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Abstract

Hepatocellular carcinoma (HCC) is the most common primary malignancy of the
liver and is unfortunately associated with an overall poor prognosis and high
mortality. Early and intermediate stages of HCC allow for treatment with surgical
resection, ablation and even liver transplantation, however disease progression
warrants conventional systemic therapy. For years treatment options were limited
to molecular-targeting medications, of which sorafenib remains the standard of
care. The recent development and success of immune checkpoint inhibitors has
proven to be a breakthrough in the treatment of HCC, but there is an urgent need
for the development of further novel therapeutic treatments that prolong overall
survival and minimize recurrence. Current investigation is focused on adoptive
cell therapy including chimeric antigen receptor-T cells (CAR-T cells), T cell
receptor (TCR) engineered T cells, dendritic cells, natural killer cells, and tumor
infiltrating lymphocyte cells, which have shown remarkable success in the
treatment of hematological and solid tumor malignancies. In this review we
briefly introduce readers to the currently approved systemic treatment options
and present clinical and experimental evidence of HCC immunotherapeutic
treatments that will hopefully one day allow for revolutionary change in the
treatment modalities used for unresectable HCC. We also provide an up-to-date
compilation of ongoing clinical trials investigating CAR-T cells, TCR engineered T
cells, cancer vaccines and oncolytic viruses, while discussing strategies that can
help overcome commonly faced challenges when utilizing cellular based
treatments.

Key Words: Hepatocellular carcinoma; Immunotherapy; Immune cells; Adoptive T cell
therapy; Chimeric antigen receptor-T cell; Clinical trials
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Core Tip: Over the recent years investigation for safe and effective treatments for
unresectable hepatocellular carcinoma (HCC) has shifted focus from various
chemotherapeutic agents to immune based therapy. Although far from being finalized,
immune cell-based therapy has shown efficacy in a variety of clinical trials, indicating
possible future utilization alone or in combination for the prevention and treatment of
HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a malignant primary tumor of the liver, accounting
for approximately ninety percent of total liver tumor cases worldwide[1]. HCC
commonly occurs in patients with preexisting liver cirrhosis, chronic hepatitis B virus
(HBV), chronic hepatitis C virus (HCV), heavy alcohol consumption, aflatoxin
exposure and metabolic associated fatty liver disease associated with diabetes and
metabolic syndrome[2]. According to the Global Cancer Observatory (GLOBOCAN) in
2020, HCC is considered the 6™ most common cancer worldwide, with the highest
incidence in eastern Asia and Africa[3]. It has been estimated that by 2025, there will
be more than one million individuals diagnosed with liver cancer annually[4].
Worldwide incidence of HCC has shown a greater predominance among men in
comparison to women, with most diagnoses made in patients over the age of 60 years
old[5]. HCC risk factors in the United States have varied significantly over the last two
decades, with a majority of cases currently related to chronic HCV infection[6].

Management of HCC varies depending on the staging status of the tumor according
to the standardized Barcelona-Clinic Liver Cancer (BCLC) system endorsed by both
the European Association for the Study of the Liver and the American Association for
the Study of Liver Diseases[7]. Locally diagnosed tumors (BCLC stages 0-A), which are
small in size (< 3 cm), early in progression, and limited to the liver parenchyma are
amendable to surgical resection, radiofrequency ablation or ideally liver transplanta-
tion[8], with a median survival rate of 60 mo[9]. Advanced HCC on the other hand is
defined by a significant increase in tumor size, vascular invasion and/or metastatic
disease that is not amenable to loco-regional therapy (BCLC Stage C-D)[10], warran-
ting treatment with systemic therapy[11]. In cases necessitating liver transplantation,
the Milan criteria has been adopted by The United Network for Organ Sharing in
order to determine eligibility[12], however this approach is limited by organ avai-
lability[13].

For over a decade, sorafenib has been considered the first line systemic treatment
for advanced HCC. More recently, other systemic treatments such as the tyrosine
kinase inhibitors (lenvatinib, regorafenib, and cabozantinib), immune checkpoint
inhibitors (ICIs) (atezolizumab, ipilimumab, nivolumab, pembrolizumab) and the
monoclonal antibody ramucirumab have been approved as first- and second-line
treatment options[14]. With only modest established improvement in overall survival
(OS) and an assortment of adverse effects, there has been a recent push for the
development of immunobiological treatments, which first demonstrated efficacy in the
treatment of hematological cancers. Treatments include chimeric antigen receptor-T
cells (CAR-T cells), T cell receptor (TCR) engineered T cells, dendritic cells (DC),
natural killer (NK) cells, and tumor infiltrating lymphocyte (TIL) cellular therapies
(Figure 1). In this article we will review the novel range of cellular based treatments
for HCC non-amenable to loco-regional therapy and introduce readers to various
preclinical and clinical trials investigating their efficacy.
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Figure 1 Treatment modalities available for unresectable (advanced) hepatocellular carcinoma, which is non-amendable to loco-regional
therapies. CAR: Chimeric antigen receptor; HCC: Hepatocellular carcinoma; TCR: T cell receptor; VEGF: Vascular endothelial growth factor.

JBaishideng®

SYSTEMIC THERAPIES: APPROVED FIRST LINE THERAPIES

Sorafenib

Sorafenib is a multi-kinase inhibitor that inhibits cellular proliferation and angio-
genesis through its effects on various receptor tyrosine kinases including vascular
endothelial growth factor (VEGF), platelet derived growth factor (PDGF) and c-kit
[15]. Its efficacy was demonstrated in two large phase III randomized controlled trials;
SHARP conducted in the United States and Europe, and a similar study conducted in
the Asia- Pacific focusing on patients with unresectable and advanced HCC[16]. In the
SHARP trial, median OS was increased to 10.7 mo compared to 7.9 mo in placebo[17].
Similar findings were demonstrated in the Asia-Pacific trial; median OS increased in
the treatment group (6.5 mo vs 4.2 mo) and time-to-progression (TTP) was also
significantly greater (2.8 mo vs 1.4 mo)[18]. These findings led to sorafenib being
approved by the Food and Drug Administration (FDA) in 2007, making it the standard
of care and first line treatment option of advanced HCC[15,19].

Lenvatinib

Lenvatinib is another inhibitor of multiple receptor tyrosine kinases that has recently
gained much attention[20]. In the randomized, open-label, non-inferiority phase III
trial (REFLECT), lenvatinib was compared to sorafenib in patients who were deemed
to have non-resectable HCC. Findings indicated an improved median OS of 13.6 mo
with lenvatinib, compared to 12.3 mo with sorafenib. Lenvatinib also demonstrated an
increase in median progression-free survival (PFS) and overall response rate (ORR)
[21]. This allowed for FDA approval in 2018 as a fist line agent for treatment of
unresectable HCC[22].

SYSTEMIC THERAPIES: APPROVED SECOND LINE THERAPIES

Ramucirumab

The phase III randomized controlled trial REACH (NCT01140347) investigated
ramucirumab, a monoclonal antibody against VEGF receptor 2. While the study failed
to demonstrate prolonged OS in the entire cohort, patients with elevated serum alpha-
fetoprotein (AFP) (> 400 ng/mL) had significantly longer median OS when compared
to placebo (7.8 mo vs 4.2 mo, P = 0.006)[23]. A subsequent phase III study, REACH-2
(NCTO02435433) reported a significantly prolonged median OS (8.5 mo vs 7.3 mo) in
sorafenib-experienced patients receiving ramucirumab vs placebo with AFP of 400
ng/mL or greater[24]. These findings showed promise as an effective treatment option
in those with elevated AFP, leading to FDA approval in May 2019.
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Regorafenib

Regorafenib is a multikinase inhibitor that inhibits various molecules including VEGF
receptor 2/3, PDGF receptor and fibroblast growth factor receptor 1[25]. In the
randomized, double-blind, phase III clinical trial RESORCE (NCT01774344) patients
who failed sorafenib therapy were assigned to receive regorafenib vs placebo. This
study determined that regorafenib significantly improved OS in individuals who
experienced radiological progression of HCC during sorafenib treatment (10.6 mo vs
7.8 mo, P < 0.0001)[26]. Based on the promising findings of the RESORCE trial and a
tolerable safety profile, the FDA approved regorafenib as a second line treatment
option in those who have HCC progression while on sorafenib or who are not eligible
for alternative therapy[25].

Cabozantinib

A double-blind, phase III clinical trial CELESTIAL (NCT01908426) was conducted
testing cabozantinib, a multikinase inhibitor, in patients with unresectable HCC who
had progressed with sorafenib. The study demonstrated a significant prolongation of
OS when compared to placebo (10.2 mo vs 8.0 mo, P = 0.005) coupled with a longer
median PFS when compared to placebo[27]. Based on the findings of CELESTIAL, the
FDA approved cabozantinib as a second line treatment option for HCC in those who
have undergone previous therapy with sorafenib.

IMMUNOTHERAPY: ICIS

Limited efficacy and undesirable side effects of traditional therapies (i.e., sorafenib)
have led to further investigation of immunotherapeutic agents over the years. A recent
and emerging field of treatment includes cancer immunotherapies using ICIs that
target programmed cell death protein-1 and its ligand (PD-1/PD-L1) and cytotoxic T-
lymphocyte-associated protein- 4 (CTLA-4), which has significantly altered treatment
of various types of cancer including HCC[28].

Immune checkpoint molecules play essential roles in regulating cancer cell
interactions with the host immune system; and the development of drugs that
suppress these interactions used by tumor cells to evade host immunity has shown
promising results. PD-1, a member of CD28, is expressed on activated immune cells
including T cells, B cells, and myeloid cells; and its interaction with ligand PD-L1
negatively regulates the immune system through suppressive signals that induce
peripheral tolerance[29]. In HCC tumor cells, PD-L1 is aberrantly expressed, allowing
for such an escape from host immunity[30]. CTLA-4 is another member of the CD28
family, and it is induced on T cells by antigen activation leading to subsequent binding
with CD80 and CD86 with more affinity compared to CD28, negatively regulating
costimulatory T cell signals and allowing for peripheral tolerance[31]. Ultimately these
immunotherapeutic drugs strategically suppress key checkpoints that may be used by
tumor cells to evade the host immune system, hindering a hallmark for tumor
progression.

Atezolizumab

Atezolizumab is a fully humanized monoclonal antibody targeting PD-L1 that has
recently changed the treatment landscape of unresectable HCC. A phase-Ib study
evaluating synergistic atezolizumab and bevacizumab (anti-VEGF antibody) in
patients with previously untreated and unresectable HCC not only demonstrated an
acceptable safety profile, but promising antitumor activity with ORR 36%, disease
control rate (DCR) 71%, and a median PFS of 7.3 mo when compared to monotherapy
with nivolumab or pembrolizumab[32]. These results led to IMbravel50 (NCT
03434379), an open-label, randomized phase III study assessing atezolizumab (anti-
PDL1) in combination with bevacizumab (anti-VEGF antibody) compared to sorafenib
in patients with untreated locally advanced or metastatic HCC. OS at 12 mo was
significantly longer in the combination group when compared to sorafenib (67.2% vs
54.6%) and PFS was significantly longer in atezolizumab + bevacizumab vs sorafenib
(6.8 mo vs 4.3 mo, hazard ratio for disease progression or death [0.59; 95% confidence
interval (CI): 0.47-0.76, P < 0.001], leading to FDA approval in May 2020 for the
treatment of unresectable or metastatic HCC who have not received prior systemic
therapy[33]. Currently a phase III, multicenter study of atezolizumab plus bevacizu-
mab vs active surveillance as adjuvant therapy in HCC at high risk of recurrence after
surgical resection or ablation is recruiting (IMbrave050; NCT04102098)[34]. In
addition, a phase III study evaluating the safety and efficacy of atezolizumab plus
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levantinib or sorafenib vs levantinib or sorafenib alone in locally advanced or
metastatic and/or unresectable HCC following prior treatment with combination
atezolizumab and bevacizumab was recently posted in February 2021 (IMbrave251;
NCT04770896).

Ipilimumab

Ipilimumab is a monoclonal antibody targeting CTLA-4, which was recently granted
accelerated FDA approval in May 2020, when used in combination with nivolumab
(anti-PD-1) for HCC that has previously been treated with sorafenib. Approval was
based on a single arm of the phase I/II clinical trial CheckMate 040 (NCT01658878), in
which patients were treated with nivolumab 3 mg/kg plus ipilimumab 3 mg/kg every
3 wk for 4 doses. In addition to a substantial reduction in tumor burden, the overall
ORR was 32%, with median OS 22.8 mo while having manageable safety profiles[35].
A phase III trial of ipilimumab in combination with nivolumab vs sorafenib or
levantinib as first line treatment in patients with advanced HCC is currently recruiting
participants (CheckMate 9DW; NCT04039607). A variety of clinical trials evaluating
ipilimumab in combination with nivolumab during various treatment phases are
ongoing and include; prior to liver resection (PRIME-HCC; NCT03682276), as
neoadjuvant therapy (NCT03510871), and in combination with trans-arterial
chemoembolization (CheckMate 74W; NCT04340193).

Nivolumab

Nivolumab is an anti-PD-1 monoclonal antibody that has shown promising results,
leading to FDA approval for second-line treatment of advanced HCC. The phase I/1I
clinical trial CheckMate 040 (NCT01658878) investigated nivolumab in sorafenib-naive
and sorafenib-experienced patients with intermediate-advanced HCC and Child-Pugh
Stage A. During the dose-expansion phase, ORR was 20%, while DCR was 64% with a
median progression free survival of 4.1 mo[36]. The subsequent phase III study
CheckMate 459 (NCT2576509) evaluating nivolumab vs sorafenib as first line
treatments for unresectable HCC failed to demonstrate statistical significance for the
primary endpoint of OS[37]. Currently a phase III trial, CheckMate-9DX (NCT
03383458), is actively evaluating recurrence free survival (RFS) in those with HCC at
high risk of recurrence after curative hepatic resection or ablation.

Pembrolizumab

Pembrolizumab is a humanized anti-PD-1 monoclonal antibody that has been invest-
igated across a variety of malignancies[38]. The phase II open-label clinical trial
KEYNOTE-224 (NCT02702414) studied the safety and efficacy of pembrolizumab in
patient with advanced HCC after having failed treatment with sorafenib. Favorable
findings included an ORR of 17%, DCR of 61%, along with PFS of 4.8 mo, median OS
of 12.9 mo and TTP of 4.9 mo[39]. This promising data led to FDA approval in
November 2018 as a second line treatment after sorafenib. A subsequent phase III
double-blind, randomized control trial, KEYNOTE-240 (NCT02702401) compared
pembrolizumab to placebo, demonstrated longer OS and PFS; however, these findings
were not statistically significant and failed to meet primary endpoints[40]. There are
currently two-phase III trials that are ongoing at the time of this publication;
KEYNOTE-394 (NCT03062358) , evaluating pembrolizumab in Asian patients with
systemically treated advanced HCC and KEYNOTE-937 (NCT03867084) as an
adjuvant therapy in HCC after curative treatment[29].

Ultimately, cancer uses a variety of unique mechanisms to evade host immune
response and to develop drug resistance in HCC. This has sparked much interest in
combining treatment modalities, particularly combination ICIs and checkpoint
inhibitors with other chemotherapeutics. HIMALAYA (NCT03298451) is an open-
label, multi-center, phase III study assessing durvalumab (anti-PDL1) plus tremeli-
mumab (anti-CTLA4) in patients with advanced HCC. Scientists and physicians alike
are eagerly awaiting results of other ongoing phase III trials such as LEAP-002
(NCT03713593) evaluating pembrolizumab and levantinib in combination and
COSMIC-312 (NCT03755791) investigating atezolizumab and cabozantinib synergist-
ically.
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BEYOND CHECKPOINT INHIBITORS

Cell based immunotherapy

In recent years cancer therapy has begun shifting focus from the aforementioned
conventional therapies, to the use of immune cell therapies, which utilize the host
immune system to target and treat cancer. One such avenue of therapy includes gene
modified T cell therapy, particularly TCR engineered T cells and CAR-T cells, which
have shown promise in various malignancies and continue to be tested in clinical trials
targeting HCC. Below we will discuss the concept of gene modified T cell therapies,
and other modalities of adoptive cell transfer while reporting the results of recent and
ongoing clinical trials where applicable.

When engineering T-cell based immune cell therapies targeting HCC, identification
of tumor-associated antigens (TAAs) that can allow for appropriately mediated
immune response is critical. AFP is a glycoprotein composed of 591 amino acids,
identified as the first oncofetal biomarker for patients with HCC allowing for
quantitative estimation of tumor burden and response to therapy[41]. Elevated levels
of AFP have been found in approximately 70% of patients diagnosed with HCC,
however elevations can also be found in other pathological conditions including
cirrhosis, various hepatic disorders, germ cell tumors, lung cancer, gastric cancer, and
pancreatic cancer[42]. Pre-clinical models have demonstrated the potential of AFP in
the development of cellular immunotherapies[43,44]. Glypican-3 (GPC-3) belongs to
the transmembrane heparan sulfate proteoglycan family, that regulates cellular
division and growth[45]. GPC-3 expression is elevated in HCC, and recent studies
have demonstrated that elevated levels correlate with an overall worse prognosis[46].
Therefore GPC-3 has been investigated in pre-clinical studies as a target for adoptive
cell immunotherapy[47,48]. Melanoma antigen gene proteins (MAGE) was first
identified in melanoma patients and has been found to be almost exclusively
expressed in a variety of cancer tissues. Aberrant expression of MAGE has been
demonstrated to significantly correlate with clinical characteristics of HCC, however
functions of the multitude of MAGE proteins have yet to be thoroughly understood
[49]. New York esophageal squamous cell carcinoma (NY-ESO-1) is a member of the
cancer testis antigen family expressed in a variety of cancer cells including HCC[50].
NY-ESO-1 has been deemed as the most promising cancer testis antigen for the
development of cancer immunotherapy with a multitude of studies demonstrating
promising results across a variety of malignancies[51]. When examining HCC caused
by viral infection (HBV or HCV) there is prospect in targeting viral antigens as a
strategy to etiologically treat HCC. Targets include HBV S or L protein (envelope
proteins), which have shown promise by eliminating HBV positive hepatocytes when
targeted by antigen specific T cells[52]. Targeting of hepatitis B surface antigen has
also shown efficacy in mouse models utilizing CAR-T cell therapy as well[53]. Other
tumor antigens that are of particular interest include epithelial cell adhesion molecules
(EpCAM)[54], mucin 1 glycoprotein (MUC1)[55] and human telomerase reverse trans-
criptase (WTERT)[56].

CAR-T and TCR engineered T cells: The basics

Gene modified T cell therapy is a method used to deliver T cells that are genetically
engineered to produce TCRs that recognize specific tumor associated antigens and
their epitopes. There are currently two methods of developing gene modified T cells,
CAR-T cells and TCR transgenic T-cells (engineered T-cells), which have both shown
efficacy and promise in a variety of solid and hematological malignancies[57]. CAR is
composed of three basic elements: (1) the extracellular antigen recognition domain, (2)
the transmembrane domain and (3) the intracellular signaling domain. The extracellu-
lar portion is a single chain antigen recognition receptor composed of heavy and light
chains of a monoclonal antibody specific to the tumor surface antigen, allowing for no
restrictions of target antigen recognition by major histocompatibility complex (MHC)
molecules. The intracellular portion is formed by combining co-stimulatory molecules
to the intracellular portion of TCRs[58]. The basic process of CAR-T generation
includes: (1) T cell isolation from peripheral blood mononuclear cells using immunose-
lective beads and activation with anti-CD3 and 1I-2, (2) genetic modification of CAR-T,
(3) expansion of T cells in vitro, (4) evaluation ensuring CAR expression and T cell
viability, and (5) CAR-T infusion back into the patient[59]. TCR transgenic T cells
possess a TCR on the surface consisting of two distinct protein chains; alpha and beta,
which bind to the MHC of antigen presenting cells, allowing for a highly specific
interaction which is not limited to membrane bound antigens[60,61]. As previously
described the selection and validation of target antigens is of utmost importance when
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designing both TCR-T cells and CAR-T cells that are efficacious and minimize on
target/ off-tumor side effects[62].

