (AST) and alanine aminotransferase (ALT) among 
the most common (7.5% and 5.0%, respectively). Overall, durvalumab was shown to exert promising 
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activity over aHCC with an acceptable toxicity profile. The above studies established ICIs as tolerable 
and effective alternative (2nd-line) options to sorafenib in patients with aHCC. ICIs were subsequently 
trialed in 1s-line setting against sorafenib.

CheckMate 459 was a phase III study of nivolumab vs sorafenib as a 1st-line therapy in patients with 
aHCC. No statistically significant difference in mOS was found between treatment arms (nivolumab: 
15.2 mo vs sorafenib: 14.7 mo); however, treatment-related AEs were more favorable with nivolumab
[37]. Although results from CheckMate 495 have not yet been strong enough to justify approval of 
nivolumab as a 1st-line therapy for aHCC over sorafenib – due to the prespecified significance boundary 
for superior OS compared to sorafenib not being met – conclusions from this trial are significant as they 
indicate nivolumab as an alternative treatment option that should be offered to patients who cannot 
receive anti-angiogenics and TKIs because of contraindications or AE severity. This is reflected in the 
National Comprehensive Cancer Network Clinical Practice Guidelines in the USA. However, it has not 
been adopted in the European or Asian guidelines to date. Following this trial, the accelerated FDA 
approval of nivolumab monotherapy was withdrawn as it did not meet the post-marketing 
requirements. Importantly, to date this is the only phase III clinical trial completed to investigate single-
agent anti-PD-1 or anti-PD-L1 monotherapy against single agent TKI monotherapy in the 1st-line setting 
for aHCC.

In the 2nd-line setting for the treatment of aHCC, the use of ICIs has been investigated with more 
success leading to clinical approvals. Keynote 224 was a phase II study of 2nd-line pembrolizumab in 
patients with aHCC that had previously been treated with, or were intolerant to, sorafenib. ORR for 
pembrolizumab was 17% (95%CI: 11%-26%) while treatment-related AEs were noted in 73% of patients, 
with 25% experiencing grade 3 AEs. Of note, most common AEs were increased AST and AL in 7% and 
4% of patients, respectively. Based on these results, pembrolizumab has been granted FDA approval in 
the 2nd-line setting for patients with aHCC who previously received treatment with sorafenib.

In another study investigating the anti-PD1 agent camrelizumab as 2nd-line therapy in patients with 
aHCC previously treated with sorafenib ORR was 14.7% (95%CI: 10.3%-20.2%). Grade 3-4 AEs were 
encountered in 22% of patients, with increased AST being the most common AE (5%). This study 
demonstrated that camrelizumab also had a manageable toxicity profile[38].

Following the successful results of Keynote 224, Keynote 240, a randomized phase III study of 2nd-line 
pembrolizumab vs placebo in patients treated with 1st-line sorafenib, was initiated. The study showed a 
benefit in both mOS [13.9 vs 10.6 mo, hazard ratio (HR): 0.78, 95%CI: 0.61-0.99] and median progression-
free survival (mPFS) (3.0 vs 2.8 mo, HR: 0.71, 95%CI: 0.57-0.90) in favor of pembrolizumab. The trial did 
not meet the prespecified criteria for mOS and mPFS despite the superior results observed with 
pembrolizumab. However, pembrolizumab had a favorable risk-to-benefit ratio and received 
accelerated FDA approval as a 2nd-line treatment for aHCC[39]. These results were similar to those of 
Keynote 224, suggesting that ICIs could become the preferred treatment of choice for patients who are at 
high risk for AEs.

More recently, the anti-PD-L1 agent avelumab showed moderate efficacy in a phase II trial in 30 
patients previously treated with sorafenib (NCT03389126)[40]. The mOS and mPFS were 14.2 mo 
(95%CI: 9.5-18.9) and 3.5 mo (95%CI, 2.0–5.1), respectively. Treatment was well-tolerated, with 23% of 
patients exhibiting grade 3 AEs – commonest being increased AST/ALT (13%)—and none experiencing 
grade 4 AEs.

Clinical trials of ICI monotherapy in HCC attest to their efficacy and tolerability; however, these 
failed to demonstrate clear superiority over sorafenib, prompting investigators towards combination 
strategies to increase efficacy.

ICI combination therapies
ICI duplet therapy: The use of ICI combinations has gained attention in the last few years across a wide 
spectrum of solid tumors. Combinations of ICIs usually include an anti-PD-L1/PD-1 and an anti-CTLA-
4 agent and demonstrate better responses compared to single-agent therapy, but also higher rates of 
AEs, especially serious and life-threatening ones[41]. Several clinical trials have assessed the efficacy 
and safety of anti-CTLA-4 and anti-PD-L1 combination regimens for aHCC.

A phase II trial (NCT02519348) assessed the efficacy of 2nd-line tremelimumab, an anti-CTLA-4 
antibody, combined with durvalumab in patients with aHCC that were intolerant to, progressed to, or 
refused sorafenib. Patients were randomized into 4 different arms (tremelimumab 300 mg with 
durvalumab for the 1st cycle followed by durvalumab; durvalumab monotherapy; tremelimumab 
monotherapy; and tremelimumab 75mg with durvalumab for 4 cycles followed by durvalumab alone). 
Grade 3-4 AEs were observed in 35.1%, 17.8%, 42.0% and 24.4% of patients, respectively. ORRs were 
22.7%, 9.6%, 7.2% and 9.5%, respectively, while mOS was 18.7 [95%CI: 10.8-not reached (NR)], 11.7 
(95%CI: 8.5-16.9), 17.1 (95%CI: 10.9-NR) and 11.3 (95%CI: 8.4-14.6) months, respectively. Between 
treatment arms, tremelimumab 300 mg with durvalumab demonstrated the best benefit-to-risk profile
[42]. After these results, the combination of tremelimumab-durvalumab was subsequently investigated 
in 1st-line setting in HIMALAYA (NCT03298451), a phase III trial that showed better outcomes with 
tremelimumab-durvalumab compared to sorafenib; mOS was 16.4 vs 3.8 mo, respectively (HR: 0.78%, 
95%CI: 0.65-0.92), and ORR was 20.1% vs 17.0%, respectively[43].
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In the nivolumab-ipilimumab combination part of the Checkmate 040 trial of patients with aHCC pre-
treated with sorafenib, participants were randomized 1:1:1 into 3 different groups: Group A patients 
received nivolumab 1 mg/Kg every 2 wk & ipilimumab 3 mg/Kg every 3 wk for the first 3 mo, followed 
by nivolumab 1 mg/Kg every 2 wk; those in group B received nivolumab 3 mg/Kg every 2 wk and 
ipilimumab 1 mg/Kg every 3 wk for the first 3 mo, followed by nivolumab 3 mg/Kg every 2 wk; and 
those in group C were treated with nivolumab 1 mg/kg every 2 wk and ipilimumab 3 mg/Kg every 6 
wk. ORR was 32% (95%CI, 20%-47%) for group A, 27% (95%CI: 15%-41%) for group B, and 29% (95%CI: 
17%-43%) for group C. Median duration of response was not reached for patients in group A and was 
15.2 and 21.7 mo for groups B and C, respectively. Although the total number of patients that 
experienced AEs of any grade was high (94% for group A, 71% for B, and 76% for C), serious AEs were 
not very common; in group A, 10% of patients reported grade 3-4 AEs, compared to 4% for group B, and 
2% for group C. Overall, the study showed promising results on the efficacy and tolerability of ICI 
combinations for advanced HCC[18]. Following results from this trial, the combination of nivolumab-
ipilimumab received FDA approval for aHCC becoming the new standard of care in the 2nd-line setting 
for patients who progress on prior TKI therapy and who do not have a contraindication to ICIs and are 
fit and able tolerate the higher toxicity observed in double ICI combination. Consequently ICI 
monotherapy with pembrolizumab (or nivolumab off-license) in the 2nd-line setting was reserved for less 
fit patients. The success of Checkmate 040 in establishing the efficacy of nivolumab-ipilimumab 
combination therapy for aHCC lead to Checkmate 9DW, another ongoing phase III trial comparing 
nivolumab-ipilimumab combination vs sorafenib or lenvatinib monotherapy.

ICI+TKI: The combination of ICIs with other factors with proven efficacy for aHCC has been invest-
igated extensively through several trials subsequent to the negative results reported from Checkmate 
459. TKIs have been among the most commonly tested agents. A recent phase Ib study investigated the 
use of pembrolizumab-lenvatinib combination therapy for patients with unresectable HCC. ORR was 
36% (95%CI: 26.6%-46.2%), with a 12.6-mo duration of response, a mOS of 22 mo, and a mPFS of 8.6 mo. 
Grade ≥ 3 AEs were observed in 67% of patients[44].

The RESCUE trial was a phase II study of patients with aHCC treated with camrelizumab, a PD-1 
inhibitor, combined with apatinib – another VEGFR-2 TKI that has demonstrated activity as 1st- and 2nd-
line therapy for aHCC[45,46]. Patients were enrolled into the study irrespective of previous treatment 
status and analyses were stratified by line of therapy. For patients treated with 1st-line camrelizumab-
apatinib combination, ORR was 34% (95%CI: 23.3%-46.6%) and mPFS was 5.7 mo. For 2nd-line therapy 
patients, ORR was 23% (95%CI: 15.4%-31.0%) and mPFS was 5.5 mo. Interestingly, grade ≥ 3 AEs were 
experienced by 77% of patients, while serious AEs were witnessed in 28.9%[47].

Another trial, COSMIC-132, is a randomized phase III trial comparing atezolizumab-cabozantinib 
combination vs cabozantinib vs sorafenib as a 1st-line therapy for patients with aHCC. mPFS for the 
combination therapy group was significantly improved over sorafenib monotherapy (6.8 vs 4.2 mo, HR: 
0.63, 95%CI: 0.44-0.91). As expected, reported grade ≥ 3 AEs were much higher in the combination 
group (54%) as opposed to the sorafenib monotherapy group (32%)[48].

Results of ICI and TKI combination therapies have been promising; however, combination regimens 
have also been associated with much higher rates of AEs – especially grade ≥ 3 AEs – compared to ICI 
monotherapy or double ICI combinations. Several ongoing clinical trials are investigating combinations 
of ICIs, such as nivolumab, with TKIs; such studies will provide more information on the efficacy and 
tolerability of ICI-TKI combinations (Table 1). In the 2nd-line treatment setting of aHCC, clinicians may 
reserve TKI-ICI combinations for patients who are fitter, and offer double ICI combinations and ICI 
monotherapy options for patients who are less fit and least fit, respectively.

ICI+VEGF: Anti-VEGF agents are another popular category of therapeutic factors used in combination 
with ICIs. Existing evidence points towards a synergistic effect of anti-VEGF factors and ICIs through 
reversal of VEGF-mediated immunosuppression, and promotion of T-cell tumor infiltration[49,50]. 
IMbrave150, a phase III clinical trial of atezolizumab-bevacizumab combination vs sorafenib in 
treatment-naïve patients with aHCC, was the first study to demonstrate a benefit with such a 
combination. Six- and 12-mo OS was significantly better for the combination arm (85% and 67% 
respectively) compared to sorafenib (72% and 55% respectively), while mOS was not reached in the 
combination arm after 17 mo compared to a mOS of 13.2 mo for sorafenib. mPFS was also longer with 
atezolizumab-bevacizumab combination (6.8 vs 4.3 mo for sorafenib, HR: 0.59, 95%CI: 0.47-076), while 
ORR was also better in the combination arm (27%, 95%CI: 22.5-32.5 vs 12%, 95%CI: 7.4-18.0 for 
sorafenib). The toxicity profile of the combination therapy was manageable. As expected, rates of 
serious AEs were slightly higher[19]. Following results from this trial, atezolizumab-bevacizumab 
combination received FDA approval for aHCC becoming the new standard of care in the 1st-line setting 
for patients without contraindication to ICIs or anti-angiogenics; TKIs sorafenib or lenvatinib may be 
reserved as 1st-line treatment for patients who: (1) are less fit, and thus unlikely to tolerate atezolizumab-
bevacizumab combination; and (2) those with contraindications to ICIs or anti-angiogenics[51].

NCT04393220 is another phase II clinical trial comparing nivolumab-bevacizumab combination as 1st-
line therapy in aHCC. This trial was recently completed with results pending. Several other trials at 
various stages of completion are currently investigating combinations of ICIs with anti-VEGF agents 
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Table 1 Ongoing clinical trials investigating immune checkpoint inhibitor - oral tyrosine kinase inhibitor combinations

NCT Phase Study drugs Treatment line Endpoint Estimated End of Trial

NCT04194775 3 CS1003 +LENVATINIB vs LENVATINIB 1 OS, PFS June 2023

NCT04344158 3 PENPULIMAB + ANLOTINIB vs SORAFENIB 1 OS December 2024

NCT03713593 3 PEMBROLIZUMAB + LENVATINIB vs 
LENVATINIB

1 OS, PFS May 2022

NCT04411706 2 SINTILIMAB + APATINIB + CAPECITABINE 1 ORR June 2022

NCT04042805 2 SINTILIMAB + LENVATINIB 1 ORR August 2024

NCT04444167 2 BISPECIFIC AK104 + LENVATINIB 1 ORR March 2022

NCT04183088 2 TISLELIZUMAB + REGORAFENIB 1 ORR, PFS, Safety March 2025

NCT04310709 2 NIVOLUMAB + REGORAFENIB 1 ORR May 2023

NCT04442581 2 PEMBROLIZUMAB + CABOZANTINIB 1 ORR September 2024

NCT03439891 2 NIVOLUMAB + SORAFENIB 1 MTD, ORR May 2022

NCT04170556 2 NIVOLUMAB + REGORAFENIB 2 Safety December 2022

NCT04401800 1b/2 TISLELIZUMAB + LENVATINIB 1 ORR December 2022

NCT04443309 1b/2 CAMRELIZUMAB + LENVATINIB 1 ORR August 2024

NCT03347292 1 PEMBROLIZUMAB + REGORAFENIB 1 DLT, Safety October 2022

NCT: Number of the clinical trial (Clinicaltrials.gov); OS: Overall survival; PFS: Progression-free survival; ORR: Overall response rate; MTD: Maximum 
tolerated dose; DLT: Dose-limiting toxicities.

(Table 2).

Immunotherapy with locoregional ablation: Another means of enhancing the immune response is 
through stress-induced tissue damage which stimulates inflammation and immunogenicity. 
Chemotherapy and radiotherapy cause immunogenic cell death, enhance T-cell activation and priming, 
induce tumor T-cell trafficking and infiltration, and enhance effector T-cell function whilst depleting 
tolerogenic T-cells[52-54]. Early and intermediate HCC is routinely treated with percutaneous and 
intraarterial locoregional therapies, including radiofrequency, thermal, and non-thermal ablation, and 
TACE[55,56]. These approaches may be ideal candidates in sequential or simultaneous combination 
therapy with immune-based treatments to enhance efficacy through immune modulation[57]. Aside 
from local immune effects, locoregional ablation methods produce systemic immune effects in innate 
and adaptive immune cells stimulating immunological tumor regression in tumor sites distant to the 
primary site of ablation through the abscopal effect. Upregulation of local and systemic immune 
checkpoint expression and cytokine production are also observed (reviewed in[58]).

Trials have investigated the combination of ablation with immunotherapy. In a proof-of-concept 
study (NCT03939975), radiofrequency or microwave ablation successfully increased response rates from 
10% to 24% in patients undergoing therapy with nivolumab or pembrolizumab who exhibited stable 
disease or atypical progressive disease; toxicity was tolerated and there was a relative improvement in 
median survival[59]. Vice versa, immunotherapy may also be used as an adjunct to radiofrequency 
ablation, with one study demonstrating superior survival from anti-PD-1 (camrelizumab) immuno-
therapy and radiofrequency ablation compared to radiofrequency ablation monotherapy[60]. Evidence 
from a phase II trial (NCT01853618) in patients receiving anti-CTLA-4 immunotherapy with 
tremelimumab supports the added benefit from combination with radiofrequency ablation or TACE
[61]. Partial response rate was 26% (95%CI: 9.1%-51.2%) and mOS was 12.3 mo (95%CI: 9.3-15.4 mo). 
Tumor biopsies taken at 6 wk exhibited a clear increase in CD8+ T cells in the patients who observed a 
clinical benefit, and 86% of patients with active HCV infection experienced a marked reduction in viral 
load demonstrating positive clinical activity. Additionally, phase I and II studies (NCT02837029, 
NCT03380130) demonstrated the safety and tolerability of nivolumab in combination or sequential 
therapy with selective internal radiation therapy containing yttrium-90 resin in patients who were 
ineligible for TACE, offering good disease control without increasing the adverse event rate in patients 
with advanced Child-Pugh scores[62]. Promising results from these trials have encouraged further 
clinical trials to evaluate ICI combinations with ablation methods (Table 3).

ICIs in the adjuvant/neoadjuvant setting
The use of ICIs may not be exclusive only for advanced stage disease as per BLBC criteria; they have 
also been investigated in adjuvant and neoadjuvant setting. In the neoadjuvant setting, preliminary 
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Table 2 Ongoing clinical trials investigating combinations of immune checkpoint inhibitors and anti-vascular endothelial growth factors 
factors

NCT Phase Study drugs Treatment line Endpoint Estimated End of Trial

NCT03794440 2/3 SINTILIMAB + BEVACIZUMABBIOSIMILAR 1 OS, ORR December 2022

NCT03970616 1b/2 DURVALUMAB + TIVOZANIB 1 Safety August 2022

NCT03973112 2 HLX-10+BEVACIZUMAB BIOSIMILAR 1 ORR June 2022

NCT: Number of the clinical trial (Clinicaltrials.gov); OS: Overall survival; ORR: Overall response rate.

results from a phase II study of camrelizumab-apatinib combination for systemic treatment-naïve, 
resectable HCC, showed a major pathologic response rate of 29% and a pathologic complete response 
rate of 6%, while demonstrating a manageable toxicity profile with 30% of patients experiencing grade 3 
treatment-related AEs. No grade 4-5 AEs were observed[63]. Plenty of ongoing trials are investigating 
the use of ICIs with or without other agents in the perioperative setting for HCC (Table 4).

Safety of ICIs and HCC
In recent years, ICIs have demonstrated efficacy across a broad spectrum of tumors including HCC, 
prompting significant interest into their therapeutic value. Due to their involvement in the immune 
response, ICIs have been linked to immune-related AEs (IRAEs) of varying significance, from mild to 
life-threatening conditions such as myocarditis, colitis, pneumonitis and hepatitis[64]. Although the 
precise mechanisms by which ICIs exert these AEs is not known, evidence suggests that ICI adminis-
tration leads to changes in T-cell population with emergence of autoreactive T-cells, along with 
increased B-cell clonality and germinal center activation, and display of autoantibodies against thyroid 
antigens[65,66] and pancreatic islet cells[67,68]. Expression or upregulation of target molecules such as 
CTLA-4 or PD-1/PD-L1 in normal tissues has also been associated with risk of IRAEs targeting the 
respective cells[69,70]. The composition of gut microbiota is implicated in the risk for IRAEs 
development[71]; the former is known to be associated with response to ICIs[72] and active modification 
through probiotic supplementation has been shown to enhance ICI activity and responses[73]. Systemic 
administration of antibiotics is known to affect gut microbiota composition[74] and has been associated 
with worse responses to ICIs[75,76]. The risk for IRAEs also includes reactivation of pre-existing 
autoimmune conditions, and other complications in patient populations where IRAEs have not been 
extensively studied, such as transplant patients and those with chronic viral infections[77].

In patients with HCC, the most common IRAEs observed with single-agent therapy include rash (up 
to 23% of patients), pruritus (up to 19% of patients), and diarrhea (up to 17%). For anti-CTLA-4 and anti-
PD-L1 combination treatment, incidence rates are up to 29%, 45%, and 24%, respectively. These results 
align with the evidence of higher risk of IRAEs with double ICI therapy[78]. Higher rates of AEs 
observed with combination therapy regimens are a limiting factor that should be considered in 
clinicians’ therapeutic decision-making. Patient eligibility for combination regimens much be 
considered on a case-by-case basis. Hepatic-related IRAEs such as AST/ALT elevation, defined as an 
increase of either AST or ALT 1-2.5 times the Upper Normal Limit (UNL)[79] are more common in 
patients with HCC compared to other tumors. Transaminitis of any grade has been observed in up to 
14% of patients with HCC compared to 3% among patients with other tumor types[78], while there are 
reports that estimate incidence as high as 30%[80]. The association of IRAEs and viral infections is 
particularly important in HCC as 50%-60% of patients with HCC in the United States are infected with 
HCV, while 10%-15% are infected with HBV[81]. Recent evidence suggests that ICI therapy for 
advanced cancer in HBV/HCV positive patients is associated with an increased risk for reactivation of 
hepatitis. Interestingly, the risk for hepatitis was not significantly different for patients with HCC 
compared to other malignancies[82]. Although IRAEs can complicate treatment with ICIs, evidence 
suggests that IRAE incidence positively correlates with better response to ICIs. In a study of patients 
with HCC treated with ICIs, patients with history of IRAEs had longer PFS, OS and higher Disease 
Control Rate compared to those who did not experience IRAEs[83].

Treatment of immune-related hepatitis/transaminitis is dependent upon AST/ALT levels. 
Temporary hold of treatment is indicated for enzyme level elevations between 2 to 5 times the UNL, 
while permanent discontinuation of the associated checkpoint inhibitor is indicated for elevations 
greater than 5 times the UNL[84-86]. For patients with an elevation 5- to 10-times the UNL, a course of 
1-2 mg/kg/d prednisone is indicated with possible escalation to IV methylprednisolone if no 
improvement is seen in 3-5 d. Further treatment escalation to mycophenolate mofetil (1000 mg twice 
daily) should be considered in patients that do not improve after maximum steroid treatment[87].
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Table 3 Ongoing clinical trials investigating combinations of locoregional therapy and immune checkpoint inhibitors

NCT Phase Locoregional Therapy Systemic Therapy Endpoint Estimated End of 
Trial

NCT03817736 2 TACE + SBRT ICI Sequential February 2024

NCT03638141 2 DEB-TACE DURVALUMAB + TREMELIMUMAB Sequential November 2023

NCT03143270 1 TACE NIVOLUMAB Combination April 2022

NCT03572582 2 TACE NIVOLUMAB Combination June 2023

NCT03397654 1/2 TACE PEMBROLIZUMAB Sequential December 2021 (
results awaited)

NCT03383458 3 Curative resection or 
ablation

NIVOLUMAB Adjuvant June 2025

NCT02821754 2 TACE, RFA, Cryo DURVALUMAB, TREMELIMUMAB Combination December 2022

NCT03033446 2 Y90-Radioembolization NIVOLUMAB Combination December 2021 (
results awaited)

NCT03099564 1 Y90-Radioembolization PEMBROLIZUMAB Combination July 2022

NCT03259867 2 TATE NIVOLUMAB OR PEMBROLIZUMAB Combination December 2022

NCT03937830 2 TACE DURVALUMAB + TREMELIMUMAB + 
BEVACIZUMAB

Combination December 2023

NCT03778957 3 TACE DURVALUMAB or DURVALUMAB + 
BEVACIZUMAB

Combination August 2024

NCT04340193 3 TACE NIVOLUMAB + IPILIMUMAB or 
NIVOLUMAB MONOTHERAPY or 
DOUBLE PLACEBO

Combination January 2024

NCT04246177 3 TACE PEMBROLIZUMAB + LENVATINIB Combination December 2029

NCT04268888 2/3 TACE/TAE NIVOLUMAB Combination June 2026

NCT05162898 N/A RFA TORIPALIMAB + LENVATINIB Combination December 2025

NCT05057845 2 Cryo TISLELIZUMAB + LENVATINIB Combination September 2024

NCT04988945 2 TACE + SBRT DURVALUMAB + TREMELIMUMAB Sequential (for 
downstaging)

December 2026

NCT04727307 2 RFA ATEZOLIZUMAB (neoadjuvant) + 
ATEZOLIZUMAB-BEVACIZUMAB 
(adjuvant)

Combination July 2027

NCT04663035 2 Ablation TISLELIZUMAB Combination December 2025

NCT04652440 1/2 RFA TISLELIZUMAB Combination November 2023

NCT04639180 3 Curative resection or 
ablation

CAMRELIZUMAB + APATINIB Adjuvant July 2024

NCT04220944 1 MWA+TACE SINTILIMAB Combination September 2022

NCT04102098 3 Surgical resection or ablation ATEZOLIZUMAB+ BEVACIZUMAB Adjuvant July 2027

NCT03867084 3 Surgical resection or local 
ablation

PEMBROLIZUMAB Adjuvant June 2025

NCT03864211 1/2 Thermal ablation (MWA or 
RFA)

TORIPALIMAB Combination June 2023

NCT03753659 2 MWA or RFA or Brachy-
therapy or TACE

PEMBROLIZUMAB Combination June 2024

NCT03630640 2 Electroporation NIVOLUMAB (neoadjuvant & adjuvant) Combination November 2023

NCT: Number of the clinical trial (Clinicaltrials.gov); TACE: Transarterial chemoembolization; SBRT: Stereotactic body radiotherapy; DEB: Drug eluting 
bead; RFA: Radiofrequency ablation; Cryo: Cryoablation; TATE: Transarterial tirapazamine embolization; TAE: Transarterial embolization; MWA: 
Microwave ablation.
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REAL-WORLD DATA FOR IMMUNOTHERAPY IN HCC
Despite the advances in ICI therapies for HCC in recent years, phase II/III studies are generally limited 
by strict inclusion and exclusion criteria, thus lacking ecological validity and generalizability to real-life 
clinical practice outside of clinical trial setting[88]. Real-world data describe health-related information 
gathered outside of clinical trials. Gathering and reporting real-world data through cohort and observa-
tional studies is important for clinicians who aim to apply approved clinical trial regimens to a broader 
patient group.

Immunotherapy ineligibility
In clinical trials of systemic therapies in HCC, patients who have aHCC or intermediate disease and are 
not suitable for locoregional therapies are enrolled; however, in real-world clinical practice, a large 
proportion of such patients are ineligible to receive immunotherapy due to contraindications.

In unselected HCC patients in the general population, no more than a third are amenable to ICIs as a 
1st-line approach and this figure decreases considerably in combination therapy with anti-VEGF or TKI 
agents according to an analysis of the Italian Liver Cancer (ITA.LI.CA) database involving 2483 patients 
across liver dysfunction stages[55,89]. When considering only aHCC and intermediate HCC that was 
unresponsive to locoregional ablation (n = 1514), eligibility increased from 21% with nivolumab and 
11% with pembrolizumab to 35% and 18%, respectively. Overall, the main contraindications to frontline 
ICI were Child-Pugh class > A (24%, n = 601), uncontrolled ascites (15%, n = 380), performance status > 
1 (13%, n = 343), active alcohol intake (13%, n = 323), thrombocytopenia (12%, n = 299), hepatic enceph-
alopathy (6%, n = 155), aminotransferase levels > 5 times the UNL (5%, n = 123), and concurrent 
autoimmune diseases (2%, n = 57)[89]. In the 2nd-line, ICI eligibility was substantially lower with 5% and 
8% of patients amenable to nivolumab and pembrolizumab, respectively[89]. When repeating this 
analysis to take into account anti-VEGF and TKI combination therapy with ICIs, atezolizumab-
bevacizumab eligibility drops to 18% in the whole HCC population and 29% in aHCC or intermediate 
HCC patients who are not eligible for surgery or locoregional procedures[55]. Reasons for the exclusion 
of these additional patients were clinically significant heart disease (n = 52), chronic non-healing skin 
ulcerations (n = 15), uncontrolled hypertension (n = 10), and non-liver-related coagulative abnormalities 
increasing the risk of bleeding (n = 1).

The expert opinion panel of ASCO has acknowledged the role of ICIs in the treatment of patients with 
aHCC and especially patients with contraindications, or intolerance to, TKIs who may derive immense 
benefit from immune therapies[51]. However, they also highlight that patients and clinicians should be 
aware of life-threatening toxicities that may occur with ICIs. Future research may provide additional 
information on specific patient subpopulations within this subgroup that may have a favorable risk to 
benefit ratio.

Immunotherapy in patients with liver dysfunction (Child-Pugh class B and above, hepatitis, NASH)
Due to the lack of Child-Pugh class B and above patients in HCC trials, which often specify Child-Pugh 
class A in the inclusion criteria, there is a large unmet need for data to support treatment efficacy and 
toxicity profiles in this cohort[51]. As a result, published recommendations and guidelines for systemic 
therapy in HCC are often limited to patients with Child-Pugh class A[51]. Experts recommend cautious 
consideration of systemic therapies for Child-Pugh class B HCC patients with good performance status, 
taking into account their liver function, bleeding risk, presence of portal hypertension, extent of 
extrahepatic spread, tumor burden, and major vascular invasion[51]. A handful of studies have 
compared explorative primary outcomes in Child-Pugh class B patients treated with immunotherapy 
with different outcomes. Use of the Barcelona Clinic Liver Cancer (BCLC) staging criteria helps avoid 
the unselect exclusion of all Child-Pugh class B and above patients by allowing for holistic patient 
scoring and selection based on other performance status criteria.

One retrospective case series of 18 Child-Pugh class B HCC patients treated with nivolumab 
monotherapy reported a higher rate of AEs compared to those observed in Child-Pugh A patients in 
CheckMate 040; however, the majority of serious AEs and other AEs were associated with complications 
of comorbid liver dysfunction and advanced tumor burden, including 11% vs 4% of serious treatment-
related AEs, and 28% vs 19% treatment-related AEs grade ≥ 3. The ORR was comparable in both studies 
(17% vs 20%)[90]. Notably, the mOS in this case series was 5.9 mo, which is lower compared to the 7.6-
mo mOS reported in the analogous CheckMate 040 cohort, though higher compared to the limited mOS 
data reported for analogous patients treated with sorafenib (3-5 mo). Comparable safety and efficacy of 
nivolumab and pembrolizumab across Child-Pugh class and line of therapy has been confirmed in other 
real-world data studies with no significant difference observed in ORR and toxicity in terms of AEs; 
however, mOS and OS tends to be shorter in Child�Pugh B and above patients[91-93].

In a study of 34 HCC patients (5/29 BLBC B/C; 19/14/1 Child–Pugh A/B/C) including sorafenib 
pre-treated individuals, nivolumab was safe and efficacious with reported 6% (n = 2) grade 3 toxicity, 
12% (n = 4) partial response, and 24% (n = 8) stable disease[94]. However, mOS was only 7.5 wk as 59% (
n = 20) of patients had died on assessment due to tumor progression (80%, n = 16), acute liver failure 
(15%, n = 3), and variceal bleeding (5%, n = 1)[94]. On analysis, 24% of patients (n = 8) were still on 
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Table 4 Ongoing clinical trials investigating immune checkpoint inhibitor - based clinical trials in the adjuvant and neoadjuvant setting

NCT Phase Study drugs Treatment 
setting Endpoint Estimated End of 

Trial

NCT03383458 3 NIVOLUMAB vs PLACEBO Adjuvant RFS June 2025

NCT03867084 3 PEMBROLIZUMAB vs PLACEBO Adjuvant RFS, OS June 2025

NCT03847428 3 DURVALUMAB + BEVACIZUMAB vs PLACEBO Adjuvant RFS September 2023

NCT04102098 3 ATEZOLIZUMAB + BEVACIZUMAB vs PLACEBO Adjuvant RFS July 2027

NCT03859128 2/3 TORIPALIMAB vs PLACEBO Adjuvant RFS April 2024

NCT03839550 2 CAMRELIZUMAB + APATINIB Adjuvant RFS February 2023

NCT04418401 2 ANTI-PD1 + DONAFINIB Adjuvant RFS June 2023

NCT03510871 2 NIVOLUMAB + IPILIMUMAB Neoadjuvant ORR, downstaging 
rate

December 2022

NCT04123379 2 NIVOLUMAB + CCR2/5-inhibitor vs NIVOLUMAB 
+ANTI-IL8

Neoadjuvant Safety October 2024

NCT03222076 2 NIVOLUMAB Neoadjuvant Safety September 2022

NCT03682276 1/2 NIVOLUMAB + IPILIMUMAB Neoadjuvant Safety, Delay to 
surgery

September 2022

NCT03383458 1 NIVOLUMAB vs PLACEBO Adjuvant RFS June 2025

NCT04425226 N/A PEMBROLIZUMAB + LENVATINIB Neoadjuvant RFS, ORR December 2025

NCT: Number of the clinical trial (Clinicaltrials.gov); RFS: Recurrence-free survival; OS: Overall survival; RFS: Recurrence-free survival; ORR: Overall 
response rate.

nivolumab treatment and 18% (n = 6) had stopped treatment for other reasons [patients wish (n = 5), 
toxicity (n = 1)]. On multivariate analysis, Child–Pugh stage was the only significant independent risk 
factor for survival (HR 7.72, 95%CI: 2.62-22.78, P < 0.001). Although safe and efficacious, the study 
concluded that patients with advanced liver disease require further prospective evaluation due to 
probable limited efficacy of nivolumab. Overall, efficacy was approximately half of that observed in 
Checkmate 040. Results from this study are in agreement with latest evidence indicating that the 
survival of patients with aHCC treated with nivolumab is correlated to the Child-Pugh liver function 
score at baseline[95], as reported in aforementioned studies as well[92-94]. Equally, the finding that 
unselected Child-Pugh B and above patients exhibit an unsatisfactory response to and survival with 
nivolumab has been echoed in another retrospective study of 203 HCC patients; (ORR 3% vs 16% in 
Child–Pugh class B/A, P = 0.01; mOS 11.3 vs 42.9 wk in Child–Pugh class B/A, adjusted HR, 2.10, P < 
0.001)[96].

Aside from Child-Pugh class, other liver dysfunction causes have also been examined in real-world 
studies. Safety and antitumor activity had been demonstrated in hepatitis-induced cirrhosis and in 
patients with active hepatitis viral load, even those on anti-viral treatment, while viral hepatitis status 
has been suggested as a possible predictive biomarker for response since it is clearly not a contradiction 
against the use of ICIs, yet further prospective studies are mandated[93,97,98]. Conversely, the same 
cannot be said for patients with underlying NASH and those with HCCs with activated Wnt/β-catenin 
signaling which observe reduced efficacy from ICI therapy according to pre-clinical and clinical data (
reviewed in[99]).

Given that the level of liver dysfunction in this cohort may have significant implications on guidelines 
regarding the optimal selection of drugs in each line of therapy, further data is needed to guide the 
evidence-based use of systemic immune therapies in Child-Pugh class B HCC, as supported by the 
above limited data.

Macrovascular invasion
Another indicator of poor performance status is macrovascular invasion (MVI). Approximately 10%-
40% of HCC patients present with MVI at diagnosis[100], and as such are not amenable to curative 
treatment and exhibit very poor prognosis[101]. Despite MVI being common, patients are often 
excluded from clinical trials. Thus, real-world data are needed to demonstrate the relative efficacy of 
ICIs in this cohort.