CAR-T immunotherapy

CAR-T cell therapy has been tested both preclinically and clinically when targeting
HCC. Below we will discuss findings of completed and ongoing clinical studies that
seek to demonstrate safety and efficacy of cellular therapy. Shi et al[63] recently
published results from two prospective phase I trials involving GPC-CAR-T cells
(NCT02395250 and NCT03146234) in patients with advanced GPC3 positive relapsed
or refractory HCC following chemotherapeutic induced lymphodepletion. A total of
13 patients received CAR-T cell infusion, with two partial responses and one patient
with sustained stable disease after 44.2 mo. OS rates at 3 years, 1 year, and 6 mo were
10.5%, 42% and 50.3% respectively with median OS duration of 278 d according to the
Kaplan-Meier method. Unfortunately, toxic effects were noted with major concern as
one patient developed cytokine release syndrome (CRS) leading to death from multi-
organ failure[63]. A recently completed, open-label, phase I-II study by Dai et al[64]
demonstrated efficacy of CD133-CAR-T cell therapy in patients with biopsy proven
HCC (BCLC stage C) not amenable to curative treatment. One patient demonstrated a
partial response, while 66.7% of patients had stable disease after infusion with an
overall PFS of 6.8 mo and median OS of 12 mo (NCT02541370). Currently an open-
label, single center, phase I-II study is underway investigating CAR-T/TCR-T cell
immunotherapy targeting a variety of different malignancies including hepatoma
(NCTO03638206). A list of currently ongoing clinical trials investigating CAR-T cells for
the treatment of HCC is listed in (Table 1).

Improving CAR-T delivery and efficacy

Proven clinical efficacy of CAR-T across a variety of hematological malignancies has
led to the investigation of its use in solid tumors. However, treatment of solid tumors
poses many challenges to clinical investigators, one of which includes access to the
tumor site. Many cases of HCC occur on the background of a fibrosed and cirrhotic
liver, and the presence of such fibrotic extracellular matrix (ECM) poses a barrier for
CAR-T cell penetration. In order to overcome such a challenge, CAR-T cells co-
expressing heparinase, which degrades ECM heparan sulfate proteoglycans were
developed. These newly engineered CAR-T cells improved cellular ability to degrade
the ECM and displayed antitumor activity, suggesting a feasible strategy for the
development of CAR-T cells targeting stroma-rich solid tumors[65]. Similar strategies
are being investigated with the use of matrix metalloproteinase 8, which can allow
CAR-T cells to overcome physical barriers[66]. Local administration of immuno-
therapy directly into tumors has shown promising results for organ selective delivery.
In a study conducted by Katz et al[67], not only were CAR-T cells detected in biopsies
of liver metastasis, but effective CAR-T cellular response was noted within the tumor
following delivery via hepatic artery infusion. Such results have paved light into the
investigation of direct tumor inoculation via a variety of local administration techni-
ques including hepatic artery infusion in a multitude of clinical trials. Novel delivery
platforms including nanoparticles, scaffolds and other biomaterials are also being
investigated as a safe and effective way to deliver immunotherapy to tumor cells while
avoiding off-target adverse effects[68]. Recent findings from the 2020 study conducted
by Ma et al[69], demonstrated superior targeting and anti-tumor capabilities of CAR-T
cell membrane coated nanoparticles both in vivo and in vitro.

In addition to tumor location being inaccessible, the tumor microenvironment has
been found to be detrimental to CAR-T cells in regard to their survival and prolif-
eration. The consumption of glucose by malignant cells renders the surrounding
environment hypoxic, acidic, and low in nutrients leading to oxidative stress; leaving
glycolytic T cells unable to adequately function, ultimately hindering the immune
response[70,71]. In order to help eliminate reactive oxygen species (ROS) accumu-
lation, CAR-T cells co expressing catalase were designed, and were subsequently able
to survive and function in such unfavorable environments[72]. However, oxidative
stress with release of compounds such as ROS and hydrogen peroxide, not only
prevents recruitment and adequate function/persistence of immune cells, it also
allows for recruitment of immune suppressor cells that lead to CAR-T cell exhaustion
[73]. Strategies to help overcome such exhaustion include the use of ICIs that target
PD-1, PD-L1, CTLA-4 in conjunction to CAR-T cells administration[74], and by
genetically deleting T-cell PD-1 protein with the use of CRISPR-CAS9 gene editing
[75]. There is optimism that these findings coupled with continued advance-ments in
biomedical engineering will allow for new delivery and tumor microenvironment
altering capabilities that can help amplify immunotherapeutic response in the
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Table 1 Ongoing clinical trials investigating chimeric antigen receptor-T cell therapy in the treatment of hepatocellular carcinoma

according to ClinicalTrials.gov

Product Phase Estimated completion Studyl/identifier
GPC3- CAR-T I November 2021 NCT04121273
CD147- CAR-T I May 2022 NCT03993743
GPC3- CAR-T I June 2022 NCT03980288
CAR-CLD18 N/A December 2023 NCT03302403
GPC3- CAR-T I May 2024 NCT03884751
GPC3/TGF-CAR-T 1 August 2024 NCT03198546
GPC3- CAR-T I October 2036 NCT02905188

CAR: Chimeric antigen receptor; CD: Cluster of differentiation; GPC3: Glypican-3; TGF: Transforming growth factor.

treatment of HCC.

Improving CAR-T safety

When utilizing cellular immunotherapy with CAR-T cells, a number of important
safety concerns are to be noted including CRS, central nervous system toxicity (CNS)
and the “on target-off tumor” effect. CRS is characterized by flu like symptoms
including fever, fatigue and headache, which can progress to hypotension and organ
dysfunction secondary to uncontrolled systemic inflammatory response associated
with elevated serum cytokines; particularly interleukin (IL)-6, IL-10, tumor necrosis
factor a (TNF-a) and interferon (IFN)-y[76]. Symptoms of CNS toxicity can range from
headache and dizziness, to memory loss and delirium, and can be found along with
CRS or after the resolution of CRS. Although the exact etiology remains unclear at this
time, it is speculated that various cytokines may alter the blood brain barrier[77], in
conjunction with an increase in protein, white blood cells, IFN-y, TNF-a, and IL-6
within cerebrospinal fluid[78].

These adverse reactions stem from CAR-T cells recognizing TAAs, which are not
only heterogenous amongst tumors, but can also be present in normal tissues,
elevating the risk of off target toxicity[71]. Such toxic effects have been reported
following administration of anti-ERBB2 CAR-T cells for the treatment of metastatic
malignancy, which led to CRS with subsequent respiratory distress and death due to
low levels of ectopic ERBB2 in lung epithelium[79]. In order to help overcome such
toxicities, a variety of strategies are being investigated. One such strategy includes the
controlled removal of CAR-T cells with the use of suicide genes. There has been
promise with the use of a drug inducible caspase 9 system (pro-apoptotic molecule
that activates downstream pro-apoptotic caspase 3 when chemically induced) leading
to apoptosis of CAR-T cells on demand[80] and with a system utilizing a truncated
epidermal growth factor receptor, which allows for elimination following adminis-
tration of a receptor specific antibody[81]. More recently, Amatya et al[82] developed
CAR-T cells with a caspase 9 suicide gene for the treatment of multiple myeloma.
Following administration of a dimerizing agent, CAR-T cells underwent apoptosis and
were no longer active.

As previously mentioned, identification of a suitable TAA is imperative in the
development of efficacious CAR-T cells, however highly specific TAAs are rarely
identified, leading to investigation of dual- targeted CAR-T cells. Chen et al[83]
developed dual-target CAR-T cells (targeting GPC3 and Asialoglycoprotein receptor 1)
for the treatment of HCC. Not only did these cells demonstrate superior anticancer
activity coupled with higher cytokine secretion when compared to single target CAR-T
cells, but their specificity toward cellular targets may reduce the risk of on target- off
tumor toxicity[83]. Recent developments have shown efficacy of a novel, split anti-
GPC3 CAR-T, into two components with the use of SpyCatcher (extracellular 116
amino acid sequence linked to the intracellular domain) and SpyTag (13 amino acid
peptide linked to single chain variable fragment). Such dual component delivery of
CAR-T cells not only suppressed tumor growth, but displayed decreased cytokine
release, representing a safer alternative when compared with conventional CAR-T
cells[84]. Other perspectives include formation of a split, universal and programmable
CAR system that allows for enhancement of specificity, safety and programmability of
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CAR delivery systems[85].

TCR engineered T cells

TCR engineered T cells are modified T cells that are able to precisely recognize tumor
surface antigen peptides and MHC, rendering a response only effective when tumor
cells express both antigen epitopes and MHC molecules[57]. TCR engineered T cells
specific to NY-ESO-1 have demonstrated significant antitumor effects in the treatment
of multiple myeloma[86] and synovial sarcomas[87]. The presence of NY-ESO-1 over-
expression in HCC has made it an investigated target when developing engineered T
cells in one phase II study (NCT01967823), and two phase I studies (NCT02869217)
and (NCT03159585), for which we eagerly await results. In addition, TCR engineered T
cells targeting hepatitis B viral antigens in HBV related HCC have been of interest in
both preclinical and clinical models[88,89]. Recently in November 2020, Chen et al[90]
presented an abstract at the 2020 Society for Immunotherapy of Cancer, demonstrating
safety and efficacy of HBV specific TCR T-cells in recurrent HBV related HCC patients
post liver transplant (NCT02719782).

There are currently five ongoing trials investigating TCR engineered cells targeting
various TAAs in HCC (Table 2). All trials are investigating efficacy in advanced,
unresectable HCC, with the exception of (NCT03899415), which is evaluating the
safety and clinical benefit of TCR engineered T cells in HBV positive HCC patients
post hepatectomy or radiofrequency ablation.

Cytokine induced killer cells

Cytokine induced killer (CIK) cell therapy is a form of adaptive cell transfer that has
been investigated as adjuvant therapy in patients with HCC. CIK cells are isolated
from the patient’s peripheral mononuclear cells, at which point they are grown ex vivo
with the addition of cytokines such as recombinant human IFN-y, anti-CD3 monoclo-
nal antibody, and recombinant human IL-2 prior to transfusion back into the patient;
allowing for recognition and subsequent death of tumor cells[91]. In a multicenter,
randomized phase III trial conducted in Korea, 230 patients were assigned to receive
adjuvant CIK or no adjuvant therapy (control) following treatment with surgical
resection, radiofrequency ablation or percutaneous ethanol injection (NCT00699816).
Median RFS was significantly prolonged in the immunotherapy group (44 mo vs 30
mo, P = 0.01), coupled with lower hazard ratios for all cause death (P = 0.08) and
cancer-related death (P = 0.02)[92]. A 5-year follow-up study demonstrated continued
efficacy of autologous CIK immunotherapy without any repeated injections
(NCT01890291). After an average 68.5 mo follow up, RFS was 44.8% in the immuno-
therapy group and 33.1% in the control group, coupled with a significantly lower risk
of all-cause death (hazard ratio 0.33, 95%CI: 0.15-0.76, P = 0.006)[93]. Similar results
were demonstrated in a meta-analysis and systemic review conducted by Cai et al[94]
examining adjuvant CIK after invasive treatments for HCC. Pooled analysis
demonstrated a significant improvement of RFS, PFS and OS in patients receiving
autologous CIK immunotherapy. Although many studies have been conducted
examining the safety and efficacy of CIK as an adjuvant treatment for HCC with mixed
results; research is limited when examining CIK therapy as a sole treatment for
unresectable HCC.

TILs

TIL therapy is an immunotherapeutic technique that involves isolation and subsequent
cell culture followed by autologous administration of tumor specific T cells present in
infiltrated tumors. Success of adoptive cell therapy using TIL is based on the diverse
antigenic specificity displayed by TIL cells toward the tumor and the lytic capabilities
possessed allowing for eradication of malignancy[95]. TILs play an essential role in
cancer progression[96] and even as a predictive biomarker of response to neoadjuvant
chemotherapy in a variety of malignancies[97]. After the recognition of tumor associa-
ted antigens[98], various types of TILs infiltrate to the tumor site; including NK cells,
NK T cells, mucosal-associated invariant T cells, and gamma delta T cells[99]. CD4+ T
helper cells on the other hand further differentiate in the periphery into a variety of
subsets (i.e., Th1l, Th2, Th9, Th17, Th22, regulatory T cells, and T follicular helper cells)
[100]. CD8+ and NK cells contribute to a direct cytotoxic antitumor effect induced by a
cascade of activating and inactivating receptors[99].

In a study conducted by Chew et al[101], examining immune gene expression
profiles of resected tumor, HCC patient survival was positively correlated to higher
expression of inflammatory immune genes. In conjunction, there was an increased
presence of NK cells and T cells promoting apoptosis and reducing proliferation in the
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Table 2 Ongoing clinical trials investigating T cell receptor engineered T cells in the treatment of hepatocellular carcinoma according to

ClinicalTrials.gov

Product/target Phase Estimated completion Study/identifier
C-TCRO055/ AFP I April 2021 NCT03971747
C-TCRO055/ AFP I November 2021 NCT04368182
HBV-TCR T cell/HBV Ag I June 2024 NCT03899415
IMA202-101/MAGE A1l I June 2024 NCT03441100
AFP T cells/ AFP I June 2026 NCT03132792

AFP: Alpha fetoprotein; HBV: Hepatitis B virus; Ag: Antigen; MAGE: Melanoma antigen gene protein.
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tumors of patients with longer survival, suggesting that TILs can be used as a specific
immunotherapy for treatment of HCC[101]. In a hallmark randomized trial, patients
who had undergone curative resection for HCC were assigned to receive adoptive
immunotherapy vs no adjuvant therapy. Administration of lymphocyte infusion led to
a reduced frequency of recurrence by 18%, significantly longer time to first recurrence
(P = 0.008), longer RFS (P = 0.01) and disease- specific survival (P = 0.04) when
compared to controls[102]. A phase I trial (NCT01462903) examined the use of autolo-
gous TILs in HCC patients post resection. Results demonstrated that 80% of patients
remained disease free after 14-mo follow-up, while displaying a favorable side effect
profile, further suggesting TIL therapy as a safe treatment method for HCC[103].
Currently an active clinical trial is investigating the safety and efficacy of autologous
TILs in patients with high-risk recurrent HCC (NCT04538313). Research is limited on
the use of TIL immunotherapy for unresectable HCC, and we hope that further studies
can be initiated using TILs alone or in combination with other therapies such as
chemotherapy or IClIs.

NK cells

NK cells play an active and critical role in the innate and adaptive immune defense
against viral infections and hepatocellular malignancy[104], forming as much as 50%
of innate immunity cell infiltrate within the liver[105]. Several clinical studies have
demonstrated the safety and efficacy of allogenic NK cell adoptive immunotherapy in
the treatment of various malignancies[106,107] including HCC[108]. In a study con-
ducted by Lin et al[108], patients were enrolled to receive cryoablation alone vs
allogenic NK cell therapy for the treatment of unresectable HCC. Results demon-
strated synergistic effects of combination therapy leading to enhanced immune
function, reduction in AFP, and improved quality of life in addition to an increased
median PFS (9.1 mo vs 7.6 mo, P = 0.01), higher response rate (60% vs 46.1%, P < 0.05)
and DCR (85.7% vs 69.2%, P < 0.01) when compared to cryoablation alone. Similar
results were demonstrated in a study conducted by Alnaggar et al[109], which invest-
igated allogenic NK cell immunotherapy in combination with irreversible electro-
poration for Stage IV unresectable HCC. Efficacy of treatment was synergistic, with
statistically significant lower AFP levels at 1 and 3 mo after treatment (P < 0.01),
coupled with a higher median OS (10.1 mo vs 8.9 mo, P = 0.0078) when comparing
combo therapies vs electroporation alone. Currently a phase I/1I study investigating
allogenic NK cell therapy in patients with advanced HCC (NCT04162158) is
underway, as well as a phase II/III study examining the effects of autologous NK
therapy when coupled with transcatheter arterial chemoembolization (TACE) for the
treatment of advanced HCC (NCT04011033). Combination therapy of “off the shelf”
FT500 NK cells with ICIs is also being investigated in subjects with advanced solid
tumors including HCC (NCT03841110).

The advent of genetic modification techniques has led to the use of CAR technology
to develop CAR-NK cells to improve specificity and efficacy of NK cell cytotoxi-city
[110]. Yu et al[111] developed a GPC3-specific NK cell for the treatment of HCC, which
demonstrated in vitro cytotoxicity and cytokine production in addition to potent anti-
tumor activities in HCC xenografts. Similar treatment benefits were noted with the
development of c-MET specific CAR-NK cells, which demonstrated specific
cytotoxicity against malignant hepatic cells in vitro[112]. While there are many ongoing
clinical trials investigating CAR-NK immunotherapy for the treatment of hemato-
logical malignancies; investigation of treatment efficacy in solid tumors remains
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scarce.

DC-CIK cells

DC are antigen presenting cells that bridge the gap between innate and adaptive
immunity, allowing for activation of naive T cells that promote tumor-specific T cell
immune response and adaptive immunity[113]. The use of in vitro generated DC
combined with CIK cells has shown to be an effective and promising immunotherapy
technique when used alone or in combination with other treatment options for a
variety of malignancies[114]. In a study conducted by Zhou et al[115], advanced HCC
patients were assigned to receive sorafenib alone vs a combination of sorafenib and
DC-CIK immunotherapy. Results not only demonstrated a significant reduction in
AFP levels when using combination therapy, but a significant increase in clinical
benefit rate (41.9% vs 88.6%, P < 0.05) and prolonged median survival time (13.8 m vs
18.6 m, P < 0.05) while maintaining safety. Examination of combined therapy of TACE
with DC-CIK therapy vs TACE alone has shown statistically prolonged OS time in
HCC patients with HBV[116]. A meta-analysis of 22 studies, conducted in 2019 by Cao
et al[117], has shown a prolonged survival and reduced recurrence rate of HCC when
combining conventional clinical treatment and immunotherapy with DC and/or CIKs.
There are currently studies recruiting participants for treatment of various solid
tumors (including HCC) with DC-CIK combination immunotherapy (NCT04214717,
NCT04476641, NCT03190811).

HCC vaccines

Current advancements in medicine and immunobiology have demonstrated promi-
sing treatment strategies of cancer vaccines and oncolytic immunotherapy in patients
with advanced stage cancer, leading to a variety of studies under clinical investigation
[118]. Modalities include DC vaccinations, vaccines that target the antigens on tumor
cells which in return activate cellular and humoral immunity causing a phagocytic
activity towards the tumor cells, and oncolytic viruses that can attack and destroy
tumor cells. These vaccines have both prophylactic and therapeutic aspects that can
aid in the treatment of advanced cases of HCC. An up-to-date list of cancer vaccines
and oncolytic virus therapies under current clinical investigation is provided (Table 3).

Antigen peptide vaccines

Targeting these unique antigens can contribute to a significant approach in the
development of vaccines in cases of HCC. Foremost antigens include AFP, GPC3, NY-
ESO-1, hTERT, and hepatocellular and melanoma antigen gene-A (MAGE-A) as
previously mentioned[119]. GPC3 peptide, a heparan sulfate glycoprotein and mem-
ber of the GPC proteoglycan group, functions through attaching to the cell membrane
by a glycophosphatidylinositol anchor, further regulating several growth factors
through the Wnts, hedgehog, and the BMP signaling pathways[120]. This peptide can
be an ideal target for HCC vaccine development, as GPC3 is detected in the vast
majority of HCC cases[121]. In a phase I trial conducted on 33 patients to ensure the
safety of the GPC3-derived peptide vaccine for advanced HCC, results indicated a
well-tolerated vaccine with significant immune response, and an improvement in the
median OS rate, 12.2 mo (95%CI: 6.5-18.0) in patients with high GPC3-specific
cytotoxic T-lymphocytes frequencies, as compared with 8.5 mo (95%CI: 3.7-13.1) in
those with low GPC3-specific cytotoxic lymphocyte frequencies (P = 0.033)[122].
However, it was not determined if these tumor-infiltrating lymphocytes detected after
vaccination were GPC3 peptide-specific cytotoxic lymphocytes, prompting the
initiation of a phase II trial (UMIN000005093) in patients with advanced HCC having
failed sorafenib, which demonstrated induction of GPC3 peptide specific cytotoxic
lymphocytes capable of infiltrating tumors[123].

DC vaccines

DCs have a potent effect on the T cell responses in HCC and other malignancies by
acting as antigen presenting cells towards cytotoxic T lymphocytes[124]. Prior to
administration of these vaccines to subjects, allogenic DCs are loaded with tumor
antigens ex vivo, and then stimulated with cytokines such as granulocyte-macrophage
colony-stimulating factor for further expansion[125]. In a recent 2016 study, DC
vaccines loaded with autologous tumor cell lysate (Hepal-6 cells) were studied using
an orthotopic murine model of HCC. Treatment using this combination not only
inhibited progression of murine HCC, but results were promising with a 90% survival
rate compared to survival rate lower than 5% in untreated mice, suggesting alteration
of the immunosuppressive tumor microenvironment as measured by lymphocyte and
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Table 3 Ongoing clinical trials investigating cancer vaccines and oncolytic viruses in the treatment of hepatocellular carcinoma

according to ClinicalTrials.gov

Product Phase Estimated completion Studyl/identifier
OV telomelysin (OBP-301) I April 2021 NCT02293850
DC vaccine I April 2022 NCT04317248
DC vaccine + pneumococcal 13 1 May 2022 NCT03942328
OV M1-c6vl 1 October 2022 NCT04665362
DC vaccine 1 June 2023 NCT04147078
DSP-7888 PV + nivolumab or pembrolizumab I/1 February 2024 NCT03311334
DNAJB1-PRKACA fusion kinase vaccine 1 March 2024 NCT04248569
TAEK-VAC-HerBy vaccine I/1 December 2024 NCT04246671

DC: Dendritic cell; OV: Oncolytic virus; PV: Peptide vaccine.
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cytokine analysis[126]. Although DCs seem to be an attractive treatment modality,
further research is required to establish better in vitro handling of DCs, better methods
of cellular delivery as well as further adaptation to the in-vivo environment following
cellular administration.

Oncolytic virus therapy

The use of exogenously administered viruses has paved way as a new and promising
modality of targeting cancer cells and promoting neoplastic destruction following
replication and subsequent lysis of tumor cells. Such actions allow for the release of
antigens after lysis, which triggers antitumor activity[29]. One such virus is Pexa-Vec
(pexastimogene devacirepvec, JX-594), a modified pox virus expressing granulocyte-
macrophage stimulating factor that activates both innate and adaptive immune
responses, remaining as the leading oncolytic virus of interest when combating HCC
[127,128]. A randomized phase II trial conducted in patients with advanced HCC,
demonstrated dose-related significant improvement in OS at high doses (14.1 mo)
compared to low-dose treatment (6.7 mo), coupled with tumor regression involving
one complete response[129]. Current interest has sparked trials with combination of
common therapies. We eagerly await the results of Pexa-Vec with nivolumab
(NCT03071094), and Pexa-Vec with sorafenib (PHOCUS; NCT02562755) for treatment
of patients with advanced HCC.

CONCLUSION

Treatment of HCC has made significant strides over the past decade since the approval
of sorafenib as the first line, standard of care, molecular based treatment in 2007. More
recently over the past few years four novel drugs: lenvatinib, ramucirumab, regora-
fenib, cabozantinib, have proven to be both safe and efficacious leading to approval for
clinical use as an alternative or in addition to sorafenib. Clinical trials investigating the
check point inhibitors atezolizumab, ipilimumab, nivolumab, and pembrolizumab
have proven efficacy and identified new treatment modalities for HCC. As discussed
in the paper adoptive immunotherapy including CAR-T cells, TCR engineered T cells,
CIK cells, TIL cells, NK cells, DCs, and various vaccines have proven to be a promising
therapeutic strategy for the treatment of HCC, however there are still many obstacles
that need to be overcome prior to clinical application. Such challenges include identi-
fication of the ideal targeted antigen, overcoming the heterogenous and immunosup-
pressive environment of HCC, ensuring adequate delivery and persistence of immune
cells, avoiding toxicity, and continued development of safe and cost-effective measures
for cellular based treatment production and subsequent delivery to patients. The
differences displayed between hepatic tumors amongst individuals across various
stages of liver disease can possibly explain the difference in both clinical effects and
adverse outcomes of immunotherapies studied. Therefore, we believe that the future
of HCC treatment lies in the prospect of combined treatment modalities to exhibit
synergistic effects, which have already entered various clinical trials as described
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within this paper. While most completed and ongoing studies focus on individuals
with adequate underlying hepatic function (Child-Pugh Class A), it is imperative to
expand studies to other patient subgroups including those with early-stage disease
and those undergoing palliative treatment. We believe that continued investigation
over the coming years will overcome current barriers and lead to the development of
novel and multifactorial immunotherapeutic strategies allowing for great advances in
the treatment of HCC.
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Abstract

Even though the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is related to SARS-CoV and Middle East respiratory syndrome coronavirus
(MERS-CoV), identifying effective and safe therapeutic strategies remains
challenging. In search of finding effective treatments to eradicate the virus and
improve disease symptoms, scientists are exploring possible therapies such as
anti-viral, anti-malaria, immune therapy, and hormone treatments. However, the
efficacy of these treatments was not validated on either SARS-CoV or MERS-CoV.
In this study, we have reviewed synthetic evidence achieved through systematic
and meta-analysis of therapeutics specific for SARS-CoV-2 and observed that the
use of the above-mentioned therapies had no clinical benefits in coronavirus
disease 2019 patients and, conversely, displayed side effects.

Key Words: COVID-19; Meta-analysis; Therapeutics; Anti-viral drugs; Immune therapy;
Corticosteroids
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Core Tip: The outcomes from these studies, supporting the use of anti-corona therapies,
remain mostly inconclusive and uninspiring, so far, because of the lack of evidence,
methodological flaws, missing data entries, risk of bias, publication bias, heterogeneity
of outcomes and the number of subjects included in the respective studies. High-quality
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data from more stringent studies involving large samples, particularly randomized
clinical studies, and caution on when to employ the treatments are needed.
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INTRODUCTION

From the establishment of PRISMA guidelines in 2009, it is obvious that the
importance and use of meta-analysis is growing at an unprecedented rate in scientific
explorations. Meta-analysis is a statistical approach for evaluating the pooled data
from various original research studies to provide quantitative, concise, and up to date
knowledge[1]. Meta-analysis provides research outcomes via scientific synthesize
through investigating the size of the effect or overall effect. This statistical analysis
played a profound role in providing an evidence-based tool and in clarifying, superfi-
cially, paradoxical outcomes in several scientific domains; thus, eliminating
controversy and criticism over particular study outcomes[1]. Though the term “meta-
analysis” was born in the 1970s, currently the use of this tool has extended from
medical sciences to other fields like physiology, conservation, evolution and ecological
sciences; this infiltration strongly suggests that meta-analysis is replacing narrative
reviews as an alternative, objective and instructive way of recapping biological
concepts[2]. Synthesis of evidence from meta-analysis should become a common
practice in order to maximize the value of scientific study in primary experimental
research. Meta-analysis is very crucial to make progress in biological, medical, policy
and conservation applications since these fields are greatly dependent on evidence-
based outcomes[1,2]. Meta-analysis has aided in finding patterns, building projections,
achieving generalizations and creating evidence-based conclusions in several research
branches including oncology[3], obesity[4], pathophysiology[5], drug discovery[6] and
diagnostic test accuracy[7]. Moreover, the exploration of corona virus and its
therapeutic choices using meta-analysis is growing, even though the amount of
original research articles over the topic are limited and these statistical outcomes are
creating a corner to reach vast generalizations. Very recently, multiple meta-studies
have reported their evidence-based outcomes with traditional medicines, anti-viral
drugs, immune boosters, immunotherapy and use of hydroxychloroquine as treatment
options in association with corona viral infection[8-12]. These meta-studies hoped to
use existing evidence and provide the likability of treatment success on novel corona
virus.

In December 2019, an outbreak of coronavirus disease 2019 (COVID-19) in the city
of Wuhan, China, spread across the globe within a short period of time and became
the latest public health emergency at the international level[13]. As of June 15, 2020,
COVID-19 has been recognized in 213 countries and territories, with a total of 7805148
confirmed positive cases and with a total of 431192 fatalities. Infection control and
recovery measures are necessary to prevent the current pandemic situation. It has been
observed that severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can
bring asymptomatic, systemic or respiratory disorders in subjects infected with it.
COVID-19 disease is characterized by serious upper respiratory illness including lung
failure and pneumonia[14], where the cause of disease was COVID-19 virus [World
Health Organization (WHO) named on February 11, 2020] and has been identified as a
new novel coronavirus, which is now confirmed as SARS-CoV-2[13,14]. Earlier two
major outbreaks of corona viruses occurred, namely Middle East respiratory syndrome
coronavirus (MERS-CoV) and SARS-CoV, posing a great threat to public health;
however, these diseases were not deemed as pandemics. The SARS-CoV-2, which
emerged in 2002, is a zoonotic corona virus similar to that of SARS-CoV[14,15]. As
COVID-19 has triggered enormous human casualties and serious economic losses
globally, an understanding of the ongoing situation and the development of strategies
to contain the virus's spread are urgently needed. COVID-19 has caused a disturbed
lifestyle, colossal human deaths, and pressing industrial losses globally and within a
short period. This outbreak calls for urgent and effective measurements, anti-viral

May 24,2021 | Volumel12 | Issue5 |


https://www.wjgnet.com/2218-4333/full/v12/i5/309.htm
https://dx.doi.org/10.5306/wjco.v12.i5.309

Jaishideng®

Sabeerabi B et al. Treatment for COVID-19

therapeutics, and the establishment of effective strategies to restrain the virus. Several
scientific explorations, particularly meta-studies are providing a great amount of
evidence to adapt various therapeutic choices including immune therapy, anti-viral
drugs and even the use of traditional medicines to treat COVID-19 infection. Hence, in
the current review, we aim to review the status of all meta-studies published from
2019-2020 focusing on therapeutic options for COVID-19 to highlight future directions
in the development of safe and successful therapeutic agents to prevent the viral
disease (Figure 1).

THE PATHOGENESIS OF COVID-19

Though the initial transmission of COVID-19 was reported in Wuhan City, China, the
actual source, reservoirs or intermediate carriers of the virus are still unknown. The
latest COVID-19 viral genome has 88% similarity with SARS-CoV, which are derived
from bats. The similarity also suggests that no birds or reptiles can host this virus
except mammals[16]. Though the information on primary reservoirs of COVID-19
remain unclear, the transmission from person-to person via virus laden released
during sneezing, coughing, or direct contact with infected person was reported[17].
Studies also confirmed that there is no transmission of virus from mother to child
during pregnancy[18]. The first step of viral infection is the binding of viral spikes
with cell-surface receptors of host cells and subsequent fusion with the plasma
membrane, specifically on the epithelial cells of the lungs. Studies have investigated
and confirmed that COVID-19 shares similarity in the receptor-binding domain of the
SARS-CoV and interacts with angiotensin-converting enzyme 2 receptor (ACE2)
present on the upper respiratory tract cells to gain invasion into the host system[17].
Moreover, a very recent study identified a group of human’s proteins able to interact
with SARS-CoV-2 proteins and these host proteins exhibit a range of functions at the
cellular level (including DNA replication, vesicle traffic, mitochondrial, nuclear
transport, cytoskeleton, lipid modifications, epigenetic regulators and ubiquitin
ligases)[19].

It has been observed that SARS-CoV-2 can bring asymptomatic, systemic or
respiratory disorders in subjects infected with it[20,21]. An incubation period of 5.8 d
was seen in patients infected with COVID-19 with no symptoms and only after this
incubation phase, the symptoms of COVID-19 appear from mild to life-threatening
illness within 6 to 41 d, with an average of 14 d[20,21]. The appearance of symptoms
after the incubation period depends on age as well as the individual’s immune system.
The common systemic symptoms of COVID-19 infection are fever, dry cough, fatigue,
headache, dyspnoea, gastrointestinal symptoms, lymphopenia and haemoptysis[22].
The life-threating respiratory disorders such as pneumonia, respiratory distress
syndrome, acute cardiac injury, serum SARS-CoV-2 viral load (RNAaemia), and
prevalence grand-glass opacities in lungs were also reported[22]. Patients infected
with COVID-19, who experienced breathing difficulties and pneumonia, also had high
levels of pro-inflammatory cytokines and chemokines (granule cell stimulating factor,
granulocyte-macrophage colony-stimulating factor, interleukin (IL)1-p, IL1RA,
IL7/8/9/10, fibroblast growth factor 2, interferon y, IP10, MCP1, MIP1a/ B, platelet-
derived growth factor B, tumor necrosis factor-a (TNF-a), and vascular endothelial
growth factor A) in the serum; these cytokines and chemokines are related in
promoting disease progression[23]. At present, the world is not prepared to face
pandemics like COVID-19 and is suffering from its consequences. Until today, there
are no functional therapeutic drugs to treat the COVID-19 viral infection. However,
COVID-19 patients are receiving supportive care, oxygen supply via ventilators and
fluid management to overcome symptoms; nonetheless, there are tremendous efforts
for vaccine development are undergoing. The global research community and pharma
industries are working closely to find a cure for COVID-19 yet remain unsuccessful
due to lack of existing evidence about druggable agents, which can provide a safe and
sustainable cure for COVID-19 infection. The one possible way to accelerate the
discovery process is to look for relatable drug agents that are primarily used in
pneumonia, SARS-CoV and MERS-CoV infections. A wide variety of druggable agents
or strategies those are known to work against deadly viruses such human immunode-
ficiency virus and Ebola can also be adapted; however, a clinical validation is needed.
To accelerate the discovery of a druggable agent, a clear validation and generalizations
of existing information on corona viruses and their killer is useful. To achieve such
goals meta-studies are the only source. Hence, in the following sections, we will
highlight the evaluations of meta-studies conducted on various possible drug agents
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against COVID-19 to find the most suitable and reliable cure.

Meta-analysis and COVID-19 therapeutics

The synthesis of scientific results from pooled data can help us to compare existing
results in order to comprehend epidemiology, mortality, management choices, risk
assessment and efficiency of prophylactic strategies against COVID-19. When we set
the aim to explore the meta-studies on COVID-19 treatment efficiencies, we were
unable to find such studies in the databases. The reason could be due to the lack of
sufficient or compelling experimental evidences or clinical investigations to perform
meta-analysis on prophylactic strategies against COVID-19. However, a few groups
tried to find the pattern in aetiology, comorbidities and pathological variations and
risk factors of COVID-19 at length[24-27]. Zhong ef al[28] tried to perform systematic
cum meta-analysis on the efficiency and safety of prophylactic strategies against
COVID-19. Since the available data on such a topic was less, they tried to evaluate
SARS-CoV and MERS-CoV therapies to find relatable and promising treatment
options for SARS-CoV-2 infection[28]. In their meta study, antiviral drugs such as
lopinavir/ritonavir, ribavirin and anti-malaria drug hydroxychloroquine based clinical
data on SARS-CoV, MERS-CoV and COVID-19 was evaluated and found that,
altogether, there was an improved mortality rate and reduced clinical development
and radiographical improvement but no clear conclusion on the eradication of virus,
the incubation phase, the prevalence of acute respiratory disease syndrome and
adverse events[28]. However, a subgroup evaluation confirmed that use of ribavirin
and corticosteroids in combination had a positive effect on reducing mortality and
hydroxychloroquine, which was demonstrated on radiographical outcomes alone. In
addition, use of a combination of lopinavir/ritonavir exhibited better eradication of
the virus and improved radiographical appearances with a low prevalence of acute
respiratory disease syndrome. Keeping the side effects of the drug combination tested
into consideration, the quality of verification on most end results were very low and
disappointing[28]. Though the meta-analysis failed to draw direct conclusions, due to
the heterogeneity and low quality of evidence and indications, the study is still useful
for clinicians to thoroughly acknowledge the dos and don’ts of individual anti-
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coronavirus agents on efficacy and safety. On the other hand, Etoom et al[29] recently
commented on one meta study published by Hu et al[30] titled “Prevalence and
severity of COVID-19: A systematic review and meta-analysis”. The former group
thinks a much deeper and careful statistical strategy is needed to evaluate the available
evidences on COVID-19. They also suggested that meta-analysis data should be made
available, especially in the case of COVID-19, since the number of research explor-
ations are growing immensely and performing new meta-analysis would be easier and
quicker[29,30]. We believe, at this stage meta-studies on COVID-19 and therapeutics
efficiency might take time because of the lack of sufficient empirical data and since the
rate of research investigations are actually yielding low successful outcomes.
Nonetheless, we look forward to see an increase in meta-studies aimed at COVID-19
research outcomes. It is noteworthy to mention that, though there were no meta-
studies on efficiency of prophylactic strategies against COVID-19, there are a few
systematic reviews on the same subject. Meta-analysis and systematic reviews stand
atop in estimating the quality of evidence known as “evidence pyramid”. Systematic
review does not require statistical analysis, but provides a comprehensive synopsis of
scientific literature to a specific research question.

Systematic reviews and COVID-19 therapeutics

In order to curtail the current SARS-CoV-2 global crisis, rapid diagnostics and effective
therapeutics are the key potential interventions, which are currently occurring.
Moreover, the lessons from previous outbreaks have shown that earlier therapeutics
can still be questionable for the use in the current pandemic. Among the ongoing
clinical investigations, some of them are testing against SARS-CoV and MERS-CoV
while the rest are focused on SARS-CoV-2; however, currently, there is no success of
effective therapeutics specific to SARS-CoV-2. The ways to eradicate SARS-CoV-2
include anti-viral drugs, immune therapy, immune boosters, vaccines, anti-malarial
drugs, monoclonal antibodies and convalescent plasma, which are majorly monitored
by pharma and research investigators. The ultimate goal is to develop anti-corona
therapeutics; to accelerate such processes, every effort made is accountable and
systematic generalization of such progresses play an important role in deciding the
efficacy and safety of individual anti-coronavirus agents. In this hour of need what we
want is a magic bullet to stop COVID-19; however, it is not easy to identify, testify,
validate and get approval for such magic bullet. Constant efforts from biologists,
pharmacists and policy makers are needed to evaluate the efficacy of anti-corona
therapies and we are running out of time. We have highlighted the evidence collected
through systematic analysis on anti-corona therapies to bring a comprehensive,
evidence-based evaluation under one roof to further increase the understanding on the
current success rate of anti-corona therapies. An overview of some of the most relevant
systematic reviews (SR) and meta-analysis (MA) studies conducted on therapeutic
strategies specific to COVID-19 are given in Table 1.