Tsai et al[102] retrospectively compared the efficacy of PD-1 inhibitors in 34 HCC patients with 
vascular metastases in the portal vein and inferior vena cava vs 34 patients without tumor thrombi; ORR 
and survival were comparable between both cohorts. The response rate of vascular tumor thrombosis 
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was 52.9%, and responders exhibited a superior survival benefit than non-responders. MVI respons-
iveness closely correlated with the maintenance of optimal liver function and a lower occurrence of 
distal metastases. These findings are in agreement with those from an earlier study showing that the 
magnitude of treatment response is significantly more intense in vascular invasion compared to hepatic 
tumors, and vascular response is also an independent prognostic factor that is significantly associated 
with PFS, while ECOG (Eastern Cooperative Oncology Group) performance status was a significant 
independent predictor of OS[103]. Moreover, similar findings have been observed in renal cell 
carcinoma displaying inferior vena cava thrombus treated with ICIs that proposed the response of 
vascular thrombi to ICIs is stronger in a high T-cell inflamed tumor microenvironment[104]. ICIs 
markedly decrease or stabilize tumor thrombus volume, and this response may be affected by the 
diversity of tumor microenvironments[102,103,105,106]. Vascular metastasis regression helps preserve 
organ function while the use of ICIs in these patients also delays distant metastases[102]. Therefore, ICIs 
should be prioritized in patients with MVI in an attempt to prevent further progression as well as 
mediate vascular tumor response, to hopefully improve outcomes.

Autoimmune disease
The incidence of autoimmune diseases in cancer patients has been reported at 13%-30% with 
hypothyroidism, rheumatoid arthritis, type 1 diabetes and psoriasis representing the most common 
conditions[107,108]. Hepatobiliary autoimmune diseases, such as autoimmune hepatitis (AIH), primary 
biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) are known risk factors for HCC[109,
110]. The risk of HCC is lower with PSC compared to AIH[110], especially when the latter co-exists with 
cirrhosis[111]. Yet, patients with underlying autoimmune disease are typically excluded from immuno-
therapy trials because of the risk of immune-mediated flares of their underlying autoimmune disease
[99].

In an observational, retrospective study including 15 patients with pre-existing autoimmune diseases, 
including 4 HCC patients treated with nivolumab, only 4 (27%) patients experienced an autoimmune 
disease exacerbation with ICIs, including 1 of the HCC patients[112]. Moreover, the most frequent cause 
of treatment discontinuation was disease progression rather than toxicity. Studies in other cancers 
(mostly melanoma and non-small cell lung cancer) report a wide range of incidence of flare-ups and 
IRAEs in patients with underlying autoimmune disease that receive ICI treatment[113-117]. One 
systematic review of 123 cancer patients from 49 publications reported incidences of 41% exacerbation 
of previous autoimmune disease, 25% de novo IRAEs, and 11% of both; no difference was observed 
between those with active vs inactive disease[118]. Patients receiving immunosuppressive therapy at 
initiation of ICI therapy appeared to experience fewer AEs than those not receiving treatment. AEs 
improved in over half of patients without ICI discontinuation while 3 patients died. The incidence of 
IRAEs is higher in patients with autoimmune disease treated with ICIs compared to incidences quoted 
in studies and trials of patients without autoimmune conditions. In terms of efficacy, studies show no 
difference in ORR, PFS, and OS in patients with underlying autoimmunity compared to those without
[113,116]. However, the evidence is conflicting regarding the response rate depending on concomitant 
immunosuppressive therapy at the time of ICI initiation with some studies quoting lower response rates
[114] and others quoting no association[117]. Recently, the use of selective immunosuppressive drugs 
over non-selective immunosuppressants in patients with underlying autoimmune disease for ICI 
therapy has been recommended, as the former may be less likely to adversely affect ICI efficacy[119].

Overall, although limited, these data support the administration of immunotherapy in cancer patients 
with a pre-existing (controlled) autoimmune disease with adequate follow-up and early management if 
flare ups or IRAEs occur; immune exacerbations can usually be management with steroids or other 
immunosuppressants without treatment discontinuation. Therefore, every cancer patient with 
underlying autoimmune disease should be considered for ICI therapy with a decision on management 
achieved through multidisciplinary team discussion that weighs up the risks and benefits[120]. 
Recommendations state that ICIs should be avoided: (1) whenever autoimmune disease reactivation 
may be life threatening, (2) in patients with neurological or neuromuscular disorders, and (3) in patients 
with poorly controlled autoimmune disease or on high doses of immunosuppression[120]; TKIs should 
be considered 1st-line in these cases[101].

In the case of HCC particularly, there is a lack of data. Further large prospective studies are needed to 
establish the incidence of IRAEs and autoimmune disease exacerbations in patients with pre-existing 
autoimmune conditions treated with immunotherapy to evaluate the overall risk-to-benefit ratio and 
generate practical evidence-based management guidelines for this subpopulation.

Therapeutic decisions: Radiological progression
The concurrent availability of several systemic therapy regimens in the 1st- and 2nd-line settings offers 
clinicians and patients a wider selection of drugs to choose from. Decisions regarding the selection of a 
specific agent over another is not only determined by the availability and accessibility to a specific drug, 
but also, more importantly, by the efficacy and tolerability that is expected or indeed observed in a 
patient. Thus, the decision of which agent to choose, or switch to, is largely dependent on individual 
patient characteristics. As previously mentioned, there are inherent difficulties regarding the lack of 
wide representation of patients of poor performance status in immunotherapy clinical trials that affect a 
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clinician’s ability to triage toxicity risk in these patients. Additionally, assessing tumor progression and 
response to immunotherapy, which also governs treatment selection and switching, is challenging for 
several reasons both inside and outside of clinical trials.

Immunotherapies are known to produce an atypical response patten featuring pseudo-progression 
(PP) and hyper-progressive disease (HPD). Therefore, multiple variations of Response Evaluation 
Criteria in Solid Tumors (RECIST) have been proposed, with RECIST 1.1 recommended for primary 
endpoints and immune RECIST (iRECIST) for exploratory analyses. Importantly, patients in clinical 
trials undergo thorough radiological assessment from specialized radiologists to a more robust standard 
than what is available outside of trial setting. Decisions about switching or continuing past progression 
(assumed PP) are usually made based on the trial radiologist report in conjunction with the opinion of 
experienced oncologists involved in the trial; usually, treatment is stopped in trials when patients 
progress on immunotherapy whereas in real life a decision may be made to continue treatment if the 
patient reports benefits and if the drug is well-tolerated. A retrospective multicenter analysis of 31 HCC 
patients treated with nivolumab in real-life practice assessed radiological response to treatment using 
both RECIST 1.1 and iRECIST and found that response rates were similar to those reported in 
prospective clinical trials[122]. However, authors highlight the heterogeneity in response and 
progression patters, and emphasize the risk of misinterpretation of results in terms of endpoints as well 
as the difficulty of deciding when to stop treatment past progression. Additional real-life studies such as 
the above are warranted to support these findings.

In terms of HPD – which remains a controversial concept that is doubted by some clinicians due to 
lack of robust data to differentiate it from natural cancer progression in non-responders – the above 
study reported an occurrence of this phenomenon in four cases (13%). All of these patients presented at 
baseline with massive tumor burden involving different anatomical regions (burden 76-159 mm; 6-15 
measurable lesions per patient) before nivolumab initiation[121]. These findings are consistent with 
those reported in a separate case series of 47 patients in which 3 exhibited HPD (including 1 aHCC 
patient) when treated with nivolumab; the main characteristics in the hyper-progressors were age < 75 
years, ≥2 metastatic sites, PD-L1 < 50%, neutrophil-to-lymphocyte ratio > 3, and elevated lactate 
dehydrogenase[122]. This and other studies support the notion that high metastatic burden at baseline 
may be a clinical predictor of HPD during ICI therapy. Other predictors of HPD have been proposed 
with contradictory data (reviewed in[122]).

Cost-effectiveness
In 1st-line setting, the combination of atezolizumab-bevacizumab vs sorafenib for aHCC has been shown 
to lack cost-effectiveness from a US payer perspective despite offering a significant clinical survival 
benefit, according to data from the IMBRAVE150 clinical trial; an incremental cost-effectiveness ratio of 
$322500 per quality-adjusted life-year (QALY) gained was observed[123]. In a threshold analysis, prices 
for atezolizumab and bevacizumab would have to be reduced by 37% and 47%, respectively, to be 
considered a cost-effective alternative at common willingness-to-pay thresholds of $150000 or $100000 
compared to sorafenib[123]. However, it should be noted that patients in the IMBRAVE150 dispropor-
tionately represented patients with well-preserved liver function (Child-Pugh class A) and good 
performance status (ECOG score 0-1), meaning that it is unclear how generalizable the benefits and/or 
risks, and therefore the cost-effectiveness, of these drugs are in clinical practice, where patients present 
with more severe disease[124]. IMBRAVE150 also disproportionately included fewer patients of Black 
and Hispanic ethnicity. Higher age specified mortality and incidence of aHCC are observed in Asian, 
Black, and Hispanics compared to non-Hispanic White individuals, while Black and Hispanic patients 
also tend to present with more advanced tumor burden and have worse survival compared with non-
Hispanic White patients[125]. Lack of such ethnic representation in IMBRAVE150 means that the above 
cost-effectiveness analysis model does not accurately represent disease demographics across ethnicity 
and is thus likely to lack in generalizability[124]. Moreover, racial and ethnic disparities are known to 
occur in immunotherapy receipt; atezolizumab-bevacizumab regimes are likely to widen existing 
disparities in HCC mortality, especially given lack of ethnic representation in the aforementioned cost-
effectiveness analysis model[124]. Aforementioned results are echoed in a separate study which 
indicated that 1st-line TKI followed by 2nd-line immunotherapy was the most cost-effective strategy for 
aHCC[125].

Lack of ICI cost-effectiveness for aHCC also stands true in the 2nd-line setting in the US, where results 
from a separate cost-effectiveness analysis of pembrolizumab for aHCC based on data from the 
KEYNOTE-240 trial reported an incremental cost-effectiveness ratio of $340409 per QALY gained[126]. 
The price of pembrolizumab would need to be reduced by 58% to achieve cost-effectiveness, with a 
willingness-to-pay threshold of $150000 per QALY. These results are likely to be very similar for 
nivolumab monotherapy as an alternative anti-PD-1 agent for aHCC in 2nd-line setting; however, further 
cost-effectiveness analyses are warrant especially for the combination of nivolumab-ipilimumab in the 
2nd-line setting for aHCC[126]. It should be noted that other 2nd-line non-immunotherapy alternatives for 
aHCC including regorafenib, cabozantinib, and ramucirumab have also been shown to have an 
incremental cost-effectiveness ratio with $224362 and over $1 million per QALY for regorafenib and 
cabozantinib, respectively, while no cost-effectiveness data has been published for ramucirumab which 
is also unlikely to be cost-effective[126]. The lack of robust head-to-head trials comparing different 2nd-
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line therapies means that it is difficult to undertake a robust cost-effectiveness comparison of agents in 
this setting[126].

From a patients’ perspective, sadly, differences in drug costs are often an important factor that impact 
patient decision as some cancer therapies pose a more significant financial burden than others. 
Additionally, potential burdens—financial or otherwise—associated with regular travel to a treatment 
center for IV infusion therapy may render a patient more likely to opt for a treatment regimen 
composed of oral medications which they can take at home. In the case of the latter, the importance of 
medication compliance, even in the presence of adverse events, as well as patient safety-netting must be 
stressed. Occasionally, providers themselves may have financial biases for supporting some regimens 
over others when there is no significant difference in treatment effectiveness.

Immunotherapy in LT
One of the questions yet to be answered is the role of immunotherapy in LT. Immunotherapy post-LT 
may prevent or be useful in the management of recurrent HCC as well as other post-transplant 
secondary malignancies. Current guidelines state that immunotherapy approaches should be avoided in 
patients who recur following LT because of the high rates (40%) of allograft rejection and mortality, 
owing to stimulation of the host immune response by these agents; however, aside from rejection, anti-
tumor efficacy and tolerability are promising[127,128]. A review of 25 patients receiving immuno-
therapy post-transplant identified immunotherapy initiation after short duration from transplant and 
graft PD-L1 positivity as potential risk factors for rejection[129]. Despite the limited amount of data, in 
the current era it is not safe to advise for the use of immunotherapy to prevent or treat disease 
recurrence after transplant. Elucidating better predictors of patients that are at higher risk of experi-
encing transplant rejection may help identify a subset of patients who are more likely to observe a 
favorable benefit-to-risk ratio from immunotherapy after transplant, and may thus be eligible for this 
approach.

In the pre-LT setting, the role of neoadjuvant immunotherapy is even less clear. Immunotherapy pre-
LT may facilitate downstaging of unresectable HCC bridging to subsequent surgical eligibility, thus 
offering these patients their only chance of disease cure; however, this potentially comes at a higher risk 
of donor graft rejection[127]. The latest study published on this topic identified seven patients from their 
center and three from the literature who received anti-PD-1 ICIs pre-LT[130]. Eight patients (80%) 
observed partial response, and the disease control rate was 100%. Acute rejection occurred in 30% of 
patients with two patients dying as a result, despite treatment with immunosuppressive medications. 
Despite this growing body of evidence, further research is warranted. Currently, a phase II multicenter 
clinical trial is underway to investigate the role of durvalumab and tremelimumab for patients with 
HCC listed for LT (NCT05027425). Such trials are needed to determine the safety and efficacy of 
immunotherapy as a potential bridging strategy to LT.

FUTURE DIRECTIONS
Immunotherapy beyond ICIs: ACT, vaccination, and virotherapy
Other promising forms of immunotherapy for HCC aside from ICIs include ACT strategies, anti-tumor 
cancer vaccines, and transgenic therapy applied through viral vectors. These strategies have begun to be 
investigated clinically as monotherapy options in HCC and as combination therapies, to enhance the 
efficacy of other treatments. The potential of such immunotherapies as combination treatments is highly 
promising, particularly in the context of combination with other immunotherapies, such as ICIs, as they 
improve immunogenicity. Combining immunotherapeutics with different mechanisms of action and 
primary immune effects is a well-recognized approach to counteract the multiplicity of tumor immune 
evasion mechanisms and ensure all necessary steps for the successful mounting of an anti-tumor 
immune response are met, as described in the cancer immunity cycle theory[31,131,132]. The same 
principle stands true as the underlying biological rationale to justify combination therapy of ICIs with 
different mechanisms of action – an example being combination with anti-PD-1 and anti-CTLA-4 agents 
which has been shown to significantly improve ORR, at the expense of increased but tolerable toxicity 
(Figure 2).

ACT: Following the success and approval of a plethora of ACT strategies in hematologic cancers[133], 
researchers have explored various forms of ACT in solid tumors. ACT involves the autologous or 
allogeneic transplant of tumor-infiltrating lymphocytes (TILs), or genetically modified T-cells 
engineered to express novel T-cell receptors (TCR) or chimeric antigen receptors (CAR)[134]. Cytokine-
induced killer (CIK) cells represent another form of ACT wherein T-cells are co-cultured in vitro under 
cytokine manipulation to express natural killer (NK) cell-surface markers in addition to TCR. Cytotoxic 
cells with this double T/NK phenotype are capable of lysing a broad array of tumor cell targets in a 
non-MHC-restricted manner[135].

The primary immune effects of ACT result in supplementation of immune effector cells[31]. 
Compared to other immunotherapies, one of the advantages of ACT is that it is considered a “living” 
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Figure 2 Treatment algorithm for immunotherapy in hepatocellular carcinoma according to American Society of Clinical Oncology 
guidelines. Atezo: Atezolizumab; Ipi: Ipilimumab; Nivo: Nivolumab; Pembro: Pembrolizumab; mOS: Median overall survival; mo: Months; PEI: Percutaneous 
ethanol injection; RFA: Radiofrequency ablation; TACE: Transarterial chemoembolization; ECOG: Eastern Cooperative Oncology Group; BCLC: Barcelona Clinic 
Liver Cancer; AFP: Alpha fetoprotein; cm: centimeter; N1: Regional nodal spread; M1: Metastatic spread.

treatment method as it exhibits the capability to become active and replicate in vivo for long lasting anti-
tumor effect[136]. In theory, this grants the possibility of disease cure due to the accrual of long-term 
immunological memory; however, in practice this is often not achieved due to multifactorial lack of cell 
persistence[137]. Currently, most novel ACT strategies, such as CARs, are bespoke to each patient and 
are manufactured specifically for them. Off-the-shelf ACT strategies are being investigated as a means 
to improve costs, time and ease of manufacturing, and allow for universal applicability across patients
[133]. Due to the presence of TAAs with an acceptable specificity, HCC in one of the most promising 
organs for ACT in solid tumors, as TAA specificity decreases chances of on-target off-tumor recognition 
and subsequent toxicity due to target antigen expression on normal cells which are then destroyed[138].

Combinations of ACT with ICIs have not yet been trialed in HCC, while in other solid malignancies 
such combinations have been shown to be feasible and safe[139]. Conversely, ACT in combination with 
ablative therapies in HCC is undergoing investigation in phase I/II setting[58]. Regarding ACT 
monotherapy for HCC, early phase I/II studies have shown feasibility and tolerability with TILs, TCR, 
and CAR cell variants while several other phase I/II trials are ongoing (reviewed in[35,138,140]). CIK is 
the only ACT that has been investigated for HCC in a phase III setting (NCT00699816). This multicenter 
trial involved 230 HCC patients who had undergone curative surgical resection, radiofrequency 
ablation, or percutaneous ethanol injection that were randomized to receive adjuvant CIK immuno-
therapy (injection of 6.4 × 109 autologous CIK cells, 16 times over 60 wk) or no adjuvant therapy 
(controls)[141]. mPFS was significantly prolonged in the CIK arm vs control (44 mo vs 30 mo; HR: 0.63, 
95%CI: 0.06-0.75). All-cause death and cancer-related death were also significantly reduced in the 
experimental arm. AE occurrence was higher in the experimental arm but SAEs did not differ 
significantly. In combination with transarterial chemoembolization (TACE), an international registry 
analysis of 106 clinical trials including 10225 patients of which 4889 patients in over 30 distinct tumor 
entities were treated with CIK cells alone or in combination with conventional or novel therapies, CIK 
has been shown to significantly improve mPFS and mOS (27 trials), and 5-year survival rate (9 trials) 
with mild AEs and graft-versus-host diseases[142]. Additionally, a systematic review and meta-analysis 
of 6 randomized controlled trials including 844 HCC patients concluded that adjuvant autologous CIK 
after curative resection significantly improved 1-year, 2-year, and 3-year disease-free survival and OS 
but did not significantly extend these at 4 and 5 years; AEs were comparable in CIK and control patients
[143]. Furthermore, combination of CIK with ICIs has been trialed in solid and hematologic cancer with 
promising results and potential to be trialed in HCC in the future[142]. Despite these positive results, 
ACT including CIK is still not used in most centers as an adjuvant therapy, probably due to the 
limitations of in-house cell therapy facilities[35].
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Vaccination and virotherapy: Following results of several early phase trials involving relatively small 
numbers of HCC patients in the past decade, vaccines and virotherapy are currently being investigated 
as enhancer strategies in combination with other forms of therapy as opposed to a viable monotherapy 
option[31,35].

Vaccines: The underlying primary immune effect of vaccines lies in their ability to enhance T-cell 
priming and expansion[31]. Cancer vaccines are being constructed to enhance presentation of tumor-
associated epitopes to host immunity to overcome tumor-specific tolerance in the context of immune 
stimulation by activating and selectively expanding tumor-specific lymphocytes within the native 
effector cell repertoire while maintaining immune-regulatory protection against autoimmunity[144]. 
Vaccine-mediated stimulation of tumor-specific immunity provides a physiologic stimulus for T-cell 
activation, fostering a potentially more-sustained native immune response with greater durability for 
long-term antitumor surveillance. Alike engineered ACT, cancer vaccines may be designed to target 
TAAs or neoantigens, of which HCC exhibits many with high specificity[10]. Classical cancer vaccines 
rely on exogenous administration of antigens or antigen-pulsed dendritic cells (DCs). The only cancer 
therapy vaccine to be approved by the FDA to date is Sipuleucel-T, a DC-like anticancer vaccine for 
prostate cancer[145]. In HCC, vaccine constructs are mainly based on RNA, peptides, proteins, or DCs
[31,140].

Early investigations in cancer patients and pre-clinical models have demonstrated the synergistic 
capacity of cancer vaccines in combination with anti-PD-1 and anti-CTLA-4 checkpoint blockade, with 
evidence also reported for HCC[146-148]. Vaccines can reverse immune tolerance and exhaustion seen 
in patients treated with ICIs by providing a stimulus to prime and expand tumor-specific T-cells that 
preserve their effector functions through the effect of ICIs[31]. Moreover, phase I/II studies have shown 
that vaccines are tolerable and can reduce recurrence rate[149] and prolong recurrence-free survival[150,
151] in patients treated with ablative therapy. However, trials with tumor lysate vaccines have failed to 
show promising results in terms of efficacy[31,151]. Today, combination of vaccines with ICIs are being 
investigated clinically in phase I/II trials in HCC (NCT04912765, NCT04248569, NCT04251117), as are 
combinations with ablative therapies (NCT03674073, NCT03942328), and other treatments.

Virotherapy: Cancer virotherapy represents the most common type of cancer gene therapy and involves 
the transfer of genetic material (transgenes) into cells to modify their gene-expression profiles via viral 
vectors[31]. Oncolytic viruses (OVs) are a type of cancer virotherapy incorporating modified viral agents 
that selectively replicate in cancerous cells resulting in tumor cell lysis[152]. By contrast to classical 
vaccines, OVs represent an in situ cancer vaccine[35]. The primary immune effect aimed with 
virotherapy is to reduce tumor burden and broaden TCR repertoire[31]. Yet, scientists have increasingly 
realized that most anti-cancer efficacy observed with OVs is attributable to enhanced immune response 
activation triggered by immunogenic cell death caused by the destruction of cancer cells and uptake of 
tumor antigens by antigen presenting cells – often enhanced by the arming of OVs with cytokine 
encoding genes, such as granulocyte-macrophage colony-stimulating factor (GM-CSF) – rather than 
their oncolytic properties[153]. Additionally, OVs display short-lived efficacy and are not effective on 
repeated doses, due to brief vector replication and transgene expression as well as neutralizing antibody 
development after first vector administration, respectively. However, long-term vectors may broaden 
applications[31]. Hence, OVs are better candidates as an adjunct therapy to trigger adaptive antitumor 
responses which require maintenance and expansion with additional immunotherapies[154]. To date, 
three OVs have been approved for cancer therapy: RIGVIR for melanoma[155], Oncorine for head and 
neck cancer[156], and T-Vec for melanoma[157], though only the latter has been granted FDA approval.

In HCC, several OVs have been investigated clinically with some featuring promising results. JX-594 
(Pexa-Vec), an oncolytic poxvirus carrying human GM-CSF genes, is the only OV to have successfully 
reached phase III investigation. Unfortunately, phase IIb/III trials showed that Pexa-Vec failed to 
improve treatment efficacy in patients previously treated with sorafenib[158], in combination with 
sorafenib[159], and in sorafenib-naïve patients[160]. Investigation of Pexa-Vec combination with 
nivolumab was also terminated early due to futility in other pivotal trials[161]. Still, phase I/II trials are 
ongoing to investigate different virotherapy agents as monotherapy (NCT00028496, NCT04246671), and 
in combination with pembrolizumab (NCT02509507, NCT02432963) for HCC.

CONCLUSION
The progress achieved within the landscape of immunotherapy for HCC is remarkable. In the last five 
years, ICIs have become a cornerstone systemic treatment approach in the routine clinical management 
of aHCC. The year 2020 saw ICIs become frontline treatments for aHCC in combination with 
bavacizumab, rendering sorafenib frontline only for patients who are ineligible for or contraindicated to 
receive immunotherapy or anti-angiogenics. In 2nd-line setting, several ICIs continue to be standard of 
care, with more agents emerging in the horizon. Still, much progress is yet to be made, especially 
concerning the lack of real-world data to support the generalizability and applicability of clinical trial 
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findings to a broader cohort of aHCC patients who are not subjectable to stringent clinical trial inclusion 
and exclusion criteria. The main obstacles to immunotherapy frequently encountered in real-world 
practice surround patient ineligibility for immunotherapy because of contraindications, comorbidities, 
or poor performance status; lack of response, efficacy, and safety data; and cost-effectiveness. Hence, the 
reality of immunotherapy treatment for HCC outside of trial setting is far from ideal. Further real-world 
data from high-quality large prospective cohort studies as well as evidence from institutional 
experiences of immunotherapy in patients with aHCC outside of clinical trials is mandated to aid 
evidence-based clinical decision-making for this cohort of individuals who indeed represent the vast 
majority of patients encountered. At the same time, ongoing trials investigating novel approaches to 
optimize systemic regimens and enhance ICI efficacy through combination with locoregional ablation, 
other systemic agents, and novel immune-based approaches are necessary to break new grounds. With 
multiple ICI agents undergoing investigation, more ICIs are likely to enter the treatment landscape for 
aHCC. The development of new models such the cancer immune cycle theory to better understand and 
reverse limiting steps in cancer immune evasion; the characterization and subgrouping of different 
tumor immune microenvironment phenotypes in aHCC; and novel means of employing machine 
learning algorithms to predict patient response to select targeted therapies further advance the field of 
precision medicine in HCC into a new era. In the years to come, ACT including CAR T cells and CIK 
cells are likely to become part of the treatment armamentarium against aHCC. We eagerly await to 
monitor the field as it advances.
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Abstract
Minimally invasive detection of circulating tumor DNA (ctDNA) in peripheral 
blood or other body fluids of patients with gastrointestinal malignancies via liquid 
biopsy has emerged as a promising biomarker. This is urgently needed, as 
conventional imaging and plasma protein-derived biomarkers lack sensitivity and 
specificity in prognosis, early detection of relapse or treatment monitoring. This 
review summarizes the potential role of liquid biopsy in diagnosis, prognosis and 
treatment monitoring of gastrointestinal malignancies, including upper 
gastrointestinal, liver, bile duct, pancreatic and colorectal cancer. CtDNA can now 
be part of the clinical routine as a promising, highly sensitive and specific 
biomarker with a broad range of applicability. Liquid-biopsy based postoperative 
relapse prediction could lead to improved survival by intensification of adjuvant 
treatment in patients identified to be at risk of early recurrence. Moreover, ctDNA 
allows monitoring of antineoplastic treatment success, with identification of 
potentially developed resistance or therapeutic targets during the course of 
treatment. It may also assist in early change of chemotherapy in metastatic 
gastrointestinal malignancies prior to imaging findings of relapse. Nevertheless, 
clinical utility is dependent on the tumor’s entity and burden.

Key Words: Cell-free tumor DNA; Circulating tumor DNA; Gastrointestinal cancer; Liquid 
biopsy; Esophageal cancer; Gastric cancer; Liver cancer; Bile duct cancer; Pancreatic 
cancer; Colorectal cancer
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Core Tip: This review provides an update on the state-of-the-art circulating tumor DNA detection via 
liquid biopsy for diagnosis, prognosis and treatment in gastrointestinal malignancies and presents the 
strengths and limitations of this innovative method.
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INTRODUCTION
Historically, tissue biopsy or plasma protein-derived tumor markers have been the fundamental pillars 
of cancer diagnosis, selection of treatment, monitoring of treatment effect and estimation of prognosis
[1]. As cancer is a dynamic and likely progressive disease, histological analysis of a single lesion (i.e., 
primary tumor or metastasis) at a single time point is now being replaced by minimally invasive 
detection of cell-free deoxyribonucleic acid (cfDNA) via liquid biopsy to monitor the continual change of 
the disease process[1-3]. Furthermore, disconcordance and genetic differences within the primary tumor 
tissue over time (temporal heterogeneity) or between the primary tumor and its metastases (spatial 
heterogeneity) can be observed via next-generation sequencing (NGS)[2,4]. Thus, single conventional 
biopsies do not accurately reflect the cellular and genetic composition of malignancies[1]. In contrast, 
liquid biopsies include nucleic acids or cancer cells from the entire tumor burden of the patient and can 
easily be conducted serially[4].

Discovered in 1989 in patients with gastrointestinal (GI) malignancies, circulating tumor DNA 
(ctDNA) derives from apoptotic, necrotic, or circulating cancer cells, and constitutes a small subset (< 
0.01%) of cfDNA in the plasma of peripheral blood or other body fluids[5]. cfDNA has become a 
promising tool for diagnosis, monitoring of antineoplastic treatment effect, and early detection of 
relapse, in addition to evaluating potential new drug targets[6-8]. ctDNA is thought to be actively 
released via microvesicles (exons) of double-stranded DNA. Passive release of DNA fragments into the 
circulation from apoptotic and necrotic cells has been demonstrated[3,9]. The amount of cfDNA is 
significantly higher in cancer patients than in healthy individuals, but serum levels can easily be biased 
by various factors; ctDNA is considered tumor-specific and more robust[1]. Nevertheless, both values 
are strongly influenced by preanalytical and analytical variables. The influence of differences in type of 
sample collection tubes, sample storage time, performing the assay with plasma or serum, use of short 
or long amplification assays, or the time of blood collection have been evaluated[10]. Plasma is 
considered superior to serum because of its robust DNA data with higher KRAS allele frequency. A 
greater absolute amount of DNA is yielded by serum samples, but is also more affected by contam-
ination or lysis)[10]. Although the American Society of Clinical Oncology and the College of American 
Pathologists highly recommend plasma analysis for DNA detection, many investigators in the past used 
serum samples. Two reviews[10,11] published in 2018 claimed that 100% of gastrointestinal stromal 
tumor (commonly known as GIST) studies, 62% of gastric cancer studies, 29% of esophageal cancer 
studies, and 20% of colorectal cancer (CRC) studies used serum samples for ctDNA analysis.

Over the years, several amplification techniques, such as real-time quantitative polymerase chain 
reaction (referred to as qPCR)[12], digital droplet PCR (ddPCR)[13,14], beads, emulsion amplification, 
and magnetics (BEAMing)[15] or NGS[16] have been adopted for clinical use[4]. The most commonly 
employed are digital PCR (dPCR) or ddPCR techniques using water-in-oil emulsion droplets with 
dispersed individual DNA strands. These fluorescently labeled samples allow a binary identification 
system of target mutations (i.e. mutant vs wild-type alleles), leading to a very low limit of detection 
(LOD) ranging from 0.1%-0.001%[4]. One of the most used dPCR systems for ctDNA detection is the 
Bio-Rad QX-200 platform[14]. BEAMing provides a high analytical sensitivity of < 0.01% minor allele 
frequency (MAF) by combining emulsion PCR and flow cytometry with a focus on rare mutations in a 
priori known target mutations[4]. NGS, on the other hand, can cover a broad range of mutations in 
multiple cancer-associated genes but is less sensitive than dPCR (~ 1%)[4]. Safe-SeqS is one of the first 
and most commonly used NGS platforms (LOD 1%)[17], whereas CAPP-Seq/iDES is a newer NGS 
technique with LODs of 0.002%-0.00025%[18]. Depending on the entity under investigation, approaches 
have emerged for detection within samples with a known mutation target and those without a known 
mutation. In the following section we describe currently promising prospects of this new and easily 
harvested biomarker for diagnosis, early relapse detection, and treatment efficacy.

https://www.wjgnet.com/2218-4333/full/v13/i6/473.htm
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UPPER GI CANCER
Diagnosis
Upper GI (UGI) cancer subsumes esophageal cancer, cancer of the gastroesophageal junction, and the 
gastric cancer. Unfortunately, detection rates of UGI cancers are low in the early stages (approximately 
20%) and reporting studies, thus, have low case numbers[19]. However, potential targets for molecular 
tracking are: HOXD10 (higher methylation rates in more advanced disease); ZIC1, RUNX3, and TP53 
(53%); or receptor tyrosine kinases, including KRAS (15%), FGFR2, EGFR (17%), ERBB2, PIK3CA (13%), 
or HER2 (17%)[7,20,21]. NGS of metastatic UGI cancer in small case studies revealed detection rates of 
up to 87.5%[21]. Detection rates greatly depend on the MAF in the site of associated metastases, with 
only 23.3% in the lung, 19.2% in the liver, and only 2.5% in peritoneal metastases; the primary tumor 
burden is represented by tumor volume[20].

Prognosis
Relapse prediction following neoadjuvant treatment is a substantial issue in UGI cancer that affects 
almost all patients undergoing surgery. A study including more than 1600 patients reported 
postsurgical detection rates of up to about 32% and that MAF cutoff levels of > 0.25% (100% sensitivity) 
were associated with worse progression-free survival (PFS) (12.5 mo vs not reached, P = 0.03, n = 22)
[20]. A significant survival disadvantage was observed in patients undergoing treatment with 
checkpoint inhibitors when detecting a MAF of > 3.5% prior to treatment initiation (8.8 mo vs 2.5 mo, P 
= 0.04, n = 27)[20]. If detectable, some mutations like PIK3CA (3.8 mo vs 13.6 mo, P = 0.006) or BRAF (5.6 
mo vs 13.7 mo) indicate especially poor survival among stage IV patients[20]. On the other hand, 
targeted therapy, when detecting HER2 or EGFR mutation, can lead to significant survival benefits (21.1 
mo vs 14.4 mo, P = 0.001)[20]. These findings need to be evaluated in larger prospective studies.

Treatment monitoring
Serial measurement of ctDNA in stage IV UGI cancer has found a significant survival benefit for 
patients with a > 50% decrease of the maximum MAF (13.7 mo vs. 8.6 mo, P = 0.02, n = 35) during the 
course of first-line therapy[21]. The Personalized Antibodies for Gastroesophageal Adenocarcinoma 
(“PANGEA”) study revealed promising results in 68 patients undergoing ctDNA-guided individualized 
monoclonal antibody treatment compared with historical chemotherapy controls (1-year survival of 
66%, median overall survival (OS) of 15.7 mo, P = 0.0024, median PFS of 8.2 mo, and first-line response 
rate of 74% vs about 50%)[22].

LIVER AND BILE DUCT CANCER
Diagnosis
CtDNA has been investigated in liver cancer patients for several years, and although it is still not in 
routine clinical use, liquid biopsy was shown to be superior to conventional plasma-derived biomarkers. 
For example, alpha-fetoprotein has a diagnostic sensitivity of 50% for hepatocellular carcinoma (HCC)
[23]. Unfortunately, HCC has a broad range of potentially mutated genes. The most common are TP53 
(c.747G>T), TERT (c.1-124C>T), and CTNNB1 (c.121A>G and c.133T>C)[24]. Generally, detection rates 
using liquid biopsy are expected to reach 56% in resectable HCC patients (ddPCR of 48 samples)[24]. A 
study published in 2006 reported sensitivity and specificity values of 69% and 93%, respectively, for 
discrimination of HCC and controls using cfDNA cutoff levels[25]. Subsequently, the presence of a 
combination of different methylated tumor suppressor genes, which rarely occur in the DNA of healthy 
tissue, had a reported sensitivity of 83.3% and specificity of 90.5% for detection of HCC[26]. Apart from 
detection of malignancies, liquid biopsy and stratification following detection of methylated peroxisome 
proliferator-activated receptor gamma (commonly known as PPARg) gene promoter has also shown 
promise for prediction of fibrosis grade in nonalcoholic fatty liver disease[27].