Systematic evaluation of anti-viral drugs specific to SARS-CoV-2

The ongoing antiviral drugs against COVID-19 are mostly similar to MERS-CoV and
SARS-CoV-1 studies. A recent study conducted a systematic review on the current
clinical settings of antiviral therapies against COVID-19[8]. The study also conducted a
similar evaluation on MERS-CoV and SARS-CoV-1 studies to filter potential antiviral
drugs. In their analysis, only one clinical investigation involving lopinavir-ritonavir in
management of COVID-19 was found, where the treatment had no benefit in 199
severe COVID-19 patients[8]. It is noteworthy to mention that other observational
studies, where anti-viral drugs such oseltamivir, lopinavir-ritonavir, lianhuagingwen
capsule, arbidol and interferon were used in the management of COVID-19, could not
yield positive conclusions due to the lack of data recording and appropriate sample
sizes[8]. Most interestingly, the team could not find any clinical settings where the
effects of anti-viral drugs were tested against MERS-CoV and SARS-CoV-1 infections
[8]. From the above conclusions, we believe that the current pandemic is more
challenging to curb and will be difficult and even more challenging to develop an ideal
anti-viral drug to manage severe COVID-19 diseases. Another team also aimed to
evaluate the prophylaxis of anti-retroviral drugs on COVID-19 using systematic
review to generate strong evidence to support anti-viral drugs as the first line of
treatment. They reported the availability of 21 observational studies and two
randomized trials, which showed the end results on the use of lopinavir-ritonavir on
MERS-CoV, SARS-CoV-1, and COVID-19 patients[31]. From their evaluation, it was
suggested that there were no clinical benefits from randomized trials, no inconclusive
outcomes from observational studies and a low body of evidence across all major end
points, indicating that the use of lopinavir-ritonavir anti-viral drugs as the first line of
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Table 1 Synthetic of evidence on coronavirus disease 2019 specific therapeutic strategies

Nature of Stud . ; .
. PMID J Therapeutic Benefits Conclusion
therapeutics type
Anti-viral drugs 32360583 SR Lopinavir-ritonavir or ribavirin Improved mortality rate, Inconclusive evidences, low
radiographical improvement  quality of evidence and
and reduced clinical heterogeneity of interventions
development
32309809 Lopinavir-ritonavir or Arbidol or Oseltamivir No benefits in 199 subjects Side effects. Inconclusive evidence
or Lianhuagingwen capsule or interferon lacks of data recording. Sample
32493740 SR & size
MA
32293807 SR Lopinavir-ritonavir No clinical benefits Adbverse side effects. Inconclusive
outcomes. Low body of evidence.
Small sample size
32506110 Remdesivir No clinical benefits Inconclusive outcomes high-
quality evidence well-designed
32378648 studies. Safety
Immune 32406927 SR Plasma transfusion Had beneficial outcomes Side effects. Inconclusive
therapy outcomes. Very low-certainty.
High risk of bias. Low reporting
quality
32272396 Plasma therapy or hyperimmune Had beneficial outcomes More evidence. Promising
immunoglobulin transfusion strategy. Sample size. Lack of
32527348 control group
Anti-malaria 32359203 SR Hydroxychloroquine/Chloroquine Had beneficial outcomes Inconclusive outcomes.
drugs Methodological flaws. Risk of bias.
Lack of evidence
32281213 No clinical benefits Lack of evidence. Safety issues
32468425 Methodological flaws. Small
sample size. Safety issues
32173110 Lack of evidence. Safety issues.
Methodological flaws. Small
32519281 sample size
Hormone 32283144 SR & Corticosteroids No clinical benefits Lack of evidence. Adverse side
therapy MA effects. Methodological flaws.
Caution needed
32409522 SR
32372026
32391369
Anti- 32542337 SR & ACEI/ARB Had beneficial outcomes Conflicting results, scarce existing
hypertension MA data. Diverse study types.
drugs Inconsistent clinical studies, more

RCT needed

ACEI: Angiotensin-converting enzyme inhibitors; ARB: Angiotensin-receptor blockers; RCT: Randomised controlled trial; SR: Systematic reviews; MA:
Meta-analysis.

treatment is not efficient on COVID-19 patients[31]. The team highlighted that
reliability of the proof of end results across MERS-CoV, SARS-CoV-1, and COVID-19 is
very low. They also suggested that, in addition to small sample size, the dose, duration
and timing of the treatment was not uniform. Moreover, a combination of antiviral
drugs along with other interventions may have given rise to the disclosed outcomes
[31]. Though both studies differed on trivial aspects of anti-viral drug efficacy against
COVID-19, MERS-CoV and SARS-CoV-1 infection, the studies did agree on one
common finding, that the use of lopinavir-ritonavir on severe COVID-19 is not
efficient. Currently, nearly twenty-five clinical trials are registered and each of the
plans are investigating the efficacy and safety of anti-viral agents, including cobicistat,
ritonavir, darunavir, lopinavir-ritonavir and tenofovir alafenamide fumarate.

Systematic evaluation of immune therapy specific to SARS-CoV-2
The reason behind choosing immune therapy against COVID-19 is because of the
presence of clinical features, such as lymphopenia, increased inflammatory cytokines,
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chemokines and reduced IFN-y expression in T cells, which indicate suppression of the
host immune system against sever COVID-19 infections[32]. The strategies to boost the
host immune system through neutralizing antibodies or vaccines are focused on
provoking the immune system to fight against COVID-19. However, in the case of
COVID-19, the most popular known immune therapy is hyperimmune immuno-
globulin transfusion or plasma therapy with nearly 48 studies aimed to evaluate
hyperimmune immunoglobulin transfusion or plasma therapy for COVID-19 infected
people. A rapid systematic review conducted by Valk et al[33] assessed the risks and
benefits of using plasma transfusion as a potential immune therapy for COVID-19[33].
They reported that the majority of studies identified adverse side effects (grade 3/4)
and that the quality of the reported data was low on plasma transfusion. The data
deposited on plasma transfusion studies was highly inconsistent, making it difficult to
draw outcomes with certainty[33]. Moreover, some of the controlled non-randomised
or randomised controlled investigations are still occurring and have not reported any
data regarding the harms and benefits of convalescent plasma therapy[33]. Though the
plasma therapy looks promising, the current, global systematic analysis it is not
efficient and safe. However, the effectiveness and safety of plasma transfusion remain
elusive when compared with other immune therapeutic strategies.

Another study performed a systematic review on probable immune therapies for
COVID-19. In this study, the authors included evidences from MERS-CoV, SARS-CoV
and SARS-CoV-2 infections, in which the safety and efficacy of immunotherapy was
investigated[34]. The highlights of the study primarily come from a single ethnic
group (in China); evidence was reported in clinical settings, where the use of plasma
therapy (300 subjects), hyperimmune immunoglobulin transfusion (80 subjects),
thymosin in combination with camrelizumab (120 subjects) and tocilizumab (188
subjects) against COVID-19 were tested[35]. Though the outcomes of the studies with
plasma therapy or hyperimmune immunoglobulin transfusion reported clinical
improvements in COVID-19 patients, the evidence to support such therapies fails to
provide certainty and demands for further investigations on a large-scale and more
diverse population[34]. Moreover, the end outcomes of thymosin/camrelizumab
combination therapy and tocilizumab against COVID-19 have yet to be tested.
However, the study recommends to test the efficacy and safety of interventions like
viral-vectors, vaccines, nanoparticles, and monoclonal antibody against COVID-19
infection, since those have been tested for SARS-CoV in non-clinical settings[34].
Another study performed a systematic analysis to determine the efficacy and safety of
immune suppressive/stimulating drugs, such as non-steroidal anti-inflammatory
drugs, TNF-a inhibitors, IL-6 inhibitors and Janus kinase/signal transducers and
activators of transcription pathway inhibitors. These studies reported that no definite
supporting evidence is available from clinical investigations; hence, they recommend
clinical investigations using such drugs as promising immune therapeutics, since their
efficacy was proved in in vitro studies[12]. Whatever approach was adapted by the
above-discussed systematics, the end outcome, in terms of using immune therapy for
COVID-19, remains dark. The literature is filled with reviews discussing the many
possible approaches to prevent COVID-19, but what we need at this moment is more
evidence-based studies than narrative opinions.

Systematic evaluation of anti-malaria drugs specific to SARS-CoV-2

In an unusual way, the use of anti-malarial drugs to cure viral infections has become
quite popular lately. Malaria is caused by a parasite, Plasmodium, and COVID-19
disease is caused by the human corona virus; there are no structural or pathological
similarities between the virus and the parasite. However, they both definitely increase
body temperature upon infection. The earlier use of anti-malaria drug, such as
chloroquine, against human corona viral infections in mouse models was reported in
2009[36]. Due to the public health emergency from SARS-CoV-2, every possible means
to prevent viral infections was predicted and being tested. Hence, anti-malaria drugs
are currently one of the drugs being evaluated for their efficacy and safety against
SARS-CoV-2 in humans. A systematic review conducted found evidence regarding the
effectiveness of anti-malaria drugs as anti-viral drugs to prevent SARS-CoV-2[37]. The
team reported seven clinical trials, which were evaluating hydroxychloroquine/
chloroquine as therapy for SARS-CoV-2, as complete. The end outcomes of the study
suggest that both hydroxychloroquine/chloroquine were effective compared to
supportive care or anti-viral drug treatment of SARS-CoV-2[37]. However, the
outcomes are not reliable, since the evaluated studies has methodological flaws and
risk for bias, indicating a lack of evidence to support anti-malaria drugs on SARS-CoV-
2. However, hopefully, the data from ongoing trials may provide some evidence in the
future[37]. Another study found similar outcomes upon systematic revision of prophy-
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lactic outcomes of hydroxychloroquine and chloroquine against SARS-CoV-2; here, the
team concluded that there is a lack of evidence to support hydroxychloroquine and
chloroquine routine use and there are potential safety issues, which need to be further
evaluated[38]. Another study screened nearly 663 articles and 12 clinical trials,
validated the use of hydroxychloroquine and chloroquine against SARS-CoV-2 and
found that some of the studies had better clinical outcomes with hydroxychloroquine
or combination of azithromycin/hydroxychloroquine use in COVID-19 patients.
However, these studies also had major flaws in their methodology. Moreover, a few
studies showed adverse and opposite outcomes with hydroxychloroquine[39].
Similarly, another study reported similar observations and came up with a few
recommendations, like employing a proper approach based on Monitored Emergency
Use of Unregistered Interventions or WHO guidelines in upcoming clinical settings,
especially with the use of anti-malaria drugs[40]. We also believe that a better-quality
and stringent studies design and inter-relatable data from clinical trials originating
across the globe are needed to clear the air regarding the use of hydroxychloroquine
and chloroquine against SARS-CoV-2. It is noteworthy to mention that not only
systematic reviews but also meta-analyses confirm the ineffective role of hydroxy-
chloroquine in treating COVID-19 patients[9]. The Meta study confirms that there was
no effect on viral eradication and a significant mortality rate was seen in COVID-19
patients treated with hydroxychloroquine[9].

Systematic evaluation of corticosteroids specific to SARS-CoV-2

Steroid hormones exhibit an inhibitory role on inflammation, when used in viral
pneumonia; hence, many physicians recommended corticosteroid therapy as a
possible treatment for patients with COVID-19. Though corticosteroid does not affect
the virus directly, this therapy may help in managing severe inflammation and
regulate homeostasis. Thousands of people infected with COVID-19 were treated with
corticosteroid alone or in combination with anti-viral drugs. Meta-analysis and
systematic reviews conducted on finding evidence in support of corticosteroid therapy
for SARS-CoV-2 suggested that hormone therapy is ineffective and provokes adverse
side effects.

A study by Yang et al[41] found that only patients with severe COVID-19 require
hormone therapy and routine use of corticosteroid; these patients showed an increased
mortality rate, bacterial infection and low blood potassium levels[41]. A caution must
be taken while considering corticosteroid as a therapeutic option for mild symptoms
[42]. Overall, the study finds inconclusive results, such as sample size, risk of bias in
outcomes and the lack of data from multi-centre clinical trials[41]. A different meta-
analysis ruled out the safety and efficacy of corticosteroids in SARS-CoV-2 infections.
When they tested the virus’ clearing effect by corticosteroids, they observed a slow
virus clearing rate in two studies[43]. The meta-analysis concludes that there was no
improvements in the death rate or the length of stay, which was accompanied by
adverse effects[43]. Due to predominance of observational trials in the meta-study, a
demand for confirmation from randomized trials to overcome the publication bias is
needed[43]. Additional studies also concluded that the current evidence does not fully
recommend the use of corticosteroids in SARS-CoV-2 infections; however, a few
outcomes recommend the use of methylprednisolone to decrease the mortality rate in
severe SARS-CoV-2[44,45].

Other notable mentions

While we discussed the most popular strategies employed in treating COVID-19, it is
also important to explore other strategies employed in curing SARS-CoV-2 infection,
such as remdesivir, anti-hypertension drugs and Traditional Chinese Medicine.
Remdesivir is a broad-spectrum, anti-viral nucleotide analogue that has gained
significant attention lately. In preclinical studies, remdesivir has been known to block
a range of corona viruses and improve lung function therapeutically; however, the
efficacy of remdesivir in COVID-19 patients remains short and scattered. The drug
remdesivir received approval to be used under "Emergency Use Authorization"
against severe COVID-19 cases, but is still awaiting approval by Food and Drug
Administration. A recent systematic review conducted assessed the current evidence
on the efficacy and safety of remdesivir and found favorable evidence as a first line
treatment option in SARS-CoV-2[46]. The study reported that in order to confirm and
recommend remdesivir as high quality and bias free, evidence from clinical settings is
needed. Moreover, clinical settings should qualify with larger sample sizes,
constrictive design and well-recorded data to synthesize an effective con-clusion[46,
47]. Furthermore, the future is hopeful with these ongoing trials and these studies may
provide effective evidence on the benefits of remdesivir in COVID-19[47]. The second
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choice that was opted to treat SARS-CoV-2 infection was inhibitors of the angiotensin
receptor or ACE, a possible way to block viral interaction with receptors on lung
epithelia cells. Meta studies on Angiotensin-converting enzyme
inhibitors/angiotensin-receptor blockers (ACEIs/ ARBs) inhibitor-based treatment on
SARS-CoV-2 concluded that using inhibitors of ACEIs/ARBs can be continued but
large studies such as randomised controlled trial are needed and additional evaluation
on the relationship between polymorphism of ACE2 and its inhibitor is a must in the
future investigations[48,49]. On the bright side, the upcoming outcomes from clinical
trials (NCT04312009 and NCT04311177) using anti-ARB drug (losartan) in COVID-19
hold promising insights. The third choice that was opted to treat SARS-CoV-2 infection
was a combination of Western medicine with TCM. One study aimed to investigate the
benefits and harms of herbal medicine and Western medicine over COVID-19[50]. The
amalgamated therapy rapidly increased the overall effective rate with better clinical
outcomes in COVID-19 patients with zero side effects. However, additional evidence
from randomized clinical trials may help to validate the benefits or harms of
integrated medicine in the treatment of COVID-19[50]. Another study also showed
that integrated medicine has beneficial effects when compared to Western medicine
alone. The combination therapy did not yield any adverse effects in COVID-19
subjects. The number of studies included quality of data but poor methodologies were
adapted in tested studies; a demand for more evidence with good quality to make
definite decisions about combination therapy is needed in the future[11]. Effective
vaccines are curial in the long-term to prevent rapid transmission of SARS-CoV-2
infections but developing vaccines is time consuming. However, the current crisis is
pushing the limits of vaccine development and a few vaccines are being investigated
in clinical trials right now. Table 2 provides the details of vaccines developed and their
current clinical state specific to SARS-CoV-2. The preceding vaccines belong to DNA,
RNA, inactivated viruses, recombinant viral spike proteins, dendritic cells, minigenes
and viral vector-based systems. A vaccine developed by Oxford University and
AstraZeneca is the most progressive one to enter phase III study settings; this vaccine
serves as hope for a promising cure for SARS-CoV-2. Clinical investigations, clinical
clearance and approval from the governing body are prerequisites for any drug,
vaccines or therapeutic strategies created. Currently, apart from the ones discussed
earlier, a wide range of anti-viral drugs, vaccines, cell therapies and anti-bacterial
therapeutics are ongoing to determine the safety and efficacy specific to SARS-CoV-2.

SARS-CoV-2 specific drug targets under clinical investigation

Even though the success rate was low and search for suitable, relatable therapeutic
drugs against SARS-CoV-2 continues with extensive hard work. In this section we
focus on some of the possible upcoming therapeutics which are under early as well
late stages of clinical monitoring. A pilot study pursing the benefits of using amniotic
fluid (NCT04319731) or mesenchymal stromal cells from card tissues (NCT04399889,
NCT04345601 and NCT04276987) for patients with COVID-19 and use of amniotic
fluid was an approved strategies to minimize inflammation, tissues damage in
humans. Use of rhDNasel inhalation to trap neutrophils increased in circulation due
to elevated inflammation is under evaluation against SARS-CoV-2 infection
(NCT04409925). Anti-IL-6 antibody named Sarilumab has entered clinical evaluation
as a potential mediator to interrupt cytokine-linked respiratory injury caused by
SARS-CoV-2 infection (NCT04386239). Mouth or nose cleaning and gargling with
povidone-iodine solution is currently undergoing clinical examination (NCT04393792),
since povidone-iodine killed SARS-CoV-2 virus effectively in in vitro studies[51]. A
phase III study aimed to rule out dosing with Sildenafil tablets in SARS-CoV-2, since it
was approved by WHO for the prevention of pulmonary arterial hypertension
(NCT04304313). A Tyrosine kinase inhibitor, Imatinib mesylate blocked inflammatory
responses in invitro, in vivo and in few clinical trials, is under further examination in a
phase III trial on SARS-CoV-2 and hoping to observe reduction in disease severity and
inflammation (NCT04422678). Baricitinib, anti-Janus kinase inhibitor was approved to
treat rheumatoid arthritis earlier and preclinical studies confirm that it can lower or
prevent entry of viruses in to epithelia cells and reduce cytokine release, is under
phase III clinical monitoring to use on SARS-CoV-2 (NCT04320277). The use of
repurposed bacterial mucosal vaccines Bactek-MV130 in the form of spray is
undergoing phase III trial to provide benefits for COVID-19 induced mild pneumonia
(NCT04363814). Based on preclinical evidences where increased circulatory Vascular
Endothelial Growth Factor was seen in COVID-19 subjects, anti-vascular endothelial
growth factor drug namely Bevacizumab (FAD approved to treat certain cancers), is
being tested in critical or severe patients with COVID-19 pneumonia (NCT04275414).
Ifenprodil, a drug used to inactivate activated neutrophils and T-cells is under phase
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Table 2 Vaccines specific to severe acute respiratory syndrome coronavirus 2 under clinical investigation and their development status

' . e Date of
Vaccine name Vaccine type Status Registration ID P Developer
registration
2019-nCOV Adenovirus vaccine Phase II ChiCTR2000031781 10-Apr-20 Academy of Military Medical Sciences
Ad5-nCoV Adenovirus vaccine Phase IT NCT04341389 10-Apr-20 CanSino Biologics
AV-COVID-19  Autologous dendritic cells Phase NCT04386252 13-May-20 Aivita Biomedical, Inc
IB/1I
BBIBP-CorV Inactivated virus Phase I/II  ChiCTR2000032459 29-Apr-20 Beijing Institute of Biological Products &
Sinopharm
BNT162 mRNA vaccine Phase I/II  NCT04380701 8-May-20 BioNTech and Pfizer
ChAdOx1 Adenovirus vaccine Phase NCT04400838 26-May-20 University of Oxford
II/111
Covax-19™ SARS-CoV-2 spike protein Phase I NCT04428073 11-Jun-20 GeneCure Biotechnologies
COVID- Antigen presenting cells Phase I NCT04299724 9-Mar-20 Shenzhen Geno-Immune Medical Institute
19/aAPC
INO-4800 DNA vaccine Phase I NCT04336410 7-Apr-20 Inovio Pharmaceuticals
LV-SMENP-DC  Lentiviral vector system Phase I/II  NCT04276896 19-Feb-20 Shenzhen Geno-Immune Medical Institute
mRNA-1273 mRNA vaccine Phase 11 NCT04405076 28-May-20 ModernaTX, Inc
NVX-CoV2373  Recombinant Spike Phase I/II  NCT04368988 30-Apr-20 Novavax
Protein
PiCoVacc Inactivated virus + Phase I/II  NCT04352608 20-Apr-20 Sinovac
adjuvant
V- SARS Heat-inactivated plasma  PhaseI/II NCT04380532 8-May-20 Immunitor LLC
Vero cells Inactivated virus Phase I/II  ChiCTR2000031809 11-Apr-20 Waubhan Institute of Biological Products &

Sinopharm

LLC: Lewis lung carcinoma; COVID-19: Coronavirus disease 2019; SARS: Severe acute respiratory syndrome.

IIb/1II trial to discover the safety and efficacy in the treatment of SARS-CoV-2
infection (NCT04382924). There is no recorded evidence from all the trials motioned
above, so we do not know whether anti-inflammatory drugs, rheumatoid arthritis and
anti-septic solutions have any benefits in COVID-19 patients. Noteworthy to mention
that the above detailed investigations are based on the evidence gathered from
preclinical studies and the benefits of using these repurposed medications against
COVID-19 need evidence from these study outcomes. Moreover, the safety and
efficacy of these drugs on COVID-19 are forthcoming and we hope the outcomes from
these studies provide conclusive, bias free evidences. It seems the new players under
investigation are mainly to treat SARS-CoV-2 symptoms and have zero effect on viral
load, except for povidone-iodine, which was known to eradicate SARS-CoV-2. The
world is eagerly dependent on scientific and pharma community for the discovery of
magic bullet to treat COVID-19.

SARS-CoV-2 therapeutic challenges and anticipations

In spite of the worldwide distress, no drug or vaccines is available under approval to
treat SARS-CoV-2 infection. So far, clinical reports and synthetic evidence show that
reusing of existing anti-viral, anti-malaria, immune stimulators and corticosteroids on
COVID-19 disease has been unsatisfactory and unsafe. In order to escalate the identi-
fication and validation of anti-SARS-CoV-2 medicine, use of computer based high
through put data analysis in finding suitable drug targets is recommended. A broad
range of anti-viral agents in preclinical and clinical settings must be evaluated for their
safety and efficacy against SARS-CoV-2. We believe that use of repurposed medicines
for COVID-19 are going to be part of short-term strategy. In spite of the fact that these
relatable treatment options have been prioritized to treat SARS-CoV-2 and the
outcomes are biased. These uncovering’s highlight an immediate call for novel anti-
corona medicines specific to SARS-CoV-2 virus. In the current urgency there are
several challenges and overcoming those challenges is crucial in developing novel
anti-SARS-CoV-2 medications. One such hurdle is collection of evidence from
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preclinical experiments, which is expensive and time-dependent. In the absence of
preclinical data, computer-based analysis of target profiling allows either to validate or
invalidate the use of predicted drug; permits to accelerate invention of novel and
beneficial therapeutics against SARS-CoV-2. Though the operating cost is reduced, the
safety profile of those computer-generated targets must be validated at least in clinical
settings. Another limitation faced by scientist is the availability of suitable study
models (cells, mice and primates) to investigate the virus-host interaction and evaluate
the potency of anti-SARS-CoV-2 drugs. In addition, BSL3 Laboratories with suitable
study models are very few and conducting experiments in such environments is
technically difficult. The development of host-based and/or SARS-CoV-2 based
clinical inventions must be prioritized since only one or two of drugs will pass through
clinical settings. Toxicity, dosage, availability of drug delivery routes and some other
limitations make these drugs to pass through the clinical stage. Normally, the
development and clinical approval of vaccine needs more than 10 years of time and
efforts, however, vaccine development programs against SARS-CoV-2 are breaking the
convectional norms and working hard to launch safe and effective SARS-CoV-2
vaccines as early as possible. It can be more challenging to treat COVID-19 diseases, if
the virus develops genetic mutations and/or drug resistance during treatment. Studies
have reported presence of 93 possible mutations and among them majority of
mutations were missense mutations and the genome of SARS-CoV-2 was found to be
highly conserved[52]. Also, patients with underlying health issues such as diabetes,
cancer, renal failure and women with pregnancy need exceptional care. In addition,
management of COVID-19 patients has become challenging due to lack of sufficient
medical staff, availability of drugs, subject recognition's, isolation and implication of
control procedures and delivery of personalized care towards COVID-19 patients.
New Zealand and few Asian countries managed to contain COVID-19 transmission
effectively while compared with most of developed countries like United States and
Europe. As the epidemic advances, hunger amid poor countries, influence of lock
down on mental status of children and adults may increases. To avoid upcoming
foreseeable future, systematic and unified approach is vital for managing COVID-19
epidemic. A single drug or a combination approach to preventing COVID-19 disease is
needed to prevent mortality, restore the normal lifestyle and economic growth world-
wide. The ideal drug must be able to kill virus load with zero or less toxicity in
humans, affordable with minimum production time.

CONCLUSION

In this real-time crisis, a need for high-quality, bias-free, and effective evidence in
eradicating the SARS-CoV-2 virus and reducing disease-associated symptoms with
zero side effects is needed. Currently, the journal database is filled with narrative
research and speculations with hypothetical reasoning; data on evidence-based
research is limited. A shift in evidence originating from original research investig-
ations and clinical studies with high-quality evidence is needed and this evidence may
aid in progressing towards the development of effective and safe therapeutic options
for SARS-CoV-2. Moreover, the systematic reviews and meta-studies are providing
substantial evidence and clearing the air of bias for the public, physicians, and
scientists. Drugs like hydroxychloroquine/chloroquine or remdesivir have gained a lot
of attention in the public and the media; these drugs have also gained support from
experts and are now being characterized as effective therapeutic drugs for SARS-CoV-
2 but scientifically it is unwise to recommend these drugs to treat SARS-CoV-2 without
caution. Currently, there are no effective anti-viral agents, immune therapy, or
vaccines against SARS-CoV-2 but the future is filled with only hope. The current
scientific evidence hold inconclusive outcomes because of the low number of studies
conducted, low sample size, flawed study designs, publication bias, heterogeneity,
missing data records, quality of evidence, ethnicity and presence of adverse effects.
However, these flaws cannot stop current and future investigations to identify, charac-
terize and validate possible therapeutic innovations specific to SARS-CoV-2.

Future directions

So far, considering the trajectory of COVID-19 pandemic, the primary need to control
the transmission of the disease is to practice physical distancing, wearing masks,
keeping hands off from surfaces, and washing them with proper detergent. These
rules have somewhat provided the needed protection. The public is well aware of the
facts to restrain themselves from being exposed. Developing surfaces or masks that
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can kill the virus within seconds once contact made could be a way to prevent highly
transmissive virus-laden droplets that are just released. Coming to the scientific role in
finding a cure, it is very crucial to understand the genetic profile of the virus at the
molecular level and use this knowledge to build safe tools to screen, identify and
develop therapeutics for the prevention and treatment of SARS-CoV-2. Currently, no
laboratory in the world has whole virus to study in detail. Hence, it is only fitting to
build the tools and resources that can be utilized for evaluating therapeutic efficacy.
The journey to finding a vaccine or an anti-viral therapy specific to SARS-CoV-2 must
start from the basic research integrated with advanced technologies such as artificial
intelligence, computational biology, nanotechnology, and genome-wide association
studies. The efforts made in the past to find the cure for COVID-19 though failed but
provided immense knowledge on what not to practice and open new doors of
possibility. Currently, applying a single therapeutic strategy, or even a combination of
strategies is not enough to cure diseases including cancers and infectious diseases. In
the end, prevention is better than a cure.

REFERENCES

1 Gurevitch J, Koricheva J, Nakagawa S, Stewart G. Meta-analysis and the science of research
synthesis. Nature 2018; 555: 175-182 [PMID: 29517004 DOI: 10.1038/nature25753]

2 Nakagawa S, Noble DW, Senior AM, Lagisz M. Meta-evaluation of meta-analysis: ten appraisal
questions for biologists. BMC Biol 2017; 15: 18 [PMID: 28257642 DOI:
10.1186/s12915-017-0357-7]

3 Xu C, Chen YP, Du XJ, Liu JQ, Huang CL, Chen L, Zhou GQ, Li WF, Mao YP, Hsu C, Liu Q, Lin
AH, Tang LL, Sun Y, Ma J. Comparative safety of immune checkpoint inhibitors in cancer:
systematic review and network meta-analysis. BMJ 2018; 363: k4226 [PMID: 30409774 DOI:
10.1136/bmj.k4226]

4 Simmonds M, Llewellyn A, Owen CG, Woolacott N. Predicting adult obesity from childhood
obesity: a systematic review and meta-analysis. Obes Rev 2016; 17: 95-107 [PMID: 26696565 DOI:
10.1111/0br.12334]

5 FuY, Lee CH, Chi CC. Association of Psoriasis With Inflammatory Bowel Disease: A Systematic
Review and Meta-analysis. JAMA Dermatol 2018; 154: 1417-1423 [PMID: 30422277 DOI:
10.1001/jamadermatol.2018.3631]

6  Cipriani A, Furukawa TA, Salanti G, Chaimani A, Atkinson LZ, Ogawa Y, Leucht S, Ruhe HG,
Turner EH, Higgins JPT, Egger M, Takeshima N, Hayasaka Y, Imai H, Shinohara K, Tajika A,
Ioannidis JPA, Geddes JR. Comparative efficacy and acceptability of 21 antidepressant drugs for the
acute treatment of adults with major depressive disorder: a systematic review and network meta-
analysis. Lancet 2018; 391: 1357-1366 [PMID: 29477251 DOI: 10.1016/S0140-6736(17)32802-7]

7  Shin IS. Recent Research Trends in Meta-analysis. Asian Nurs Res (Korean Soc Nurs Sci) 2017; 11:
79-83 [PMID: 28688503 DOI: 10.1016/j.anr.2017.05.004]

8  Yousefifard M, Zali A, Mohamed Ali K, Madani Neishaboori A, Zarghi A, Hosseini M, Safari S.
Antiviral therapy in management of COVID-19: a systematic review on current evidence. Arch Acad
Emerg Med 2020, 8: e45 [PMID: 32309809]

9 Singh AK, Singh A, Singh R, Misra A. "Hydroxychloroquine in patients with COVID-19: A
Systematic Review and meta-analysis. Diabetes Metab Syndr 2020; 14: 589-596 [PMID: 32417708
DOI: 10.1016/j.dsx.2020.05.017]

10 Kermali M, Khalsa RK, Pillai K, Ismail Z, Harky A. The role of biomarkers in diagnosis of COVID-
19 - A systematic review. Life Sci 2020; 254: 117788 [PMID: 32475810 DOI:
10.1016/5.1£s.2020.117788]

11 LiuM, GaoY, Yuan Y, Yang K, Shi S, Zhang J, Tian J. Efficacy and Safety of Integrated Traditional
Chinese and Western Medicine for Corona Virus Disease 2019 (COVID-19): a systematic review and
meta-analysis. Pharmacol Res 2020; 158: 104896 [PMID: 32438037 DOI:
10.1016/j.phrs.2020.104896]

12 Russell B, Moss C, George G, Santaolalla A, Cope A, Papa S, Van Hemelrijck M. Associations
between immune-suppressive and stimulating drugs and novel COVID-19-a systematic review of
current evidence. Ecancermedicalscience 2020; 14: 1022 [PMID: 32256705 DOI:
10.3332/ecancer.2020.1022]

13 Dariya B, Nagaraju GP. Understanding novel COVID-19: Its impact on organ failure and risk
assessment for diabetic and cancer patients. Cyfokine Growth Factor Rev 2020; 53: 43-52 [PMID:
32409230 DOIL: 10.1016/j.cytogfr.2020.05.001]

14 Ahn DG, Shin HJ, Kim MH, Lee S, Kim HS, Myoung J, Kim BT, Kim SJ. Current Status of
Epidemiology, Diagnosis, Therapeutics, and Vaccines for Novel Coronavirus Disease 2019 (COVID-
19). J Microbiol Biotechnol 2020; 30: 313-324 [PMID: 32238757 DOI: 10.4014/jmb.2003.03011]

15 Rothan HA, Byrareddy SN. The epidemiology and pathogenesis of coronavirus disease (COVID-19)
outbreak. J Autoimmun 2020; 109: 102433 [PMID: 32113704 DOI: 10.1016/j.jaut.2020.102433]

16 LuR, Zhao X, LiJ, Niu P, Yang B, Wu H, Wang W, Song H, Huang B, Zhu N, Bi Y, Ma X, Zhan F,
Wang L, Hu T, Zhou H, Hu Z, Zhou W, Zhao L, Chen J, Meng Y, Wang J, Lin Y, Yuan J, Xie Z, Ma

WJCO | https://www.wjgnet.com 320 May 24,2021 | Volumel12 | Issue5 |


http://www.ncbi.nlm.nih.gov/pubmed/29517004
https://dx.doi.org/10.1038/nature25753
http://www.ncbi.nlm.nih.gov/pubmed/28257642
https://dx.doi.org/10.1186/s12915-017-0357-7
http://www.ncbi.nlm.nih.gov/pubmed/30409774
https://dx.doi.org/10.1136/bmj.k4226
http://www.ncbi.nlm.nih.gov/pubmed/26696565
https://dx.doi.org/10.1111/obr.12334
http://www.ncbi.nlm.nih.gov/pubmed/30422277
https://dx.doi.org/10.1001/jamadermatol.2018.3631
http://www.ncbi.nlm.nih.gov/pubmed/29477251
https://dx.doi.org/10.1016/S0140-6736(17)32802-7
http://www.ncbi.nlm.nih.gov/pubmed/28688503
https://dx.doi.org/10.1016/j.anr.2017.05.004
http://www.ncbi.nlm.nih.gov/pubmed/32309809
http://www.ncbi.nlm.nih.gov/pubmed/32417708
https://dx.doi.org/10.1016/j.dsx.2020.05.017
http://www.ncbi.nlm.nih.gov/pubmed/32475810
https://dx.doi.org/10.1016/j.lfs.2020.117788
http://www.ncbi.nlm.nih.gov/pubmed/32438037
https://dx.doi.org/10.1016/j.phrs.2020.104896
http://www.ncbi.nlm.nih.gov/pubmed/32256705
https://dx.doi.org/10.3332/ecancer.2020.1022
http://www.ncbi.nlm.nih.gov/pubmed/32409230
https://dx.doi.org/10.1016/j.cytogfr.2020.05.001
http://www.ncbi.nlm.nih.gov/pubmed/32238757
https://dx.doi.org/10.4014/jmb.2003.03011
http://www.ncbi.nlm.nih.gov/pubmed/32113704
https://dx.doi.org/10.1016/j.jaut.2020.102433

Jaishideng®

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Sabeerabi B et al. Treatment for COVID-19

J, Liu WJ, Wang D, Xu W, Holmes EC, Gao GF, Wu G, Chen W, Shi W, Tan W. Genomic
characterisation and epidemiology of 2019 novel coronavirus: implications for virus origins and
receptor binding. Lancet 2020; 395: 565-574 [PMID: 32007145 DOI:
10.1016/S0140-6736(20)30251-8]

Wu P, Hao X, Lau EHY, Wong JY, Leung KSM, Wu JT, Cowling BJ, Leung GM. Real-time
tentative assessment of the epidemiological characteristics of novel coronavirus infections in Wuhan,
China, as at 22 January 2020. Euro Surveill 2020; 25 [PMID: 31992388 DOI:
10.2807/1560-7917.ES.2020.25.3.2000044]

Chen H, Guo J, Wang C, Luo F, Yu X, Zhang W, Li J, Zhao D, Xu D, Gong Q, Liao J, Yang H, Hou
W, Zhang Y. Clinical characteristics and intrauterine vertical transmission potential of COVID-19
infection in nine pregnant women: a retrospective review of medical records. Lancet 2020; 395: 809-
815 [PMID: 32151335 DOI: 10.1016/S0140-6736(20)30360-3]

Malle L. A map of SARS-CoV-2 and host cell interactions. Nat Rev Immunol 2020; 20: 351 [PMID:
32303698 DOI: 10.1038/s41577-020-0318-1]

Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, Ren R, Leung KSM, Lau EHY, Wong JY, Xing X,
Xiang N, Wu 'Y, Li C, Chen Q, Li D, Liu T, Zhao J, Liu M, Tu W, Chen C, Jin L, Yang R, Wang Q,
Zhou S, Wang R, Liu H, Luo Y, Liu Y, Shao G, Li H, Tao Z, Yang Y, Deng Z, Liu B, Ma Z, Zhang
Y, Shi G, Lam TTY, Wu JT, Gao GF, Cowling BJ, Yang B, Leung GM, Feng Z. Early Transmission
Dynamics in Wuhan, China, of Novel Coronavirus-Infected Pneumonia. N Engl J Med 2020; 382:
1199-1207 [PMID: 31995857 DOI: 10.1056/NEJM0a2001316]

Wang W, Tang J, Wei F. Updated understanding of the outbreak of 2019 novel coronavirus (2019-
nCoV) in Wuhan, China. J Med Virol 2020; 92: 441-447 [PMID: 31994742 DOI:
10.1002/jmv.25689]

Habibzadeh P, Stoneman EK. The Novel Coronavirus: A Bird's Eye View. Int J Occup Environ Med
2020; 11: 65-71 [PMID: 32020915 DOI: 10.15171/ijjoem.2020.1921]

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, Cheng Z, Yu T, Xia J,
Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, Guo L, Xie J, Wang G, Jiang R, Gao Z,
Jin Q, Wang J, Cao B. Clinical features of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet 2020; 395: 497-506 [PMID: 31986264 DOI: 10.1016/S0140-6736(20)30183-5]