On the contrary, data on mutation detection via ctDNA in bile duct cancer is sparse, as cholangiocar-
cinoma is a rare disease. It has an estimated incidence 0.5-3.5/100.000), is often diagnosed at a 
metastasized stage, and the reported data is frequently pooled with liver or pancreatic cancer[28]. 
Overall, about 28% of patients with bile duct cancer show TP53 mutations, followed by 17% with 
ARID1A mutations and 16% with KRAS mutations[28]. However, bile duct cancer has very hetero-
genous mutation patterns. Using liquid biopsy in cases with a histologically verified mutation, Ettrich et 
al[28] reported a detection rate of 92% in intrahepatic cholangiocarcinoma (IHCC) and only a 55% 
detection rate in extrahepatic cholangiocarcinoma (referred to as EHCC).

Prognosis
Both the untargeted (cfDNA) and targeted detection of mutation, primarily of TP53 (32%), CTNNB1 
(17%), and TERT (51%), has shown prognostic potential indicating poorer disease-free survival and OS 
in patients with HCC, regardless of tumor stage[23,24,29-31]. Moreover, vascular invasion, tumor mass, 
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and level of postoperative cfDNA have emerged as independent risk factors for recurrence in patients 
with resectable HCC[32].

Regarding cholangiocarcinoma, some studies reported poorer PFS when detecting mutations via 
liquid biopsy, especially in cases with ctDNA assay of TP53, KRAS, BAP1, or PBRM1 in settings of both 
curative and palliative intent, as compared with patients with nondetectable mutation[33-35]. Again, the 
data was obtained in IHCC patients; most studies could not detect a significant correlation regarding 
PFS in EHCC patients[28].

Treatment monitoring
Serial ctDNA measurement in advanced HCC has revealed progression of the disease before imaging or 
alpha-fetoprotein dynamics could indicate recurrence, but the studies included small case numbers[36]. 
As ctDNA MAF of both IHCC and EHCC correlate with tumor load, some authors estimate a potential 
for treatment efficacy detection in bile duct cancer, but that needs further evaluation, as serial 
measurement for treatment monitoring has not yet been performed[28,37]. In a January 2021 publica-
tion, Felden et al[31] reported prospective findings of ultra-deep sequencing and ddPCR in 121 patients 
that supported the treatment-monitoring potential of ctDNA as a biomarker response to antineoplastic 
treatment.

PANCREATIC CANCER
Diagnosis
While surgical resection can improve 5-year survival by 15%-25%, fewer than 20% of patients qualify for 
a primarily surgical approach[38]. In 2018, more than 50% of patients were diagnosed with distant 
metastases and had a 5-year survival rate of only about 3%[39]. The mean 5-year survival of all stages of 
pancreatic ductal adenocarcinoma (PDAC) stages is reported to be about 6%-8%, which is also due to 
the early systemic spread of the disease[39]. Thus, highly sensitive and reliable biomarkers are urgently 
needed for earlier diagnosis. Theoretically, PDAC, which accounts for 90% of all pancreatic cancers, 
could be an ideal entity for agnostically driven ctDNA determination as a screening biomarker because 
of the high rate of histologically detectable early KRAS mutations (> 90%)[40,41]. However, detection 
rates in histologically verified PDAC via liquid biopsy are significantly lower, controversially reported 
in literature, and very much depend on the stage of the disease (43%-54% in stages I–II; 67% in stage IV, 
and up to 95% if a mutation had already been detected in the tissue)[42-44]. Another study suggests 
much lower detection rates for early-stage PDAC[45]. Using ddPCR, Berger et al[46] reported in 2016 
that mean cfDNA values (KRAS, GNAS) discriminated potentially premalignant cysts (e.g., intraductal 
papillary mucinous neoplasms) and harmless pancreatic cysts. Nevertheless, the sensitivity and 
specificity were too low for applicability as a potential screening method. Thus, ctDNA offers little 
clinical application in diagnosis of localized pancreatic cancer, as it is inferior to the plasma-protein 
derived tumor marker CA 19-9, which has high sensitivity (70%-95%) and specificity (70%-90%). It also 
has a high vulnerability to coincident Lewis-negative blood group, acute cholangitis, obstructive 
jaundice, or chronic pancreatitis[47-51]. Therefore, the gold standard for diagnosis remains imaging 
combined with histological verification with endoscopic ultrasound and fine needle aspiration 
(commonly known as EUS-FNA)[38].

Prognosis
Although lacking usability in the initial diagnosis of PDAC, several studies demonstrated a significant 
correlation between both pre- and postoperative ctDNA positivity and OS [hazard ratio (HR): 2.093, P = 
0.028] and PFS (HR: 4.543, P = 0.006) for both localized and metastatic PDAC (referred to as lPDAC and 
mPDAC, respectively)[52-55]. In 2010, Chen et al[56] reported a median OS of 3.9 mo vs 10.2 mo (P < 
0.001) positivity in 91 patients with mPDAC, associated with mutKRAS ctDNA. In 2019, Lee et al[57] 
reported an OS of 5.8 mo vs 16.3 mo in lPDAC. The same group showed 100% of patients remaining 
ctDNA-positive after systemic neoadjuvant treatment following an early relapse, with a median PFS of 5 
mo.

Treatment monitoring
Liquid biopsy allows earlier detection of relapse compared with plasma protein-derived tumor markers 
(CA 19-9), with lead times of 1 mo to 2 mo, and is more sensitive (83%) to changes in ctDNA levels[43,
58]. This could indicate a potential opportunity for monitoring treatment during palliative chemothe-
rapy using serial liquid biopsies, and ultimately making a change of the antineoplastic agent. Data on 
serial measurement in advanced PDAC mostly lacks large patient numbers, although promising results 
have raised the hope of early response to therapy and, ultimately, relapse identification[43]. Kruger and 
colleagues[43] were the first to report the potential of ctDNAs to indicate response as early as 14 d after 
treatment initiation, demonstrating major superiority to plasma-protein derived tumor markers, with a 
specificity of 100%. Nevertheless, the clinical survival benefit by eventual change of treatment in 
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patients with detected relapse using serial ctDNA measurements still needs to be explored. Targeted 
therapy could be another promising field of future research. Liquid biopsy has already found usage in 
PDAC patients suffering from BRCA1/2 mutations by providing PARP-inhibitors[59].

CRC
Diagnosis
CRC is the third leading newly diagnosed malignancy worldwide[60]. CtDNA is detectable in about 
73% of stage II–III cases and 90% of patients with localized and metastatic CRC, positioning this entity 
as the ideal target for liquid biopsy[61,62]. Until now, liquid biopsy has not been included in the routine 
screening for CRC, but samples are easily assessable. Tests are becoming more cost effective and the 
presence of ctDNA in early-stage CRC (46% detection rate in stage I) was reported in 2015[63]. 
Acceptance of liquid biopsy in the general population appears to be high, based on a 2014 German 
study finding that patients not willing to undergo colonoscopy preferred blood tests over other 
noninvasive screening tools, like fecal occult blood tests[64].

Prognosis
Multivariate analyses conducted in several studies have confirmed that postoperative detection of 
ctDNA is an independent marker of recurrence, regardless of stage and location of the primary tumor. 
The 3-year PFS was 33% vs 87%[65,66]. In 2019, Tie et al[65] serially measured plasma ctDNA in 159 
patients with locally advanced rectal carcinoma (T3/4 and/or N+) and treatment-naïve stage, post-
chemoradiotherapy, of 4–10 wk after primary curative resection with adjuvant treatment. In an analysis 
that was blinded to ctDNA status, HRs and 3-year PFS significantly differed with positive liquid biopsy 
results. The 3-year PFS was 33% vs 87% after chemoradiotherapy (HR: 6.6, P < 0.001) and was 13.0 (P < 
0.001) after resection, which allowed for stratification of patients with very high and very low risk of 
relapse[65]. Based on those findings, several ongoing prospective international studies are evaluating 
the potential additional clinical benefit from postoperative ctDNA positivity in CRC to identify patients 
at high risk of recurrence[7].

CtDNA-positive patients with stage II disease (i.e. with no clear recommendation for adjuvant 
treatment) might benefit from additional adjuvant chemotherapy. That is being tested in the DYNAMIC 
(ACTRN-12615000381583), COBRA (NCT04068103), and CIRCULATE AIO-KRK/PRODIGE 70 
(NCT04089631/NCT04120701) trials. Whether stratifying stage III CRC patients by ctDNA results can 
guide decision making for intensification or de-escalation of adjuvant treatment or surveillance is being 
tested in the DYNAMIC-III (ACTRN-12617001566325) study[7,67-69]. Postoperative ctDNA detection 
has proven to be a strong indicator of distant recurrence, with a median lead time of 10 mo compared 
with conventional modalities such as computed tomography (commonly known as CT) and plasma-
derived biomarkers like carcinoembryonic antigen (CEA)[70]. Regarding metastatic CRC, studies have 
demonstrated a significant survival benefit of wild-type carrier patients compared with patients with 
detectable ctDNA, dependent on the particular mutation[71].

Treatment monitoring
At diagnosis, approximately 80% of patients with CRC present without distant metastases and undergo 
primary curative resection. Over 50% of patients with stage II or III cancer also show rather unspecific 
abnormalities, such as elevated CEA (20%), CT abnormalities (40%), or both (13%) during the 5-year 
surveillance recommended by the American Society of Clinical Oncology (known as the ASCO)[72-74]. 
Nevertheless, until now there is no evidence of OS improvement resulting from 5-year surveillance, 
including clinical and endoscopic examinations, CEA measurement, and imaging[75,76]. Liquid biopsy 
could help to clarify uncertain findings. For example, ctDNA is positive in 85% of persons who 
experience imaging-verified relapse, whereas increased CEA levels are observed in only about 41% of 
radiologically verified recurrences[77]. Moreover, lead time of liquid biopsy compared with CEA is 
reported to be about 8 mo[76]. Thus, serial ctDNA measurement as a postoperative treatment 
monitoring method during surveillance could provide earlier detection of relapse.

The clinical benefit for OS has to be evaluated in future studies. Among other ongoing ctDNA studies 
investigating the benefit of adjuvant chemotherapy based on liquid biopsy findings, Danish invest-
igators (IMPROVE-IT2; NCT04084249) have evaluated the surveillance improvement when imple-
menting supplementary fludeoxyglucose-positron emission tomography/CT follow-up evaluation 
every 3 mo, based on ctDNA positivity (i.e. ddPCR every 4 wk) for 2 years after surgery for stage II–III 
CRC and early detection of relapse[78]. Most centers use NGS prior to the start of antineoplastic 
treatment for identification of potential therapeutic targets, providing in advance a mutational target for 
liquid biopsy. Interim analysis of our own ongoing study revealed detection rates of more than 92% in 
metastatic CRC with ddPCR of 28.5 mL plasma samples and known mutations found in tissue samples 
prior to analysis. That is in line with the 8% disconcordance rate in a BEAMing analysis of 236 patients 
reported in 2018[79].
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Serial liquid biopsies allow response prediction prior to that obtained by conventional methods in 
metastatic-stage patients undergoing palliative chemotherapy[80]. Furthermore, studies have 
demonstrated the PFS and OS benefits of repeated mutational status determination for eventual 
rechallenge with cetuximab/irinotecan-based regimes in initially RAS/BRAF wild-type patients or 
patients with acquired resistance during the course of treatment[81,82].

CONCLUSION
CtDNA is ready to be integrated into routine clinical use in order to improve survival and relapse 
prediction in nonmetastatic GI cancers. It also allows for monitoring of antineoplastic treatment success 
for early detection of nonresponders, with potential early change of chemotherapy in metastatic GI 
malignancies prior to imaging findings of relapse. For some entities, especially CRC, rapid progress in 
liquid biopsy research could lead to fundamental changes in therapeutical strategies, accompanied by 
the desired survival improvement. The test is simple, cost effective, and easily assessable, although 
there are large differences in suitability, detection rate, progress of research (Table 1), tumor volume, 
and site of metastasis. Overall, lymph node metastases or peritoneal carcinosis lead to significantly 
lower amounts of detectable ctDNA compared with liver or lung metastases. Various techniques of 
target mutation detection have been established in clinical trials, and several potential preanalytical 
variables have to be taken into account when implementing these into routine clinical practice. 
Depending on the technologies in clinical use, the limits of detection range from about 1% (qPCR, Safe-
SeqS) to 0.01% (ddPCR, BEAMing, CAPP-Seq/iDES)[4]. Nevertheless, mutation detection via liquid 
biopsy has several potential pitfalls and limitations. Firstly, standardization of sample drawing and the 
processing methods could help avoid common mistakes leading to very heterogenous sensitivity and 
specificity. Secondly, measured ctDNA levels are strongly affected by the period of time between blood 
draw and surgery or the initiation of chemotherapy. The ideal post-interventional interval for sample 
assessment needs to be further explored and eventually standardized, as ctDNA levels initially increase 
but continuously decline over the following weeks. The same applies for systemic antineoplastic 
treatment, as Maron et al[20] reported considerable differences in ctDNA MAF in untreated stage IV 
UGI patients (mean MAF: 11.6%) compared with patients receiving treatment up to 14 d prior to sample 
collection (mean MAF: 5%).

UGI cancer
Liquid biopsy could provide essential benefits for adjuvant and palliative treatment decision making, 
but low detection rates in nonmetastatic UGI cancers hinders this. Positive ctDNA after neoadjuvant 
treatment can identify patients with significantly increased risk of relapse (HR: 18.7), distant metastases 
(HR: 32.1), and cancer-associated death (HR: 23.1), but identifying how this issue should be addressed 
for significant survival benefit is a key question for further studies[7]. Moreover, liquid biopsy may 
become integrated into treatment response prediction, especially of immunotherapy, in advanced UGI 
cancers[83].

Liver cancer
Liquid biopsy offers significant prognostic potential in resectable HCC and was recently established as a 
promising biomarker for early response prediction of systemic therapy in advanced HCC; although, 
improvement regarding the LOD is necessary to implement these findings into clinical practice[31]. 
Ongoing studies are attempting to lower the LOD using multifocal screening panels, which could 
establish ctDNA as a valuable diagnostic and predictive biomarker for HCC patients, regardless of the 
disease stage[23].

Bile duct cancer
Until now, no prospective studies have investigated the benefits of liquid biopsy in bile duct cancer. 
Detection rates of mutations via liquid biopsy in histologically verified patients distinguishes between 
extra- and intrahepatic cholangiocarcinoma in favor of IHCC[28]. Nevertheless, screening for certain 
mutations, like IDH1 or FGFR, could help to establish personalized first-line palliative antineoplastic 
treatment, for example with ivosidenib (IDH1) or FGFR-kinase-inhibitors in the future[84,85].

Pancreatic cancer
For localized or locally advanced pancreatic cancer, ctDNA positivity prior to treatment is predictive of 
survival and relapse. This finding could assist decision making for additional perioperative or adjuvant 
antineoplastic treatment of high-risk patients. Negative ctDNA, on the other hand, holds no additional 
informative value in those with pancreatic cancer. Since 2014, pancreatic cancer has been known to 
release significantly lower amounts of detectable circulating tumor cells into the bloodstream compared 
with most other tumors, including colorectal, gastric, lung, breast, ovarian, prostate, bladder, or renal 
cancer[86]. However, some recent, small pilot studies have shown promising screening rates using 
specially designed detection methods. For example, hTERT promoter-regulated oncolytic herpes 
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Table 1 Detection rates and impact on outcome of circulating tumor DNA in gastrointestinal cancer

Entity Detection rate Common target OS ctDNA −/ + PFS ctDNA −/ +

mPDAC 67%-75%[43] 8.4 vs 3.2[89] 5 vs 3.9[43] 

lPDAC 21%-69%[42]

> 90% KRAS, but also TP53, SMAD4 

16.3 vs 5.8[57] 19 vs 8[57]

mCRC > 90%[79] 36.5 vs 17.1[90] RAS 8.3 vs BRAF 4.5 vs wild-
type 22.9[72] 

87% vs 33%[65]lCRC 73%(43%-80%)[62,63]

KRAS, NRAS, BRAF, PIK3CA, 
NRAS, APC, TP53, EGFR, ERBB3/4 

-

3-yr PFS

mUGIC 87.5%[21] 13.7 vs 8.6[20] 7.4 vs 4.9[83] 

lUGIC 20%[19]

TP53, HER2, MET, EGFR, KRAS 

66.9 vs 37.7[10] 12.5 vs not reached[20] 

61% vs 24%[29] 47% vs 22%[29]HCC 56.3%[24] TP53, CTNNB1, TERT 

3-yr OS 3-yr PFS 

mIHCC 92%[28] 16.4 vs 7.4[91] 8.2 vs 4.6[91] 

mEHCC 55%[28]

TP53, KRAS, ARID1A

NS[28] NS[28]

−/+: ctDNA negative/positive; ctDNA: Circulating tumor DNA; HCC: Hepatocellular carcinoma; lCRC: Localized colorectal carcinoma; lPDAC: Localized 
pancreatic ductal adenocarcinoma; lUGIC: Localized upper gastrointestinal carcinoma; mCRC: Metastatic colorectal carcinoma; mEHCC: Metastatic 
extrahepatic cholangiocarcinoma; mIHCC: Metastatic intrahepatic cholangiocarcinoma; mPDAC: Metastatic pancreatic ductal adenocarcinoma; mUGIC: 
Metastatic upper gastrointestinal carcinoma; NS: Not significant; OS: Overall survival in months; PFS: Progressive-free survival in months.

simplex virus-1 targeting telomerase reverse transcriptase was positive in 88.2% of 17 patients with 
PDAC in all stages of disease. A parallel-flow microfluidic chip detected 91.7% of 12 mPDAC patients[4,
87,88]. Methods like these need further study before they can be integrated into the clinical routine.

CRC
Significant progress has been made in ongoing trials of liquid biopsy in nonmetastatic CRC, especially 
on ctDNA-guided change in adjuvant therapeutic regimes, which may have a fundamental impact in 
future care. CRC is the ideal entity for liquid biopsy because of high rates of mutation detection and the 
total amount of cf/ctDNA in the plasma. This is in addition to the fact that tissue samples for Safe-
SeqS/NGS are available for a sufficient proportion of patients to allow for guided mutation detection, 
thus resulting in very high specificity and sensitivity rates. Metastatic CRC offers even higher detection 
rates and could optimally benefit from the use of liquid biopsy in prognosis estimation and treatment 
evaluation in the future.
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Abstract
The management of patients with advanced non-small cell lung carcinoma (NSCLC) has 
undergone major changes in recent years. On the one hand, improved sensitivity of diagnostic 
tests, both radiological and endoscopic, has altered the way patients are staged. On the other hand, 
the arrival of new drugs with antitumoral activity, such as targeted therapies or immunotherapy, 
has changed the prognosis of patients, improving disease control and prolonging survival. Finally, 
the development of radiotherapy and surgical and interventional radiology techniques means that 
radical ablative treatments can be performed on metastases in any location in the body. All of 
these advances have impacted the treatment of patients with advanced lung cancer, especially in a 
subgroup of these patients in which all of these treatment modalities converge. This poses a 
challenge for physicians who must decide upon the best treatment strategy for each patient, 
without solid evidence for one optimal mode of treatment in this patient population. The aim of 
this article is to review, from a practical and multidisciplinary perspective, published evidence on 
the management of oligometastatic NSCLC patients. We evaluate the different alternatives for 
radical ablative treatments, the role of primary tumor resection or radiation, the impact of systemic 
treatments, and the therapeutic sequence. In short, the present document aims to provide 
clinicians with a practical guide for the treatment of oligometastatic patients in routine clinical 
practice.

Key Words: Oligometastatic; Non-small cell lung carcinoma; Non-small cell lung cancer; Oligometastasis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The treatment of oligometastatic non-small cell lung cancer patients remains controversial. The 
lack of solid evidence for the best therapeutic strategy and the multiple options currently available for both 
systemic and local treatments make this particular population of patients a challenge for clinicians. 
Improvement of surgical and radiotherapy techniques and the appearance of different ablative methods, 
such as radiofrequency or cryoablation, have made it possible to radically treat metastases in any location. 
In addition, recent prospective studies suggest that combining these ablative therapies with systemic 
treatments improve patient outcomes. We discuss the current status of the management of oligometastatic 
patients.

Citation: Garde-Noguera J, Martín-Martín M, Obeso A, López-Mata M, Crespo IR, Pelari-Mici L, Juan Vidal O, 
Mielgo-Rubio X, Trujillo-Reyes JC, Couñago F. Current treatment landscape for oligometastatic non-small cell 
lung cancer. World J Clin Oncol 2022; 13(6): 485-495
URL: https://www.wjgnet.com/2218-4333/full/v13/i6/485.htm
DOI: https://dx.doi.org/10.5306/wjco.v13.i6.485

INTRODUCTION
Up to two-thirds of patients diagnosed with non-small cell lung cancer (NSCLC) present with advanced 
disease on diagnosis, or develop incurable metastases during the course of the disease[1]. Despite the 
heterogeneity of this group of patients, their treatment is largely systemic. In recent years, new systemic 
treatments have appeared, such as tyrosine kinase inhibitors (TKIs) with molecular targets or immuno-
therapy (ICI), which have significantly improved the efficacy of these systemic treatments, leading to 
prolonged survival in candidates for targeted therapies or immunotherapy. Moreover, the prognosis is 
very different for patients with a low metastatic volume. This is reflected in the 8th tumor-node-
metastasis (TNM) classification, which distinguishes between patients with a single extra-thoracic 
metastasis, M1b stage IVA, and patients with multiple lesions in one or multiple organs, M1c stage IVB
[2]. Patients with a low metastatic burden, also referred to as oligometastatic, can benefit from local 
treatment of the primary tumor and metastatic sites. The term oligometastatic, coined by Hellman and 
Wichselabum in 1995[3,4], refers to an intermediate situation between potentially curable local 
neoplastic disease and incurable widespread metastatic cancer. In the case of NSCLC, oligometastatic 
patients constitute 26% to 50% of patients with advanced disease, depending on whether the cutoff is 
taken at ≤ 3 or ≤ 5 metastatic locations[5,6]. Precisely, the main challenge for an optimal approach to 
oligometastatic disease has been the lack of consensus in its definition. Recently, the European 
Consensus defined oligometastatic state as a maximum of five metastases from up to three different 
sites[7], although this definition is not unanimously accepted by the scientific community, and some 
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prospective studies developed in this context define oligometastatic stage as a maximum of three 
metastases.

Initially, surgery was the only radical treatment that could be offered to these patients. Now, 
however, thanks to technological advancements, they can receive ablative irradiation doses by 
stereotactic body radiotherapy (SBRT) at cranial and extracranial levels, which is both safe and well-
tolerated. When local treatment of metastases is combined with systemic treatment, 5-year survival rates 
between 8.3% and 86% can be achieved[8]. Three randomized studies in oligometastatic patients have 
shown that this radical local treatment of metastatic locations increases progression-free survival (PFS) 
and even benefits overall survival (OS)[9-11]. However, it is still unclear which patients can benefit from 
this strategy. Although there is a lack of consensus about the definition of oligometastases, for some 
patients with oligoprogression, local treatment of these sites can increase PFS without exhausting new 
lines of systemic chemotherapy (CT).

In this review, we propose to explore the most controversial aspects of patients with oligometastatic 
NSCLC, examining in greater depth aspects such as: the definition of this condition, the selection of 
patients, and the combination of systemic and local treatments.

THE DEFINITION OF OLIGOMETASTATIC DISEASE
Oligometastatic lung cancer refers to a group of patients with stage IV NSCLC, who present with 
limited metastatic disease in terms of the number of lesions and organs affected. The incidence of 
oligometastatic NSCLC has been estimated at between 27% and 55%, depending on the series published
[12]. The most frequent oligometastatic location is the brain (36%), followed by the contralateral lung 
(34%), suprarenal gland (13%), bones (9%), and liver (2%)[13]. Oligometastatic disease, more accurately 
referred to as an oligometastatic state, can have a more indolent biology than widespread metastases, or 
at the least, microscopic disease that can be eradicated with systemic therapy. This limited metastatic 
phenotype could benefit from local aggressive therapy known as consolidation therapy. In fact, an 
ongoing study is examining different epigenetic markers such as microRNAs[14], to determine their 
ability to distinguish between the oligometastatic state and widespread metastases. This distinction 
together with the determination of different prognostic factors are crucial to select patients in whom 
radical treatment of the primary tumor and of the oligometastases could improve PFS and OS[9].

Currently, the concept of limited metastatic disease is not clearly defined and there is some 
discrepancy among authors. A European multidisciplinary group recently agreed to accept the 
definition of oligometastatic disease as the presence of up to five metastases in three different organs[7]. 
However, this is not universally accepted and additional studies are required to standardize the concept 
of oligometastases. Within the oligometastatic state, different patterns of presentation of the disease and 
its response to treatment can be clearly distinguished. The term synchronic or “de novo” oligometastatic 
disease refers to the initial simultaneous diagnosis of both the primary lung tumor and a limited 
number of metastases. This presentation pattern appears to have a worse prognosis than metachronic 
oligometastatic disease or oligorecurrence, in which the patient develops distance metastases after 
having received radical treatment with curative intent of the primary lung tumor, with an apparent 
local control of the disease[12,15]. In both patterns, the oligometastatic phenotype seems to reflect the 
biology of the underlying tumor rather than being related to any specific previous therapy. Another two 
patterns correspond to patients with initially widespread metastases who receive systemic treatment 
and achieve a partial response, consisting of the stable persistence of a small number of oligometastases 
(oligopersistent disease or “induced oligometastasis”) with possible later progression (oligopro-
gression). These scenarios are more common among patients treated with targeted therapies who 
present acquired resistance to treatment.

ALTERNATIVES TO ABLATIVE TREATMENT OF METASTASES
The main local treatments in oligometastatic disease correspond to surgical resection, radiotherapy 
treatment, and ablative radiofrequency techniques[16]. Although there are no prospective studies that 
compare the efficacy of these treatments, the main characteristics and published evidence for each of 
these therapeutic alternatives are described below.

SURGERY
Traditionally, surgery has always been the elective approach in oligometastatic patients[17].Surgical 
indication depends on several factors relating to the metastases (size, number, and locations), and also 
on patient-related factors (age, performance status, comorbidities, and prognosis). Over the past decade, 
the rate of metastectomies among NSCLC patients has increased and these mainly correspond to 
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interventions on lung, brain, and adrenal gland metastases. Moreover, mortality has declined with the 
development of less invasive advanced surgical techniques[18]. Most evidence for the benefits of 
surgery can be found in studies on patients with brain metastases. Patchell et al[19] randomized 48 
patients with a single brain metastasis (77% of whom were diagnosed with NSCLC) to whole brain 
radiotherapy (WBRT) or surgical resection of the metastasis followed by WBRT. The results demons-
trated an increased local control and OS in the group treated surgically. Few studies on the surgical 
resection of extracranial metastases have been published and most of these are retrospective and highly 
heterogeneous regarding time of onset of the metastases and their location[20-22].

RADIOTHERAPY
Thanks to technological advances in recent years, large doses of radiation can be delivered with high 
precision to several sites. Brain metastases are treated with stereotactic radiosurgery and extracerebral 
lesions with SBRT, or stereotactic ablative radiotherapy (SABR). One of the advantages of these 
treatments is that they require fewer sessions, each of a short duration. They are also safe, produce 
minimum toxicity, and do not require long interruptions in systemic chemotherapy.

Most studies are retrospective, but some prospective randomized phase II studies focusing on the 
efficacy and safety of these techniques have produced promising results[8-10,23-28] (Table 1). Results 
are pending, over the next few years, for several ongoing phase 3 studies[29,30] (Table 2).

RADIOFREQUENCY ABLATION
The radiofrequency ablation (RFA) technique consists of applying high frequency microwaves by means 
of a catheter inserted inside the tumor to destroy the tissue with heat. RFA has been used for both 
primary lung tumors and pulmonary metastases. Simon et al[31] treated 153 patients with primary or 
medically-inoperable metastatic NSCLC with RFA. For stage I NSCLC, they reported OS at 1, 2, and 5 
years of 78%, 57%, and 27%, respectively. Tumoral control was 83%, 64%, and 47% at 1, 2, and 5 years 
for tumors of 3 cm or less, and for tumors larger than 3 cm, was 45%, 25%, and 25%, respectively. The 
incidence of pneumothorax was 28.4% (52 of 183 sessions) and 9.8% (18 cases) required placement of a 
drain. More recently, Picchi et al[32] reported a retrospective series of 174 patients with lung cancer 
treated with 264 CT-guided ablation sessions. In patients with primary lung lesions, the OS rates were 
66.73% at 1 year, 23.13% at 3 years, and 16.19% at 5 years. In patients affected by metastatic lung lesions, 
the OS rates were 85.11%, 48.86%, and 43.33%, respectively, at 1, 3, and 5 years[32]. Although evidence 
is scarce, these experiences support CT-guided RFA in patients with primary and metastatic lung cancer 
as an alternative therapy in non-surgical candidates.

CRYOABLATION
This technique destroys the tissues by extreme cold and freezing. Cryoablation is currently used 
routinely to treat lung cancers with specific clinical indications. Bronchoscopic cryoablation is an 
accepted, standard-of-care for the safe and effective treatment of obstructing endobronchial tumors in 
the central airways[33-36]. Cryoablation has also been used as a treatment option for unresectable 
primary and secondary peripheral lung tumors[37,38].

Recently, high rates of tumoral control and promising survival outcomes have been reported in a 
series of patients with metastatic lung cancer lesions treated with this technique[39], although more 
research is required to verify these findings.

THE ROLE OF SURGERY AND RADIOTHERAPY IN PRIMARY TUMORS
Local therapies in primary tumors should conform with the principles governing a good control of the 
pulmonary neoplastic disease and, in this context, the concept of oligometastatic disease has become a 
different entity. The most important prognostic factor is the stage of spread according to the TNM 
classification, but in recent years histological subtype, lymphovascular spread, and genetic and 
molecular alterations have gained in importance[40].

In the treatment of primary tumors per se, the type of patients is an important prognostic factor that 
can affect survival[41]. The lymph nodes should be examined thoroughly to rule out pathological 
mediastinal or hilar involvement. This is an important prognostic factor as it could indicate lymphatic 
and hematogenic spread, thus limiting the options of intrathoracic control and would also increase the 
risk of spread of the metastatic disease[12].
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Table 1 Main studies on stereotactic body radiotherapy for the treatment of oligometastatic non-small cell lung carcinoma

Ref. Year Patients 
(n)

Site of oligo-
metastasis N Dose (Gy/fraction) Systemic 

therapy

Median 
follow-up 
(mo)

Median PFS 
(mo)

Median OS 
(mo)

Retrospective 
studies

Inoue et al[27] 2010 411 Brain, lung, 
adrenal

< 5        
            
   

48/8 (adrenal)35-
60/4-8 (lung)

NA 20 3-yr PFS 20% 24

Hasselle et al[28] 2012 25 Multiple < 5 24-70/3-20 Various 21 4.2 (all); 12 (1 
met)

23 (1 met)

De Rose et al[26] 2016 60 Lung < 5 48-60/3-8 Chemo 28 32.2 
(actuarial)

32.1 
(actuarial)

Single arm 
prospective trials

Salama et al[23] 2012 611 Multiple < 5 24-48/3 Chemo 20.9 2-yr PFS 22% 2-yr OS 
56.7%

De Ruysscher et al
[20]

2012 40 Multiple < 5 54/32 Chemo 27.7 12.1 13.5

Collen et al[29] 2014 26 Multiple < 5 50/10 Chemo 16.4 11.2 23

Randomized phase 
II trials

Gomez et al[25] 2016 49 Multiple < 3 NR Chemo 12.4 14.2 vs 4.4 41.2 vs 17

Iyengar et al[10] 2018 29 Multiple < 5 21-37.5/1-5 Chemo 9.6 9.7 vs 3.5 Not reached 
vs 17

Palma et al[11] 2019 99 Multiple < 5 35-60/3-8 Chemo 25 12 vs 6 41 vs 28

1Diverse primary histology including non-small cell lung carcinoma.
2Only 1patient received stereotactic body radiotherapy.
Chemo: Chemotherapy; N: Number of oligometastatic lesions per patient; NA: Not applicable; NR: Not reported; OS: Overall survival; PFS: Progression-
free survival.

On the other hand, the type of local therapy chosen should guarantee complete local control. Surgery 
is the most frequent local treatment in published studies[41]. Moreover, for a therapeutic approach to 
oligometastatic disease, complete resection (R0) must be performed[42]. In the case of surgery, the 
patient’s clinical condition must be good enough to ensure not only that the tumor can be resected, but 
that the patient can withstand an operation. In other words, that the patient’s overall cardiologic and 
respiratory functional status are sufficient to permit surgical intervention.

The role of radiotherapy and its modalities depend upon the stage of the primary tumor. In the case 
of external curative radiotherapy (EBRT), this is defined by delivery of a biologically effective dose 
(BED) higher than or equal to 60Gy10. In the case of SBRT with intention-to-treat, a BED higher than or 
equal to 100 Gy10 is required[43]. In the initial stages, SBRT is indicated when surgical intervention is not 
possible, or when the patient refuses surgery[43]. EBRT is only used in non-operable patients, who do 
not fulfil criteria for SBRT. In stage III, if the lesion is potentially resectable, the combination of 
radiotherapy and chemotherapy plays a dominant role within multimodal treatments, either pre or 
post-operatively[44].

In this stage, if the tumor is unresectable, the elective treatment is radiotherapy delivered concur-
rently with chemotherapy. Sequential administration is possible if the size of the tumor makes it 
difficult to deliver sufficient radiation. Radiation therapy can also be delivered alone if chemotherapy is 
contraindicated[45].