Yang J, Zheng Y, Gou X, PuK, Chen Z, Guo Q, Ji R, Wang H, Wang Y, Zhou Y. Prevalence of
comorbidities and its effects in patients infected with SARS-CoV-2: a systematic review and meta-
analysis. Int J Infect Dis 2020; 94: 91-95 [PMID: 32173574 DOI: 10.1016/].1jid.2020.03.017]
Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E, Villamizar-Pefia R, Holguin-
Rivera Y, Escalera-Antezana JP, Alvarado-Arnez LE, Bonilla-Aldana DK, Franco-Paredes C, Henao-
Martinez AF, Paniz-Mondolfi A, Lagos-Grisales GJ, Ramirez-Vallejo E, Suarez JA, Zambrano LI,
Villamil-Goémez WE, Balbin-Ramon GJ, Rabaan AA, Harapan H, Dhama K, Nishiura H, Kataoka H,
Ahmad T, Sah R; Latin American Network of Coronavirus Disease 2019-COVID-19 Research
(LANCOVID-19). Electronic address: https://www.lancovid.org. Clinical, laboratory and imaging
features of COVID-19: A systematic review and meta-analysis. Travel Med Infect Dis 2020; 34:
101623 [PMID: 32179124 DOI: 10.1016/j.tmaid.2020.101623]

Kisely S, Warren N, McMahon L, Dalais C, Henry I, Siskind D. Occurrence, prevention, and
management of the psychological effects of emerging virus outbreaks on healthcare workers: rapid
review and meta-analysis. BMJ 2020; 369: m1642 [PMID: 32371466 DOI: 10.1136/bmj.m1642]
Alqahtani JS, Oyelade T, Aldhahir AM, Alghamdi SM, Almehmadi M, Alqahtani AS, Quaderi S,
Mandal S, Hurst JR. Prevalence, Severity and Mortality associated with COPD and Smoking in
patients with COVID-19: A Rapid Systematic Review and Meta-Analysis. PLoS One 2020; 15:
€0233147 [PMID: 32392262 DOI: 10.1371/journal.pone.0233147]

Zhong H, Wang Y, Zhang ZL, Liu YX, Le KJ, Cui M, Yu YT, Gu ZC, Gao Y, Lin HW. Efficacy and
safety of current therapeutic options for COVID-19 - lessons to be learnt from SARS and MERS
epidemic: A systematic review and meta-analysis. Pharmacol Res 2020; 157: 104872 [PMID:
32360583 DOI: 10.1016/j.phrs.2020.104872]

Etoom M, Alwardat S, Alwardat M. Issues for conducting meta-analyses in COVID-19. Commentary
on "Prevalence and severity of corona virus disease 2019 (COVID-19): A systematic review and
meta-analysis". J Clin Virol 2020; 128: 104389 [PMID: 32387969 DOI: 10.1016/j.jcv.2020.104389]
Hu Y, Sun J, Dai Z, Deng H, Li X, Huang Q, Wu Y, Sun L, Xu Y. Prevalence and severity of corona
virus disease 2019 (COVID-19): A systematic review and meta-analysis. J Clin Virol 2020; 127:
104371 [PMID: 32315817 DOIL: 10.1016/1.jcv.2020.104371]

Ford N, Vitoria M, Rangaraj A, Norris SL, Calmy A, Doherty M. Systematic review of the efficacy
and safety of antiretroviral drugs against SARS, MERS or COVID-19: initial assessment. J Int AIDS
Soc 2020; 23: €25489 [PMID: 32293807 DOI: 10.1002/jia2.25489]

Pedersen SF, Ho YC. SARS-CoV-2: a storm is raging. J Clin Invest 2020; 130: 2202-2205 [PMID:
32217834 DOI: 10.1172/ICT1137647]

Valk SJ, Piechotta V, Chai KL, Doree C, Monsef I, Wood EM, Lamikanra A, Kimber C, McQuilten
Z, So-Osman C, Estcourt LJ, Skoetz N. Convalescent plasma or hyperimmune immunoglobulin for
people with COVID-19: a rapid review. Cochrane Database Syst Rev 2020; 5: CD013600 [PMID:
32406927 DOI: 10.1002/14651858.CD013600]

AminJafari A, Ghasemi S. The possible of immunotherapy for COVID-19: A systematic review. Int
Immunopharmacol 2020; 83: 106455 [PMID: 32272396 DOI: 10.1016/j.intimp.2020.106455]
Zhang Q, Wang Y, Qi C, Shen L, LiJ. Clinical trial analysis of 2019-nCoV therapy registered in

WJCO | https://www.wjgnet.com 321 May 24,2021 | Volumel12 | Issue5


http://www.ncbi.nlm.nih.gov/pubmed/32007145
https://dx.doi.org/10.1016/S0140-6736(20)30251-8
http://www.ncbi.nlm.nih.gov/pubmed/31992388
https://dx.doi.org/10.2807/1560-7917.ES.2020.25.3.2000044
http://www.ncbi.nlm.nih.gov/pubmed/32151335
https://dx.doi.org/10.1016/S0140-6736(20)30360-3
http://www.ncbi.nlm.nih.gov/pubmed/32303698
https://dx.doi.org/10.1038/s41577-020-0318-1
http://www.ncbi.nlm.nih.gov/pubmed/31995857
https://dx.doi.org/10.1056/NEJMoa2001316
http://www.ncbi.nlm.nih.gov/pubmed/31994742
https://dx.doi.org/10.1002/jmv.25689
http://www.ncbi.nlm.nih.gov/pubmed/32020915
https://dx.doi.org/10.15171/ijoem.2020.1921
http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/32173574
https://dx.doi.org/10.1016/j.ijid.2020.03.017
http://www.ncbi.nlm.nih.gov/pubmed/32179124
https://dx.doi.org/10.1016/j.tmaid.2020.101623
http://www.ncbi.nlm.nih.gov/pubmed/32371466
https://dx.doi.org/10.1136/bmj.m1642
http://www.ncbi.nlm.nih.gov/pubmed/32392262
https://dx.doi.org/10.1371/journal.pone.0233147
http://www.ncbi.nlm.nih.gov/pubmed/32360583
https://dx.doi.org/10.1016/j.phrs.2020.104872
http://www.ncbi.nlm.nih.gov/pubmed/32387969
https://dx.doi.org/10.1016/j.jcv.2020.104389
http://www.ncbi.nlm.nih.gov/pubmed/32315817
https://dx.doi.org/10.1016/j.jcv.2020.104371
http://www.ncbi.nlm.nih.gov/pubmed/32293807
https://dx.doi.org/10.1002/jia2.25489
http://www.ncbi.nlm.nih.gov/pubmed/32217834
https://dx.doi.org/10.1172/JCI137647
http://www.ncbi.nlm.nih.gov/pubmed/32406927
https://dx.doi.org/10.1002/14651858.CD013600
http://www.ncbi.nlm.nih.gov/pubmed/32272396
https://dx.doi.org/10.1016/j.intimp.2020.106455

Sabeerabi B et al. Treatment for COVID-19

Jaishideng®

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

China. J Med Virol 2020; 92: 540-545 [PMID: 32108352 DOI: 10.1002/jmv.25733]

Keyaerts E, Li S, Vijgen L, Rysman E, Verbeeck J, Van Ranst M, Maes P. Antiviral activity of
chloroquine against human coronavirus OC43 infection in newborn mice. Antimicrob Agents
Chemother 2009; 53: 3416-3421 [PMID: 19506054 DOI: 10.1128/AAC.01509-08]

Chowdhury MS, Rathod J, Gernsheimer J. A Rapid Systematic Review of Clinical Trials Utilizing
Chloroquine and Hydroxychloroquine as a Treatment for COVID-19. Acad Emerg Med 2020; 27:
493-504 [PMID: 32359203 DOI: 10.1111/acem.14005]

Shah S, Das S, Jain A, Misra DP, Negi VS. A systematic review of the prophylactic role of
chloroquine and hydroxychloroquine in coronavirus disease-19 (COVID-19). Int J Rheum Dis 2020;
23: 613-619 [PMID: 32281213 DOI: 10.1111/1756-185X.13842]

Das S, Bhowmick S, Tiwari S, Sen S. An Updated Systematic Review of the Therapeutic Role of
Hydroxychloroquine in Coronavirus Disease-19 (COVID-19). Clin Drug Investig 2020; 40: 591-601
[PMID: 32468425 DOI: 10.1007/s40261-020-00927-1]

Cortegiani A, Ingoglia G, Ippolito M, Giarratano A, Einav S. A systematic review on the efficacy
and safety of chloroquine for the treatment of COVID-19. J Crit Care 2020; 57: 279-283 [PMID:
32173110 DOI: 10.1016/j.jcrc.2020.03.005]

Yang Z, Liu J, Zhou Y, Zhao X, Zhao Q. The effect of corticosteroid treatment on patients with
coronavirus infection: a systematic review and meta-analysis. J Infect 2020; 81: e13-e20 [PMID:
32283144 DOI: 10.1016/}.jinf.2020.03.062]

Ye Z, Wang Y, Colunga-Lozano LE, Prasad M, Tangamornsuksan W, Rochwerg B, Yao L, Motaghi
S, Couban RJ, Ghadimi M, Bala MM, Gomaa H, Fang F, Xiao Y, Guyatt GH. Efficacy and safety of
corticosteroids in COVID-19 based on evidence for COVID-19, other coronavirus infections,
influenza, community-acquired pneumonia and acute respiratory distress syndrome: a systematic
review and meta-analysis. CMAJ 2020; 192: E756-E767 [PMID: 32409522 DOI:
10.1503/cmaj.200645]

Li H, Chen C, Hu F, Wang J, Zhao Q, Gale RP, Liang Y. Impact of corticosteroid therapy on
outcomes of persons with SARS-CoV-2, SARS-CoV, or MERS-CoV infection: a systematic review
and meta-analysis. Leukemia 2020; 34: 1503-1511 [PMID: 32372026 DOI:
10.1038/s41375-020-0848-3]

Veronese N, Demurtas J, Yang L, Tonelli R, Barbagallo M, Lopalco P, Lagolio E, Celotto S, Pizzol
D, Zou L, Tully MA, Ilie PC, Trott M, Lopez-Sanchez GF, Smith L. Use of Corticosteroids in
Coronavirus Disease 2019 Pneumonia: A Systematic Review of the Literature. Front Med (Lausanne)
2020; 7: 170 [PMID: 32391369 DOI: 10.3389/fmed.2020.00170]

Zhang JJY, Lee KS, Ang LW, Leo YS, Young BE. Risk Factors for Severe Disease and Efficacy of
Treatment in Patients Infected With COVID-19: A Systematic Review, Meta-Analysis, and Meta-
Regression Analysis. Clin Infect Dis 2020; 71: 2199-2206 [PMID: 32407459 DOL:
10.1093/cid/ciaa576]

Nasir M, Talha KA, Islam T, Saha SK, Selina F, Parveen RA. Use of Remdesivir in the Management
of COVID-19: A Systematic Review on Current Evidences. Mymensingh Med J 2020; 29: 481-487
[PMID: 32506110]

Li Z, Wang X, Cao D, Sun R, Li C, Li G. Rapid review for the anti-coronavirus effect of remdesivir.
Drug Discov Ther 2020; 14: 73-76 [PMID: 32378648 DOI: 10.5582/ddt.2020.01015]

Grover A, Oberoi M. A systematic review and meta-analysis to evaluate the clinical outcomes in
COVID-19 patients on angiotensin-converting enzyme inhibitors or angiotensin receptor blockers.
Eur Heart J Cardiovasc Pharmacother 2021; 7: 148-157 [PMID: 32542337 DOI:
10.1093/ehjcvp/pvaa064]

Zhang X, YuJ, Pan LY, Jiang HY. ACEI/ARB use and risk of infection or severity or mortality of
COVID-19: A systematic review and meta-analysis. Pharmacol Res 2020; 158: 104927 [PMID:
32422341 DOI: 10.1016/j.phrs.2020.104927]

Ang L, Song E, Lee HW, Lee MS. Herbal Medicine for the Treatment of Coronavirus Disease 2019
(COVID-19): A Systematic Review and Meta-Analysis of Randomized Controlled Trials. J Clin Med
2020; 9 [PMID: 32456123 DOI: 10.3390/jcm9051583]

Bidra AS, Pelletier JS, Westover JB, Frank S, Brown SM, Tessema B. Rapid In-Vitro Inactivation of
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Using Povidone-Iodine Oral
Antiseptic Rinse. J Prosthodont 2020; 29: 529-533 [PMID: 32511851 DOI: 10.1111/jopr.13209]
Phan T. Genetic diversity and evolution of SARS-CoV-2. Infect Genet Evol 2020; 81: 104260
[PMID: 32092483 DOI: 10.1016/j.meegid.2020.104260]

WJCO | https://www.wjgnet.com 322 May 24,2021 | Volumel12 | Issue5


http://www.ncbi.nlm.nih.gov/pubmed/32108352
https://dx.doi.org/10.1002/jmv.25733
http://www.ncbi.nlm.nih.gov/pubmed/19506054
https://dx.doi.org/10.1128/AAC.01509-08
http://www.ncbi.nlm.nih.gov/pubmed/32359203
https://dx.doi.org/10.1111/acem.14005
http://www.ncbi.nlm.nih.gov/pubmed/32281213
https://dx.doi.org/10.1111/1756-185X.13842
http://www.ncbi.nlm.nih.gov/pubmed/32468425
https://dx.doi.org/10.1007/s40261-020-00927-1
http://www.ncbi.nlm.nih.gov/pubmed/32173110
https://dx.doi.org/10.1016/j.jcrc.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/32283144
https://dx.doi.org/10.1016/j.jinf.2020.03.062
http://www.ncbi.nlm.nih.gov/pubmed/32409522
https://dx.doi.org/10.1503/cmaj.200645
http://www.ncbi.nlm.nih.gov/pubmed/32372026
https://dx.doi.org/10.1038/s41375-020-0848-3
http://www.ncbi.nlm.nih.gov/pubmed/32391369
https://dx.doi.org/10.3389/fmed.2020.00170
http://www.ncbi.nlm.nih.gov/pubmed/32407459
https://dx.doi.org/10.1093/cid/ciaa576
http://www.ncbi.nlm.nih.gov/pubmed/32506110
http://www.ncbi.nlm.nih.gov/pubmed/32378648
https://dx.doi.org/10.5582/ddt.2020.01015
http://www.ncbi.nlm.nih.gov/pubmed/32542337
https://dx.doi.org/10.1093/ehjcvp/pvaa064
http://www.ncbi.nlm.nih.gov/pubmed/32422341
https://dx.doi.org/10.1016/j.phrs.2020.104927
http://www.ncbi.nlm.nih.gov/pubmed/32456123
https://dx.doi.org/10.3390/jcm9051583
http://www.ncbi.nlm.nih.gov/pubmed/32511851
https://dx.doi.org/10.1111/jopr.13209
http://www.ncbi.nlm.nih.gov/pubmed/32092483
https://dx.doi.org/10.1016/j.meegid.2020.104260

700

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5306/wijco.v12.i5.323

World Journal of
Clinical Oncology

World | Clin Oncol 2021 May 24; 12(5): 323-334

ISSN 2218-4333 (online)

MINIREVIEWS

Immune response evaluation criteria in solid tumors for assessment
of atypical responses after immunotherapy

Davide Ippolito, Cesare Maino, Maria Ragusi, Marco Porta, Davide Gandola, Cammillo Talei Franzesi, Teresa

Paola Giandola, Sandro Sironi

ORCID number: Davide Ippolito
0000-0002-2696-7047; Cesare Maino
0000-0002-5742-802X; Maria Ragusi
0000-0002-7076-9208; Marco Porta
0000-0002-1833-6587; Davide
Gandola 0000-0002-4505-4892;
Cammillo Talei Franzesi 0000-0003-
1728-7653; Teresa Paola Giandola
0000-0001-8750-0531; Sandro Sironi
0000-0002-4469-5073.

Author contributions: All authors
contributed equally to this work

and have read and approved the

final manuscript.

Conflict-of-interest statement: All
authors declare no conflict-of-
interest.

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: htt
p:/ / creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Invited

Jaishideng®

WJCO | https://www.wjgnet.com 323

Davide Ippolito, Cesare Maino, Maria Ragusi, Marco Porta, Davide Gandola, Cammillo Talei
Franzesi, Teresa Paola Giandola, Department of Diagnostic Radiology, H. S. Gerardo Monza,
School of Medicine, University of Milano-Bicocca, Monza 20900, Italy

Sandro Sironi, Diagnostic Radiology, University of Milano-Bicocca, Bergamo 24127, Italy

Corresponding author: Davide Ippolito, MD, Adjunct Professor, Doctor, Department of
Diagnostic Radiology, H. S. Gerardo Monza, School of Medicine, University of Milano-
Bicocca, Via Pergolesi 33, Monza 20900, Italy. davide.atena@tiscali.it

Abstract

In 2017, immune response evaluation criteria in solid tumors (iRECIST) were
introduced to validate radiologic and clinical interpretations and to better analyze
tumor’s response to immunotherapy, considering the different time of following
and response, between this new therapy compared to the standard one. However,
even if the iRECIST are worldwide accepted, to date, different aspects should be
better underlined and well reported, especially in clinical practice. Clinical
experience has demonstrated that in a non-negligible percentage of patients, it is
challenging to determine the correct category of response (stable disease,
progression disease, partial or complete response), and consequently, to define
which is the best management for those patients. Approaching radiological
response in patients who underwent immunotherapy, a new uncommon kind of
target lesions behavior was found. This phenomenon is mainly due to the
different mechanisms of action of immunotherapeutic drug. Therefore, new
groups of response have been described in clinical practice, defined as “atypical
responses,” and categorized into three new groups: pseudoprogression, hyperpro-
gression, and dissociated response. This review summarizes and reports these
patterns, helping clinicians and radiologists get used to atypical responses, in
order to identify patients that respond best to treatment.

Key Words: Response evaluation criteria in solid tumors; Tumor response; Pseudopro-
gression; Hyperprogression; Dissociated response
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Core Tip: Atypical responses are frequent events in the immunotherapy era. On these
bases, it is fundamental to summarize and recap the most common and important
response manifestations to help clinicians in everyday practice. Here, we present the
three most common clinical and radiological patterns of response to immunotherapy:
pseudoprogression, hyperprogression, and dissociated response, reporting important
studies to identify the different behavior and guarantee the best management,
strengthening the communication skills between specialists.
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INTRODUCTION

In the last few years, new therapies such as immunotherapy have been experimented
with and introduced into clinical practice for the treatment of oncologic patients.
Immunotherapy is a type of treatment that involves the immune system to fight
cancer, targeting malignant cells and providing a precise immune response through
tumor antigen recognition[1].

There are different types of immunotherapy, so different types of cancer responses
can be achieved. All of them are bound by a fundamental principle: Immunotherapy is
different from standard therapies (i.e. chemotherapy, radiotherapy, or oncologic
surgery) because it helps the self-response to cancer[2].

For these reasons, the standard criteria for monitoring the success of therapy in
oncologic patients are not sufficient. All scores, including the World Health
Organization classification and the response evaluation criteria in solid tumors
(RECIST 1.1.), do not consider that fighting cancer for immunotherapy requires a
synergy between tumor cells and host cells[3,4]. To obviate this essential issue, since
2004, different criteria were developed to analyze these responses such as immune-
related response criteria, immune-related RECIST, and finally in 2017 immuno-
RECIST (iRECIST)[5-8]. These new criteria aim to consider the variety and the time of
response to immunotherapy compared with standard therapy, and to standardize and
validate the radiologic and clinical interpretation[9].

However, immunotherapy raises different questions such as: why is the target
lesion increased at first control after immunotherapy and reduced at its end? Why is
the target legion bigger at the end of treatment, but the patient’s conditions improve?
Why do some metastases disappear, and others become bigger? These different
phenomena are called pseudoprogression, hyperprogression, and dissociate response,
respectively, and belong to the new lexicon of cancer response to immunotherapeutic
agents[10,11].