SYSTEMIC TREATMENT IN THE OLIGOMETASTATIC PATIENT
In the management of oligometastatic NSCLC patients, local treatments of surgery or radiotherapy have 
been used to reduce tumoral burden and prolong OS and PFS. For years, the evidence supporting this 
strategy was mainly provided by retrospective studies in which encouraging results were observed in 
patients treated with local ablative therapies compared to those receiving systemic therapy alone[7]. The 
recent publication of some randomized prospective studies has provided valuable information to help 
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Table 2 Ongoing studies on stereotactic body radiotherapy in oligometastatic non-small cell lung carcinoma

Title Patients Study design Estimated 
completion

Stereotactic Ablative Radiotherapy for Oligometastatic Non-
Small Cell Lung Cancer. A Randomised Phase III Trial

Phase 3 multicenter: chemotherapy alone or chemotherapy + 
radical radiotherapy (conventional RT and SABR)

Primary histology: all NSCLC

1-3 oligometastatic lesions

Institution: University College London

Clinical Trials.gov identifier: NCT02417662

340

Primary outcome measure: OS

August 2022

Phase 2/3 multicenter: maintenance chemotherapy or SBRT + 
maintenance chemotherapy

Primary histology: all NSCLC

Maintenance Systemic Therapy Versus Local Consolidative 
Therapy (LCT) Plus Maintenance Systemic Therapy for 
Limited Metastatic Non-Small Cell Lung Cancer (NSCLC): A 
Randomized Phase II/III Trial (NRG LU-002)

1-3 oligometastatic lesionsInstitution: NRG Oncology

Clinical Trials.gov identifier: NCT03137771

400

Primary outcome measure: PFS

August 2022

Randomized Phase III Trial of Local Consolidation Therapy 
after Nivolumab and Ipilimumab for Immunotherapy-naive 
Patients with Metastatic NSCLC (LONESTAR)-Strategic 
Alliance: BMS

Phase 3 multicenter; systemic treatment only with nivolumab 
and ipilimumab, or induction nivolumab and ipilimumab 
followed by local consolidative therapy with surgery and/or 
radiotherapy

Primary histology: all NSCLCInstitution: M.D. Anderson Cancer Center

1 oligometastatic lesionsClinical Trials.gov identifier: NCT03391869

360

Primary outcome: OS

December 
2022

Phase 2/3 multicenter: standard of care + SBRTPrimary 
histology: breast, prostate or NSCLC

A Randomised Trial of Conventional Care Versus Radioab-
lation (Stereotactic Body Radiotherapy) for Extracranial 
Oligometastases

1-3 oligometastatic lesions
Institution: Royal Marsden NHS Foundation Trust

Clinical Trials.gov identifier: NCT02759783

245

Primary outcome measure: PFS

October 2024

A Randomized Phase III Trial of Stereotactic Ablative 
Radiotherapy for the Comprehensive Treatment of 4-10 
Oligometastatic Tumors (SABR-COMET 10)

Institution: Lawson Health Research Institute

Phase 3 multicenter: stereotactic ablative radiotherapy, plus 
standard of care treatment; chemotherapy, immunotherapy, 
hormones, or observation given at the discretion of the 
treating oncologist

Various histology including NSCLC

4-10 oligometastatic lesions

Clinical Trials.gov identifier: NCT03721341

159

Primary outcome: OS

January 2029

Randomized Phase II Trial of Osimertinib With or Without 
Local Consolidation Therapy (LCT) for Patients With EGFR-
Mutant Metastatic NSCLC (NORTHSTAR)

Phase 2 multicenter: osimertinib followed by local consol-
idative therapy with surgery and/or radiotherapy or 
maintenance osimertinib alonePrimary histology: NSCLC

> 1oligometastatic lesionInstitution: M.D. Anderson Cancer Center

Clinical Trials.gov identifier: NCT03410043

143

Primary outcome: PFS

January 2023

A Multicenter Single Arm Phase II Trial Assessing the Efficacy 
of Immunotherapy, Chemotherapy and Stereotactic 
Radiotherapy to Metastases Followed by Definitive Surgery or 
Radiotherapy to the Primary Tumor, in Patients With 
Synchronous Oligometastatic Non-small Cell Lung Cancer

Phase 2 multicenter: durvalumab, carboplatin/paclitaxel 
chemotherapy, followed by SBRT to all oligometastases. 
Restaging at 3 mo definitive local treatment with surgical 
resection of primary tumor or RT 60-66 Gy to the primary 
tumor if not disease progression

1-3 oligometastatic lesionsInstitution: European Thoracic Oncology Platform

Clinical Trials.gov identifier: NCT03965468

47

Primary outcome: PFS

December 
2023

OS: Overall survival; PFS: Progression-free survival; RT: Radiotherapy; SABR: Stereotactic ablation radiotherapy; SBRT: Stereotactic body radiotherapy.

treatment decisions in this setting.
The SABR-COMET study is a phase II prospective clinical trial in which 99 patients with different 

types of oligometastatic tumor (a maximum of 5 metastatic sites) were randomized to receive SBRT and 
standard systemic treatment, or systemic treatment alone[11]. Ablative treatment with SBRT 
significantly increased OS [41 mo vs 28 mo, hazard ratio (HR): 0.57, 95% confidence interval (CI): 0.30-
1.10]. Only 18 patients in this cohort had a primary lung tumor, thus making it difficult to extrapolate 
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the results for application in this patient group. In the SBRT-treated group, a higher proportion of 
patients had breast and prostate cancer. The less aggressive history of these entities could also affect 
outcomes. However, a post-hoc analysis which excluded patients with breast and prostate cancer still 
found a significant benefit for patients receiving ablative radical treatment, with a survival rate at 5 
years of 33% compared with 16% in patients receiving the standard treatment.

More recently, the findings of several phase II clinical trials in patients with lung cancer have been 
published. Iyengar et al[10] published the results of a phase II clinical trial in 29 patients with oligometa-
static advanced NSCLC who had completed induction chemotherapy with disease response or stabil-
ization. Patients were randomized to receive maintenance chemotherapy vs SBRT on all tumoral sites 
followed by maintenance chemotherapy[10]. A significant increase in PFS was observed in the patient 
group receiving the radical treatment (9.7 mo vs 3.5 mo; P = 0.01), with excellent local control of 
irradiated sites and no rise in toxicity. Similarly, Gomez et al[9] published the results of a phase II trial in 
which 49 patients with advanced lung cancer, with three or fewer metastases at diagnosis, had been 
treated with induction therapy and were randomized to receive local radical treatment and maintenance 
with standard systemic therapy vs systemic therapy exclusively. They found significant differences in 
both PFS (14.2 mo vs 4.4 mo; P = 0.022), and in OS (41.2 mo vs 17 mo; P = 0.017) in favor of the combined 
treatment[9].

More recently, the annual conference of the American Society of Clinical Oncology reported the 
results of the SINDAS study. This phase III randomized clinical trial explored the role of stereotactic 
radiotherapy combined with first or second generation tyrosine kinase inhibitors of epidermal growth 
factor receptor (EGFR) (tyrosine kinase inhibitor [TKI]-EGFR) vs TKI-EGFR alone in first-line treatment 
of patients with EGFR-mutant advanced oligometastatic lung adenocarcinoma, with five or fewer 
metastatic lesions[46]. A total of 133 patients were included (65 in the TKI arm) and 68 in the TKI-SBRT 
arm, finding a significant difference in favor of the experimental arm for both PFS [20.2 mo vs 12.5 mo, 
HR: 0.6188 (95%CI: 0.3949-0.9697); P < 0.001) and OS [25.5 mo vs 17.4 mo, HR: 0.6824 (95%CI: 0. 4654-
1.001); P < 0.001), with no increase in toxicity[46].

CONCLUSION
Oligometastatic disease (OMD) is a unique condition characterized by a limited number of metastases 
and an indolent evolution. Because of the different prognosis of this condition, the TNM classification 
considers stage IV with a single metastatic site as a different category, called stage IV1b[2]. However, 
the World Health Organization classification is much more heterogeneous and includes patients with a 
greater number of metastases (up to 5 for some authors). Because of this difference, in an attempt to 
reach a consensus, the European Organization for Research and Treatment of Cancer established the 
most accepted definition to be the presence of five metastases and three affected organs after staging 
with computed tomography/positron emission tomography (CT/PET) and brain magnetic resonance 
imaging[14]. Noteworthy, the main points to consider in OMD are that all lesions (primary lesions and 
metastases) can be managed with an intention-to-treat approach and that the goal of treatment must be 
curative.

Growing interest in OMD has arisen from three main developments. First, an improvement in 
diagnostic techniques, mainly with the use of CT/PET in lung cancer staging, has resulted in an 
increasing number of patients being diagnosed with fewer metastases. The prognosis of this group is 
also better[21]. Moreover, technological advances in the field of radiotherapeutic oncology mean that 
high doses of radiation can be applied to specific sites. This non-surgical approach is preferred by 
patients with OMD as they can avoid the morbidity and mortality derived from surgical intervention. 
Over the past few years, the number of studies into the use of SBRT in OMD has been increasing. These 
have not only focused on brain metastases, but also on metastases of liver, lung, bone, and multiple 
organs, reporting local control rates of 70%-90% and a toxicity ≥ grade 3 lower than 10%[47]. The final 
aspect to consider, but not the least important, concerns the employment of immunotherapy in lung 
cancer treatment. Ionizing radiations can alter the tumor (beyond merely reducing the number of viable 
cells) and also its microenvironment, producing a specific immune response (antigenic tumoral death) 
that can trigger an immune response in non-irradiated sites (abscopal effect)[48]. This immunogenic 
effect is more pronounced with SBRT, in which high doses are delivered in few fractions[49], making 
this even more attractive as a treatment of OMD.

A question frequently posed in OMD is whether the better prognosis is due to the ablative treatment 
or the more indolent course of the disease. In a retrospective study of 90 patients with ≤ 3 metastases, 
after adjusting for factors that could potentially affect OS and PFS, it was found that patients who 
received local intensive treatment with CT + radiotherapy or surgery, or both, had better OS and PFS 
than those who received less intensive treatments, such as palliative CT alone[50]. However, 
randomized studies in both the general population[9,11] and in the population with EGFR mutations
[46] have shown that the addition of local ablative treatment to systemic treatment is associated with 
increased PFS and OS.
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One of the greatest remaining challenges is to distinguish between patients with OMD, characterized 
by a reduced number of metastases, and those with pre-widely metastatic disease, in other words, those 
diagnosed as having a small number of metastases but who develop multiple metastases in the 
following weeks or months. A search is currently underway for genetic profiles[51,52], either epigenetic 
modifications by overexpression or inhibition of microRNA[53,54] or methylations of genetic loci, that 
regulate the expression of the microRNA they encode[55]. These could possibly explain the limited 
rather than extensive spread of the disease in these patients. However, a greater knowledge of the 
immune system has revealed the importance of its interaction with the tumor for tumoral control or 
spread. Pitroda et al[56] via integrated transcriptional analysis, describe three molecular subtypes of 
liver metastases of colon cancer, all biologically different and each with a clinical course that is 
independent of known clinical risk factors. Canonical and stromal subtypes are characterized by a lack 
of, or a reduction in, T cell infiltration and the expression of non-immune inflammatory pathways, and 
are linked to a higher recurrence rate and a greater number of metastases. By contrast, the immune 
subtype, characterized by upregulation of the immune genes and a greater infiltration of T cells in the 
tumor, is associated with better survival, with relapse limited to between one and three metastases. 
These findings are in line with studies that show that the adaptive immune response plays a key role in 
controlling metastatic spread[57]. From these findings, it could be hypothesized that OMD would 
represent a point of equilibrium between tumoral growth and its inhibition by the immune system.

Over the next few years, further research into the immune and molecular profiles of OMD patients, 
combined with the application of radiotherapy with its immunogenic role, and treatment with new 
immunomodulator agents could be beneficial for these patients.

FOOTNOTES
Author contributions: All authors contributed equally to the writing and critical revision of the manuscript.

Conflict-of-interest statement: The authors have no conflicts of interest to declare.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by 
external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-
NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license 
their derivative works on different terms, provided the original work is properly cited and the use is non-
commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: Spain

ORCID number: Javier Garde-Noguera 0000-0001-7043-067X; Margarita Martín-Martín 0000-0002-3829-9963; Andres Obeso 
0000-0001-8246-0470; Miriam López-Mata 0000-0001-5489-5485; Inigo Royo Crespo 0000-0003-0612-5720; Lira Pelari-Mici 
0000-0002-8954-5351; Oscar Juan Vidal 0000-0002-7772-9030; Xabier Mielgo-Rubio 0000-0002-0985-6150; Juan Carlos 
Trujillo-Reyes 0000-0002-3370-0869; Felipe Couñago 0000-0001-7233-0234.

S-Editor: Gong ZM 
L-Editor: Filipodia 
P-Editor: Gong ZM

REFERENCES
Walters S, Maringe C, Coleman MP, Peake MD, Butler J, Young N, Bergström S, Hanna L, Jakobsen E, Kölbeck K, 
Sundstrøm S, Engholm G, Gavin A, Gjerstorff ML, Hatcher J, Johannesen TB, Linklater KM, McGahan CE, Steward J, 
Tracey E, Turner D, Richards MA, Rachet B; ICBP Module 1 Working Group. Lung cancer survival and stage at diagnosis 
in Australia, Canada, Denmark, Norway, Sweden and the UK: a population-based study, 2004-2007. Thorax 2013; 68: 551-
564 [PMID: 23399908 DOI: 10.1136/thoraxjnl-2012-202297]

1     

Amin MB, Edge SB, Greene FL, Byrd DR, Brookland RK, Washington MK, Gershenwald JE, Compton CC, Hess KR, 
Sullivan DC, Jessup JM, Brierley JD, Gaspar LE, Schilsky RL, Balch CM, Winchester DP, Asare EA, Madera M, Gress 
DM, Meyer LR.   AJCC Cancer Staging Manual. Springer International Publishing; 2017: XVII, 1032

2     

Weichselbaum RR, Hellman S. Oligometastases revisited. Nat Rev Clin Oncol 2011; 8: 378-382 [PMID: 21423255 DOI: 
10.1038/nrclinonc.2011.44]

3     

Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol 1995; 13: 8-10 [PMID: 7799047 DOI: 
10.1200/JCO.1995.13.1.8]

4     

Mehta N, Mauer AM, Hellman S, Haraf DJ, Cohen EE, Vokes EE, Weichselbaum RR. Analysis of further disease 
progression in metastatic non-small cell lung cancer: implications for locoregional treatment. Int J Oncol 2004; 25: 1677-
1683 [PMID: 15547705]

5     

Parikh RB, Cronin AM, Kozono DE, Oxnard GR, Mak RH, Jackman DM, Lo PC, Baldini EH, Johnson BE, Chen AB. 
Definitive primary therapy in patients presenting with oligometastatic non-small cell lung cancer. Int J Radiat Oncol Biol 

6     

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0001-7043-067X
http://orcid.org/0000-0001-7043-067X
http://orcid.org/0000-0002-3829-9963
http://orcid.org/0000-0002-3829-9963
http://orcid.org/0000-0001-8246-0470
http://orcid.org/0000-0001-8246-0470
http://orcid.org/0000-0001-5489-5485
http://orcid.org/0000-0001-5489-5485
http://orcid.org/0000-0003-0612-5720
http://orcid.org/0000-0003-0612-5720
http://orcid.org/0000-0002-8954-5351
http://orcid.org/0000-0002-8954-5351
http://orcid.org/0000-0002-7772-9030
http://orcid.org/0000-0002-7772-9030
http://orcid.org/0000-0002-0985-6150
http://orcid.org/0000-0002-0985-6150
http://orcid.org/0000-0002-3370-0869
http://orcid.org/0000-0002-3370-0869
http://orcid.org/0000-0001-7233-0234
http://orcid.org/0000-0001-7233-0234
http://www.ncbi.nlm.nih.gov/pubmed/23399908
https://dx.doi.org/10.1136/thoraxjnl-2012-202297
http://www.ncbi.nlm.nih.gov/pubmed/21423255
https://dx.doi.org/10.1038/nrclinonc.2011.44
http://www.ncbi.nlm.nih.gov/pubmed/7799047
https://dx.doi.org/10.1200/JCO.1995.13.1.8
http://www.ncbi.nlm.nih.gov/pubmed/15547705


Garde-Noguera J et al. Current landscape for oligometastatic NSCLC

WJCO https://www.wjgnet.com 493 June 24, 2022 Volume 13 Issue 6

Phys 2014; 89: 880-887 [PMID: 24867533 DOI: 10.1016/j.ijrobp.2014.04.007]
Dingemans AC, Hendriks LEL, Berghmans T, Levy A, Hasan B, Faivre-Finn C, Giaj-Levra M, Giaj-Levra N, Girard N, 
Greillier L, Lantuéjoul S, Edwards J, O'Brien M, Reck M, Smit EF, Van Schil P, Postmus PE, Ramella S, Lievens Y, Gaga 
M, Peled N, Scagliotti GV, Senan S, Paz-Ares L, Guckenberger M, McDonald F, Ekman S, Cufer T, Gietema H, Infante M, 
Dziadziuszko R, Peters S, Porta RR, Vansteenkiste J, Dooms C, de Ruysscher D, Besse B, Novello S. Definition of 
Synchronous Oligometastatic Non-Small Cell Lung Cancer-A Consensus Report. J Thorac Oncol 2019; 14: 2109-2119 
[PMID: 31398540 DOI: 10.1016/j.jtho.2019.07.025]

7     

Ashworth A, Rodrigues G, Boldt G, Palma D. Is there an oligometastatic state in non-small cell lung cancer? Lung Cancer 
2013; 82: 197-203 [PMID: 24051084 DOI: 10.1016/j.lungcan.2013.07.026]

8     

Gomez DR, Tang C, Zhang J, Blumenschein GR Jr, Hernandez M, Lee JJ, Ye R, Palma DA, Louie AV, Camidge DR, 
Doebele RC, Skoulidis F, Gaspar LE, Welsh JW, Gibbons DL, Karam JA, Kavanagh BD, Tsao AS, Sepesi B, Swisher SG, 
Heymach JV. Local Consolidative Therapy Vs. Maintenance Therapy or Observation for Patients With Oligometastatic 
Non-Small-Cell Lung Cancer: Long-Term Results of a Multi-Institutional, Phase II, Randomized Study. J Clin Oncol 2019; 
37: 1558-1565 [PMID: 31067138 DOI: 10.1200/JCO.19.00201]

9     

Iyengar P, Wardak Z, Gerber DE, Tumati V, Ahn C, Hughes RS, Dowell JE, Cheedella N, Nedzi L, Westover KD, 
Pulipparacharuvil S, Choy H, Timmerman RD. Consolidative Radiotherapy for Limited Metastatic Non-Small-Cell Lung 
Cancer: A Phase 2 Randomized Clinical Trial. JAMA Oncol 2018; 4: e173501 [PMID: 28973074 DOI: 
10.1001/jamaoncol.2017.3501]

10     

Palma DA, Olson R, Harrow S, Gaede S, Louie AV, Haasbeek C, Mulroy L, Lock M, Rodrigues GB, Yaremko BP, 
Schellenberg D, Ahmad B, Griffioen G, Senthi S, Swaminath A, Kopek N, Liu M, Moore K, Currie S, Bauman GS, Warner 
A, Senan S. Stereotactic ablative radiotherapy versus standard of care palliative treatment in patients with oligometastatic 
cancers (SABR-COMET): a randomised, phase 2, open-label trial. Lancet 2019; 393: 2051-2058 [PMID: 30982687 DOI: 
10.1016/S0140-6736(18)32487-5]

11     

Bergsma DP, Salama JK, Singh DP, Chmura SJ, Milano MT. Radiotherapy for Oligometastatic Lung Cancer. Front Oncol 
2017; 7: 210 [PMID: 28975081 DOI: 10.3389/fonc.2017.00210]

12     

Ashworth AB, Senan S, Palma DA, Riquet M, Ahn YC, Ricardi U, Congedo MT, Gomez DR, Wright GM, Melloni G, 
Milano MT, Sole CV, De Pas TM, Carter DL, Warner AJ, Rodrigues GB. An individual patient data metaanalysis of 
outcomes and prognostic factors after treatment of oligometastatic non-small-cell lung cancer. Clin Lung Cancer 2014; 15: 
346-355 [PMID: 24894943 DOI: 10.1016/j.cllc.2014.04.003]

13     

Uppal A, Ferguson MK, Posner MC, Hellman S, Khodarev NN, Weichselbaum RR. Towards a molecular basis of 
oligometastatic disease: potential role of micro-RNAs. Clin Exp Metastasis 2014; 31: 735-748 [PMID: 24968866 DOI: 
10.1007/s10585-014-9664-3]

14     

Palma DA, Louie AV, Rodrigues GB. New Strategies in Stereotactic Radiotherapy for Oligometastases. Clin Cancer Res 
2015; 21: 5198-5204 [PMID: 26626571 DOI: 10.1158/1078-0432.CCR-15-0822]

15     

Couñago F, Luna J, Guerrero LL, Vaquero B, Guillén-Sacoto MC, González-Merino T, Taboada B, Díaz V, Rubio-
Viqueira B, Díaz-Gavela AA, Marcos FJ, Del Cerro E. Management of oligometastatic non-small cell lung cancer patients: 
Current controversies and future directions. World J Clin Oncol 2019; 10: 318-339 [PMID: 31799148 DOI: 
10.5306/wjco.v10.i10.318]

16     

Vallières E. Oligometastatic NSCLC: the changing role of surgery. Transl Lung Cancer Res 2014; 3: 192-194 [PMID: 
25806300 DOI: 10.3978/j.issn.2218-6751.2014.06.06]

17     

Bartlett EK, Simmons KD, Wachtel H, Roses RE, Fraker DL, Kelz RR, Karakousis GC. The rise in metastasectomy across 
cancer types over the past decade. Cancer 2015; 121: 747-757 [PMID: 25377689 DOI: 10.1002/cncr.29134]

18     

Patchell RA, Tibbs PA, Regine WF, Dempsey RJ, Mohiuddin M, Kryscio RJ, Markesbery WR, Foon KA, Young B. 
Postoperative radiotherapy in the treatment of single metastases to the brain: a randomized trial. JAMA 1998; 280: 1485-
1489 [PMID: 9809728 DOI: 10.1001/jama.280.17.1485]

19     

De Ruysscher D, Wanders R, van Baardwijk A, Dingemans AM, Reymen B, Houben R, Bootsma G, Pitz C, van Eijsden L, 
Geraedts W, Baumert BG, Lambin P. Radical treatment of non-small-cell lung cancer patients with synchronous 
oligometastases: long-term results of a prospective phase II trial (Nct01282450). J Thorac Oncol 2012; 7: 1547-1555 
[PMID: 22982655 DOI: 10.1097/JTO.0b013e318262caf6]

20     

Tönnies M, Pfannschmidt J, Bauer TT, Kollmeier J, Tönnies S, Kaiser D. Metastasectomy for synchronous solitary non-
small cell lung cancer metastases. Ann Thorac Surg 2014; 98: 249-256 [PMID: 24820385 DOI: 
10.1016/j.athoracsur.2014.03.028]

21     

Johnson KK, Rosen JE, Salazar MC, Boffa DJ. Outcomes of a Highly Selective Surgical Approach to Oligometastatic 
Lung Cancer. Ann Thorac Surg 2016; 102: 1166-1171 [PMID: 27344278 DOI: 10.1016/j.athoracsur.2016.04.086]

22     

Salama JK, Hasselle MD, Chmura SJ, Malik R, Mehta N, Yenice KM, Villaflor VM, Stadler WM, Hoffman PC, Cohen 
EE, Connell PP, Haraf DJ, Vokes EE, Hellman S, Weichselbaum RR. Stereotactic body radiotherapy for multisite 
extracranial oligometastases: final report of a dose escalation trial in patients with 1 to 5 sites of metastatic disease. Cancer 
2012; 118: 2962-2970 [PMID: 22020702 DOI: 10.1002/cncr.26611]

23     

De Ruysscher D, Wanders R, Hendriks LE, van Baardwijk A, Reymen B, Houben R, Bootsma G, Pitz C, van Eijsden L, 
Dingemans AC. Progression-Free Survival and Overall Survival Beyond 5 Years of NSCLC Patients With Synchronous 
Oligometastases Treated in a Prospective Phase II Trial (NCT 01282450). J Thorac Oncol 2018; 13: 1958-1961 [PMID: 
30253974 DOI: 10.1016/j.jtho.2018.07.098]

24     

Gomez DR, Blumenschein GR Jr, Lee JJ, Hernandez M, Ye R, Camidge DR, Doebele RC, Skoulidis F, Gaspar LE, 
Gibbons DL, Karam JA, Kavanagh BD, Tang C, Komaki R, Louie AV, Palma DA, Tsao AS, Sepesi B, William WN, 
Zhang J, Shi Q, Wang XS, Swisher SG, Heymach JV. Local consolidative therapy versus maintenance therapy or 
observation for patients with oligometastatic non-small-cell lung cancer without progression after first-line systemic 
therapy: a multicentre, randomised, controlled, phase 2 study. Lancet Oncol 2016; 17: 1672-1682 [PMID: 27789196 DOI: 
10.1016/S1470-2045(16)30532-0]

25     

De Rose F, Cozzi L, Navarria P, Ascolese AM, Clerici E, Infante M, Alloisio M, Testori A, Toschi L, Finocchiaro G, 26     

http://www.ncbi.nlm.nih.gov/pubmed/24867533
https://dx.doi.org/10.1016/j.ijrobp.2014.04.007
http://www.ncbi.nlm.nih.gov/pubmed/31398540
https://dx.doi.org/10.1016/j.jtho.2019.07.025
http://www.ncbi.nlm.nih.gov/pubmed/24051084
https://dx.doi.org/10.1016/j.lungcan.2013.07.026
http://www.ncbi.nlm.nih.gov/pubmed/31067138
https://dx.doi.org/10.1200/JCO.19.00201
http://www.ncbi.nlm.nih.gov/pubmed/28973074
https://dx.doi.org/10.1001/jamaoncol.2017.3501
http://www.ncbi.nlm.nih.gov/pubmed/30982687
https://dx.doi.org/10.1016/S0140-6736(18)32487-5
http://www.ncbi.nlm.nih.gov/pubmed/28975081
https://dx.doi.org/10.3389/fonc.2017.00210
http://www.ncbi.nlm.nih.gov/pubmed/24894943
https://dx.doi.org/10.1016/j.cllc.2014.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24968866
https://dx.doi.org/10.1007/s10585-014-9664-3
http://www.ncbi.nlm.nih.gov/pubmed/26626571
https://dx.doi.org/10.1158/1078-0432.CCR-15-0822
http://www.ncbi.nlm.nih.gov/pubmed/31799148
https://dx.doi.org/10.5306/wjco.v10.i10.318
http://www.ncbi.nlm.nih.gov/pubmed/25806300
https://dx.doi.org/10.3978/j.issn.2218-6751.2014.06.06
http://www.ncbi.nlm.nih.gov/pubmed/25377689
https://dx.doi.org/10.1002/cncr.29134
http://www.ncbi.nlm.nih.gov/pubmed/9809728
https://dx.doi.org/10.1001/jama.280.17.1485
http://www.ncbi.nlm.nih.gov/pubmed/22982655
https://dx.doi.org/10.1097/JTO.0b013e318262caf6
http://www.ncbi.nlm.nih.gov/pubmed/24820385
https://dx.doi.org/10.1016/j.athoracsur.2014.03.028
http://www.ncbi.nlm.nih.gov/pubmed/27344278
https://dx.doi.org/10.1016/j.athoracsur.2016.04.086
http://www.ncbi.nlm.nih.gov/pubmed/22020702
https://dx.doi.org/10.1002/cncr.26611
http://www.ncbi.nlm.nih.gov/pubmed/30253974
https://dx.doi.org/10.1016/j.jtho.2018.07.098
http://www.ncbi.nlm.nih.gov/pubmed/27789196
https://dx.doi.org/10.1016/S1470-2045(16)30532-0


Garde-Noguera J et al. Current landscape for oligometastatic NSCLC

WJCO https://www.wjgnet.com 494 June 24, 2022 Volume 13 Issue 6

Santoro A, Scorsetti M. Clinical Outcome of Stereotactic Ablative Body Radiotherapy for Lung Metastatic Lesions in Non-
small Cell Lung Cancer Oligometastatic Patients. Clin Oncol (R Coll Radiol) 2016; 28: 13-20 [PMID: 26385822 DOI: 
10.1016/j.clon.2015.08.011]
Inoue T, Katoh N, Aoyama H, Onimaru R, Taguchi H, Onodera S, Yamaguchi S, Shirato H. Clinical outcomes of 
stereotactic brain and/or body radiotherapy for patients with oligometastatic lesions. Jpn J Clin Oncol 2010; 40: 788-794 
[PMID: 20406944 DOI: 10.1093/jjco/hyq044]

27     

Hasselle MD, Haraf DJ, Rusthoven KE, Golden DW, Salgia R, Villaflor VM, Shah N, Hoffman PC, Chmura SJ, Connell 
PP, Vokes EE, Weichselbaum RR, Salama JK. Hypofractionated image-guided radiation therapy for patients with limited 
volume metastatic non-small cell lung cancer. J Thorac Oncol 2012; 7: 376-381 [PMID: 22198429 DOI: 
10.1097/JTO.0b013e31824166a5]

28     

Collen C, Christian N, Schallier D, Meysman M, Duchateau M, Storme G, De Ridder M. Phase II study of stereotactic 
body radiotherapy to primary tumor and metastatic locations in oligometastatic nonsmall-cell lung cancer patients. Ann 
Oncol 2014; 25: 1954-1959 [PMID: 25114022 DOI: 10.1093/annonc/mdu370]

29     

Wujanto C, Vellayappan B, Siva S, Louie AV, Guckenberger M, Slotman BJ, Onishi H, Nagata Y, Liu M, Lo SS. 
Stereotactic Body Radiotherapy for Oligometastatic Disease in Non-small Cell Lung Cancer. Front Oncol 2019; 9: 1219 
[PMID: 31799188 DOI: 10.3389/fonc.2019.01219]

30     

Simon CJ, Dupuy DE, DiPetrillo TA, Safran HP, Grieco CA, Ng T, Mayo-Smith WW. Pulmonary radiofrequency 
ablation: long-term safety and efficacy in 153 patients. Radiology 2007; 243: 268-275 [PMID: 17392258 DOI: 
10.1148/radiol.2431060088]

31     

Picchi SG, Lassandro G, Bianco A, Coppola A, Ierardi AM, Rossi UG, Lassandro F. RFA of primary and metastatic lung 
tumors: long-term results. Med Oncol 2020; 37: 35 [PMID: 32219567 DOI: 10.1007/s12032-020-01361-1]

32     

Maiwand MO, Asimakopoulos G. Cryosurgery for lung cancer: clinical results and technical aspects. Technol Cancer Res 
Treat 2004; 3: 143-150 [PMID: 15059020 DOI: 10.1177/153303460400300207]

33     

Seijo LM, Sterman DH. Interventional pulmonology. N Engl J Med 2001; 344: 740-749 [PMID: 11236779 DOI: 
10.1056/NEJM200103083441007]

34     

Ernst A, Silvestri GA, Johnstone D; American College of Chest Physicians. Interventional pulmonary procedures: 
Guidelines from the American College of Chest Physicians. Chest 2003; 123: 1693-1717 [PMID: 12740291 DOI: 
10.1378/chest.123.5.1693]

35     

Bolliger CT, Mathur PN, Beamis JF, Becker HD, Cavaliere S, Colt H, Diaz-Jimenez JP, Dumon JF, Edell E, Kovitz KL, 
Macha HN, Mehta AC, Marel M, Noppen M, Strausz J, Sutedja TG; European Respiratory Society/American Thoracic 
Society. ERS/ATS statement on interventional pulmonology. European Respiratory Society/American Thoracic Society. 
Eur Respir J 2002; 19: 356-373 [PMID: 11866017 DOI: 10.1183/09031936.02.00204602]

36     

Harris K, Puchalski J, Sterman D. Recent Advances in Bronchoscopic Treatment of Peripheral Lung Cancers. Chest 2017; 
151: 674-685 [PMID: 27292045 DOI: 10.1016/j.chest.2016.05.025]

37     

Wang H, Littrup PJ, Duan Y, Zhang Y, Feng H, Nie Z. Thoracic masses treated with percutaneous cryotherapy: initial 
experience with more than 200 procedures. Radiology 2005; 235: 289-298 [PMID: 15798173 DOI: 
10.1148/radiol.2351030747]

38     

Bang HJ, Littrup PJ, Currier BP, Goodrich DJ, Aoun HD, Klein LC, Kuo JC, Heilbrun LK, Gadgeel S, Goodman AC. 
Percutaneous cryoablation of metastatic lesions from non-small-cell lung carcinoma: initial survival, local control, and cost 
observations. J VascIntervRadiol 2012; 23: 761-769 [PMID: 22626267 DOI: 10.1016/j.jvir.2012.02.013]

39     

Schanne DH, Heitmann J, Guckenberger M, Andratschke NHJ. Evolution of treatment strategies for oligometastatic 
NSCLC patients - A systematic review of the literature. Cancer Treat Rev 2019; 80: 101892 [PMID: 31522079 DOI: 
10.1016/j.ctrv.2019.101892]

40     

Fleckenstein J, Petroff A, Schäfers HJ, Wehler T, Schöpe J, Rübe C. Long-term outcomes in radically treated synchronous 
vs. metachronous oligometastatic non-small-cell lung cancer. BMC Cancer 2016; 16: 348 [PMID: 27255302 DOI: 
10.1186/s12885-016-2379-x]

41     

Bertolaccini L, Pardolesi A, Forti Parri SN, Bonfanti B, Brandolini J, Solli P. Surgical approaches in patients with 
oligometastatic non-small cell lung cancer. J Thorac Dis 2018; 10: 498-502 [PMID: 29600084 DOI: 
10.21037/jtd.2017.11.135]

42     

Baker S, Dahele M, Lagerwaard FJ, Senan S. A critical review of recent developments in radiotherapy for non-small cell 
lung cancer. Radiat Oncol 2016; 11: 115 [PMID: 27600665 DOI: 10.1186/s13014-016-0693-8]

43     

Albain KS, Swann RS, Rusch VW, Turrisi AT 3rd, Shepherd FA, Smith C, Chen Y, Livingston RB, Feins RH, Gandara 
DR, Fry WA, Darling G, Johnson DH, Green MR, Miller RC, Ley J, Sause WT, Cox JD. Radiotherapy plus chemotherapy 
with or without surgical resection for stage III non-small-cell lung cancer: a phase III randomised controlled trial. Lancet 
2009; 374: 379-386 [PMID: 19632716 DOI: 10.1016/S0140-6736(09)60737-6]

44     

Eberhardt WE, Pöttgen C, Gauler TC, Friedel G, Veit S, Heinrich V, Welter S, Budach W, Spengler W, Kimmich M, 
Fischer B, Schmidberger H, De Ruysscher D, Belka C, Cordes S, Hepp R, Lütke-Brintrup D, Lehmann N, Schuler M, 
Jöckel KH, Stamatis G, Stuschke M. Phase III Study of Surgery Versus Definitive Concurrent Chemoradiotherapy Boost in 
Patients With Resectable Stage IIIA(N2) and Selected IIIB Non-Small-Cell Lung Cancer After Induction Chemotherapy 
and Concurrent Chemoradiotherapy (ESPATUE). J Clin Oncol 2015; 33: 4194-4201 [PMID: 26527789 DOI: 
10.1200/JCO.2015.62.6812]

45     

Wang X, Zeng M. First-line tyrosine kinase inhibitor with or without aggressive upfront local radiation therapy in patients 
with EGFRm oligometastatic non-small cell lung cancer: Interim results of a randomized phase III, open-label clinical trial 
(SINDAS) (NCT02893332). JCO 2020; 38: 9508 [DOI: 10.1200/JCO.2020.38.15_suppl.9508]

46     

Iyengar P, Lau S, Donington JS, Suh RD. Local Therapy for Limited Metastatic Non-Small Cell Lung Cancer: What Are 
the Options and Is There a Benefit? Am Soc Clin Oncol Educ Book 2016; 35: e460-e467 [PMID: 27249754 DOI: 
10.1200/EDBK_158734]

47     

Formenti SC, Demaria S. Systemic effects of local radiotherapy. Lancet Oncol 2009; 10: 718-726 [PMID: 19573801 DOI: 
10.1016/S1470-2045(09)70082-8]