Radiologists and clinicians should be confident with these patterns (Figure 1) and
the interpretation of these data to better understand and manage oncologic patients
who have undergone immunotherapy.

In this setting, the present review aims to critically analyze and summarize the most
common type of responses to immunotherapy and to drive the knowledge of correct
radiologic and clinical interpretation of iRECIST, strengthening the communication
skills between specialists.

PSEUDOPROGRESSION

Pseudoprogression is defined as the phenomenon characterized by an initial increase
in primary tumor size or new lesions appearance, after starting immunotherapy,
followed by a decrease in tumor burden[12-15]. Pseudoprogression should not be
considered a true tumor progression but an infiltration and recruitment of various
immune cells, such as T or B lymphocytes in the tumor core[16]. Two biological
hypotheses have been proposed to explain the phenomenon of pseudoprogression
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Figure 1 Graphical summary of different responses to immunotherapy. Pseudoprogression: increase of longest diameter > 20% at first follow-up,
followed by a decrease of > 30% at subsequent follow-up. Dissociated response: increase of some target lesions of > 20% and reduction of at least another target
lesion > 30% at follow-up. Hyperprogression: significant increase of target lesion at first follow-up; a baseline study is needed to correctly assess the

hyperprogression. T: Time; TV: Tumor volume.
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observed in patients treated with immuno-oncology agents. The first hypothesis
concerns tumors’ continuous growth until the activation of an effective antitumoral
immune response; the second one suggests that an immune-cell influx could occur in
the tumoral microenvironment caused by the reactivation of the immune system,
leading to inflammation and a transient increase of tumor burden[15].

A study by Cohen et al[17] described the case of a patient with melanoma brain
metastasis, who was treated with pembrolizumab, presenting a pseudoprogression of
brain lesions revealed through magnetic resonance imaging (MRI) and biopsy. The
MRI showed an enlargement of central nervous system lesions with diffuse perile-
sional edema, while the histologic evaluation revealed tumor cells surrounded by
reactive astrocytosis, scattered inflammatory cells, and microglial cells, which was
consistent with the abovementioned response to treatment rather than tumor growth.

Rocha et al[18] described the case of a patient with end-stage squamous cell lung
cancer, who was treated with nivolumab and exhibited pseudoprogression of the liver
lesions, proved by the biopsy. The tissue sample revealed extensive areas of necrosis,
no viable tumor cells, and lymphocyte infiltration. In the liver biopsy, the number of
CD4, CD8 and CD103- cells were increased, the ratio of CD4"/CD8" T cells was
decreased, and CD68" staining indicated a higher proportion of macrophages,
suggesting an inflammatory response rather than disease progression. Moreover, other
cases have shown necrosis, hemorrhage, edema, and immune cell infiltration in lesions
with pseudoprogression[14,15,19,20]. Therefore, the infiltration of immune cells, such
as CD4*, CD8* cells and macrophages, represents the major mechanism of pseudopro-
gression, consequently including edema, hemorrhage, and necrosis[12].

An unconventional pattern of response to immunotherapy was first described with
the development of cytotoxic T-lymphocyte antigen 4 inhibitors in melanoma, with a
patient experiencing enlargement of a cutaneous lesion during the first weeks of
treatment, followed by prolonged stabilization[15]. Since then, pseudoprogression has
been used to describe an objective response obtained after initial progression disease
and has been observed in other cancer types[16] (Figure 2).

The occurrence of pseudoprogression was confirmed in large trials, which allows
treatment beyond progression; its incidence, reported in different tumor types, has
never exceeded 10% of patients[21]. However, a recent study determined that the
incidence of atypical response is about 20%, including the development of new lesions,
and the increase greater than 10% in the total sum of the longest dimension[22].
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Figure 2 Axial computed tomography images in the portal-venous phase of a 69 y/o male, ex-smoker with non-small lung cell carcinoma,
during second-line therapy with Atezolizumab. A: Pre-treatment imaging show the right peri-hilar lesion; B: During follow-up after 4 wk the lesion increase in
size; C and D: During the following computed tomography scans (8 and 12 wk) a significant decrease in longest diameter was achieved, confirming a final response
to treatment with the presence of intercurrent (B) pseudoprogression.

Pseudoprogression has been described in different types of tumors, mainly in
melanoma patients but also in non-small lung cell carcinoma (NSCLC) (Figure 3), renal
cancer (RCC), urothelial cancer, uveal melanoma, Merkel cell carcinoma, meso-
thelioma, Hodgkin lymphoma, and head and neck squamous cell carcinoma (HNSCC)
[23] and it can also occur in metastatic lesions and some oncologic patients with
pleural effusion and ascites[14,24-29].

The reported incidence of pseudoprogression in clinical trials was 2.78%-9.69% for
melanoma, 1.81%-5.77% for NSCLC, 2.86%-8.82% for RCC, 1.49%-7.14% for urothelial
carcinoma, 11.11% for uveal melanoma, 1.79% for HNSCC, 1.14% for Merkel cell
carcinoma, and 6.90% for mesothelioma[12].

Clinical and biological characteristics of different tumors, the demographic charac-
teristics of patients, and the different types of immunotherapy agents used might
explain the different incidence of pseudoprogression in various types of solid tumors.
In addition, according to some case reports, there might be some sites of pseudopro-
gression specific to the tumor type after immunotherapy, such as brain metastasis
pseudoprogression of lung cancer and RCC[30,31].

Interestingly, for patients treated beyond progression, no increase in immune-
related toxicity was reported. Furthermore, patients experiencing pseudoprogression
had longer overall survival (OS) compared with standard progressive disease (PD),
suggesting that patients who present with pseudoprogression can effectively obtain
benefit from treatment beyond progression[23].

The iRECIST guidelines proposed two specific response patterns: unconfirmed PD
(iUPD) and confirmed PD (iCPD). The iUPD is defined as PD for the RECIST v1.1
criteria that is not confirmed at the follow-up imaging assessment within 4-8 wk. The
iCPD is defined as the appearance of a new lesion or further growth of the sum of
measures of target lesions of 5 mm or greater at the diagnostic follow-up after the
iUPD within 4-8 wk, or as an increase in a non-target lesion, that was initially
categorized as iUPD. If no change in tumor size nor extent from iUPD occurs, then the
time point response would again be iUPD. Complete response (iCR), partial response
(iPR), and stable disease (iSD) were assigned based on the RECIST 1.1. Moreover, if
after iSD, iPR, or iCR, PD takes place again, we consider it as iUPD and reset the bar
again through the application of the so-called “dynamic time point”[7]. To resume,
iUPD can be assigned multiple times as long as iCPD is not confirmed at the next
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Figure 3 Axial computed tomography images in the portal-venous phase of a 65 y/o female, with non-small lung cell carcinoma and a
programmed death-ligand 1 expression > 90%, during first-line treatment with Pembrolizumab. A: In the baseline examination, computed
tomography (CT) shows a metastatic lesion in the right adrenal gland; B: After 4 wk of treatment, the lesion becomes bigger, with a total increment of 21%, referred to
as unconfirmed progression; C-E: during following CT scans, the target lesion shows a progressive dimensional reduction with a total decrease of 46%. These
variations in the size of the lesion, during immunotherapy, was in line with pseudoprogression.

assessment and iRECIST requires the confirmation of progression to rule out or
confirm pseudoprogression.

The iRECIST guidelines proposed a status of iUPD, which would allow the
continuation of treatment and follow-up more closely to better benefit patients. This
approach allows the identification, understanding, and better characterization of
atypical responses, such as delayed responses that occur after pseudoprogression[7].

To differentiate pseudoprogression from true progression, the iRECIST guidelines
recommend that clinical trials should only include patients who are clinically stable to
continue treatments until the next assessment (= 4 wk later). In these cases, the next
imaging assessment should be performed no longer than 8 wk later, to ensure that
patients remain fit for rescue therapies|[7].

Among the potential useful methods to identify pseudoprogression in tumors
treated with immunotherapy and to differentiate it from the true progression of the
disease, the combination of biopsy and histopathologic examination is considered the
gold standard, although it presents some disadvantages due to the invasive nature of
the procedure. Compared to biopsy, the radiographic follow-up presents incompa-
rable advantages in the monitoring of pseudoprogression. It could be used in any type
of tumor with measurable lesions and it is convenient, non-invasive, and can avoid
prematurely discontinued immunotherapy for pseudoprogression. In addition to
radiological computed tomography (CT) follow-up, other proposed methods to
determine pseudoprogression included MRI and positron emission tomography
(PET)/CT, which can distinguish inflammatory cell infiltration from the enlarged
tumor tissue, at least theoretically. In recent literature, the circulating tumor’s DNA
and interleukin-8 serum levels were purposed in the follow-up of oncologic patients to
quickly identify a possible pseudoprogression[12].

A summary of the most important studies focusing on pseudoprogression is
reported in Table 1.

HYPERPROGRESSION

Hyperprogressive disease (HPD) is considered fast tumor growth, after starting
immunotherapy, regarding the absolute mass. However, compared with the other
atypical patterns, HPD relies on its intrinsic definition in the “expected” response, and
consequently, a specific description is currently missing. For example, empiric
doubling of tumor volume or by using linear growth in tumor diameter have been
proposed to identify the HPD and, as a matter of fact, recently published papers
reported different ways to define HPD and different thresholds to stratify pa-tients[32-
34]. Moreover, considering that HPD can be shown in different cancer types, a
standardized definition is needed.

Different cellular and genetic triggering events were studied to better define and
understand HPD. The first described is linked to cytotoxic agents used before
immunotherapy, probably causing a decreased effect of the last one[35] due to clones’
selection able to escape therapy. On the other hand, new immunotherapeutic agents
can bind other than targeted receptors and allow rapid tumor growth. Finally,
different genetic mutations, such as the most common one Janus kinase 1/2 mutation,
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Table 1 Incidence of atypical response in different cancer types and treatments, according to the most recent literature

Response Cancer type Treatment Incidence (% range)
Pseudoprogression Melanoma Ipilimumab 7.4-9.7
Tremelimumab 2.8-6.3
PD1/PD-L1 inhibitors 3.7-8.3
Pembrolizumab 3.7-73
RCC PD1/PD-L1 inhibitors 4.9-14.8
Atezolizumab 29
NSCLC PD1/PD-L1 inhibitors 1.9-6.9
Atezolizumab 2.8
Urothelial Atezolizumab 1.5-6.8
Durvalumab 7.1
PD1/PD-L1 inhibitors 8.9
HNSCC Pembrolizumab 18
PD1/PD-L1 inhibitors 1.8
Mesothelioma Tremelimumab 6.9
Hyperprogression NSCLC PD1/PD-L1 inhibitors 8.0-14.0
Gastric PD1/PD-L1 inhibitors 21.0-29.4
RCC PD1/PD-L1 inhibitors 7.0-46.0
Melanoma PD1/PD-L1 inhibitors 12
Dissociated response NSCLC PD1/PD-L1 inhibitors 7-5-10

HNSCC: Head and neck squamous cell carcinoma; NSCLC: Non-small lung cell carcinoma; PD1: Programmed cell death 1; PD-L1: Programmed death-
ligand 1; RCC: Renal cell carcinoma.

can be directly linked to HPD, generating resistance to immunotherapy and resulting
in a fast tumor volume increase. The tumor microenvironment can be strictly involved
in HPD, especially by immune cell infiltration, as reported in previous papers[36-38].

From a radiological point of view, to identify HPD, at least one imaging exam
should be obtained before and one after starting immunotherapy, to correctly establish
an increase in tumor volume higher than the expected one[39,40].

Even if the iRECIST algorithm is the most widely applied in clinical practice, it does
not suggest evaluating the pretreatment imaging data to identify the tumor growth
rate (TGR), and suspected hyperprogressive patients should be followed-up for at least
12 wk for definitive confirmation[39]. The identification of HPD poses a challenge for
the iRECIST, which fail to capture pre- and post-treatment tumor growth kinetics
(TGK) at early times of disease, and consequently, different parameters such as
“RECIST progression at the first evaluation”[39], TGR[40], TGK ratio (ratio of the slope
of tumor growth before treatment and the slope of tumor growth on treatment), time
to treatment failure (TTF)[41], and the combination of clinical and radiological criteria
[42] have been proposed.

A recent study by Gomes da Morais et al[43], combining four different definitions
for HPD previously proposed, found no overall significant differences between
baseline and post-baseline tumor growth rate (P = 0.93). Finally, the authors confirmed
that the progression-free survival (PFS) was shorter in patients with HPD compared
with non-HPD ones.

A metanalysis published by Kim et al[44] evaluated a total of 217 HPD cases of 1519
cancer patients. Considering the lack in HPD definition, its incidence ranged from 1%
to 30%, in line with Frelaut et al[23], reporting a range from 7% and 29%. Authors
identified age (> 65 years), gender (female), aggressive primary tumor (high
recurrence rate, > 2 metastatic sites), histological and immunological profiling (i.e. low
programmed death-ligand 1 expression, epidermal growth factor receptor, mouse
double minute 2 homology and DNA (cytosine-5)-methyltransferase 3A alterations) as
predictive factors for HPD.

WJCO | https://www.wjgnet.com 328 May 24,2021 | Volumel12 | Issue5 |

Jaishideng®



Jaishideng®

Ippolito D ef al. The many faces of atypical responses

Analyzing the most important recent studies, Park et al[45] identified HPD in 18
patients (14.4%) with head and neck cancer, underlying that younger age, a primary
tumor of the oral cavity, and previous locoregional irradiation are significant
predictors of HPD. Moreover, patients with HPD showed a shorter median PFS and
0s.

To date, different published papers have investigated the importance of HPD in
lung cancer patients. Kim et al[46] observed HPD in 55 (20.9%), 54 (20.5%), and 98
(37.3%) patients according to the TGK, TGR, and TTF, underlying that HPD was
associated with worse PFS and OS. The same results in terms of incidence were
reported in previous retrospective studies by Ferrara et al[40] (14%), Lo Russo et al[42]
(26%), Kim et al[46] (21%), as summarized in the review by Kim et al[44]. More
recently, Kas ef al[47], with a retrospective study including 406 patients, suggested a
new definition for HPD in patients with NSCLC, based on ATGR.

Aoki et al[48] and Sasaki et al[49] studied the importance of HPD in gastric cancer
patients reporting an incidence of 29.4% and 21% after nivolumab treatment,
respectively. Both studies reported a slight decrease in PFS and OS in patients with
HPD.

Kim et al[50] reported that HPD exists in a fraction of hepatocellular carcinoma
(HCC) patients who received programmed cell death protein 1 (PD-1) blockade:
Analyses of the baseline immune profile and on-treatment tumor growth dynamics
could promote optimal patient selection and earlier identification of rapid tumor
growth induced by PD-1 inhibitors in HCC patients[50].

Zheng et al[51] reviewed patients with RCC under immunotherapy, finding that the
incidence of HPD ranged between 7% and 74% without any strong suggestive factors
associated.

Regarding melanoma, immunotherapy treatment is not extensively reported in the
literature. A recent retrospective study by Hao et al[52] and Schuiveling et al[53],
enrolling 168 patients, reported a 1.2% incidence of HPD.

According to the RECIST working group, a CT scan 8 wk after the first treatment is
needed to evaluate early response[7]. In line with the guidelines, if progression is not
confirmed, the follow-up should be continued as previously planned, while in case of
suspected progression at first-imaging follow-up, a confirmatory CT 4 wk later should
be required. Moreover, considering the importance of pre-baseline imaging, a CT scan
at least 1 mo before starting immunotherapy should be evaluated to define the tumor
volume and consider it in further evaluations. During the anamnestic questionnaire,
special attention should be addressed to pre-immunotherapy treatments, specifically
regarding conventional cytotoxic agents, as aforementioned[39,40]. Radiological
assessment, both CT- and MRI-based, is fundamental to determine the growth rate;
however, the true positive rate can be weakened by pseudoprogression in case of pre-
baseline missing, because it is not possible to distinguish between the two patterns.

On these bases, a complete assessment based on clinical and radiological findings,
along with a careful evaluation of pre-baseline imaging, is needed to correctly stratify
patients suspected of HPD, to define the best clinical approach possible to increase PFS
and OS. The difficulties to standardize the HPD definition by using radiological
criteria firstly rely on the various types of cancer to deal with and, consequently, on
the different imaging techniques considered as the reference standard for staging and
re-staging patients.

A summary of the most important studies focusing on hyperprogression is reported
in Table 1.

DISSOCIATED RESPONSE

Besides the mixed pattern of response arising from traditional platinum-based
chemotherapy, the development of immunotherapy has led to the introduction of the
concept of dissociated response (DR).

DR has been recently described as a concomitant increase in the size of some target
lesions or the appearance of new lesions, accompanied by regression of other ones[54].
A combination of factors may explain the biological mechanisms of a dissociated
tumor response. Tumor heterogeneity within an individual patient and differences in
tissue penetration of anti-cancer drugs have been proposed as potential reasons for DR
[55]. Tumoral cells can undergo clonal evolution from a single progenitor cell into
more aggressive and therapy-resistant cells, due to genomic instability of solid cancer
cells.
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This genotypic and phenotypic heterogeneity is an unfavorable prognostic factor for
cells’ survival, and it can explain the DR, particularly when using targeted therapies
due to their selective pressure on tumor evolution. Moreover, the heterogeneity of the
immune environment of the lesions can actively influence therapeutic response and
therefore explain different responses[56] (Figure 4).

In literature few studies reported on the incidence of DR, ranging from 7.5% to 10%
[54,55,57]. Using fluorodeoxyglucose PET/CT, Humbert et al[58] recently pub-lished a
prospective study including 50 patients with NSCLC treated with pembrolizumab in
first-line therapy or with nivolumab in second-line therapy, showing that 10% of the
population had a DR.

DR has been associated with different prognoses compared to progressive or non-
PD. Tazdait et al[54] observed similar survival between patients with the non-PD and
those with the atypical response, even if pseudoprogression and DR were not
evaluated separately. On the contrary, the higher survival of patients with DR,
compared to those with PD, was confirmed both by Tazdait et al[54] and Tozuka et al
[55], suggesting that the prognosis of patients with DR is probably intermediate
between those with PD and those with the non-PD.

In the literature, several different definitions of DR were encountered; in particular,
it is still not clear if a concomitant progression and reduction of different lesions are
sufficient to consider as DR, or if it is necessary to reach at least 20% of PD and 30% of
PR[54,55,57]. On PET/CT, DR definition should be inspired by PET Response Criteria
In solid tumor (PERCIST) and defined as a concomitant relative decrease > 30% in
some tumor lesions metabolism and relative metabolic increase > 30% in others.

An important issue is the optimal duration of treatment due to the potential of late
treatment effect and the rare phenomenon of pseudoprogression. Many clinicians
choose to continue treatment beyond progression with immunotherapy according to
the RECIST[59]. As the progressing lesions might represent pseudoprogression, the
monitoring and management of patients with the DR should be similar to that of
patients with pseudoprogression, if the patient is clinically stable. A recent study
shows that continuing immunotherapy post-DR had significantly better survival than
discontinuing therapy[57].

Besides, continuing immune checkpoint inhibitor treatment plus local ablative
therapy targeted to progressing lesions could be a valid alternative to immunotherapy
alone in case of single progressive lesions[56]. However, if the patient is clinically
deteriorating the interruption of immune checkpoint inhibitor treatment and switching
to another therapy, or clinical trial participation, should be considered[60].