48     

http://www.ncbi.nlm.nih.gov/pubmed/26385822
https://dx.doi.org/10.1016/j.clon.2015.08.011
http://www.ncbi.nlm.nih.gov/pubmed/20406944
https://dx.doi.org/10.1093/jjco/hyq044
http://www.ncbi.nlm.nih.gov/pubmed/22198429
https://dx.doi.org/10.1097/JTO.0b013e31824166a5
http://www.ncbi.nlm.nih.gov/pubmed/25114022
https://dx.doi.org/10.1093/annonc/mdu370
http://www.ncbi.nlm.nih.gov/pubmed/31799188
https://dx.doi.org/10.3389/fonc.2019.01219
http://www.ncbi.nlm.nih.gov/pubmed/17392258
https://dx.doi.org/10.1148/radiol.2431060088
http://www.ncbi.nlm.nih.gov/pubmed/32219567
https://dx.doi.org/10.1007/s12032-020-01361-1
http://www.ncbi.nlm.nih.gov/pubmed/15059020
https://dx.doi.org/10.1177/153303460400300207
http://www.ncbi.nlm.nih.gov/pubmed/11236779
https://dx.doi.org/10.1056/NEJM200103083441007
http://www.ncbi.nlm.nih.gov/pubmed/12740291
https://dx.doi.org/10.1378/chest.123.5.1693
http://www.ncbi.nlm.nih.gov/pubmed/11866017
https://dx.doi.org/10.1183/09031936.02.00204602
http://www.ncbi.nlm.nih.gov/pubmed/27292045
https://dx.doi.org/10.1016/j.chest.2016.05.025
http://www.ncbi.nlm.nih.gov/pubmed/15798173
https://dx.doi.org/10.1148/radiol.2351030747
http://www.ncbi.nlm.nih.gov/pubmed/22626267
https://dx.doi.org/10.1016/j.jvir.2012.02.013
http://www.ncbi.nlm.nih.gov/pubmed/31522079
https://dx.doi.org/10.1016/j.ctrv.2019.101892
http://www.ncbi.nlm.nih.gov/pubmed/27255302
https://dx.doi.org/10.1186/s12885-016-2379-x
http://www.ncbi.nlm.nih.gov/pubmed/29600084
https://dx.doi.org/10.21037/jtd.2017.11.135
http://www.ncbi.nlm.nih.gov/pubmed/27600665
https://dx.doi.org/10.1186/s13014-016-0693-8
http://www.ncbi.nlm.nih.gov/pubmed/19632716
https://dx.doi.org/10.1016/S0140-6736(09)60737-6
http://www.ncbi.nlm.nih.gov/pubmed/26527789
https://dx.doi.org/10.1200/JCO.2015.62.6812
https://dx.doi.org/10.1200/JCO.2020.38.15_suppl.9508
http://www.ncbi.nlm.nih.gov/pubmed/27249754
https://dx.doi.org/10.1200/EDBK_158734
http://www.ncbi.nlm.nih.gov/pubmed/19573801
https://dx.doi.org/10.1016/S1470-2045(09)70082-8


Garde-Noguera J et al. Current landscape for oligometastatic NSCLC

WJCO https://www.wjgnet.com 495 June 24, 2022 Volume 13 Issue 6

Schaue D, Ratikan JA, Iwamoto KS, McBride WH. Maximizing tumor immunity with fractionated radiation. Int J Radiat 
Oncol Biol Phys 2012; 83: 1306-1310 [PMID: 22208977 DOI: 10.1016/j.ijrobp.2011.09.049]

49     

Sheu T, Heymach JV, Swisher SG, Rao G, Weinberg JS, Mehran R, McAleer MF, Liao Z, Aloia TA, Gomez DR. 
Propensity score-matched analysis of comprehensive local therapy for oligometastatic non-small cell lung cancer that did 
not progress after front-line chemotherapy. Int J Radiat Oncol Biol Phys 2014; 90: 850-857 [PMID: 25216859 DOI: 
10.1016/j.ijrobp.2014.07.012]

50     

Iacobuzio-Donahue CA, Fu B, Yachida S, Luo M, Abe H, Henderson CM, Vilardell F, Wang Z, Keller JW, Banerjee P, 
Herman JM, Cameron JL, Yeo CJ, Halushka MK, Eshleman JR, Raben M, Klein AP, Hruban RH, Hidalgo M, Laheru D. 
DPC4 gene status of the primary carcinoma correlates with patterns of failure in patients with pancreatic cancer. J Clin 
Oncol 2009; 27: 1806-1813 [PMID: 19273710 DOI: 10.1200/JCO.2008.17.7188]

51     

Turajlic S, Xu H, Litchfield K, Rowan A, Chambers T, Lopez JI, Nicol D, O'Brien T, Larkin J, Horswell S, Stares M, Au 
L, Jamal-Hanjani M, Challacombe B, Chandra A, Hazell S, Eichler-Jonsson C, Soultati A, Chowdhury S, Rudman S, Lynch 
J, Fernando A, Stamp G, Nye E, Jabbar F, Spain L, Lall S, Guarch R, Falzon M, Proctor I, Pickering L, Gore M, Watkins 
TBK, Ward S, Stewart A, DiNatale R, Becerra MF, Reznik E, Hsieh JJ, Richmond TA, Mayhew GF, Hill SM, McNally 
CD, Jones C, Rosenbaum H, Stanislaw S, Burgess DL, Alexander NR, Swanton C; PEACE;  TRACERx Renal Consortium. 
Tracking Cancer Evolution Reveals Constrained Routes to Metastases: TRACERx Renal. Cell 2018; 173: 581-594.e12 
[PMID: 29656895 DOI: 10.1016/j.cell.2018.03.057]

52     

Lussier YA, Khodarev NN, Regan K, Corbin K, Li H, Ganai S, Khan SA, Gnerlich JL, Darga TE, Fan H, Karpenko O, 
Paty PB, Posner MC, Chmura SJ, Hellman S, Ferguson MK, Weichselbaum RR. Oligo- and polymetastatic progression in 
lung metastasis(es) patients is associated with specific microRNAs. PLoS One 2012; 7: e50141 [PMID: 23251360 DOI: 
10.1371/journal.pone.0050141]

53     

Lussier YA, Xing HR, Salama JK, Khodarev NN, Huang Y, Zhang Q, Khan SA, Yang X, Hasselle MD, Darga TE, Malik 
R, Fan H, Perakis S, Filippo M, Corbin K, Lee Y, Posner MC, Chmura SJ, Hellman S, Weichselbaum RR. MicroRNA 
expression characterizes oligometastasis(es). PLoS One 2011; 6: e28650 [PMID: 22174856 DOI: 
10.1371/journal.pone.0028650]

54     

Oshima G, Poli EC, Bolt MJ, Chlenski A, Forde M, Jutzy JMS, Biyani N, Posner MC, Pitroda SP, Weichselbaum RR, 
Khodarev NN. DNA Methylation Controls Metastasis-Suppressive 14q32-Encoded miRNAs. Cancer Res 2019; 79: 650-
662 [PMID: 30538122 DOI: 10.1158/0008-5472.CAN-18-0692]

55     

Pitroda SP, Khodarev NN, Huang L, Uppal A, Wightman SC, Ganai S, Joseph N, Pitt J, Brown M, Forde M, Mangold K, 
Xue L, Weber C, Segal JP, Kadri S, Stack ME, Khan S, Paty P, Kaul K, Andrade J, White KP, Talamonti M, Posner MC, 
Hellman S, Weichselbaum RR. Integrated molecular subtyping defines a curable oligometastatic state in colorectal liver 
metastasis. Nat Commun 2018; 9: 1793 [PMID: 29728604 DOI: 10.1038/s41467-018-04278-6]

56     

Van den Eynde M, Mlecnik B, Bindea G, Fredriksen T, Church SE, Lafontaine L, Haicheur N, Marliot F, Angelova M, 
Vasaturo A, Bruni D, Jouret-Mourin A, Baldin P, Huyghe N, Haustermans K, Debucquoy A, Van Cutsem E, Gigot JF, 
Hubert C, Kartheuser A, Remue C, Léonard D, Valge-Archer V, Pagès F, Machiels JP, Galon J. The Link between the 
Multiverse of Immune Microenvironments in Metastases and the Survival of Colorectal Cancer Patients. Cancer Cell 2018; 
34: 1012-1026.e3 [PMID: 30537506 DOI: 10.1016/j.ccell.2018.11.003]

57     

http://www.ncbi.nlm.nih.gov/pubmed/22208977
https://dx.doi.org/10.1016/j.ijrobp.2011.09.049
http://www.ncbi.nlm.nih.gov/pubmed/25216859
https://dx.doi.org/10.1016/j.ijrobp.2014.07.012
http://www.ncbi.nlm.nih.gov/pubmed/19273710
https://dx.doi.org/10.1200/JCO.2008.17.7188
http://www.ncbi.nlm.nih.gov/pubmed/29656895
https://dx.doi.org/10.1016/j.cell.2018.03.057
http://www.ncbi.nlm.nih.gov/pubmed/23251360
https://dx.doi.org/10.1371/journal.pone.0050141
http://www.ncbi.nlm.nih.gov/pubmed/22174856
https://dx.doi.org/10.1371/journal.pone.0028650
http://www.ncbi.nlm.nih.gov/pubmed/30538122
https://dx.doi.org/10.1158/0008-5472.CAN-18-0692
http://www.ncbi.nlm.nih.gov/pubmed/29728604
https://dx.doi.org/10.1038/s41467-018-04278-6
http://www.ncbi.nlm.nih.gov/pubmed/30537506
https://dx.doi.org/10.1016/j.ccell.2018.11.003


WJCO https://www.wjgnet.com 496 June 24, 2022 Volume 13 Issue 6

World Journal of 

Clinical OncologyW J C O
Submit a Manuscript: https://www.f6publishing.com World J Clin Oncol 2022 June 24; 13(6): 496-504

DOI: 10.5306/wjco.v13.i6.496 ISSN 2218-4333 (online)

ORIGINAL ARTICLE

Basic Study

Molecular docking of DS-3032B, a mouse double minute 2 enzyme 
antagonist with potential for oncology treatment development

Vítor Hugo Sales da Mota, Fabrício Freire de Melo, Breno Bittencourt de Brito, Filipe Antônio França da Silva, 
Kádima Nayara Teixeira

Specialty type: Oncology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Odhar HA, Iraq 
A-Editor: Kołat D, Poland

Received: August 8, 2021 
Peer-review started: August 8, 2021 
First decision: September 2, 2021 
Revised: September 16, 2021 
Accepted: May 28, 2022 
Article in press: May 28, 2022 
Published online: June 24, 2022

Vítor Hugo Sales da Mota, Kádima Nayara Teixeira, Campus Toledo, Universidade Federal do 
Paraná, Toledo 85.919-899, Paraná, Brazil

Fabrício Freire de Melo, Breno Bittencourt de Brito, Filipe Antônio França da Silva, Instituto 
Multidisciplinar em Saúde, Universidade Federal da Bahia, Vitória da Conquista 45029-094, 
Bahia, Brazil

Corresponding author: Kádima Nayara Teixeira, PhD, Adjunct Professor, Campus Toledo, 
Universidade Federal do Paraná, Road 182, km 320/321, Toledo 85.919-899, Paraná, Brazil. 
kadimateixeira@ufpr.br

Abstract
BACKGROUND 
It is known that p53 suppression is an important marker of poor prognosis of 
cancers, especially in solid tumors of the breast, lung, stomach, and esophagus; 
liposarcomas, glioblastomas, and leukemias. Because p53 has mouse double 
minute 2 (MDM2) as its primary negative regulator, this molecular docking study 
seeks to answer the following hypotheses: Is the interaction between DS-3032B 
and MDM2 stable enough for this drug to be considered as a promising neoplastic 
inhibitor?

AIM 
To analyze, in silico, the chemical bonds between the antagonist DS-3032B and its 
binding site in MDM2.

METHODS 
For molecular docking simulations, the file containing structures of MDM2 
(receptor) and the drug DS-3032B (ligand) were selected. The three-dimensional 
structure of MDM2 was obtained from Protein Data Bank, and the one for DS-
3032B was obtained from PubChem database. The location and dimensions of the 
Grid box was determined using AutoDock Tools software. In this case, the 
dimensions of the Grid encompassed the entire receptor. The ligand DS-3032B 
interacts with the MDM2 receptor in a physiological environment with pH 7.4; 
thus, to simulate more reliably, its interaction was made with the calculation for 
the prediction of its protonation state using the MarvinSketch® software. Both 
ligands, with and without the protonation, were prepared for molecular docking 
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using the AutoDock Tools software. This software detects the torsion points of the drug and 
calculates the angle of the torsions. Molecular docking simulations were performed using the tools 
of the AutoDock platform connected to the Vina software. The analyses of the amino acid residues 
involved in the interactions between the receptor and the ligand as well as the twists of the ligand, 
atoms involved in the interactions, and type, strength, and length of the interactions were 
performed using the PyMol software (pymol.org/2) and Discovery Studio from BIOVIA®.

RESULTS 
The global alignment indicated crystal structure 5SWK was more suitable for docking simulations 
by presenting the p53 binding site. The three-dimensional structure 5SWK for MDM2 was selected 
from Protein Data Bank and the three-dimensional structure of DS-3032B was selected from 
PubChem (Compound CID: 73297272; Milademetan). After molecular docking simulations, the 
most stable conformer was selected for both protonated and non-protonated DS-3032B. The 
interaction between MDM2 and DS-3032B occurs with high affinity; no significant difference was 
observed in the affinity energies between the MDM2/pronated DS-3032B (-9.9 kcal/mol) and 
MDM2/non-protonated DS-3032B conformers (-10.0 kcal/mol). Sixteen amino acid residues of 
MDM2 are involved in chemical bonds with the protonated DS-3032B; these 16 residues of MDM2 
belong to the p53 biding site region and provide high affinity to interaction and stability to drug-
protein complex.

CONCLUSION 
Molecular docking indicated that DS-3032B antagonist binds to the same region of the p53 binding 
site in the MDM2 with high affinity and stability, and this suggests therapeutic efficiency.

Key Words: DS-3032B; Mouse double minute 2 antagonist; Molecular docking; Tumor suppressor p53
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Core Tip: The knowledge, at the molecular level, of the complexes formed by therapeutic drugs and their 
target in the body are relevant to understand the efficiency of the drug. These data can be provided, with 
high reliability, by bioinformatics tools, which saves time in relation to in vitro and in vivo analyses. The 
drug DS-3032B has been a potential candidate for oncogenic treatment in preclinical trials, but clinical 
studies are scarce. This work shows data on chemical interactions between this drug and its target, mouse 
double minute 2, that corroborate the preclinical data and demonstrate the stability of the therapeutic 
complex.
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3032B, a mouse double minute 2 enzyme antagonist with potential for oncology treatment development. World J 
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INTRODUCTION
Cancer is a genetic disease whose evolution leads to numerous changes in DNA. According to a survey 
conducted by the International Agency for Research on Cancer in 2018, cancer was considered the 
second leading cause of death in the world, affecting 18.1 million people and causing the death of 9.6 
million people around the world[1]. For Brazil, the estimate for the triennium 2020-2022 predicts that 
625000 new cases of cancer will occur[2].

While proto-oncogenes are genes responsible for the positive regulation of cell proliferation, tumor 
suppressor genes are genes responsible for negative regulation; in other words, it inhibits cell 
multiplication. An example of this class is the p53 gene, which is found mutated in about half of human 
cancers[3]. p53 is a transcription factor activated by signs of stress, such as DNA damage, oncogenes 
activation, and nutritional deprivation[4]; it also has an essential function in DNA damage repair and 
antioxidant response regulation[5].

Therefore, overactivation of p53 is considered as an option for selective therapies against cancer, 
providing a targeting of neoplastic cells and sparing unaffected normal tissue[6]. One proposed 
treatment aims to inhibit tumor growth by activating the tumor suppressor protein p53 through 
inhibition of the mouse double minute 2 (MDM2)[7].

https://www.wjgnet.com/2218-4333/full/v13/i6/496.htm
https://dx.doi.org/10.5306/wjco.v13.i6.496
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MDM2 is an E3 ubiquitin ligase enzyme that has a negative regulatory role of the tumor suppressor 
p53. This enzyme controls transcriptional activity and stability of p53. MDM2 expression is regulated in 
several tumors, resulting in loss of p53-dependent activities, such as apoptosis and cell cycle arrest[8].

p53 is targeted for degradation by the proteasome by MDM2. Through E3 ubiquitin ligase activity, 
MDM2 promotes ubiquitination of p53, leading to increased p53 degradation. In some human tumors, 
MDM2 has been shown to be abnormally upregulated leading to enhanced degradation and reduction 
of p53 activity[9].

The molecule DS-3032B (Milademetan or RAIN-32) is an MDM2 antagonist that prevents its 
interaction with p53. Clinical trials with DS-3032B have been conducted by the National Institute of 
Health (phase I) in patients with leukemia and lymphoma and showed clinical efficacy[10]. A phase I 
trial evaluated the safety, tolerability, efficacy, and pharmacokinetics of DS-3032B in Japanese patients 
with solid tumors who relapsed after or refractory to standard therapy, and dose-limiting toxicities, 
safety, tolerability, maximum tolerated dose, pharmacokinetics, and recommended dose for phase II 
clinical trial were determined[11].

However, the trials are empirical, as the mechanism and biochemistry of interaction of DS-3032B with 
MDM2 are not known. Although there is a lot of preclinical evidence of the action of MDM2 inhibitors 
as monotherapy or in combination, clinical experience with these agents is limited. Thus, information, at 
the molecular level, about the complex formed between the inhibitor and its target will help to clarify 
the nature of the interaction and its stability[9].

Such information is important to understand the functioning of the compound and even increase its 
efficiency through structural alterations. Since obtaining these data by crystallization and X-ray 
diffraction is laborious and time consuming, a plausible alternative has been facilitated by computa-
tional methods, such as molecular docking that has proven useful and reliable for predicting the 
possible interactions and affinity of ligands with macromolecules. In silico methods have been gaining 
increasing prominence since the experimental determination of complex three-dimensional structures is 
quite complex and costly[12]. Thus, the aim of this study was to analyze the interaction of the DS-3032B 
to its binding site in MDM2, the chemical bonds between drug and protein, and the affinity of the 
formed complex in order to clarify the stability of the interaction and thus help in elucidating the 
molecular mechanism of therapeutic action of the antagonist.

MATERIALS AND METHODS
Receptor preparation
For molecular docking simulations, the structures of MDM2 (receptor) and the drug DS-3032B (ligand) 
were selected. The three-dimensional structure of MDM2 was selected from Protein Data Bank (PDB) (
http://www.rcsb.org/pdb/home/home.do) after a previous global alignment of all available primary 
sequences using CLUSTAL X 2.0 software. The 3D structure file was obtained in the extension ".pdb" 
(input file). The selected receptor’s three-dimensional structure was prepared for molecular docking 
simulations using AutoDock Tools software; the water molecules were deleted, since they do not belong 
to the molecule and can interfere in the docking process and hydrogen atoms were also added. Then it 
was determined through the AutoDock Tools software the location and dimensions of the Grid (virtual 
box that delimits the region where the ligand will perform possible interactions with the receptor). In 
this case, the dimensions of the Grid encompassed the entire receptor. The Grid data and coordinates 
were used in molecular docking.

Ligand preparation
The three-dimensional structure of the drug DS-3032B was solved experimentally and deposited in the 
PubChem database (https://pubchem.ncbi.nlm.nih.gov/); the file was obtained in the extension ".sdf" 
and converted to “.pdb” (input file). The ligand DS-3032B interacts with the MDM2 receptor in a 
physiological environment with pH 7.4; thus, to simulate more reliably, its interaction was made with 
the calculation for the prediction of its protonation state using the MarvinSketch 5.7® software from 
ChemAxon®. Both ligands, with and without the protonation, were prepared for molecular docking 
using the AutoDock Tools 1.5.6 software. This software detects the torsion points of the drug and 
calculates the angle of the torsions.

Molecular docking
Molecular docking procedures for a rigid protein and a flexible ligand were used. A grid of points in x, 
y, and z directions was built with a grid spacing of 1.0 Å using the AutoGrid component of the software. 
Molecular docking simulations were performed using the tools of the AutoDock platform (http://auto
dock.scripps.edu/) connected to the Vina 1.1.2 software (http://vina.scripps.edu/). The software used 
associates two components: A search algorithm and a score function. First, the algorithm was 
responsible for the search of possible combinations in the bonds, exploring the rotational, translational, 
and conformational degrees of freedom of the ligand as well as of the proteins. Then, the score function 
was used to choose the best binding modes. These functions were obtained according to the force fields 

http://www.rcsb.org/pdb/home/home.do
https://pubchem.ncbi.nlm.nih.gov/
http://autodock.scripps.edu/
http://autodock.scripps.edu/
http://vina.scripps.edu/
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of molecular mechanics and empirical parameters from free energy calculations.

In silico analysis of drug-protein interactions
The analyses of the amino acid residues involved in the interactions between the receptor and the 
ligand, as well as the twists of the ligand, atoms involved in the interactions, and type, strength, and 
length of the interactions were performed using the PyMol 2.5 software (pymol.org/2) and Discovery 
Studio from BIOVIA®.

RESULTS
Receptor and ligand selected
During the search for the three-dimensional structure of the receptor, the alignment of primary 
sequences of three-dimensional structures available in the PDB corresponding to MDM2 was 
performed. The 5SWK, from Homo sapiens, was indicated as the best structure by having structure 
resolved by X-ray crystallography with high resolution (1.92 Å) and greater coverage of the site 
responsible for the antagonism of the protein. The antagonist binding site is located in chain A of 
MDM2, so chain A was isolated to perform molecular docking simulations. Figure 1 shows the primary 
sequence alignment between 5SWK chain A (153 residues) from PDB and whole MDM2 (466 residues). 
The consensus region presents the binding site for the MDM2 receptor antagonist. The three-
dimensional structure of the antagonist DS-3032B was obtained from PubChem database with the CID 
(compound identification number) 73297272. MarvinSketch® software showed that at pH 7.4, 97.37% of 
DS-3021B was distributed in its protonated form.

Analysis of the drug-protein complex
A ranking of nine conformations presenting different affinity energies was obtained in molecular 
docking for each ligand (protonated and non-protonated), and the conformation with the lowest energy 
(Figure 2) was selected for subsequent analysis of drug-protein interactions. In addition, two root mean 
square deviation (RMSD) metric variants are also available: RMSD/L.b. (lower limit of RMSD) and 
RMSD/u.b. (upper limit RMSD), which differ by the way the atoms are matched in the distance 
calculation. While in RMSD/u.b. each atom is matched in one conformation to itself in the other 
conformation, ignoring any symmetry, in RMSD/L.b., each atom is matched in one conformation to the 
nearest atom of the same element type in the other conformation. No significant difference was 
observed between the affinity energies between both MDM2/protonated DS-3032B and MDM2/non-
protonated DS-3032B conformers (Table 1); therefore, the protonated form, which prevails under 
physiological conditions, was better analyzed in this study. Sixteen amino acid residues of MDM2 are 
involved in chemical bonds with the protonated DS-3032B. Polar bond, hydrophobic interactions (pi-
sigma and alkyl), and Van der Waals were observed (Table 2). These 16 residues of MDM2 chain A 
belong to the p53 biding site region. Four out of 16 interactions are more relevant, and they range from 
2.18 to 3.96 Å; the shortest bond is a hydrogen bond between an oxygen atom of leucine residue 54 (LEU 
54) of MDM2 and a nitrogen atom of one of the rings of the DS-3032B antagonist (Figure 3).

DISCUSSION
The MDM2, also called E3 ubiquitin ligase enzyme, is commonly overexpressed in various cancers[13], 
inactivating directly p53 by interacting with its transcriptional activation domain and inducing its 
degradation through ubiquitination[4]. DS-3032B is a compound derived from dispiropyrrolidine, also 
called milademetan. It impairs the binding of MDM2 to the transcriptional activation domain of p53[14].

Pharmacological inhibition of the p53-MDM2 interaction has been evaluated as a therapeutic 
approach to exert p53-mediated antitumor effects. Because MDM2 antagonists can produce nongen-
otoxic activation of wild-type p53, leading to anticancer activity, these agents are candidates to improve 
the therapeutic index of current chemotherapy regimens while minimizing the risk of resistance to 
single-agent MDM2 inhibition[15]. MDM2 inhibitors have demonstrated in preclinical and clinical 
studies their antineoplastic effects arising from p53 activation caused by negative regulation of MDM2 
in solid and hematological tumors.

Identifying the interactions between drugs and their targets is critical in the discovery of new drugs. 
This helps to understand better the mechanism of the disease and to identify unexpected therapeutic 
activity or adverse side effects of the drugs. Therefore, the prediction of interaction between drugs and 
targets becomes important in the context of pharmacology and drug redefinition[16]. The precise and 
efficient identification of interactions between drugs and their targets in the body can reveal hidden 
functions of these drugs and target proteins as well as speed up the drug development process[17]. 
Drug development is a time-consuming process, the experimental identification of interactions between 
drugs and their targets is very costly, and modern technologies have mitigated this problem. The 
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Table 1 Affinity energy and RMSD values of both conformers mouse double minute 2/protonated DS-3032B and mouse double minute 
2/non-protonated DS-3032B

Dist. From
Conformer Affinity energy (kcal/mol)

RMSD l.b. RMSD u.b.

MDM2/protonated DS-3032B -10.0 0.000 0.000

MDM2/non-protonated DS-3032B -9.9 0.000 0.000

MDM2: Mouse double minute 2; RMSD: root mean square deviation; RMSD l.b.: RMSD lower limit; RMSB u.b.: RMSD upper limit.

Table 2 Chemical interactions between mouse double minute 2 receptor and protonated DS-3032B antagonist

Residues of MDM2 Interaction Bond size (Å)

Leu 54 Hydrogen bond 2.18

Leu 57 Alkyl 3.92

Ile 61 Alkyl 3.91

Tyr 67 Pi-Sigma 3.96

Ile 103 Van der Waals -

Phe 86 Van der Waals -

Phe 91 Van der Waals -

Ile 99 Van der Waals -

Tyr 100 Van der Waals -

Val 75 Van der Waals -

Val 93 Van der Waals -

Gln 71 Van der Waals -

Gln 72 Van der Waals -

Gly 58 Van der Waals -

His 73 Van der Waals -

Met 62 Van der Waals -

MDM2: Mouse double minute 2.

computational prediction of drug target interactions has been shown to be fundamental for the study of 
drugs, since it reduces the time and costs of the process[18].

In fact, through in silico approach, it was possible to observe that DS-3032B is able to connect to the 
p53 binding site of MDM2 chain A with a significant affinity. The interaction between the antagonist 
and MDM2 involves 16 amino acid residues by polar and nonpolar bonds throughout the entire 
structure of the drug. The arrangement of the connections contributes to the low bind energy value and 
consequently to the stability of the complex. Complex stability and high affinity indicate promising 
therapeutic potential for DS-3032B.

There are three clinical studies of MDM2 inhibitors in various cancers, including the MDM2 
antagonist, DS-3032B, still in early phase (solid tumors and lymphoma: NCT01877382; myeloma: 
NCT02579824; leukemia: NCT02319369; acute myeloid leukemia: NCT03671564; acute myeloid 
leukemia, being associated with Quizartinib: NCT03552029; refractory leukemia, being associated with 
Cicarabine: NCT03634228)[19]. Clinical responses in these trials have been limited overall, but some 
patients have clearly achieved clinical benefit through monotherapy with MDM2 inhibitors[20]. 
Although monotherapy with MDM2 inhibitors has benefits, clinical responses are usually modest; 
association with other inhibitors has shown synergism and more efficient clinical responses[9]. 
However, the association of more medications can increase the presence of unwanted effects and even 
decrease patients' adherence to therapy. The action of drugs is related to their interaction with their 
therapeutic target; drug-protein affinity predicts complex stability, longer interaction time, and greater 
pharmacological effectiveness.
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Figure 1 Global alignment between 5SWK chain A (153 residues) and whole mouse double minute 2 (466 residues). Consensus region is 
located at position 56 - 153 of 5SWK chain A. The color of the residues represents the chemical characteristic of their side chains. MDM2: Mouse double minute 2.

Figure 2 Mouse double minute 2/protonated DS-3032B conformer. Mouse double minute 2 (MDM2) receptor is shown in ribbon and DS-3032B is shown 
in sticks. Only LEU 57, ILE 61, and TYR 67 bonds are shown. Bond size in Å.

Thus, knowledge about the molecular interactions between the test drug and its therapeutic target 
becomes interesting to predict the behavior of the drug in the body, predict its efficiency and stability, 
and can help predict how this drug can affect the physiology of the individual. Since in silico studies can 
provide this data satisfactorily and reliably and much faster compared to in vitro and in vivo studies, this 
methodology has been used to support scientific studies. The analyses performed in this study, with the 
DS-3032B, indicate that the complex formed between this drug and its target is quite stable, indicating 
high therapeutic efficiency. This efficiency, measured indirectly, through affinity energy may be 
responsible for the good preclinical results of ds-3032B, and it may be more effective as monotherapy 
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Figure 3 Two-dimensional diagram demonstrating interactions between mouse double minute 2 chain A (5SWK) and protonated DS-
3032B. Light green: Residues involved in Van der Waals interactions. Green: Residue involved in hydrogen bond. Lilac: Residue involved Pi-Sigma interaction. Pink: 
Residues involved in alkyl interactions. Numbers in spheres indicate the residue position. Bond size are shown (Å).

than current inhibitors.
Regarding the in silico analyses performed, the ligand position is selected based on calculations that 

are ranked according to docking score that represents the binding affinity between the ligand and the 
receptor and is expressed in kcal/mol[21]. Molecular docking is an established in silico structure-based 
method widely used in drug discovery. Docking enables the identification of novel compounds of 
therapeutic interest, predicting ligand-target interactions at a molecular level[22]. In this study it was 
obtained as a result of molecular docking, the ranking of the nine conformations with the highest 
affinities for the receptor, in parallel with two metric variants of RMSD: RMSD/L.b. and RMSD/u.b., 
which differ by the way the atoms are matched in the distance calculation. While in RMSD/u.b. each 
atom is matched in one conformation to itself in the other conformation, ignoring any symmetry, in 
RMSD/L.b. each atom is matched in one conformation to the nearest atom of the same element type in 
the other conformation. Whereas that for RMSD, the tolerance value respected is at most 2.0Å[23]. In 
addition, the affinity of the conformation presents the binding energy between the receptor and the 
ligand, being considered significant values less than -6.0 kcal/mol[13]. The compound that requires 
lower energy for the interaction to occur forms a more stable complex, in other words, has greater 
biological activity[24].

It is important to highlight that the DS-3032B, in addition to presenting satisfactory preclinical data 
regarding its anti-tumor potential, which are supported by computational findings, this drug is 
administered orally[11]. Thus, the DS-3032B becomes an attractive therapy compared to invasive and 
uncomfortable administrations for the patient.

CONCLUSION
In this study, higher biological activity means greater antagonism of MDM2 and consequent restoration 
of the tumor suppressor, p53. The confirmation was provided by the results obtained during molecular 
docking calculations, given that the conformer with the highest affinity showed -9.9 kcal/mol and 
therefore can be considered a promising candidate to inhibit the MDM2 protein. These dyspyrolidine-
derived compounds may represent a starting point for the development of new drugs to treat cancers 
with overexpression of the MDM2 protein. The identified results reinforce that bioinformatics offers 
great direction in the search and validation of treatment targets, because it presents itself as a starting 
point for improving the knowledge involving drug- protein interactions. In addition, it also promotes 
cost and time reduction when compared to traditional research methods and directs the treatment so 
that the new drugs have their side effects minimized. However, in silico processes are complementary 
and do not rule out the need for in vitro and in vivo tests.
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ARTICLE HIGHLIGHTS
Research background
Mouse double minute 2 (MDM2) is the main negative regulator of tumor suppressor p53; in this context, 
the effective inhibition of MDM2 is an alternative for cancer treatments.

Research motivation
DS-3032B is an MDM2 antagonist, and its activity is known only empirically, so bioinformatics analyses 
can point to molecular characteristics of complex interaction.

Research objectives
To analyze, in silico, the interactions between the antagonist DS-3032B and MDM2 and infer the antineo-
plastic potential of the drug.

Research methods
The analysis of chemical bonds, interaction of the drug-protein complex, and its stability were done by 
molecular docking.

Research results
Molecular docking simulations between MDM2 chain A (PDB: 5SWK) and DS-3032B (CID: 73297272) in 
its protonabed form indicated a complex with significant affinity energy, -10.0 kcal/mol. The results 
indicate a stable complex, maintained by hydrophilic and hydrophobic bonds involving 16 amino acid 
residues of MDM2.

Research conclusions
DS-3032B is able to bind to MDM2 with high affinity and stability, suggesting therapeutic efficiency.

Research perspectives
Analyze the DS-3032B/MDM2 complex using molecular dynamics and verify the possibility of 
structural changes of the drug to increase its efficiency.
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Abstract
BACKGROUND 
Triple negative breast cancer is more aggressive than other breast cancer subtypes 
and constitutes a public health problem worldwide since it has high morbidity 
and mortality due to the lack of defined therapeutic targets. Resistance to 
chemotherapy complicates the course of patients’ treatment. Several authors have 
highlighted the participation of nicotinic acetylcholine receptors (nAChR) in the 
modulation of conventional chemotherapy treatment in cancers of the airways. 
However, in breast cancer, less is known about the effect of nAChR activation by 
nicotine on chemotherapy treatment in smoking patients.

AIM 
To investigate the effect of nicotine on paclitaxel treatment and the signaling 
pathways involved in human breast MDA-MB-231 tumor cells.

METHODS 
Cells were treated with paclitaxel alone or in combination with nicotine, 
administered for one or three 48-h cycles. The effect of the addition of nicotine (at 
a concentration similar to that found in passive smokers’ blood) on the treatment 
with paclitaxel (at a therapeutic concentration) was determined using the 3-(4,5 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. The signaling 
mediators involved in this effect were determined using selective inhibitors. We 
also investigated nAChR expression, and ATP “binding cassette” G2 drug trans-
porter (ABCG2) expression and its modulation by the different treatments with 
Western blot. The effect of the treatments on apoptosis induction was determined 
by flow cytometry using annexin-V and 7AAD markers.

RESULTS 
Our results confirmed that treatment with paclitaxel reduced MDA-MB-231 cell 
viability in a concentration-dependent manner and that the presence of nicotine 
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reversed the cytotoxic effect induced by paclitaxel by involving the expression of functional α7 and 
α9 nAChRs in these cells. The action of nicotine on paclitaxel treatment was linked to modulation 
of the protein kinase C, mitogen-activated protein kinase, extracellular signal-regulated kinase, 
and NF-κB signaling pathways, and to an up-regulation of ABCG2 protein expression. We also 
detected that nicotine significantly reduced the increase in cell apoptosis induced by paclitaxel 
treatment. Moreover, the presence of nicotine reduced the efficacy of paclitaxel treatment 
administered in three cycles to MDA-MB-231 tumor cells.

CONCLUSION 
Our findings point to nAChRs as responsible for the decrease in the chemotherapeutic effect of 
paclitaxel in triple negative tumors. Thus, nAChRs should be considered as targets in smoking 
patients.

Key Words: Breast cancer; Paclitaxel; Nicotinic acetylcholine receptors; Drug therapy; Signal transduction; 
Drug transporter

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Smokers with lung tumors are more likely to generate resistance to chemotherapy than non-
smokers. However, little is known about the effect of nicotinic activation during the treatment of breast 
cancer, a cancer which arises close to the lung. In triple negative human breast cells, nicotine reduces the 
chemotherapeutic effect of paclitaxel through the participation of several kinases, as well as by modulating 
ATP “binding cassette” G2 drug transporter expression and inducing resistance to treatment. These results 
indicate that nicotinic acetylcholine receptors are a new possible target in antitumor therapy for this 
subtype of breast cancer.

Citation: Español A, Sanchez Y, Salem A, Obregon J, Sales ME. Nicotinic receptors modulate antitumor therapy 
response in triple negative breast cancer cells. World J Clin Oncol 2022; 13(6): 505-519
URL: https://www.wjgnet.com/2218-4333/full/v13/i6/505.htm
DOI: https://dx.doi.org/10.5306/wjco.v13.i6.505

INTRODUCTION
Cigarette smoke contains many harmful components for human health[1]. Among them, nicotine (NIC), 
which has addictive properties[2], exerts its effects by activating nicotinic acetylcholine receptors 
(nAChRs)[3]. These receptors belong to the Cys-loop family of pentameric ionic channels activated by 
ligands[4]. nAChRs can be made up of 17 different subunits, whose assembly creates several homopen-
tameric and heteropentameric channel subtypes in the cell membrane[5].

Originally, nAChRs were found in the nervous system. However, their expression has been described 
in several organs such as the lungs[6,7], kidney[8,9], intestine[10,11] and breast, where mainly the α7 
and α9 subunits are expressed[12,13]. The activation of nAChRs can induce an increase in the levels of 
intracellular calcium[14], which has been related to tumorigenesis in the lungs[15], liver[16], pancreas
[17] and brain[18]. This increase in intracellular calcium can in turn activate kinase signaling pathways
[19,20], which regulate different parameters of tumor biology such as proliferation, migration and 
invasion[21-23].

Previous evidence has demonstrated that the activation of these receptors can decrease the effect-
iveness of different antitumor agents in various tumor types such as those from the oral and nasal cavity
[14,24], pancreas[25], head and neck[26] and lungs[27-29]. In the lungs, many authors have described 
that NIC may exert its modulatory effect on the actions of chemotherapeutic agents through the 
activation of signaling pathways involving protein kinases[30-33]. However, little is known about the 
effect of nicotinic activation during the treatment of breast cancer, a cancer that arises close to the lungs.

Breast cancer is characterized by a high incidence that causes a high number of deaths in women 
worldwide[34]. According to their genetic profile, breast tumors are classified in different subtypes, a 
fact that allows doctors to choose the most effective antitumor therapy. Tumors can be categorized 
according to the expression of estrogen receptor (ER), progesterone receptor (PR), human epidermal 
growth factor receptor 2 (HER2) and Ki-67 protein by immunohistochemistry. This allows defining four 
subtypes of breast tumors: luminal A, luminal B, HER2+ and normal-like or triple negative (TN)[35,36]. 
TN tumors lack the expression of ER, PR and HER2, but present high expression of Ki-67 protein and 
are usually very invasive and aggressive[37]. Since these tumors do not exhibit a defined therapeutic 
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target, there is no specific treatment, and they respond poorly to taxanes like paclitaxel (PX), usually 
administered as conventional chemotherapy to other breast cancer patients.

PX is an effective drug used not only in the treatment of breast cancer, but also in non-small cell lung 
cancer, prostate cancer, and head and neck cancer[38]. It is a cytostatic compound that causes hyper-
stabilization of polymerized microtubules, inhibiting the mitotic spindle and arresting cells in G2/M 
phases[39]. The persistence of cell arrest eventually produces cell death by apoptosis[40]. Thus, a low 
level of apoptosis could be an important factor in the development of resistance to treatment.

In this study, we evaluated the ability of NIC to interfere in the treatment of human TN breast cancer 
MDA-MB-231 cells with PX and the signaling pathway involved in this action.

MATERIALS AND METHODS
Cell culture
The human breast adenocarcinoma cell lines MDA-MB-231 (TN, CRM-HTB-26), MDA-MB-468 (TN, 
HTB-132) and MCF-7 (luminal A, HTB-22) were obtained from the American Type Culture Collection 
(ATCC; Manassas, VA, United States) and cultured in Dulbecco's Modified Eagle's Medium (DMEM) 
(Invitrogen Inc., Carlsbad, CA, United States) supplemented with 100 mL/L heat inactivated fetal 
bovine serum (FBS) (Internegocios SA, Mercedes, Buenos Aires, Argentina), L-glutamine (0.3 mg/L) and 
gentamicin (80 mg/L). The cultures were maintained at 37 °C in humidified air with 50 mL/L CO2 and 
the medium was replaced three times a week. Cells were detached with 250 mg/L trypsin in Ca2+- and 
Mg2+-free PBS containing 20 mg/L EDTA. Cell viability was determined by the Trypan blue exclusion 
test and the absence of mycoplasma was observed by Hoechst staining[41].

Cell viability assay
Cell viability after treatment was determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) staining method (Life Technologies, Eugene, OR, United States). A suspension 
containing 4 × 103 cells/well was added to each well of a 96-well plate in culture medium supplemented 
with 50 mL/L FBS and cells were then left to attach overnight. When cells reached 60%-70% of 
confluence, they were deprived of FBS for 24 h to induce the synchronization of cultures. Then, cells 
were treated with PX (Bristol-Myers Squibb, Buenos Aires, Argentina) and/or NIC (which is a non-
selective nAChR agonist) in medium supplemented with 20 mL/L FBS, for 48 h in triplicate. To inhibit 
the action of the nicotinic agonist, cells were previously treated with the antagonists mecamylamine 
(MM), methyllycaconitine (MLA) or luteolin (Lut) at 10-6 mol/L; these three are respectively nAChR 
non-selective, α7 nAChR selective and α9 nAChR selective antagonists. To determine the participation 
of kinases in the effects of PX, cells were previously treated with inhibitors of: protein kinase C (PKC) 
[staurosporine (Stau), 10-8 mol/L], mitogen-activated protein kinase kinase (MEK) [PD098059 (PD), 10-5 

mol/L], Ras [S-trans, trans-farnesylthiosalicylic acid (FTS), 10-6 mol/L], extracellular signal-regulated 
kinases (ERK1/2) (U126, 10-5 mol/L), p38 mitogen-activated protein kinases (p38MAPK) [SB203580 (SB), 
10-5 mol/L] or the mediator of the activation of the NF-κB pathway IκB kinase (IKKβ) [IMD354 (IMD), 5 
× 10-8 mol/L].

To determine the modulation of the sensitivity of MDA-MB-231 cells to chemotherapy, cells were 
treated with PX in the absence or presence of NIC for three 48-h cycles with 24 h intercycles without 
treatment. Then, surviving cells were treated with a new cycle of PX for 48 h. After treatment, the 
medium was removed and 100 μL of MTT solution (500 mg/L medium free of phenol red and FBS) was 
added. Plates were incubated for 4 h at 37°C and the production of formazan was measured by 
analyzing the absorbance at 540 nm with an ELISA reader (BioTek, Winooski, VT, United States). Values 
are indicated as mean ± SD and expressed as the percentage of cell viability in comparison to cells 
without treatment considered 100%.

A diagram of the administration schedule for the determination of cell viability or cell sensitivity to 
chemotherapy is shown in Figure 1.

Calculation of the effective concentration 50
Dose–response data were transformed, changed to percentage and fitted to a sigmoidal curve, following 
a maximal effective concentration (Emax) model with at least six data points, using the GraphPad Prism 
6 software. This allowed calculating the effective concentration 50 (EC50) and Emax values. Only data 
with a coefficient of variation lower than 20% were considered for the EC50 values.

Detection of nicotinic receptors by Western blot
MDA-MB-231 cell proteins were extracted by washing them with a buffer containing 6 g/L Tris-HCl, 3 
g/L NaCl, 210 mg/L NaF, 480 mg/L MgCl2, 300 mg/L EDTA, 380 mg/L EGTA, 870 mg/L phenylmeth-
anesulfonyl fluoride, 10 mL/L Triton X-100 and 10 mg/L trypsin inhibitor, aprotinin and leupeptin, at 
pH 7.4. Samples were incubated on ice for 1 h and centrifuged at 800 G for 20 min at 4°C, afterwards the 
supernatants were collected and saved at -80°C. Protein concentrations were determined by the 
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Figure 1 Diagram of the administration schedule for the determination of cell viability or cell sensitivity to chemotherapy. PX: Paclitaxel; 
NIC: Nicotine.

Bradford assay[42].
Samples (80 μg protein per lane) were separated by 10% SDS-PAGE minigel electrophoresis and then 

transferred to nitrocellulose membranes. They were then blocked with 50 g/L skim milk and incubated 
overnight with rat anti-human-α7 nAChRs monoclonal antibody or mouse anti-human-α9 nAChRs 
monoclonal antibody (Santa Cruz Biotechnology Inc., Dallas, TX, United States), both diluted 1:200. 
Then, strips were incubated with anti-rat or anti-mouse IgG coupled to horseradish peroxidase diluted 
1:10000 in buffer containing 2.4 g/L Tris-HCl buffer, 9 g/L NaCl and 500 mg/L Tween 20 (TBS-T) at 
37°C for 1 h. α7 nAChR and α9 nAChR bands were detected by chemiluminescence and quantified by 
densitometric analysis using Image J software (NIH). The results are expressed as optical density (O.D.) 
units relative to the expression of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Santa Cruz 
Biotechnology Inc., Dallas, TX, United States), which was used as the loading control[43].

Trypan blue exclusion assay
Cell viability was also determined by the trypan blue dye exclusion test. Briefly, cells were treated with 
the corresponding drugs for 48 h in 48-well plates at a density of 104 cells/well. Cells were collected and 
centrifuged at 900 r/min for 10 min. Then, pellets were resuspended in DMEM and the trypan blue 
solution was added in a 1:1 ratio. The number of viable cells, identified as non-stained cells, was 
counted using a hemocytometer under an inverted microscope at 10X magnification and the percentage 
of these cells with respect to the total cell number was calculated.

Apoptosis determination by flow cytometry
For apoptosis determination, MDA-MB-231 cells were grown in six-well plates and treated for 48 h with 
PX, NIC or their combination, in the presence or absence of selective and non-selective nicotinic 
antagonists and kinase inhibitors. Then, cells were harvested and resuspended in binding buffer, and 2 
μL of AnnexinV-FITC was added to each sample. Cells were then incubated for 15 min at room 
temperature in the dark. After that, 2 μL of 7AAD was added and the samples were immediately 
analyzed by the BD Accuri C6 Plus Flow Cytometer. Data were analyzed by the BD Accuri C6 Plus 
software.

ATP binding cassette transporter G2 detection by Western blot
For the detection of ATP “binding cassette” G2 drug transporter (ABCG2), cells (2 × 106) were treated for 
48 h with the different drugs and samples were prepared as indicated to detect nicotinic receptors. 
Then, samples (80 μg protein per lane) were separated by 12% SDS-PAGE minigel electrophoresis, 
transferred to nitrocellulose membranes, blocked with 50 g/L skim milk and incubated overnight with a 
rabbit anti-human ABCG2 polyclonal antibody (Santa Cruz Biotechnology Inc., Dallas, TX, United 
States) diluted 1:200. Then, strips were incubated with horseradish peroxidase-linked anti-rabbit IgG, 
diluted 1:10000 in TBS-T at 37°C for 1 h. Bands were detected by chemiluminescence and then 
quantified by densitometric analysis using the Image J program (NIH) and expressed as O.D. units in 
comparison to the expression of GAPDH, which was used as the loading control[44].

Statistical analysis
Results are expressed as mean ± SD and statistical analysis was performed using the GraphPad Prism6 
software. To determine differences between mean values, one-way ANOVA was performed with 
Tukey´s post-hoc analysis. P < 0.05 was accepted as statistically significant. The data and statistical 
analysis complied with the recommendations on experimental design and analysis in pharmacology
[45].
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RESULTS
Effect of NIC on MDA-MB-231 cell viability
First, we analyzed the effect of NIC administered for 48 h to MDA-MB-231 cells in culture. The addition 
of different concentrations of NIC increased cell viability from 10-10 mol/L, with an Emax of 189.3% ± 
5.2% (Figure 2A). This effect was reduced by the pre-treatment of cells with different nicotinic 
antagonists: MM (non-selective) (Emax: 118.4% ± 3.36%), MLA (α7 nAChR selective) (Emax: 143.6% ± 
1.38%), or Lut (α9 nAChR selective) (Emax: 135.6% ± 5.69%), all of them added at 10-6 mol/L (all P < 
0.001 vs NIC treatment) (Figure 2A). The nicotinic antagonists alone did not modify cell viability (data 
not shown). In addition, expression of α7 and α9 nAChRs in MDA-MB-231 cells was detected by 
Western blot assay (Figure 2B).

Paclitaxel treatment of MDA-MB-231 cells in the presence of NIC
In the next set of experiments, we analyzed the action of PX on tumor cells in the presence of NIC. First, 
we confirmed that PX reduced MDA-MB-231 cell viability in a concentration-dependent manner and 
that the PX effect was significant at concentrations equal to or higher than 10-8 mol/L (EC50: 1.0 × 10-7 
mol/L) (Figure 3). On the other hand, the presence of the first effective concentration of NIC (10-10 
mol/L) shifted the concentration-response curve to the right, increasing the EC50 value by more than 
one order (EC50: 1.2 × 10-6 mol/L) (Figure 3).

After three cycles of PX (48 h each) in the presence of NIC, followed by 24 h without drugs, surviving 
cells were less sensitive to a subsequent PX cycle in comparison to the same treatment in the absence of 
NIC. The latter was evidenced by an increase in the EC50 value obtained from the concentration-
response-curve (PX+NIC EC50: 3.6 × 10-6 mol/L; PX EC50: 4.8 × 10-7 mol/L) (Figure 4).

It has been documented that 10-10 mol/L can be considered a concentration of NIC similar to that 
present in the bloodstream of passive smoking patients[46]. To analyze the ability of NIC to interfere 
with the action of therapeutic concentrations of PX, we treated MDA-MB-231 cells with a combination of 
10-10 mol/L NIC and 10-7 mol/L PX for 48 h. We determined that NIC reduced PX effectiveness by 
increasing tumor cell viability to 110.8% ± 1.9% in comparison to PX treatment in the absence of NIC 
(51.1% ± 3.9%, P < 0.01). This effect of NIC on PX action was partially reduced by the pre-treatment of 
cells with nicotinic antagonists (MM, MLA or Lut) added at 10-6 mol/L (P < 0.001 vs PX+NIC) 
(Figure 5A) in a manner similar to that of NIC treatment alone (NIC: 138.16 ± 6.08; NIC+MM: 116.52 ± 
0.12; NIC+Lut: 126.16 ± 5.96; NIC+MLA: 119.69 ± 4.26; P < 0.001; P < 0.05 and P < 0.001 vs NIC, 
respectively). We confirmed that the PX effect was independent of nAChR activation since pre-
treatment with nicotinic antagonists did not modify the effect of PX treatment alone (PX+MM: 52.12 ± 
6.65; PX+Lut: 49.97 ± 5.88; PX+MLA: 54.6 ± 4.01). To confirm the action of drugs on cell viability, we 
next analyzed the ratio of living cells by the Trypan blue exclusion test after the different treatments. 
The results plotted in Figure 5B (control: 100 ± 3.3; NIC: 129.3 ± 1.1, P < 0.001; PX: 64.1 ± 4.3, P < 0.001; 
PX+NIC: 92.3 ± 2.5, P=ns; PX+NIC+MM: 56.3 ± 3.4, P < 0.001; PX+NIC+MLA: 66.7 ± 5.4, P < 0.001; 
PX+NIC+Lut: 52.3 ± 6.0, P < 0.001; all being % or significance with respect to the control) show values 
similar to those obtained by the MTT assay (Figure 5A).

To confirm that nicotinic agonists can modulate the action of PX in reducing viability in other breast 
cancer cells, we tested the effect of PX (10-7 mol/L) in the absence or presence of NIC (10-10 mol/L) on 
MDA-MB-468 and MCF-7 cell viability. We determined that the presence of NIC reduced the effect of 
PX in MDA-MB-468 and MCF-7 cells, and that these effects were prevented by pre-incubating cells with 
10-6 mol/L of MM (Table 1).

Signal transduction pathways and mechanism involved in the effect of paclitaxel on NIC-treated 
tumor cells
Previous reports have indicated that the activation of protein kinases is essential to modulate cell 
viability by triggering pro/anti-apoptotic gene transcription[47,48]. Additionally, the induction of the 
expression of these proteins could implicate activation of the NF-κB pathway. In the present study, we 
observed that the effect of PX on MDA-MB-231 cells is mediated, at least in part, by the Ras, p38MAPK (
P < 0.01 vs PX) and NF-κB pathways (P < 0.05 vs PX) since the addition of their specific inhibitors FTS, 
SB or IMD respectively modified PX action (Figure 6A). On the other hand, the presence of NIC during 
PX treatment not only involved the previously mentioned molecules, but also the PKC (P < 0.05 vs PX), 
MEK (P < 0.01 vs PX) and ERK1/2 (P < 0.01 vs PX) pathways, as revealed by the action of Stau, PD and 
U126, respectively, which were added to the cultures (Figure 6B). We confirmed that the inhibitors alone 
did not modify cell viability (data not shown).

Apoptosis is a cell death mechanism that could improve antitumor actions of chemotherapy, and the 
activation of protein kinases is frequently associated with the activation of pro/anti-apoptotic signaling 
pathways. As expected, we found a reduction in cell viability due to the apoptosis induced by PX (PX: 
16.7% ± 1.4%; control: 6.1% ± 0.7%, P < 0.001). The presence of NIC reduced the effect of PX. The 
percentage of apoptotic cells was 9.3 ± 0.6 (P < 0.05 vs control or P < 0.001 vs PX) (Figure 7). We also 
observed that the effect of NIC on PX-treated cells was totally reversed in the presence of nicotinic 
antagonists (P > 0.05 vs PX) (Figure 7).
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Table 1 Effect of the combination of paclitaxel with nicotine on MDA-MB-468 and MCF-7 cell viability

Treatment MDA-MB-468, cell viability (% of control) MCF-7, cell viability (% of control)

PX 61.01 ± 3.79 65.36 ± 4.86

NIC 137.79 ± 3.69c 141.94 ± 4.07c

PX+NIC 79.15 ± 6.94a 117.99 ± 10.06c

PX+NIC+MM 62.37 ± 4.71 69.13 ± 7.22

aP < 0.05 vs control.
cP < 0.001 vs control.

Figure 2 MDA-MB-231 cell viability. A: Concentration-response curves of nicotine on cell viability in the absence or presence of nicotinic antagonists: 
mecamylamine [non-selective for nicotinic acetylcholine receptors (nAChRs)], methyllycaconitine (selective for α7 nAChRs), or luteolin (selective for α9 nAChRs) at a 
concentration of 10-6 mol/L. Values are the mean ± SD of five experiments performed in duplicate. cP < 0.001 vs control; dP < 0.001 vs nicotine; eP < 0.001 vs control 
or nicotine; B: Western blot assay to detect α7 and α9 nAChR expression. Molecular weights are indicated on the right. The expression of glyceraldehyde 3-
phosphate dehydrogenase was used as the loading control. One representative experiment of three is shown. MM: Mecamylamine; MLA: Methyllycaconitine; Lut: 
Luteolin; nAChRs: Nicotinic acetylcholine receptors; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

An important aspect in cancer chemotherapy is the development of resistance. This phenomenon has 
been linked to several proteins, including ABCG2, which is a drug extrusion pump that decreases the 
effectiveness of antitumor drugs. Thus, we next analyzed ABCG2 expression by Western blot. As shown 
in Figure 8, MDA-MB-231 cells expressed this protein and the addition of PX caused a significant 
increase in its expression (P < 0.05). The presence of NIC during PX treatment potently increased 
ABCG2 levels in tumor cells (P < 0.001 vs PX). The pretreatment of cells with nicotinic antagonists 
reduced NIC action on ABCG2 expression (P > 0.05 vs PX+NIC) (Figure 8).

DISCUSSION
Our results reveal the mechanisms by which NIC decreases the cytotoxic effects of PX on human TN 
breast cancer MDA-MB-231 cells. Several authors have described the effect of nAChR activation on cell 
proliferation. Regarding the latter, NIC from tobacco smoke stimulates nAChRs expressed in the oral 
cavity[49], esophagus[50], stomach[51], intestine[52] and lungs[53-55]. NIC can also trigger malignant 
transformation in smoking patients and increases the risk of developing lung cancer[56,57]. Less is 
known about the effects of NIC on developing tumors or promoting malignant growth in other organs 
near the lung that also express nAChRs, such as is the case of the breast. Previous studies have shown 
that human breast tumors express the α7 and α9 nAChR subtypes[58,59]. In the present study, we 
confirmed that these receptors are functional in MDA-MB-231 tumor cells as treatment with NIC 
increased cell viability in a concentration-dependent manner. This effect was reversed by the pre-
treatment of cells with selective nicotinic antagonists.
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Figure 3 MDA-MB-231 cell viability. Concentration-response curves of paclitaxel on cell viability in the absence or presence of nicotine (NIC) (10-10 mol/L). 
Values are the mean ± SD of six experiments performed in duplicate. aP < 0.05; cP < 0.001 vs Control; dP < 0.001 vs +NIC. NIC: Nicotine.

Figure 4 Sensitivity of MDA-MB-231 cells to chemotherapy. Concentration-response curves of paclitaxel (PX) on the viability of surviving cells after three 
cycles of PX treatment (10-7 mol/L) in the absence or presence of nicotine (10-10 mol/L). Values are the mean ± SD of three experiments performed in duplicate. bP < 
0.01; cP < 0.001 vs surviving cells after three cycles of PX treatment. PX: Paclitaxel; NIC: Nicotine.

Previous reports have indicated that the presence of NIC (due to smoking) reduces the effectiveness 
of chemotherapy in lung cancer patients[60]. Less evidence is available about the effect of NIC on breast 
cancer patients during chemotherapy administration. PX is a first-choice drug in breast cancer treatment 
due to its antimitotic ability and its effect on inhibiting different tumor progression pathways[61]. Our 
results confirm that PX acts on MDA-MB-231 tumor cells by reducing their viability in a dose-
dependent manner. The presence of NIC at a concentration similar to that present in the blood of 
passive smokers[62,63] reduced the potency of PX by more than one order of magnitude. It is also 
important to highlight that the administration of NIC is effective in reducing the PX effect in other TN 
tumor cells such as MDA-MB-468, and in luminal A MCF-7 tumor cells. In a human gastric cancer 
model, Tu et al[64] observed a reduction in the effect of PX on cell viability due to NIC through the 
activation of α7 nAChRs. Similarly, here we demonstrated that both the α7 and α9 nAChR subtypes are 
involved in this effect, a fact also evident when PX chemotherapy was administered in cycles to TN 
breast tumor cells.

Several authors have demonstrated that chemotherapeutic drugs control tumor tissue growth by 
reducing cell viability[28,65,66] and activating distinct signaling transduction pathways that involve 
PKC[67], MEK[68], ERK1/2[69], Ras[70], p38MAPK[71] and NF-κB[72]. In particular, PX exerts its 
effects via the activation of different kinase signaling pathways depending on the cell type analyzed[73-
75]. In our model, PX reduced cell viability through activation of the Ras, p38MAPK and NF-κB 
pathways. These results are in line with those obtained by Lu et al[76], who described that treatment 
with PX decreases ovarian carcinoma cell viability by activating the p38MAPK pathway, as well as with 
those of Okano and Rustgi[77], who observed that the treatment of human esophageal squamous cancer 
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Figure 5 Effect of nicotine on paclitaxel treatment. A: Viability determination of MDA-MB-231 cells treated with nicotine (10-10 mol/L) and paclitaxel (10-7 
mol/L) alone or in combination, in the absence or presence of nicotinic antagonists: mecamylamine [non-selective for nicotinic acetylcholine receptors (nAChRs)], 
methyllycaconitine (selective for α7 nAChRs), or luteolin (selective for α9 nAChRs) at a concentration of 10-6 mol/L; B: Determination of percentage of living MDA-MB-
231 cells treated with the same drug combinations as those shown in Figure 5A. Values are the mean ± SD of four experiments performed in duplicate. bP < 0.01; cP 
< 0.001 vs control, considered as 100%. MM: Mecamylamine; MLA: Methyllycaconitine; Lut: Luteolin; PX: Paclitaxel; NIC: Nicotine.

Figure 6 Effect of paclitaxel and nicotine on MDA-MB-231 cell viability. A: Cells were treated with paclitaxel (PX) (10-7 mol/L) and the mediators were 
evaluated in the absence or presence of the kinase inhibitors for: PKC (staurosporine, 10-8 mol/L), MEK (PD098059 PD, 10-5 mol/L), Ras (S-trans, trans-
farnesylthiosalicylic acid, 10-6 mol/L), ERK1/2 (U126, 10-5 mol/L), p38MAPK (SB203580, 10-5 mol/L) or IKKβ (IMD354, 5 × 10-8 mol/L); B: Cells were treated with the 
combination of PX and nicotine (NIC) (10-10 mol/L) as well as with the same inhibitors as those shown in Figure 6A. Values are the mean ± SD of four experiments 
performed in duplicate. aP < 0.05; bP < 0.01 vs PX. cP < 0.05; dP < 0.01; eP < 0.001 vs PX+NIC. FTS: S-trans, trans-farnesylthiosalicylic acid; SB: SB203580; Stau: 
Staurosporine; PD: PD098059; PX: Paclitaxel; NIC: Nicotine.

cells with PX increases cell death through the activation of Ras.
In the present study, when we analyzed signaling pathways involved in PX treatment in the presence 

of NIC, we determined that PKC, MEK and ERK1/2 also participate in the reduction of breast tumor cell 
viability. These results are similar to those of Chernyavsky et al[78], who described that, in human 
corneal epithelial cells, the stimulation of α7 nAChRs can activate the PKC-MEK-ERK1/2 signaling 
pathway through an increase in intracellular calcium, which induces an up-regulation of E cadherin 
expression related with corneal re-epithelization. In the same line of evidence, Wang et al[79] described 
that the activation of α7 nAChRs can mediate the proliferation of hepatocellular carcinoma through a 
TRAF6/NF-κB-dependent mechanism similar to that observed in the present study. Our results and 
those of others thus indicate the presence of antagonistic effects between PX and NIC on cell viability.

PX reduces breast cell viability, at least in part, through the induction of apoptosis[71]. We confirmed 
that this effect also occurs in our model as an increase in MDA-MB-231 cell apoptosis was observed after 
48 h of treatment. The effect of PX on cellular apoptosis was attenuated by the activation of α7 and α9 
nAChRs with NIC.
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Figure 7 Effect of nicotine on paclitaxel-induced apoptosis in MDA-MB-231 cells. Tumor cells were treated with paclitaxel (10-7 mol/L) in the absence 
or presence of the following nicotinic antagonists: mecamylamine [non-selective for nicotinic acetylcholine receptors (nAChRs)], methyllycaconitine (selective for α7 
nAChRs), or luteolin (selective for α9 nAChRs) at a concentration of 10-6 mol/L. The percentage of apoptotic cells was determined by flow cytometry. Values are the 
mean ± SD of four experiments performed in duplicate. aP < 0.05; bP < 0.01; cP < 0.001 vs control; dP < 0.001. MM: Mecamylamine; MLA: Methyllycaconitine; Lut: 
Luteolin; PX: Paclitaxel; NIC: Nicotine.

Figure 8 Effect of nicotine on paclitaxel-induced expression of ATP binding cassette transporter G2 protein in MDA-MB-231 cells. A: ATP 
binding cassette transporter G2 expression was determined by Western blot assays in cells treated with paclitaxel (10-7 mol/L), nicotine (10-10 mol/L) or both, in the 
absence or presence of the nicotinic antagonists mecamylamine [non-selective for nicotinic acetylcholine receptors (nAChRs)], methyllycaconitine (selective for α7 
nAChRs) or luteolin (selective for α9 nAChRs) at a concentration of 10-6 mol/L. Molecular weights are indicated on the right; B: The densitometric analysis of the 
bands is expressed as optical density units relative to the expression of glyceraldehyde 3-phosphate dehydrogenase protein used as the loading control. One 
representative experiment of three is shown. Values are the mean ± SD of three experiments. aP < 0.05; cP < 0.001 vs Control; dP < 0.001 vs PX+NIC. ABCG2: ATP 
“binding cassette” G2 drug transporter; O.D.: Optical density; MM: Mecamylamine; MLA: Methyllycaconitine; Lut: Luteolin; nAChRs: Nicotinic acetylcholine receptors; 
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; PX: Paclitaxel; NIC: Nicotine.

A frequent undesirable effect of antitumor therapy is innate or acquired resistance. In particular, PX 
can induce acquired resistance[80,81] by the transactivation of signaling pathways[82] or by triggering 
the overexpression of several proteins[83,84]. Considering the latter, the ABCG2 transporter plays an 
important role in the generation of resistance to PX treatment in breast adenocarcinomas[85]. In the 
present study, PX induced an increase in ABCG2 expression and this effect was potentiated by α7 and α
9 nAChR activation by NIC. The increase in ABCG2 expression should lead to a higher rate of PX 
extrusion, partly explaining the reduction in the cytostatic effect of PX in the presence of NIC, as well as 
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Figure 9 Possible signal transduction pathways in MDA-MB-231 cells activated by paclitaxel in the absence or presence of nicotine. NIC: 
Nicotine; PX: Paclitaxel; nAChR: Nicotinic acetylcholine receptors; ABCG2: ATP “binding cassette” G2 drug transporter; PKC: Protein kinase C; MEK: Mitogen-
activated protein kinase kinase; ERK: Extracellular signal-regulated kinases; p38MAPK: p38 Mitogen-activated protein kinases; IKKβ: IκB kinase; IκBα: κB inhibitors.

the decrease in the sensitivity to PX when administered in cycles in the presence of NIC. Similar results 
have been obtained by Mukherjee et al[86] and Amawi et al[87], who described that PX treatment 
increases the activation and expression of ABCG2 in different breast cancer cell lines and that this factor 
could mediate the resistance to treatment[88]. Moreover, Nimmakayala et al[89] and An et al[90] 
observed that the exposure of pancreatic and lung tumor cells to cigarette smoke caused an increase in 
the expression of this pump.

A possible mechanism of action of PX treatment in the presence of NIC in a TN tumor-bearing 
smoking patient is proposed in Figure 9.

CONCLUSION
Our results demonstrate that NIC at a concentration similar to that present in passive smokers' plasma 
can negatively modulate the cytotoxic/apoptotic effect of PX in TN breast tumors. The reduction in the 
sensitivity to PX could be due to an increase in the expression of the ABCG2 transporter in malignant 
cells. Additionally, our findings demonstrated the participation of different kinases and the NF-κB 
pathway, which would modulate cell viability in this effect. This information could allow the 
development of better strategies to improve TN breast cancer therapy, such as blocking nAChRs 
together with PX during chemotherapy administration to passive smoking patients.

ARTICLE HIGHLIGHTS
Research background
Triple negative is the subtype of breast cancer with the worst prognosis, showing an increase in 
resistance to chemotherapy in smoking patients, who have high levels of nicotine in their blood. In lung 
cancer, it has been proposed that the activation of nicotinic acetylcholine receptors could be responsible 
for the modulation of several parameters of tumor biology and the loss of effectiveness of chemothera-
peutic treatment, but it is not known what occurs in a nearby organ such as the breast.
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Research motivation
Given that breast tumor-bearing patients have a low efficiency to antitumor therapy, knowledge of the 
signaling pathways involved in this phenomenon is important to generate new therapeutic targets that 
improve sensitivity to treatment.

Research objectives
This research aimed to determine the signaling pathways involved in the nicotinic modulation of the 
cytostatic effect of paclitaxel in human triple negative breast cancer cells.

Research methods
The modulatory effect of nicotine on paclitaxel treatment was assessed by the 3-(4,5 dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide assay. The trypan blue exclusion assay was used to evaluate viable 
cells in response to different treatments. Protein expression levels were evaluated by Western blot 
assays and apoptosis was determined using immunofluorescence assays with annexin V and 7AAD.

Research results
Nicotine decreased paclitaxel’s inhibition of viability and apoptosis in MDA-MB-231 breast cancer cells. 
This modulation of viability is mediated by the activation of α7 and α9 nicotinic acetylcholine receptors 
and protein kinases PKC, Ras, MEK, ERK, p38MAPK and the NF-κB pathway. Cells surviving paclitaxel 
treatment in the presence of nicotine are less sensitive to another cycle with the chemotherapeutic agent 
probably due an increase in the protein expression of ATP binding cassette transporter G2.

Research conclusions
Nicotine modulates the cytotoxic/apoptotic effects of paclitaxel and knowledge of its signaling pathway 
mediators could allow the development of better strategies to improve triple negative breast cancer 
therapy, such as nicotinic acetylcholine receptors blockage together with paclitaxel during 
chemotherapy administration to smoking patients.

Research perspectives
Knowledge of the mediators that participate in the nicotinic modulation of paclitaxel’s effect will allow 
the development of new antitumor strategies that could be applied not only to other subtypes of 
mammary tumors, but also to tumors in other organs of smoking patients.
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Abstract
BACKGROUND 
Although PNENs generally have a better prognosis than pancreatic cancers, some 
PNENs display malignant behavior including lymph node (LN) metastasis. 
Complete tumor resection can be the only potentially curative treatment for 
patients with resectable PNENs. However, the indications for LN dissection are 
still controversial. Over the last decade, minimally invasive surgery such as 
laparoscopic pancreatic surgery (LPS) has been increasingly performed for 
pancreatic tumors including PNENs.

AIM 
To investigate the risk factors for LN metastasis in PNENs and to select 
appropriate patients for limited surgery by LPS.

METHODS 
From April 2001 to December 2019, 92 patients underwent pancreatic resection for 
PNENs at Kumamoto University Hospital. Finally, 82 patients were enrolled in 
this study. Using perioperative factors, we examined the predictive factors for LN 
metastasis in PNENs.

RESULTS 
Among the 82 patients, the percentage of LN metastasis according to the 
pathological findings was 12% (10/82 cases). The median tumor size was 12 mm 
(range: 5-90 mm). The median tumor size in the LN-positive group (37 mm) was 
significantly larger than that in the LN-negative group (12 mm) (P = 0.0001). 
Multivariate analyses revealed that larger tumor size (≥ 20 mm) was an inde-
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pendent risk factor for LN metastasis (odds ratio 16.8, P = 0.0062). In patients with small tumors (≤ 
10 mm), LN metastasis was not found.

CONCLUSION 
Larger tumor size (≥ 20 mm) is an independent risk factor for LN metastasis in PNENs. In smaller 
PNENs (≤ 10 mm), we may be able to choose limited surgery without LN dissection.

Key Words: Lymph node metastasis; Pancreatic neuroendocrine neoplasms; Risk factor; Tumor size
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Core Tip: Among the 82 patients, the percentage with lymph node (LN) metastasis according to the 
pathological findings was 12% (10/82 cases). The median tumor size was 12 mm (range: 5-90 mm). The 
median tumor size in the LN-positive group (37 mm) was significantly larger than that in the LN-negative 
group (12 mm) (P = 0.0001). Multivariate analyses revealed that large tumor size (≥ 20 mm) was an 
independent risk factor for LN metastasis. In patients with small tumors (≤ 10 mm), LN metastasis was not 
found. In conclusion, large tumor size (≥ 20 mm) is an independent risk factor for LN metastasis in 
PNENs. In smaller PNENs (≤ 10 mm), we may be able to choose limited surgery without LN dissection.
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INTRODUCTION
Pancreatic neuroendocrine neoplasms (PNENs) are relatively rare and represent 1%-2% of all pancreatic 
neoplasms[1]. Although patients with PNENs generally have better prognosis than those with 
pancreatic cancers, some PNENs display malignant behavior including local invasion, lymph node (LN) 
metastasis, and distant metastasis[2]. The natural history of PNENs is not fully understood because of 
their relative rarity, and therefore, it is difcult to predict the malignant potential of PNENs precisely.

Complete tumor resection can be the only potentially curative treatment for patients with resectable 
PNENs. However, optimal surgical management procedures have not yet been established[3,4]. 
Especially, the indications for LN dissection are still controversial, especially in early PNENs. This is 
partly caused by the difficulty of predicting LN metastasis. Therefore, it is important to establish 
appropriate indications for LN dissection to treat PNENs.

Over the last decade, minimally invasive surgery such as laparoscopic pancreatic surgery (LPS) has 
been increasingly performed for pancreatic tumors including PNENs[5-7]. Non-comparative studies 
have shown that LPS for pancreatic tumors is safe and equivalently effective to open pancreatic surgery 
(OPS)[8-10]. In well-selected groups of patients with pancreatic lesions, LPS provides good peri and post 
operative outcomes, such as reduced intraoperative blood loss, and postoperative pain and length of 
postoperative day[8,10-13]. As a limited type of LPS, laparoscopic spleen-preserving distal pancre-
atectomy and excisional resection for PNENs has also been performed in selected cases[7,14,15]. 
However, the indications for limited surgery by LPS for patients with PNENs remain unclear.

The aims of this study are to investigate the risk factors for LN metastasis in PNENs and to select 
appropriate patients for limited LPS.

MATERIALS AND METHODS
Study cohort
From April 2001 to December 2019, 92 patients underwent pancreatic resection for PNENs at 
Kumamoto University Hospital. Of them, 10 patients (11%) were excluded from this analysis because of 
distant metastases and coexisting tumors other than PNENs. Finally, 82 patients were enrolled in this 
study. The patients were identified retrospectively from a prospectively maintained database, and 
additional data were obtained by reviewing each patient’s medical records. Written informed consent 
was obtained from all patients before treatment, and this study was approved by the Institutional 
Review Board of Kumamoto University (number 1291).
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Treatment strategy
Before treatment, all patients underwent routine diagnostic laboratory tests and imaging modalities 
including enhanced computed tomography (CT), magnetic resonance imaging (MRI), and endoscopic 
ultrasound (EUS). The final diagnoses were confirmed pathologically using resected specimens. Tumors 
were classified as functional PNENs according to the clinical signs and symptoms of hormonal excess 
and increased levels of corresponding serum peptides and hormones. Tumors were classified as non-
functional if they were not associated with distinct clinical manifestations or hormonal alterations[16]. 
Surgical procedures were selected based on each tumor’s location and extent and the patient’s general 
condition. Pancreatic resection was considered the first-choice treatment for patients with PNENs.

Postoperative workup
After treatment, all of the patients underwent regular follow-up examinations including routine 
laboratory tests and imaging studies including EUS, CT, or MRI to detect any pancreatic recurrence or 
distant metastasis, as described previously[17]. When tumor recurrence was confirmed, various 
treatment modalities were selected, including repeat surgery, chemotherapy, or a combination of these 
methods, according to tumor location and patient condition.

Statistical analysis
Continuous variables were expressed as median (range). Continuous and categorical variables were 
compared using Mann-Whitney U and χ2 tests, respectively. Survival analyses were performed using 
the Kaplan-Meier method, with comparisons using the log rank test. Overall survival (OS) was 
calculated from the date of surgery until death or last follow-up. Variables in which the P value for LN 
metastasis was < 0.05 in univariate analysis were subjected to subsequent multivariate analysis by 
stepwise backward elimination procedures. All statistical analyses were performed using JMP® version 
13.1 (SAS institute, Cary, NC, United States). All P values were two-sided, and P < 0.05 was considered 
as statistically significant.

RESULTS
The 82 patients’ demographic and clinical characteristics are summarized in Table 1. There were 41 male 
and 41 female patients, with a median age of 59 years (range, 18-81 years). Thirty five patients (43%) had 
symptoms at the first consultation. Preoperative contrast-enhanced CT showed that the majority of 
patients had tumors with hyper enhanced pattern (72 patients, 88%). Of the 31 patients (38%) who had 
functional PNENs, the most frequent type of functional PNEN was insulinoma (26 patients, 32%), 
followed by glucagonoma (2, 2.5%), gastrinoma (2, 2.5%), and VIPoma (1, 1%). There were 51 patients 
(62%) who had non-functional PNENs. Their 2017 WHO classifications were: G1, 70 (85%); G2, 9 (11%); 
and G3 or NEC, 3 (4%). Fourteen patients (17%) had multiple tumors, and the median tumor size was 12 
mm (range, 5-90 mm). Among the 82 patients, 23 (28%) received pancreatoduodenectomy (PD), 38 (46%) 
received distal pancreatectomy, 2 (2.5%) received PD + DP, and 19 (23%) received enucleation or partial 
pancreatectomy.

Among the 82 patients, 10 (12%) were identified as having LN metastasis. The demographic and 
clinical characteristics of the 10 patients with LN metastasis were compared with those of the 72 patients 
without LN metastasis (Table 1). LN metastases of PNENs were positively associated with pathological 
grade: 6%, 44%, and 67% of cases with LN metastases were classified as G1, G2, and G3/NEC, 
respectively (P = 0.0009). In the LN metastasis-positive group, tumor size was significantly larger than 
that in the negative group (median, 12 vs 37, P = 0.0001). Univariate analysis showed that the following 
three factors were related to LN metastasis: tumor size ≥ 20 mm [Odds Ratio (OR) 31.5, P < 0.0001], 
WHO 2017 classification ≥ G2 (OR 20.1, P = 0.0001), and non-functional type of PNEN (OR 6.43, P = 
0.035). Multivariate logistic regression analyses revealed that tumor size ≥ 20 mm was an independent 
risk factor for LN metastasis (OR 16.8, P = 0.0062) (Table 2).

Figure 1 shows the rate of LN metastasis according to tumor size. The rates of LN metastasis 
according to tumor size were as follows: 0% (0/29 cases, ≤ 10 mm group), 3% (1/31 cases, 11 mm-20 mm 
group), 25% (2/8 cases, 21-30 mm group), 50% (3/6 cases, 31-40 mm group), and 50% (4/8 cases, > 40 
mm group) (Figure 1). The median length of follow-up after surgery was 51.8 months (range, 0.4-224.2). 
The cumulative OS rate after surgery for patients with no LN metastasis was significantly higher than 
that for those with LN metastasis (P = 0.009) (Figure 2).

DISCUSSION
PNENs are rare tumors[1]. The oncological history is not yet fully understood due to their often-lazy 
course, because it is not easy to find correct diagnosis and treatment. Furthermore, PNENs have wide 
variety biological behaviors, such as benign tumors and malignant status[18]. Because of the hetero-
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Table 1 Comparisons of patients’ characteristics according to the presence of lymph node metastasis of pancreatic neuroendocrine 
neoplasm

Variables Total (n = 82) N- (n = 72) N+ (n = 10) P value

Age, median (range) 59 (18-81) 58 (18-80) 63 (18-81) 0.65

Gender (male/female) 41/41 35/37 6/4 0.50

Tumor size, median, mm (range) 12 (5-90) 12 (5-90) 37 (12-75) 0.0001

Tumor number (single/multiple) 68/14 59/13 9/1 0.50

Tumor location (Ph/Pb/Pt/Ph and Pt) 32/23/25/2 23/22/25/2 9/1/0/0 0.15

Symptoms (yes/no) 35/47 31/41 4/6 0.85

CT Enhancement (hyper/hypo) 72/10 64/8 8/2 0.17

Type of PNEN, n (%) NS

Insulinoma 26 (32) 26 0

Gastrinoma 2 (2.5) 1 1

Glucagonoma 2 (2.5) 2 0

VIPoma 1 (1) 1 0

Non functional 51 (62) 42 9

WHO classification 2017, n (%) 0.0009

NET G1 70 (85) 66 4 (6%)

NET G2 9 (11) 5 4 (44%)

NET G3/NEC 3 (4) 1 2 (67%)

Surgical procedure, n (%) NS

Pancreatoduodenectomy (PD) 23 (28) 15 8

Distal pancreatectomy (DP) 38 (46) 37 1

PD + DP 2 (2.5) 2 0

Enucleation/partial pancreatectomy 19 (23) 18 1

N−: Negative for lymph node metastasis; N+: Positive for lymph node metastasis; NEN: Neuroendocrine neoplasms; WHO: World Health Organization; 
NET: Neuroendocrine tumor; PD: Pancreatoduodenectomy; DP: Distal pancreatectomy; CT: Computed tomography; PNEN: Pancreatic neuroendocrine 
neoplasm. NS: Not significant.

geneity of PNENs, it is very difficult both to construct the effective clinical treatment policy systems and 
to confirm the surgical method for cure.

Some reports have associated LN metastasis with shorter OS[3,19-25], while others have found that 
LN status did not affect survival[26-29]. LN metastasis is positively correlated with pathological grade, 
with 15%-20%, 30%-40%, and > 50% of patients with LN metastasis classified as G1, G2, and G3, 
respectively[30]. In our study, we also reported that the LN metastasis-positive group of PNENs had 
poor OS after surgery. Further, we reported that LN metastases of PNENs are positively associated with 
pathological grade, with 6%, 44%, and 67% of patients with LN metastases classified as G1, G2, and 
G3/NEC, respectively (P = 0.0009; Table 1). Therefore, patients with PNENs and LN metastasis have 
poor prognosis and high malignant potential. However, previous reports have not clearly shown that to 
omit LN dissection may increase the possibility of recurrence. Some previous studies shows that local 
LN metastases of PNENs have oncologic effects[30,31]. A past study related with non-functional G1 
PNENs who underwent surgery of pancreas reported that LN metastases of PNENs do not adversely 
affect oncological outcomes and do not require routine local lymphadenectomy[32]. Partelli et al[33] 
reported that a lot of insulinomas (well-differentiated) and non-functional PNENs located in the distal 
pancreas are very small, rarely associated with LN metastases, and there is no radiographic evidence of 
positive of LN metastases. Thus, the significance of LN metastasis in patients with PNENs is very 
complicated, and the indications for regional LN dissection are still controversial.

Previous studies have focused on the associations of LN metastasis or and/or prognosis with tumor 
size[17,21,34-39]. Although LN metastasis has been seen even in patients with tumors < 10 mm, LN 
metastasis occurs more often in patients with large tumors than in those with smaller ones. In our study, 
there were no cases of LN metastasis in patients with tumors ≤ 10 mm. LN metastases of PNENs were 
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Table 2 Factors related to lymph node metastasis of pancreatic neuroendocrine neoplasm

Univariate analysis Multivariate analysis
Factors

Odds ratio P value Odds ratio 95%CI P value

Age ≥ 60 0.54 0.40

Gender (male) 0.63 0.50

Symptoms (yes) 1.13 0.85

CT Enhancement (hyper) 4 0.17

Tumor number (multiple) 1.98 0.50

Tumor size (≥ 20 mm) 31.5 < 0.0001 16.8 2.15-35.4 0.0062

WHO classification 2017 (≥ G2) 20.1 0.0001 NS

Type of PNEN (non functional) 6.43 0.035 NS

NEN: Neuroendocrine neoplasms; WHO: World Health Organization; CT: Computed tomography; PNEN: Pancreatic neuroendocrine neoplasm; NS: Not 
significant.

Figure 1 Rate of lymph node metastasis according to tumor size. The rates of lymph node metastasis according to tumor size were as follows: 0% (0/29 
cases, ≤ 10 mm group), 3% (1/31 cases, 11 mm-20 mm group), 25% (2/8 cases, 21-30 mm group), 50% (3/6 cases, 31-40 mm group), and 50% (4/8 cases, > 40 mm 
group). LN: Lymph node.

positively associated with tumor size, being present in 0%, 3%, 25%, and 50% of patients with primary 
tumors ≤ 10 mm, 11-20 mm, 21-30 mm, and > 30 mm, respectively. If we can predict the presence of LN 
metastasis according to tumor size, we can select appropriate patients for limited LPS.

Over the last decade, the use of laparoscopy in pancreatic surgery has increased significantly, and 
previously almost all open surgery can now be performed in a minimally invasive method. In general, 
these minimally invasive surgery should be limited to high-volume centers with extensive experience in 
pancreatic surgery with open surgery. Patients with small-sized PNENs in the body and tail of the 
pancreas are particularly well suited for minimally invasive surgery, and the laparoscopic procedures 
gives better result than open surgical method[40,41]. Laparoscopic distal pancreatectomy have the 
potential to be superior to the open surgical method in patients with benign tumors, resulting in less 
operative bleeding, shorter postoperative days, and equivalent rates of complications[13]. According to 
the review by 11 studies, which involve 906 PNENs patients, of whom 22% and 78% underwent LPS 
and OPS, respectively, it reported that overall complication rate of laparoscopic method was 
significantly lower (38% vs 46%, P < 0.001) and the postoperative days in hospital is shorter (P < 0.001)
[40]. LPS is now considered to be a safe approach for PNENs and should be included in the patient’s 
surgical equipment. Many surgeons have reported that the rates of overall complication in small or 
benign tumors were lower with LPS than OPS. Although in the cases of patients with malignant PNENs, 
we need advanced surgical skills, LPS was not associated with compromised oncologic resection and 
provided benefits including reduced postoperative pain, shorter hospital stay, and shorter postoperative 
recovery period. Thus, it is important to investigate the risk factors of LN metastases in PNENs and to 
select appropriate patients for limited LPS. Our results offer certain recommendations in this regard.
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Figure 2 Overall survival after surgery of 82 patients according to the presence of lymph node metastasis. The cumulative overall survival rate 
after surgery among patients who had no lymph node (LN) metastasis was significantly higher than that for those who had LN metastasis. LN: Lymph node.

However, this study had several limitations, including its retrospective design, the small number of 
subjects, and the lack of data on certain pathologic variables (especially the Ki-67 indices and mitotic 
rates) for all patients. The number of examined LNs was not sufficient, and data on the number of 
positive LNs were not available for all PNENs. Therefore, further research regarding advanced PNENs 
is required.

CONCLUSION
In conclusion, larger tumor size (≥ 20 mm) is an independent risk factor for LN metastasis in PNENs. In 
smaller PNENs (≤ 10 mm), we may be able to choose limited surgery without LN dissection.

ARTICLE HIGHLIGHTS
Research background
The indications for lymph node (LN) dissection are still controversial.

Research motivation
Over the last decade, minimally invasive surgery such as laparoscopic pancreatic surgery (LPS) has 
been increasingly performed for pancreatic tumors including pancreatic neuroendocrine neoplasms 
(PNENs).

Research objectives
The aim of this study was to investigate the risk factors for LN metastasis in PNENs and to select 
appropriate patients for limited surgery by LPS.

Research methods
From April 2001 to December 2019, 92 patients underwent pancreatic resection for PNENs at 
Kumamoto University Hospital. Finally, 82 patients were enrolled in this study. Using perioperative 
factors, we examined the predictive factors for LN metastasis in PNENs.

Research results
Among the 82 patients, the percentage of LN metastasis according to the pathological findings was 12% 
(10/82 cases). The median tumor size was 12 mm (range: 5-90 mm). The median tumor size in the LN-
positive group (37 mm) was significantly larger than that in the LN-negative group (12 mm) (P = 
0.0001). Multivariate analyses revealed that large tumor size (≥ 20 mm) was an independent risk factor 
for LN metastasis (odds ratio 16.8, P = 0.0062). In patients with small tumors (≤ 10 mm), LN metastasis 
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was not found.

Research conclusions
Large tumor size (≥ 20 mm) is an independent risk factor for LN metastasis in PNENs. In smaller 
PNENs (≤ 10 mm), we may be able to choose limited surgery without LN dissection.

Research perspectives
In smaller PNENs (≤ 10 mm), we may be able to choose limited surgery without LN dissection.
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Abstract
BACKGROUND 
Carcinoembryonic antigen (CEA) is an important serum tumour marker with a 
substantial role in diagnosis and monitoring of various solid tumours. About 36%-
70% of breast cancers have elevated serum CEA. And the available studies show 
discrepancy in addressing the prognostic significance of CEA in advanced breast 
cancer.

AIM 
To estimate the serum CEA level in our metastatic breast cancer patients and 
correlate it with response to treatment and clinical outcome.

METHODS 
This was a prospective clinical study conducted on 50 metastatic breast cancer 
patients treated at breast clinic, with newly diagnosed metastatic breast cancer 
planned for palliative chemotherapy, targeted therapy, and hormonal treatment. 
We estimated the proportion of patients with elevated serum CEA level at 
baseline and after palliative treatment and also studied the association of serum 
CEA levels with known prognostic factors. The response to treatment was 
correlated with the serum CEA levels in the context of responders and non-
responders.

RESULTS 
The median pre-treatment and post-treatment CEA levels were 7.9 (1.8-40.7) 
ng/mL and 4.39 (1.4-12.15) ng/mL, respectively, in the whole study population (P 
= 0.032). No statistically significant difference was seen in baseline serum CEA 
between responders and non-responders. Even in the luminal group, pre-
treatment serum CEA was not a predictor of response, but post-treatment CEA 
was a significant predictor of tumour progression. In patients with liver and lung 
metastases, post-treatment CEA level difference was not statistically significant in 
both responders and non-responders though the values were higher in non-
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responders. Among those with bone metastases, 69.5% had elevated post-treatment serum CEA, 
and only 37.5% had elevated serum CEA in those with no bone metastases.

CONCLUSION 
Elevated post-treatment serum CEA levels are associated with disease progression and poor 
response to therapy. Persistently elevated post-treatment serum CEA levels are significantly 
associated with bone metastases. Elevated serum CEA and hormonal status are significant 
predictors of treatment response.

Key Words: Carcinoembryonic antigen; Metastatic breast cancer; Serum tumour marker; Luminal and non-
luminal metastatic breast cancer; Palliative chemotherapy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In breast cancer patients, elevated serum carcinoembryonic antigen (CEA) levels are particularly 
noted in advanced disease. Our study suggested that serum CEA has potential clinical value in monitoring 
the treatment response of metastatic breast cancer patients, especially in those with bone metastasis.
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INTRODUCTION
Breast cancer, one of the leading causes of malignancy related morbidity and mortality among women, 
comprises of a spectrum of clinically and histologically heterogeneous group of diseases with distinct 
molecular portraits[1]. In spite of increasing awareness, advanced screening, and diagnostic methodo-
logies, we still witness a significant proportion of patients who present with advanced stage disease. 
Deciding optimal treatment and monitoring strategies for patients with metastatic and recurrent disease 
remains a diagnostic challenge for physicians.

Carcinoembryonic antigen (CEA) is an important serum tumour marker with a substantial role in 
diagnosis and monitoring of colorectal cancer. Globally, cancer antigen 15-3 (CA15-3) and CEA are used 
serum tumor markers in breast cancer[2-4]. In breast cancer patients, elevated serum CEA levels are 
particularly noted in metastatic and recurrent disease. Studies have reported a varying incidence of 
serum CEA positivity ranging from 36%-70%[5]. Elevated levels are known to positively correlate with 
tumour burden, grade of tumour, and site of metastasis, and they also translate into poor overall 
survival (OS) and progression-free survival[6]. The clinical utility of serial tumour marker 
measurements is not indicated in asymptomatic women for surveillance after treatment of breast cancer
[7-9]. The main applications are used in metastatic disease monitoring during treatment, especially 
CA15-3. Among serum tumour markers in breast cancer, CA15–3 and CEA have been the commonly 
used ones[10-13]. Hence, serum CEA estimation can be proposed as an auxiliary tool for response 
assessment, monitoring, and gaining prognostic information. In spite of these, due to discordant results, 
their clinical utility remains unclear[14-16]. There are very few studies addressing the prognostic 
significance of CEA and the available studies show discrepancy. Hence, we conducted this study to 
estimate the serum CEA level in our metastatic breast cancer (MBC) patients and correlate it with 
response to treatment and clinical outcome.

MATERIALS AND METHODS
This was a prospective experimental study conducted on 50 MBC patients treated at Breast Clinic, 
Department of Medical Oncology during the period December 2019 to November 2020. Patients with 
newly diagnosed MBC planned for palliative chemotherapy, targeted therapy, and hormonal treatment 
were included. Routine protocol for MBC work-up included biopsy from breast lump or metastatic 
lesion, histopathology and immunohistochemistry for oestrogen, progesterone, and Her2 receptors, 
computed tomography of the chest, abdomen, and pelvis, bone scan, and serum biochemistry. Patients 
with inflammatory breast cancer and active inflammatory conditions were excluded in this study due to 
the fact that they could cause elevation of serum CEA levels. Five milliliters of venous blood was drawn 

https://www.wjgnet.com/2218-4333/full/v13/i6/529.htm
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from MBC patients who consented for study participation and serum was isolated after centrifugation at 
3000 rpm for 10 min, transported into new disposable tubes, and stored at -20 ℃. In patients with 
hormone positive MBC with visceral crisis and triple negative breast cancer (TNBC) patients, sample for 
serum CEA levels was collected before initiation of first cycle of palliative chemotherapy and after 
completion of six cycles of chemotherapy. In patients with hormone positive MBC without visceral 
crisis, serum CEA sample was collected before initiation of endocrine agents and at 6 mo after initiation. 
In patients with HER2 positive MBC, blood sample was collected before initiation of first cycle of 
palliative chemotherapy plus trastuzumab and after completion of six cycles of chemotherapy plus 
trastuzumab.

Concentrations of the serum tumour marker CEA were measured with an automated sandwich 
ELISA test system using the manufacturer’s recommended kits (ELISA 2010, Roche Company). CEA 
concentrations were recorded in nanogram per millilitre. CEA value more than 3.8 ng/mL was 
considered positive. Patient treatment and response evaluation were as per the institutional protocol. 
Treatment and follow-up details of the patients were noted from the medical case records. We estimated 
the proportion of patients with elevated serum CEA level in MBC and also studied the association of 
serum CEA levels with known prognostic factors. The radiological response was assessed using 
Response Evaluation Criteria in Solid tumours (RECIST1.1). The response to treatment were correlated 
with the serum CEA levels in the context of responders and non-responders.

Statistical analysis
Statistical calculations were performed using the SPSS for Windows, version 15.0 (SPSS, Inc., Chicago, 
United States). Categorical variables are expressed using frequencies and percentages. Continuous 
variables are presented in terms of the mean and standard deviation. Association between two 
categorical variables was analyzed using Chi square or fisher's exact test. Non-parametric tests were 
used for finding the statistical significance. Wilcoxon signed rank test was used for comparing pre- and 
post-treatment serum CEA in different categories. Comparison of serum CEA in different clinical 
categories was carried out using Mann-Whitney test and Kruskal-Wallis test.

The optimal cut-off values of the CEA were determined using receiver operator characteristic (ROC) 
curve. A P value < 0.05 was considered significant.

RESULTS
The median age of diagnosis was 57.5 (48.7-63.2) years. Median duration of symptoms was 4 (1.75-6.0) 
mo. About 24% (12/50) of the patients were premenopausal and 76% (38/50) were post-menopausal. 
The main comorbidities were diabetes mellitus (24%; 12/50), hypertension (28%; 14/50), and coronary 
heart disease (4%; 2/50). About 64% (32/50) of the patients had distant nodal metastases, 50% (25/50) 
had bone metastases, 72% (36/50) had lung metastases, 36% (18/50) had liver metastases, and 6% (3/50) 
had oligometastatic diseases. About 96% (48/50) had invasive ductal carcinoma (IDC) and 4% (2/50) 
had other histology. Approximately 72% (36/50) were hormone positive and 38% (19/50) were HER2 
positive. Grade 2 IDC accounted for 24% (12/50) and grade 3 IDC accounted for 76% (38/50). Among 
the study population, luminal type was seen in 70% (35/50), HER2 positive type in 8% (4/50), and 
TNBC in 22% (11). The pre-chemotherapy CEA levels were more than 3.8 in 72% (36/50) of the patients. 
About 82% (41/50) were treated with chemotherapy and 18% (9/50) treated with hormonal agents. 
Anti-Her2 treatment was received by 16% (8/50) of the patients. The median number of cycles of 
chemotherapy was 6 (4-6). The main palliative chemotherapy agents were docetaxel (68%; 34/50), 
paclitaxel (4%; 2/50), capecitabine (2%; 1/50), doxorubicin plus cyclophosphamide (2%; 1/50), 
carboplatin (2%; 1/50), and paclitaxel plus carboplatin (4%; 2/50). About 6% (3/50) of the patients 
received palliative radiation to their painful bone metastases.

About 36% (18/50) of the patients progressed on treatment while 64% (32/50) had responded to 
palliative systemic treatment. Among responders (64%), 2% (1/50) had complete remission, 32% (16/50) 
had partial response, and 30% (15/50) had stable disease. About 36% (18/50) had progressive disease.

Serum CEA and its correlation with other variables
Serum CEA value more than 3.8 ng/mL was considered positive. Baseline serum CEA and its 
correlation with other variables in MBC are given in Table 1. None of the factors like menstrual status, 
grade of the tumour, number and sites of metastases, presence or absence of metastases, HER2 status, 
and TNBC status showed any statistical significance except luminal type (P = 0.016).

Serum CEA as a predictor of response to treatment
The median pre-treatment and post-treatment CEA levels were 7.9 (1.8-40.7) ng/mL and 4.39 (1.4-12.15) 
ng/mL, respectively, in the whole study population (P = 0.032). Serum CEA and response to treatment 
in responders and non-responders are given in Table 2. Among responders, median pre-treatment CEA 
was 8.87 (2-49.6) ng/mL and post-treatment CEA was 2.07 (1-8.7) ng/mL (P = 0.001). Among non-
responders, median pre-treatment CEA was 5.4 (1.7-36.01) ng/mL and post-treatment CEA was 11 
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Table 1 Association of baseline serum carcinoembryonic antigen with other variables in study population

CEA level Less than or equal to 3.8 More than 3.8 P value 

Pre-menopausal 3 9

Post-menopausal 11 27

0.79

Grade 2 3 9

Grade 3 11 27

0.79

Luminal 6 30

Her2 Neu 1 2

TNBC 7 4

0.016

Luminal 6 30

Non luminal 8 6

0.012

Bone metastases 6 19

No bone metastases 7 17

0.682

Lung metastases 11 25

No lung metastases 2 11

0.487

Liver metastases 3 15

No liver metastases 10 21

0.392

Less than 5 metastases 1 2

More than 5 12 34

0.78

PR/SD/CR 9 23

Progression 5 13

0.79

CEA: Carcinoembryonic antigen; TNBC: Triple negative breast cancer; PR/SD/CR: Partial response/stable disease/complete response.

Table 2 Serum carcinoembryonic antigen and response to treatment in responders and non-responders

Serum CEA Responders Non-responders P value 

Median pre-treatment serum CEA 8.87 (2-49.6) 5.4 (1.7-36.01) 0.527

Median post-treatment serum CEA 2.07 (1-8.7) 11 (4.65-22.5) 0.002

P value 0.001 0.06

CEA: Carcinoembryonic antigen.

(4.65-22.5) ng/mL (P = 0.06). Since there was no statistically significant difference between responders 
and non-responders in baseline serum CEA, it cannot be taken as a predictor of response but post-
treatment increase in CEA was associated with non-response or progression.

Pre-treatment and post-treatment ROC curves for the whole study population and luminal type 
breast cancer are given in Figure 1. We tried to find optimal pre-treatment cut-off for serum CEA in 
luminal breast cancer using ROC curve. The cut-off can be taken as 29.7 ng/mL as a predictor of tumour 
progression, with a sensitivity of 50% and specificity of 64%, but that cut-off was not statistically 
significant. ROC curve analysis for finding the cut-off for post-treatment CEA was also done. Post-
treatment CEA for predicting the progression was taken as 2.16 ng/mL, with a sensitivity of 94.1% and 
specificity of 54.8%. For hormone positive tumours, post-treatment cut-off can be taken as 9.46 ng/mL 
with a sensitivity of 88.9% and specificity of 75.9% (P = 0.02). With a cut-off of 9.41, we found statistical 
significance in the whole group of patients (P = 0.006).

Serum CEA and luminal and non-luminal MBC
Table 3 shows serum CEA and response to treatment in responders and non-responders according to 
breast cancer type. Among responders, median pre-treatment CEA for luminal type was 14.7 (5.4-50.6) 
ng/mL and post-treatment CEA was 3.0 (1-10) ng/mL (P = 0. 001). Even in the luminal group, pre-
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Table 3 Serum carcinoembryonic antigen and response to treatment in responders and non-responders according to breast cancer 
type

Responders Non-responders
Classification

Median pre-CEA Median post-CEA P value Median pre-CEA Median post-CEA P value

Luminal 14.7 (5.4-50.6) 3 (1-10) 0.001 22.39 (3.9-84.4) 21.00 (10.6-164.15) 0.26 Hormonal classification

Non-luminal 1.85 (1-3.65) 1.25 (0.5-3) 0.046 4.15 (0.85-10.17) 5.65 (2.65-12.05) 0.161

Luminal 14.7 (5.4-50.6) 3 (1-10) 0.001 22.39 (3.9-84.47) 20.67 (10.6-164.17) 0.260 

HER2 4 (1.2-4) 3.25 (0.5-3.25) 0.18 11.7 13 _

Genomic classification

TNBC 1.85 (0.74-2.4) 1.25 (0.67-1.88) 0.144 4 (0.5-5.6) 5.3 (2.2-9.2) 0.237 

TNBC: Triple negative breast cancer; CEA: Carcinoembryonic antigen.

Figure 1 Receiver operator characteristic curves. A: Pre-treatment receiver operator characteristic (ROC) curve for whole study population; B: Pre-
treatment ROC curve for luminal type; C: Post-treatment ROC curve for whole study population; D: Post-treatment ROC curve for luminal type. ROC: Receiver 
operator characteristic; CEA: Carcinoembryonic antigen.

treatment serum CEA was not a predictor of response, but post-treatment CEA was a significant 
predictor of tumour progression (Figure 2).

Association of serum CEA with various sites of MBC
Figure 3 shows median pre-treatment and post-treatment serum CEA levels in responders and non-
responders according to site of metastasis. Among responders, median pre-treatment serum CEA levels 
of patients with bone metastases, lung metastases, and liver metastases were 27.2 ng/mL, 8.4 ng/mL, 
and 24.5 ng/mL respectively. Among non-responders, median post-treatment serum CEA levels of 
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Figure 2 Treatment response. A: Association of treatment response with serum carcinoembryonic antigen (CEA) (pre-treatment and post-treatment) in whole 
study population; B: Association of treatment response with serum CEA in non-luminal type; C: Association of treatment response with serum CEA in luminal type. 
CEA: Carcinoembryonic antigen.
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Figure 3 Median pre-treatment and post-treatment serum carcinoembryonic antigen levels in responders and non-responders according 
to various sites of metastasis. A: Median pre-treatment serum carcinoembryonic antigen (CEA) level; B: Median post-treatment serum CEA level. CEA: 
Carcinoembryonic antigen.

patients with bone metastases, lung metastases, and liver metastases were 12 ng/mL, 11 ng/mL, and 14 
ng/mL, respectively.

Table 4 shows serum CEA and response to treatment in bone, liver, and lung metastases. In patients 
with liver and lung metastases, post-treatment CEA level difference was not statistically significant in 
both responders and non-responders though the values were higher in non-responders.

In non-responders, comparing patients with or without bone metastases, the median post-treatment 
serum CEA of patients with bone metastases was 12 ng/dL whereas median post-treatment serum CEA 
in those without bone metastases was 10 ng/mL; post-treatment CEA level difference was statistically 
significant (P = 0.063). Among those with bone metastases, 69.5% had elevated post-treatment serum 
CEA, and only 37.5% had elevated serum CEA in those with no bone metastases (Figure 4).

DISCUSSION
The measurement of serum tumour marker levels could provide useful information for earlier detection 
of recurrence or accurate prediction of outcomes after recurrence in various cancers. They are more 
useful when patients have elevated level at baseline. The commonly studied tumour markers in breast 
cancer are CA15-3 and CEA. The significance of these markers remains unclear[17,18]. Even though the 
prognostic value of CA15-3 in breast cancer had been documented in some studies, serum CEA is less 
widely investigated as a prognostic factor than CA15-3 because of its poor sensitivity and specificity[18,
19]. Elevated serum levels of CA15-3 and CEA preoperatively were significantly associated with tumour 
size, axillary node metastasis, and advanced stage[20-23]. A recent meta-analysis investigated the 
prognostic value of these two markers (serum CA15-3 and CEA) in 12993 breast cancer patients and 
indicated that elevated CA15-3 level significantly corresponded with poor disease-free survival and OS 
of breast cancer[23].

In our study, no clinically meaningful significance was seen in factors like menstrual status, grade of 
the tumour, number and sites of metastases, presence or absence of metastases, HER2 status, and TNBC 
status except luminal type. This finding was consistent with a study by Geng et al[23]. Elevated CEA 
levels were significantly associated with breast cancer molecular subtypes and luminal subtypes 
exhibited a higher percentage of elevated CEA levels compared to non-luminal subtypes. The reason for 
this differential expression of CEA is that the expression patterns of luminal, HER2 positive, and basal-
like tumours are closely associated with their maturation and differentiation. Luminal subtypes have 
high expression of hormone receptor related genes, whereas HER2 positive or basal-like tumours have 
low expression of hormone receptor related genes, which explains the association between CEA 
elevation and luminal subtype. Our study showed that pre-treatment serum CEA cannot be taken as a 
predictor of response even in luminal subtype but post-treatment CEA was a significant predictor of 
tumour progression. Hence, we can conclude that monitoring CEA levels in luminal MBC at the end of 
treatment is a significant predictor of treatment response.

The correlation between tumour marker levels and various metastatic sites in MBC is poorly defined
[24,25]. A study by Yerushalmi et al[26] identified that tumour marker elevation was documented in the 
majority of patients with MBC and luminal subtypes expressed more frequently compared with the 
non-luminal groups[26]. CEA elevation was not different between different sites of metastasis. Whereas 
in our study, in patients with liver and lung metastases, post-treatment CEA level difference was not 
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Table 4 Serum carcinoembryonic antigen and response to treatment in bone, liver, and lung metastases

Serum CEA (ng/mL) Bone metastases No bone metastases P value

Median pre-treatment serum CEA 11.7 (2.9-48.4) 6.8 (2-32.3) 0.788 

Median post-treatment serum CEA 9 (2-20) 2 (1-9) 0.063

Liver metastases No liver metastases

Median pre-treatment serum CEA 11.7 (4.4-62.7) 6.8 (1.9-22.7) 0.244

Median post-treatment serum CEA 8 (1.2-19.75) 3 (1.25-11.5) 0.352

Lung metastases No lung metastases

Median pre-treatment serum CEA 7.8 (1.9-31.3) 9.78 (5.15-66.64) 0.353

Median post-treatment serum CEA 3.5 (1-13.75) 5 (1.5-10) 0.93

CEA: Carcinoembryonic antigen.

Figure 4 Association of post-treatment serum carcinoembryonic antigen with bone metastases. CEA: Carcinoembryonic antigen.

statistically significant in both responders and non-responders even though the values were higher in 
non-responders.

A study by Yazdani et al[27] showed that age, menopausal status, number of axillary lymph node 
metastases, tumor size, and ALP were identified as prognostic factors for bone metastasis in patients 
with breast cancer, whereas significantly persistent elevated post-treatment serum CEA levels were seen 
with bone metastases in our study[27]. Kosaka et al[28] proposed that in hormone receptor positive 
breast cancer, nodal metastasis and elevated serum CEA were associated with a poor prognosis and 
there was a significant rate of recurrence in those with high serum CEA levels compared with those 
with low levels of CEA[28]. Elevated serum levels of HER2, BCL2, CA15-3, and CEA in breast cancer 
patients are useful markers for predicting aggressive behaviour and relapse[29,30].

One major limitation of our study is the small sample size (50 patients) and it limits the predictive 
power of these markers and needs larger studies to confirm the findings.

CONCLUSION
Pretreatment serum CEA is elevated in luminal subtype. With treatment, responders have a significant 
fall in serum CEA level but it is clinically significant in luminal breast cancer type. Elevated post-
treatment serum CEA levels are associated with disease progression and poor response to therapy. 
Persistently elevated post treatment serum CEA levels are associated with bone metastases. Elevated 
serum CEA and hormonal status are significant predictors of treatment response.
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ARTICLE HIGHLIGHTS
Research background
In breast cancer patients, elevated serum carcinoembryonic antigen (CEA) levels are particularly noted 
in metastatic and recurrent disease and its significance in clinical practice is doubtful.

Research motivation
We aimed to estimate the serum CEA level in our metastatic breast cancer patients and correlate it with 
response to treatment and clinical outcome.

Research objectives
To evaluate the efficacy of serum CEA levels as a prognostic marker in metastatic breast cancer patients.

Research methods
This is a prospective clinical study of 50 patients with metastatic breast cancer treated at a breast clinic 
with newly diagnosed metastatic breast cancer planned for palliative chemotherapy, targeted therapy, 
and hormone therapy. We estimated the proportion of patients with elevated serum CEA levels at 
baseline and after palliative care, and investigated the association of serum CEA levels with known 
prognostic factors. Response to treatment was correlated with serum CEA levels in both responders and 
non-responders.

Research results
Pretreatment serum CEA was elevated in luminal subtype. With treatment, responders had a significant 
fall in serum CEA level but it was clinically significant in luminal breast cancer type. Metastatic breast 
cancer patients with bone metastases had significantly elevated post-treatment serum CEA levels after 
treatment.

Research conclusions
Based on our results, we suggest that serum CEA has potential clinical value in monitoring the 
treatment response of metastatic breast cancer patients, especially in patients with bone metastasis.

Research perspectives
Serum CEA as a tumour marker warrants further studies in metastatic breast cancer especially with 
bone metastases.
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Abstract
BACKGROUND 
Epstein-Barr virus associated smooth muscle tumor (EBV-SMT) is a rare oncolo-
gical entity. However, there is an increasing incidence of EBV-SMTs, as the 
frequency of organ transplantation and immunosuppression grows. EBV-SMT 
diagnosis relies on histopathology and immunochemical staining to distinguish it 
from post-transplant lymphoproliferative disorder (PTLD). There is no clear 
consensus on the treatment of EBV-SMTs. However, surgical resection, chemothe-
rapy, radiation therapy, and immunosuppression reduction have been explored 
with varying degrees of success.

CASE SUMMARY 
Our case series includes six cases of EBV-SMTs across different age groups, with 
different treatment modalities, adding to the limited existing literature on this rare 
tumor. The median latency time between immunosuppression and disease 
diagnosis is four years. EBV-SMTs present with variable degrees of aggress-
iveness and seem to have worse clinical outcomes in patients with tumor 
multiplicity and worse immunocompetency.
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CONCLUSION 
It is imperative to continue building on this knowledge and keeping EBV-SMTs on the differential 
in immunocompromised individuals.

Key Words: Epstein-Barr virus; Smooth muscle tumors; Human immunodeficiency virus; Epstein-Barr virus-
associated smooth muscle tumors; Immunocompromised; Solid Organ Transplant; Orthotopic heart 
transplant; Orthotopic liver transplant; Living related kidney transplant; Post-transplant lymphoproliferative 
disorders; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Epstein-Barr virus associated smooth muscle tumor (EBV-SMT) is a rare oncological entity. 
Only a handful of case series have shed light on the presence of EBV-SMT in individuals, most of whom 
are immunocompromised. EBV-SMT should not be confused with post-transplant lymphoproliferative 
disorder. Histopathology should help guide the diagnosis.

Citation: Khan AA, Estfan BN, Yalamanchali A, Niang D, Savage EC, Fulmer CG, Gosnell HL, Modaresi Esfeh J. 
Epstein-Barr virus-associated smooth muscle tumors in immunocompromised patients: Six case reports. World J 
Clin Oncol 2022; 13(6): 540-552
URL: https://www.wjgnet.com/2218-4333/full/v13/i6/540.htm
DOI: https://dx.doi.org/10.5306/wjco.v13.i6.540

INTRODUCTION
Epstein-Barr virus associated smooth muscle tumor (EBV-SMT), first reported in 1970[1], is a rare 
oncological entity. Though EBV is present in 50%-89% of children and > 90% of adults worldwide, the 
virus often remains dormant until an individual becomes immunocompromised[2,3]. EBV is better 
known for other malignancies including nasopharyngeal carcinomas and lymphomas but in a minority 
of cases, it can trigger the proliferation of smooth muscle cells, resulting in mesenchymal tumors termed 
EBV-SMT.

There are three different types of EBV-SMTs identified to date: (1) Post-transplant associated smooth 
muscle tumors (PT-SMT); (2) Human immunodeficiency virus (HIV) associated smooth muscle tumors 
(HIV-SMT); and (3) Congenital immunodeficiency associated smooth muscle tumors (CI-SMT) such as 
in GATA2 and CARMIL2 deficiency[4]. EBV-SMTs can be encountered at any age, though it is more 
common in children[5,6]. EBV-SMTs can arise in any organ system, however, they are most common in 
the liver, followed by the lungs, central nervous system (CNS), adrenal glands, and gastrointestinal tract
[7,8]. Unlike primary leiomyosarcomas where the histological grade is associated with disease severity, 
EBV-SMTs behave with variable severity, independent of their histological grade[9]. Clinical 
presentation is thus non-specific and depends on the location, size, and degree of organ involvement. 
EBV-SMTs can manifest either synchronously or metachronously in multiple organ systems and have a 
low propensity to metastasize[7,8].

PT-SMT can be confused with EBV associated post-transplant lymphoproliferative disorder (EBV-
PTLD) as they are both caused by the same virus and occur in immunocompromised patients. Clinical 
presentation and radiographic findings cannot be used to tell the two entities apart. Instead, 
histopathology, immunohistochemistry, and EBV-encoded small RNA in situ hybridization (EBER ISH) 
are used to aid the diagnosis. Given its rarity, it is difficult to quantify the incidence of EBV-SMTs, 
however, it is estimated each subtype above may impact < 1%-5% of individuals. EBV-PTLD, on the 
other hand, is more prevalent than EBV-SMT and has an incidence ranging from 1%-20%[10] with 
mortality rates around 50%-90%[11,12].

Given how rare these tumors are, there is no standard treatment for EBV-SMTs which are instead 
treated on a case-by-case basis. Individuals with HIV-SMT are kept on appropriate antiretroviral 
treatment, and those with PT-SMT are treated with a reduction of immunosuppression. Surgical 
removal of tumors is considered when tumors impinge on the involved organ. Chemotherapy and 
radiation have also been utilized but without any obvious benefits on the disease course[6]. Allogeneic 
hematopoietic stem cell transplantation has also been used to treat CI-SMT with good outcomes[13,14].

Given their rarity, much of what we know about EBV-SMTs is through case reports and case series. 
However, as the frequency of organ transplantation grows with reliance on immunosuppression to 
prevent graft loss, it is pertinent to continue gathering information on EBV-SMTs. Many questions 
remain regarding incidence, prevalence, latency period, survival rates, and appropriate treatment 
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strategies, amongst other crucial facts. Here, we describe six cases of EBV-SMT at a quaternary academic 
referral center.

CASE PRESENTATION
Chief complaints
Case 1: Fever, thrush, diarrhea.

Case 2: Weight loss, headaches, and myalgias.

Case 3: Severe headaches and altered mental status.

Case 4: New-onset hematuria.

Case 5: Shortness of breath.

Case 6: Neck, back, and shoulder pain.

History of present illness
Case 1: A five-year-old female with a history of idiopathic dilated cardiomyopathy status post 
orthotopic heart transplant (OHT) at eight months old, on tacrolimus, and previous EBV viremia at age 
22 months presented with her third infection-related hospitalization in the previous six months.

Case 2: A 20-year-old male with a history of Idiopathic dilated cardiomyopathy status post OHT at age 
17 on tacrolimus and mycophenolate mofetil (MMF) presented to the hospital with weight loss, 
headaches, and myalgias.

Case 3: A 16-year-old female with a history of dilated cardiomyopathy status post OHT at 12-year-old, 
on MMF and tacrolimus presented to the hospital with severe headaches and altered mental status.

Case 4: A 61-year-old male with a pre-transplant negative cytomegalovirus (CMV) and EBV serology 
underwent orthotopic heart and liver transplant from a CMV and EBV positive donor (CMV 
Donor+/Recipient-, EBV Donor+/Recipient-) at the age of 58 years for cirrhosis secondary to Hereditary 
Familial Amyloidosis (Thr60A1a mutation) was admitted for new-onset hematuria and acute kidney 
injury.

Case 5: A 63-year-old male with a history of a living-related donor kidney transplant at age 55 for end-
stage renal disease of unknown etiology was hospitalized for community-acquired pneumonia.

Case 6: A 45-year-old female with a long-standing history of HIV (CD 4 count unknown) on anti-
retroviral therapy presented to the primary care clinic with neck, back, and shoulder pain with 
associated proximal and distal left upper extremity numbness and paresthesias.

History of past illness
Case 1, 2: Idiopathic dilated cardiomyopathy status post OHT.

Case 3: History of dilated cardiomyopathy status post OHT at 12-year-old.

Case 4: Status post Orthotopic heart and liver transplant from a CMV and EBV positive donor (CMV 
Donor+/Recipient-, EBV Donor+/Recipient-) for cirrhosis secondary to Hereditary Familial 
Amyloidosis (Thr60A1a mutation).

Case 5: History of a living-related donor kidney transplant for end-stage renal disease of unknown 
etiology.

Case 6: Long-standing history of HIV (CD 4 count unknown) on anti-retroviral therapy with 
dolutegravir, abacavir, and lamivudine

Personal and family history
Cases 1-6: No relevant family history.

Physical examination
Physical examination findings are not applicable.

Laboratory examinations
Laboratory findings are summarized in Table 1 for cases 1-6.
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Table 1 Demographic characteristics and clinical summary of six Epstein-Barr virus associated smooth muscle tumor at a major quarternary care hospital

Cases Sex Type of 
transplant/IS IS

Age at 
transplant 
(yr)

Age at 
diagnosis 
(yr)

EBV titer at 
diagnosis 
(copies per 
mL)

Tumor location Histopathology findings Treatment
Outcome 
(years post 
EBV-SMT)

Follow up

1 F OHT Tacrolimus 8 mo 6 286000 Colon Smooth muscle spindle cell proliferation with 
strongly positive in-situ EBER hybridization 
and focal desmin+

Tacrolimus reduced Alive (age 16) None

2 M OHT Tacrolimus, 
MMF

17 20 161476 Thymus, lung, liver, 
mesenteric, and 
retroperitoneal lymph 
nodes, ascending 
colon, and proximal 
left femoral bone 
marrow

The spindled cells were positive with 
antibodies to smooth muscle antigen and 
desmin.  Tumor cells were focally positive with 
antibodies to caldesmon. The spindle cells 
were negative with antibodies to S100 protein 
and cytokeratin AE1/3.  In situ hybridization 
revealed that up to 80% of tumor cell nuclei 
were positive for the presence of EBER

Supportive Death (age 20) NA

3 F OHT Tacrolimus; 
Sirolimus

12 16 11848 Brain, lung, kidney Hepatic parenchyma focally replaced by 
spindle cell proliferation. The spindle cells are 
arranged in a haphazard pattern and contain 
nuclei with minimal nuclear pleomorphism 
and abundant eosinophilic cytoplasm. (1) The 
tumor cells are strongly positive for h-
caldesmon and smooth muscle actin; (2) 
Desmin+; (3) EBER positive by CISH; (4) 
CD20+, MUM-1+. CD3-, CD10-. EBER ISH+ 
(CNS); and (5) H-caldesmon+, smooth muscle 
actin+, desmin+ (focal). EBER ISH+ (liver)

Intrathecal rituximab, 
methotrexate, systemic 
chemotherapy, whole brain 
radiation, and T-cell 
therapy

Alive (age 22); 
course c/b 
seizures

Yearly brain and 
liver MRI

4 M OHT/OLT Tacrolimus 58 61 25458 Kidney, liver, lung (1) Monotonous proliferative of relatively 
uniform spindle cells arranged in intersecting 
fascicles with pale eosinophilic cytoplasm and 
elongated, blunt-ended nuclei with dark 
vesicular chromatin.; (2) Mitotic figures are not 
readily identified and there is no significant 
cytologic atypia, pleomorphism, or necrosis; (3) 
The tumor cells are strongly  immunoreactive 
for SMA and negative for CD117, DOG-1, 
desmin, S100, SOX10, CD34, and STAT6; and 
(4) EBER positive by CISH

L lateral segmentectomy w 
superficial wedge 
resection;Tacrolimus 
reduced, stopped, and 
eventually started given 
concern for ACR

Death (age 61) NA

5 M LRD kidney Prednisone, 
MMF, 
Sirolimus

55 63 4765 Liver (1) Fascicles of malignant appearing spindle 
cells diffusely positive for desmin and H-
caldesmon; and (2) EBER positive by CISH

MMF. Sirolimus dosing 
decreased

Alive (age 73) Repeat MRI with 
stable/decreased 
size hepatic lesions; 
no new lesions 
noticed

Abacavir-
Lamivudine-

(1) Spindle cell neoplasm staining positive for 
smooth muscle actin; (2) Negative for desmin; 

Alive (age 55); 
total hip 

6 F HIV NA 45 NA Thoracic spine s/p T8-T10 Laminectomy; 
no change in HAART

None
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Dolutegravir 
for HIV

and (3) EBV positive by CISH arthroplasty 
for bl avascular 
necrosis

IS: Immunosuppressant; EBV: Epstein-Barr virus; EBER: EBV-encoded small RNA; MRI: Magnetic resonance imaging; F: Female; M: Male; OHT: Orthotopic heart transplant; MMF: Mycophenolate mofetil; NA: Not available; 
OHT/OLT: Combined orthotopic heart and liver transplant; LRD: Living related donor; HIV: Human immunodeficiency virus.

Imaging examinations
Case 1: Unrevealing total body computed tomography (CT) scan. EGD and colonoscopy with 6-10 mm 
polypoid lesions with central ulceration in the sigmoid colon and rectum. Biopsy of lesions confirmed 
EBV-SMT (Figures 1 and 2).

Case 2: Neck magnetic resonance imaging (MRI) revealed a mass in the right Meckel’s cave. Liver 
biopsy confirmed EBV-SMT (Figure 3). PET scan showed multiple fluorodeoxyglucose avid foci 
(Figure 4).

Case 3: MRI brain showed a left temporal ring-enhancing lesion (Figure 5). Whole body PET scan 
showed right hepatic mass (Figure 6).

Case 4: CT scan of the liver revealed multiple indeterminate liver masses (Figure 7).

Case 5: MRI imaging of the abdomen showed over 20 cystic hepatic masses, with the largest measuring 
12.5 cm x 9.2 cm, resolved on subsequent imaging (Figure 8).

Case 6: Cervical and thoracic spine MRI which showed a 1.9 cm x 1.2 cm x 2.4 cm intradural hetero-
geneous mass centered within the left T9-T10 neuroforamina, with abutment of the left lateral spinal 
cord resulting in rightward cord displacement as well as moderate canal stenosis (Figure 9).

Case series details
Case 1:  A five-year-old female with a history of idiopathic dilated cardiomyopathy status post 
orthotopic heart transplant (OHT) at eight months old, on tacrolimus, and previous EBV viremia at age 
22 mo presented with her third infection-related hospitalization in the previous six months. Presenting 
symptoms included fever, thrush, diarrhea, and neutropenia with an absolute neutrophil count of 260 
cells per µL. She was placed on broad-spectrum antibiotics and antifungals but continued to have 
diarrhea, failure to thrive, as well as new oral ulcers. Due to concern for PTLD, she underwent total 
body CT which was unrevealing. She also underwent esophagogastroduodenoscopy and colonoscopy. 
In addition to the presence of colonic candidiasis, colonoscopy revealed 6-10 mm polypoid lesions with 
central ulceration in the sigmoid colon and rectum with biopsies consistent with an EBV-driven smooth 
muscle tumor (Figures 1 and 2). The patient was EBV negative before transplant with repeat EBV titers 
high on admission (Table 1). She was treated for colonic candidiasis as well as a pseudallescheria boydii 
complex infection of her lungs with symptomatic improvement. She did not undergo any EBV-SMT-
directed treatment or surveillance and remains well at age 16 years.
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Figure 1 Epstein-Barr virus associated smooth muscle tumor in the sigmoid colon in case 1. A: Proliferation of smooth muscle cells undermining 
and distorting the colonic mucosa (HE stain, 70 x); B: Epstein-Barr virus-encoded small RNA in situ hybridization is positive within the smooth muscle cell population 
(70 x, inset box 200 x).

Figure 2 Epstein-Barr virus associated smooth muscle tumor in the rectum in case 1. A: Proliferation of smooth muscle cells undermining the rectal 
mucosa (HE stain, 40 x); B: Epstein-Barr virus-encoded small RNA in situ hybridization is positive within the smooth muscle cell population (40 x, inset box 200 x).

Case 2: A 20-year-old male with a history of idiopathic dilated cardiomyopathy status post OHT at age 
17 on tacrolimus and mycophenolate mofetil (MMF), Crohn’s disease, alopecia, juvenile idiopathic 
arthritis, and common variable immune deficiency (CVID) presented to the hospital with weight loss, 
headaches, and myalgias. The patient had abruptly stopped his immunosuppression agents a month 
before admission. He was treated with antibiotics for Group A streptococcus infection. The patient was 
previously EBV seronegative before transplant but had elevated titers on admission (Table 1). A whole-
body positron emission tomography (PET) scan showed multiple fluorodeoxyglucose (FDG) avid foci 
suspicious for widespread PTLD in the thymus, lung, liver, mesenteric lymph nodes, retroperitoneal 
lymph nodes, ascending colon, and proximal left femoral bone marrow (Figure 4). A neck magnetic 
resonance image (MRI) revealed a mass in the right Meckel’s cave. The patient’s tacrolimus was 
deceased due to suspicion for PTLD. Biopsies taken during colonoscopy and bone marrow biopsies 
were negative for PTLD. A liver biopsy was performed and showed a proliferation of bland spindle 
cells with pale eosinophilic cytoplasm and ovoid nuclei with smooth contours and pale chromatin 
(Figure 3A). Immunohistochemical stain for smooth muscle actin showed strong, diffuse reactivity in 
the neoplastic cells (Figure 3B). EBER highlighted the presence of viral genetic material, confirming the 
diagnosis of PT-SMT (Figure 3C). During this admission, he became febrile prompting a chest X-ray 
which revealed left upper lobe haziness, concerning for pneumonia. He rapidly deteriorated, 
developing acute renal failure requiring dialysis and respiratory distress with encephalopathy requiring 
intubation. He then sustained a fatal cardiac arrest. An autopsy revealed severe acute cellular rejection, 
negative for antibody-mediated rejection, and confirmed multisite PT-SMT.

Case 3: A 16-year-old female with a history of dilated cardiomyopathy status post OHT at 12-year-old, 
on MMF and tacrolimus presented to the hospital with severe headaches and altered mental status. MRI 
brain showed a left temporal ring-enhancing lesion (Figure 5). The patient was previously EBV 
seronegative before transplant but had elevated titers on admission (Table 1).  She underwent a brain 
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Figure 3 Epstein-Barr virus associated smooth muscle tumor liver biopsies for cases 2-4 (HE stain, 200 x). Hematoxylin and eosin-stained 
tissue sections showed fascicles of well-differentiated spindle cells with pale eosinophilic cytoplasm and blunt-ended, ovoid nuclei with smooth nuclear contours. A, D, 
G: No significant cytologic atypia or nuclear pleomorphism is appreciated; B, E, H: All three cases show strong, diffuse reactivity for smooth muscle actin, confirming 
smooth muscle differentiation, confirming smooth muscle tumor lineage; C, F, I: Chromogenic in situ hybridization studies for the Epstein-Barr virus-encoded small 
RNA confirm the presence of viral genetic material in all three cases.

Figure 4 Positron emission tomography scan showing a hypermetabolic mass arising from the medial segment of the left liver lobe, 
measuring about 5.1 cm x 4.7 cm in the axial and anteroposterior dimension and 6.9 cm in the craniocaudal dimension in case 2. 

biopsy which showed EBV-PTLD, with morphology consistent with diffuse large B-cell lymphoma. Her 
immunosuppression therapy was reduced. She underwent a CT abdomen which showed a 2 cm low-
attenuating hypervascular lesion in the right hepatic dome and another 0.6 cm lesion in the right 
anterior inferior hepatic lobe, redemonstrated on a PET scan (Figure 6). Liver biopsy showed a prolif-
eration of spindle cells with eosinophilic cytoplasm, mild to moderate nuclear pleomorphism, and focal 
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Figure 5 Magnetic resonance imaging brain. A: T2 weighted turbo spin echo magnetic resonance images of the brain showing ring-enhancing lesion in the 
left temporal region in case 3; B: T1 Fl3d magnetic resonance images of the brain showing resolution of ring-enhancing lesion six years post-treatment in case 3.

Figure 6 Positron emission tomography scan showing a hypermetabolic right hepatic mass in case 3.

Figure 7 Computed tomography scan. A: The liver with intravenous contrast in arterial phase showing multiple hepatic lesions in case 4; B: The liver in 
venous phase showing multiple hepatic lesions in case 4.

tumor necrosis (Figure 3D). No severe nuclear pleomorphism or mitotic activity was identified. The 
neoplastic cells were strongly immunoreactive for smooth muscle actin, and showed diffuse nuclear 
reactivity for EBER, confirming the diagnosis of PT-SMT (Figure 3E and F). A subsequent CT scan of the 
abdomen and pelvis showed two nonspecific small low density lesions in the left kidney, three months 
after the initial diagnosis of PTLD. For her CNS-PTLD, the patient had a ventriculoperitoneal shunt 
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Figure 8 Axial HASTE sequence abdominal magnetic resonance imaging. A: demonstrating numerous cystic appearing hepatic Epstein-Barr virus 
associated smooth muscle tumors, including the largest lesion in segment VII in case 5; B: Demonstrating stable/deceased hepatic lesions with no new lesions in 
case 5.

Figure 9 Axial (A) and sagittal (B) cuts of a T2 weighted magnetic resonance imaging of the thoracic spine demonstrating an Epstein-Barr 
virus associated smooth muscle tumor centered in the left T9/T10 neuroforamina with a rightward displacement of the spinal cord in 
case 6.

placed and underwent six cycles of intrathecal rituximab with methotrexate, systemic chemotherapy, 
whole-brain radiation, and T-cell therapy with subsequent decrease and ultimate resolution in the CNS 
lesion on subsequent imaging (Figure 5). Her cerebrospinal fluid studies were negative for infection. She 
started having generalized tonic-clonic seizures in the post-treatment setting and was treated with anti-
epileptics. She remains well at the age of 22 years, with yearly liver MRI showing stable hepatic lesions 
(Figure 6).

Case 4: A 61-year-old male with a pre-transplant negative CMV and EBV serology underwent 
orthotopic heart and liver transplant from a CMV and EBV positive donor (CMV Donor+/Recipient-, 
EBV Donor+/Recipient-) at the age of 58 years for cirrhosis secondary to Hereditary Familial 
Amyloidosis (Thr60A1a mutation). He was on tacrolimus for immunosuppression and post-transplant 
developed asymptomatic EBV and CMV viremia as well as stage 3 chronic kidney disease secondary to 
calcineurin inhibitor nephrotoxicity. He was admitted for new-onset hematuria and acute kidney injury. 
A kidney ultrasound noted a 2 cm hypoechoic lesion in the right inferior liver lobe. A CT scan of the 
liver revealed multiple indeterminate liver masses (Figure 7A and B). Biopsy of one lesion showed a 
monotonous proliferation of relatively uniform spindle cells arranged in intersecting fascicles with pale 
eosinophilic cytoplasm and elongated, blunt-ended nuclei with darkly staining vesicular chromatin 
(Figure 3G). There was again, no significant cytologic atypia, nuclear pleomorphism, or tumor necrosis. 
The tumor cells were strongly immunoreactive for smooth muscle actin and showed diffuse nuclear 
reactivity for EBER (Figure 3H and I). These morphologic and immunohistochemical findings were 
consistent with a diagnosis of PT-SMT. He subsequently underwent a left lateral liver segmentectomy 
with additional superficial hepatic wedge resections in segments 4A, 4B, and 8. Pathology showed 
positive margins. Immunosuppression was initially lowered and eventually discontinued. He was later 
found to have elevated liver enzymes on follow-up testing and a liver biopsy confirmed severe acute 
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cellular rejection (ACR). He was treated with steroids and restarted on sirolimus and tacrolimus with 
resolution of ACR as proven on subsequent biopsy and improvement of liver enzymes on laboratory 
testing. He also completed a course of valganciclovir for CMV viremia. However, he developed 
worsening neutropenia with bone marrow suppression, low-grade fevers, altered mental status 
requiring intubation, and anuria requiring dialysis. He was empirically started on broad-spectrum 
antibiotics. Infectious workup demonstrated streptococcus Gordonii bacteremia. Despite optimal 
treatment and supportive measures, his condition deteriorated rapidly and ended up having multi-
organ failure, followed by a fatal cardiac arrest.

Case 5: A 63-year-old male with a history of a living-related donor kidney transplant at age 55 for end-
stage renal disease of unknown etiology, was maintained on prednisone, MMF, and sirolimus. The 
patient was hospitalized for community-acquired pneumonia complicated by a parapneumonic effusion 
necessitating antibiotics and decortication. On CT and subsequent MRI imaging of the abdomen, he was 
incidentally found to have over 20 cystic hepatic masses, with the largest measuring 12.5 cm x 9.2 cm 
(Figure 8A). Fine needle aspiration confirmed PT-SMT. EBV DNA quantification was at 4,765 copies per 
milliliter with no prior pre-transplant levels. He had no evidence of distant or intra-cranial disease on 
imaging. MMF was stopped and sirolimus was decreased from 1.5 mg to 1 mg daily initially, and down 
to 0.5 mg one year later. He was also treated with a course of valganciclovir at the time of diagnosis. 
Annual hepatic MRIs demonstrated initial size reduction followed by stable disease without any new 
lesions, with the most recent imaging performed at age 72 (Figure 8B). He continues to do well with 
intact kidney function, despite decreasing his immunosuppression.

Case 6: A 45-year-old female with a long-standing history of HIV (CD 4 count unknown) on anti-
retroviral therapy with dolutegravir, abacavir, and lamivudine presented to the primary care clinic with 
neck, back, and shoulder pain with associated proximal and distal left upper extremity numbness and 
paresthesia. With worsening symptoms after conservative therapy, she underwent cervical and thoracic 
spine MRI which showed a 1.9 cm x 1.2 cm x 2.4 cm intradural heterogeneous mass centered within the 
left T9-T10 neuroforamina, with abutment of the left lateral spinal cord resulting in rightward cord 
displacement as well as moderate canal stenosis (Figure 9). She underwent T8-T10 Laminectomy with 
mass excision, with pathology consistent with EBV-SMT. Subsequent PET revealed no FDG avid lesions. 
Serum EBV viral levels were not obtained and prior seronegative status was also unknown. She did not 
undergo any further treatment or surveillance and has not had any complications of her disease, now at 
age 55.

FINAL DIAGNOSIS
EBV-SMT in all six cases.

TREATMENT
Case 1
Immunosuppression reduction.

Case 2
Supportive treatment.

Case 3
Intrathecal rituximab, methotrexate, systemic chemotherapy, whole brain radiation, and T-cell therapy.

Case 4
Left lateral segmentectomy with superficial wedge resection; reduction in immunosuppression, and 
eventually started given concern for ACR.

Case 5
Reduction in immunosuppression.

Case 6
T8-T10 Laminectomy; no change in HAART regimen.
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OUTCOME AND FOLLOW-UP
Cases 2 and 4 died. Cases 1, 3, 5, 6 alive and well with no recurrence in EBV-SMT.

DISCUSSION
Here we report six cases of EBV-SMT, two of which were in pediatric patients with ages ranging from 6-
61. There was an equal number of males and females in the cohort. Five out of six cases were PT-SMT 
while the sixth patient had HIV-SMT. One patient had CVID in addition to being a transplant recipient. 
Two patients died at the time of diagnosis, though neither death was attributed directly to the SMTs. 
Three patients in the group had single organ involvement while the rest had multiple organs involved. 
Two patients with CNS involvement (one with EBV-PTLD and another with HIV-SMT) underwent 
surgical removal of the tumor without recurrence. Interestingly, one patient in this cohort had both 
biopsy-proven PTLD and EBV-SMT.

A systemic review by Chen et al[15] on EBV-SMT with CNS invasion found that HIV-SMTs have a 
predilection for the central nervous system. This was seen in our patient with HIV-SMT whose EBV-
SMT was found in the thoracic spine. In contrast, patients with PT-SMT have a propensity for extra-CNS 
involvement, primarily lung and liver as confirmed in a study by Jonigk et al[7]. The pathophysiology is 
unclear but it has been proposed these organ systems are hypervascular and may attract the prolif-
eration of smooth muscle tumors. This is also seen in other lymphoproliferative disorders such as PTLD 
and non-Hodgkin lymphomas in patients with Acquired Immunodeficiency Syndrome (AIDS). 
Interestingly, Chen et al[15] notice a concomitant lung and liver involvement in patients with PT-SMT. 
This was true for two of our patients who had both lung and liver SMTs; one patient with solitary lung 
involvement. This raises the question of whether a liver lesion increases the chance of getting a lung 
lesion and not vice versa. Regardless, concomitant lung and liver lesions should be kept in mind during 
workup.

The latency period between either HIV infection or immunosuppression initiation and the occurrence 
of EBV-SMT is variable. In PT-SMT patients, previous studies have found an average latency period of 
three years in children compared to four years in adults[7,15]. The latency period in our patients ranged 
from three to eight years. For HIV-SMT patients, it was more difficult to determine the timeline between 
HIV infection and diagnosis of AIDS. However, latency time could be as high as 8.5 years[16,17]. For 
our patient with HIV, we were unable to determine this latency period. In contrast, PTLD can develop at 
any point after transplant, up to 10 years later, whereby a majority of cases occur within the first year 
post transplantation[13,14].

Additionally, multiple cases of synchronous or metachronous EBV-SMTs were seen in our patients, 
consistent with prior publications[15,18,19]. Jonigk et al[7] showed that patients with multiple organs 
involvement had worse overall survival than those with single organ involvement, while individuals 
with intracranial disease had the worst outcomes. However, in the study by Chen et al[15], presence of 
CNS SMTs, tumor multiplicity, or pre-existing medical conditions did not impact the survival rate. In 
our case series, one-third of our patients died and had tumor multiplicity in addition to a multitude of 
chronic medical conditions. These patients did not die directly due to EBV-SMTs but died of the disease 
while battling other complications. Age differences did not impact survival, raising the question 
whether age has any role in prognosis. However, it does supplement the theory that the degree of 
immunocompetency may determine the degree of disease aggressiveness and subsequent survival rates.

EBV-SMTs have been generally thought of as slow-growing tumors with a 1-year overall survival rate 
of 50%-76% for patients with HIV-SMT and PT-SMT patients and 0% for CI-SMT[8,15]. 5-year survival 
rate is estimated at 60% for patients with CNS involvement[15]. Patients with HIV-SMTs have been 
known to have higher survival but with a shorter follow-up period. A separate analysis by Jonigk et al
[7] suggested that PT-SMT and CI-SMT have better outcomes than HIV-SMT. Four out of six patients in 
our group continue to live with stable disease or no evidence of disease. It will be prudent to continue 
follow-up for all EBV-SMTs to help us study the disease course and prognosis over time.

Previous studies have found that pre-transplant EBV seronegativity is a risk factor for EBV-PTLD
[20]. However, the role of this factor is not known for EBV-SMT, though it is postulated that pre-
transplant seronegativity and post-transplant primary EBV infection could be considered a risk factor 
for PT-SMT[21]. In our study, EBV status was not known for HIV patient, however, the other transplant 
patients were seronegative at the time of transplant and became highly seropositive at the time of 
diagnosis (table 1). It would be interesting to see if any absolute levels of EBV titers have any bearing on 
the severity of disease course and outcomes.

There is no standardized treatment for EBV-SMT, given its rarity. In the study by Jonigk et al[7], 
patients who underwent surgical resection had similar outcomes to those who underwent reduced 
immunosuppression alone without any surgery, suggesting that either may be an appropriate strategy. 
Most patients with CNS involvement undergo surgical resection to alleviate parenchymal tumor 
compression[15]. No statistically significant difference was seen in outcomes between PT-SMT and HIV-
SMT in these patients. Surgical resection to alleviate parenchymal tumor compression in individuals 
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with CNS involvement is a reasonable strategy.

CONCLUSION
EBV-SMTs are a rare oncological entity found in immunocompromised patients with either primary 
immunodeficiency as in Congenital Immunodeficiency or secondary immunodeficiency as seen in 
patients with HIV or post-transplant patients on long term immunosuppression. As the number of 
patients who undergo organ transplantation increases with time, the incidence of EBV-SMT may also 
increase. It is imperative to keep EBV-SMT on the differential in immunosuppressed individuals who 
develop tumors. Questions regarding the best treatment modality remain as patients are treated on a 
case-by-case basis.
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