The high number of atypical responses such as pseudoprogression and DR suggest
that in most cases the RECIST 1.1 underestimates the benefit of treatment with
immunotherapy and the new iRECIST are certainly superior in the evaluation of
responses. The iRECIST consider consistently pseudoprogression, while DR is not
considered[7,11], suggesting that they may not correctly describe the clinical benefit
from immunotherapy[61].

Considering the different interpretations of DR given by the different authors, a
more uniform definition of this phenomenon is crucial to assess the correct prognosis
of patients with DR compared to progressive and non-PD after immunotherapy. As
suggested by Humbert and Chardin[56], DR on CT exam should be inspired by
RECIST 1.1, defined as a concomitant decrease in size > 30% in some lesions and
increase in size > 20% in others (and/or presence of new lesions), while on PET/CT,
DR should be motivated by PERCIST criteria, defined as a concomitant decrease > 30%
in some tumor lesions metabolism and metabolic increase > 30% in others (and/or
new hypermetabolic lesions).

A summary of the most important studies focusing on DR is reported in Table 1.

To conclude, DR should be considered in the iRECIST in addition to or separately
from a PD, partial response, and stable disease, through radiological evaluation, for a
more precise evaluation of tumor response to the immunotherapy.

CONCLUSION

iRECIST can help to correctly categorize the classes of response to immunotherapy
treatment by dividing patients into four main groups (iSD, iPR, iCR, iPD), according to
the radiological target lesion modifications, achieved along the time, and the standard
solid response criteria (RECIST 1.1). Recently, other different kinds of response have
been described in literature after immunotherapy treatment, defined as atypical
responses, categorized in three patterns: pseudoprogression, hyperprogression, and
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Figure 4 Axial computed tomography images in the portal-venous phase of a 57 y/o female ex-smoker with non-small lung cell carcinoma
during second-line treatment with Pembrolizumab. Images show a dissociated response of two target lesions. A: The left peri-hilar lesion
progressively decreased in size during follow-up, if compared to the pre-treatment computed tomography scan (after 3 wk and after 9 wk of immunotherapy from left
to right, respectively); B: The second target lesion in left lung firstly regressed after 3 wk of immunotherapy showing, then a progression during the follow-up period
(from left to right, respectively).

dissociated response. The correct knowledge of these new atypical patterns should be
correctly assessed by both radiologists and clinicians, through the deep investigation
of clinical anamnesis and imaging findings to guarantee the best management.
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Abstract

Hepatic Langerhans cell histiocytosis (LCH) is characterized by proliferation and
accumulation of Langerhans cells in the liver, causing liver dysfunction or
forming a mass lesion. The liver can be involved in isolation, or be affected along
with other organs. A common clinical hepatic presentation is cholestasis with
pruritis, fatigue and direct hyperbilirubinemia. In late stages, there may be
hypoalbuminemia. Liver biopsy may be required for the diagnosis of hepatic
LCH. Histologic finding may be diverse, including lobular Langerhans cell
infiltrate with mixed inflammatory background, primary biliary cholangitis-like
pattern, sclerosing cholangitis-like pattern, and even cirrhosis at later stages.
Because of its non-specific injury patterns with broad differential diagnosis,
establishing a diagnosis of hepatic LCH can be challenging. Hepatic LCH can
easily be missed unless this diagnosis is considered at the time of biopsy
interpretation. A definitive diagnosis relies on positive staining with CD1a and
5100 antigen. Liver involvement is a high risk feature in LCH. The overall
prognosis of hepatic LCH is poor. Treating at an early stage may improve the
outcome. Systemic chemotherapy is the mainstay of treatment and liver
transplantation may be offered. New molecular markers involved in pathogenesis
of LCH are being explored with a potential for targeted therapy. However, further
studies are needed to improve outcome.
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Core Tip: Hepatic Langerhans cell histiocytosis (LCH) is characterized by proliferation
and accumulation of Langerhans cells in the liver, causing liver dysfunction or forming
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a mass lesion. There are diverse injury patterns on liver biopsy, including lobular
Langerhans cell infiltrate with mixed inflammatory background, primary biliary
cholangitis-like pattern, sclerosing cholangitis-like pattern, and even cirrhosis at later
stage. The overall prognosis of hepatic LCH is poor. New molecular markers involved
in pathogenesis of LCH are being explored with a potential for targeted therapy.

Citation: Fu Z, Li H, Arslan ME, Ells PF, Lee H. Hepatic Langerhans cell histiocytosis: A
review. World J Clin Oncol 2021; 12(5): 335-341

URL: https://www.wjgnet.com/2218-4333/full/v12/i5/335.htm

DOI: https://dx.doi.org/10.5306/wjco.v12.i5.335

INTRODUCTION

Langerhans cell histiocytosis (LCH) is characterized by proliferation and accumulation
of dendritic antigen-presenting histiocytes, Langerhans cells, in tissue. Langerhans
cells express CD1a, S-100 and langerin proteins, and show Birbeck granules on
ultrastructural examination[1]. LCH is a rare disease with an annual incidence of about
5 cases per 1 million population. The disease is more common in Caucasian population
of northern European descent, with a male predominance. It can affect any age group
but most cases occur in children[1,2]. The etiology is unknown. However, there is a
strong association between pulmonary LCH and smoking[3,4].

Some authors have considered that LCH is an abnormal reactive process to an
inciting event, such as viral infection, given the fact that multiple cytokines are
involved in the process and LCH has been reported to regress spontaneously when it’s
an isolated lesion[5,6]. However, the revised 4" edition World Health Organization[1]
classified LCH as a clonal neoplastic process. Recently, Murakami et al[7] proposed
that both BRAF mutation and Interleukin-1 Loop amplification play important roles in
the pathogenesis of LCH[7]. More recently, other groups found that BRAFV600E
mutation or alternative activating MAPK pathway gene mutations are almost
universally identified in LCH[S,9]. These studies provide a potential for molecular
alteration-based targeted therapy for LCH.

LCH demonstrates a variable clinical picture and course. It can involve a single
organ system (SS-LCH) or multiple organ systems (MS-LCH). While any organ can be
affected, bone is the most frequent site occurring in 80% of cases of LCH; it can be
unifocal or multifocal. A third of LCH cases involve the skin and a quarter involve the
pituitary gland. Other organs, such as liver, spleen, lungs, lymph nodes, gas-
trointestinal tract, and rarely parotid glands and nails, can also be involved[10].

When LCH involves a single organ, the course may be indolent and have a
favorable survival. Su et al[11] reported 100% 5-year survival in pediatric LCH patients
when the disease involved only bone[11]. In a long-term (over 17 years) follow-up
study of pediatric LCH, SS-LCH showed a 100% regression rate and low relapse vs
73% regression in MS-LCH][12].

LCH involving the skin, bone, lymph nodes or pituitary gland is considered “low-
risk” because of its good response to treatment. Involvement of the lungs,
hematopoietic system and spleen, and liver is considered “high risk” with an
unfavorable outcome|1,6,12,13].

In this review, we focus on hepatic LCH and provide a brief overview of its clinical
presentation, laboratory/imaging findings and current treatment. Its pathologic
findings and differential diagnosis are also reviewed.

DIAGNOSIS OF HEPATIC LCH

The diagnosis of hepatic LCH in a patient with known LCH requires one or more of
the followings: (1) hepatomegaly, defined as a liver edge greater than 3 cm below the
costal margin at the mid clavicular line (confirmed by ultrasound); (2) liver
dysfunction defined either by abnormal serum biochemical tests including bilirubin
greater than 3 times the upper limit of normal, protein less than 55 g/L, albumin less
than 3 g/dL, transaminases [alanine aminotransferase (ALT)/ aspartate aminotrans-
ferase (AST)] greater than 3 times normal, or by clinical entities including an
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intrahepatic nodular mass or ascites or edema, not as a result of other causes; or (3)
histopathological findings of active disease[14,15].

INCIDENCE OF HEPATIC LCH

The liver may be affected in isolation[16-19], or involved along with other organ
systems such as lymph nodes, skin and lungs.

In pediatric LCH, the frequency of liver involvement is variable but may be high
(15%-60%). It carries a poor prognosis. In adult LCH, liver involvement is relatively
uncommon with an incidence of 16%-27%. However, it is probably under recognized.

One study of multisystemic LCH in adults reported liver involvement in 87%[14,18,
20].

CLINICAL MANIFESTATION

There are 2 stages of hepatic LCH: An early stage with liver parenchymal infiltration
by Langerhans cells and a late stage with biliary sclerosis[18,20]. Clinical manifest-
ations differ based on the stage.

A common presentation is jaundice with direct hyperbilirubinemia and hypoalbu-
minemia. Patients may present with fatigue and pruritus[21]. Clinically, hepatic LCH
may mimic other conditions such as chronic destructive cholangitis, metabolic disease,
hepatitis, neoplasia obstructing biliary tract and inherited deficient conjugation of
bilirubin. It can also present as Reye syndrome, chronic inflammatory bowel disease,
or hemochromatosis[14]. In late stages, patients may present with severe sclerosing
cholangitis and liver failure. A subset of patients progresses to develop cirrhosis,
which may lead to portal hypertension and secondary hypersplenism[22,23].

LABORATORY/IMAGE FINDINGS

Laboratory tests show abnormal serum liver tests with mild to moderately elevated
ALT and AST. Cholestatic biochemical profiles are seen with increased total bilirubin,
y glutamyl transferases and anaplastic lymphoma kinase phosphatase. The albumin
level is often low. The prothrombin time may be prolonged due to decreased clotting
factor. Depending on liver function, clotting factors may be depleted. Complete blood
count is usually normal, although the platelet count may be low in patients with portal
hypertension and splenomegaly. Abdominal contrast-enhanced computed
tomography may demonstrate hepatomegaly with solitary or multiple hypodense
hepatic nodules, which can be confluent[18]. At a late stage, magnetic resonance
imaging may show biliary tree abnormalities[20].

PATHOLOGY FINDINGS

Liver biopsy is the cornerstone of the diagnosis of LCH and disease staging. Liver
biopsy can show various injury patterns. In an early stage, lobular Langerhans cell
infiltrate mixed with lymphocytes can be seen. The Langerhans cells may form focal
aggregates or be multinucleated[18]. In addition to lymphocytes, mature eosinophils,
neutrophils and plasma cells can also be noted. A definitive diagnosis can be rendered
based on positive immunohistochemical staining with CD1a and S100 antigen of the
Langerhans cells.

At a later stage, Langerhans cells may infiltrate the bile ducts and cause sclerosing
cholangitis. In some cases, histologic features of sclerosing cholangitis may be seen in a
biopsy without identifiable Langerhans cells[17,22,24]. This may be due to selective
involvement of the major bile ducts by Langerhans cells; large ducts are unlikely to be
sampled in the usual needle biopsy[25]. Chronic non-suppurative destructive
cholangitis injury pattern has been also reported[26].

Notably, hepatic LCH may mimic primary biliary cholangitis (PBC). Rush et al[19]
reported hepatic LCH presenting as a small noncaseating granuloma in the portal tract
with rare multinucleated epithelioid giant cells within the portal inflammatory
infiltrate. The patient underwent a liver transplantation for the presumed diagnosis of
advanced anti-mitochondrial antibody (AMA)-negative PBC. However, the disease
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recurred in the allograft. The diagnosis of hepatic LCH was finally rendered three
years after transplantation in the allograft biopsy. Four years later (7 years after the
transplantation), the patient lost the liver graft. LCH diagnosis was confirmed in the
explanted allograft liver[19].

Similarly, our group reported a case of hepatic LCH that histologically and patholo-
gically mimicked PBC. A 65-year-old man presented with intermittent pruritus with
cholestatic biochemistry profile for years. The liver biopsy showed portal histiocytic
aggregate (non-necrotizing granuloma) encasing a damaged bile duct (Figure 1). Tests
for autoantibodies including AMA were negative, therefore AMA-negative PBC was
suspected. One month later, multiple skin lesions developed and a diagnosis of LCH
was rendered on a skin biopsy. In light of the positive skin biopsy, the previous liver
biopsy was re-examined. The histiocytes surrounding the duct were positive for CD1a
and S100, confirming the diagnosis of hepatic LCH, retrospectively[21].

These two cases highlight the difficulty of rendering a diagnosis of hepatic LCH
without appropriate clinical context.

In summary, hepatic LCH may present as a non-specific inflammatory process with
varying injury pattern. Therefore, the diagnosis of hepatic LCH can easily be missed
when this diagnosis is not considered. In addition, its patchy nature and limited
sampling may further hinder the diagnosis of hepatic LCH[21]. In late stage MS-LCH,
even though the clinical picture may be strongly indicative of hepatic LCH, it may be
difficult to render a definitive diagnosis on the initial biopsy and a repeat biopsy may
be necessary[6].

DIFFERENTIAL DIAGNOSIS

There are a variety of differential diagnoses for hepatic LCH due to its nonspecific
presentations and morphologic features.

The morphological and clinical findings of hepatic LCH may resemble primary
sclerosing cholangitis (PSC). A classic “beaded” appearance of extrahepatic biliary tree
by endoscopic retrograde cholangiopancreatography and periductal onion-skin type
fibrosis with negative stains for 5100 and CD1a may be helpful in the diagnosis of PSC.

Granulomatous reaction with ductular proliferation raises a differential diagnosis of
PBC. The presence of a dense portal lymphoplasmacytic infiltrate, mild degree of
interface activity, and negativity for S100 and CD1a in conjunction with positivity for
AMA can be helpful for PBC diagnosis. However, as demonstrated above, it can be
very difficult to differentiate hepatic LCH from AMA negative PBC in a small liver
biopsy, especially in the absence of appropriate clinical context.

In hepatic LCH, the presence of granulomatous inflammation also raises a differ-
ential diagnosis of infection. Grocott (or Gomori) methenamine silver and acid-fast
bacteria stains may help to rule out infectious etiology, although they have low
sensitivity[27-30]. Tissue culture may be helpful in these scenarios. Other differential
diagnosis includes sarcoidosis, foreign-body type giant cell reactions, drug-induced
liver injury, and non-Hodgkin’s and Hodgkin’s lymphoma.

Additionally, myeloproliferative disorders and myeloid leukemias can express
CD1a and/or S100 protein, mimicking LCH. However, these are distinguished by
sinusoidal infiltrative pattern of the neoplastic cells[25].

TREATMENT

Depending on clinical course and degree of organ dysfunction, variable treatment
options are offered for LCH. Usually, patients with single site SS-LCH are observed
only or offered monotherapy, such as oral 6-mercaptopurine and methotrexate,
indomethacin, bisphosphonates, and hydroxyurea. Patients with MS-LCH usually

benefit from systemic therapy, such as the vinblastine-prednisone combination [6,15,
20].

NOVEL MOLECULAR TARGETS

Recently, molecular markers such as BRAFV600E and MAP2K1 have been identified in
LCH pathogenesis. These markers may serve as molecular targets for precision
therapy in the future. For instance, vemurafenib, a BRAF inhibitor, had prolonged
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Figure 1 Hepatic Langerhans cell histiocytosis mimicking primary biliary cholangitis. A: Portal non-necrotizing granulomatous inflammation
encasing a duct (Hematoxylin and eosin, 200 x); B: CD1a immunostain highlights Langerhans cells surrounding the duct (CD1a, 200 x). Image A was originally
published in Cureus. Citation: Li H, Ells P, Arslan ME, Robstad KA, Lee H. Hepatic Langerhans Cell Histiocytosis (LCH) Presenting as a Harbinger of Multisystem
LCH. Cureus 2020; 12: €8591 [PMID: 32676232 DOI: 10.7759/cureus.8591]. Copyright © The Authors 2020. Published by Cureus, Inc.[21].

efficacy in patients with BRAF V600-mutant LCH[31]. In addition, MEK inhibitors
showed near-universal responses in patients with histiocytoses, including LCH,
regardless of tumor genotype[32]. However, prospective clinical trials would be
required to determine optimal duration of therapy and to explore a potential for
combination with other targeted or cytotoxic therapies.

The optimal treatment for hepatic LCH remains to be determined. Currently,
systemic chemotherapy is the mainstay of treatment. Yi et al[33] reported that earlier
systemic chemotherapy has led to a relatively better outcome in hepatic LCH.
However, the therapy was not effective once cirrhosis developed[33]. Therefore, early
diagnosis and treatment of hepatic LCH would be crucial. Unfortunately, a subset of
hepatic LCH patients develops severe sclerosing cholangitis that progresses to
cirrhosis. In this case, liver transplantation may be the treatment of choice and should
be considered early in the disease course[34]. Tang et al[35] reported a case of hepatic
LCH that was successfully treated by liver transplantation with subsequent tacrolimus
and mycophenolate mofetil as immunosuppressants[35].

Further collaborative studies regarding the biology, clinical presentation and
outcome of hepatic LCH would be required to explore and refine variable treatment
options.

PROGNOSIS

In LCH, liver involvement has a significant bearing on survival. The overall prognosis
of hepatic LCH is poor with a fatality rate of 30%-50% (versus < 10% without liver
involvement) and median survival of 9 years[6,18,20]. The 3-year survival rate of LCH
with liver involvement is 51.8%, compared with that of 96.7% without liver
involvement[6]. In Abdallah et al[20]’s study, 30% of patients died due to sclerosing
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cholangitis complicated by secondary cirrhosis[20]. Therefore, it is very important to
identify liver involvement at an early reversible stage. Early detection and treatment
may improve the outcome[6,18].

CONCLUSION

While hepatic LCH is relatively uncommon, it portends a poor prognosis. Early
detection and treatment of hepatic LCH may allow a better prognosis. Liver biopsy
plays an important role in the diagnosis and management of hepatic LCH. Unfortu-
nately, the histomorphology is non-specific and needs to be differentiated from other
granulomatous processes, such as PBC or infection. A definitive diagnosis requires
confirmatory immunohistochemical staining with CD1a and S100. Currently, systemic
chemotherapy is the mainstay of treatment for hepatic LCH. Further studies are
required to explore other treatment modalities including molecularly targeted therapy.
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Abstract

BACKGROUND

Breast cancer is the most common cause of the majority of cancer-related deaths in
women, among which triple-negative breast cancer is the most aggressive type of
breast cancer diagnosed with limited treatment options. Thymoquinone (TQ), the
main bioactive constituent of Nigella sativa, has been extensively studied as a
potent anticancer molecule against various types of cancers. Honeybee products
such as the royal jelly (R]), the nutritive secretion fed to honeybee queens, exhibit
a variety of biological activities besides its anticancer effect. However, the
anticancer activity of the combination of TQ and R] against breast cancer is still
unknown.

AIM
To investigate cytotoxicity of R] in FHs 74 Int cells and the anticancer effects of
TQ, RJ, and their combinations in the MDA-MB-231 cell line.

METHODS

Cells were treated with TQ, R], and their combinations for 24 h. Using 3-(4,5
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay, we determined the
half-maximal inhibitory concentration of TQ. Trypan blue and 3-(4,5 dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assays were then performed to
assess the cell viability in response to different treatment conditions. Cell death
and cycle regulation were investigated using propidium iodide deoxyribonucleic
acid staining followed by flow cytometry in response to a single dose of TQ, R]J,
and their combination. Immunostaining for cleaved caspase 3 and Ki67 expression
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was used to determine apoptosis induction and changes in cell proliferation.

RESULTS

TQ alone inhibited cell viability in a dose-dependent manner at concentrations
below and above the half-maximal inhibitory concentration. R] exhibited
relatively nontoxic effects against MDA-MB-231 cells and FHs 74 Int small
intestinal cells at concentrations below 5 ng/mL. High doses of R] (200 pg/mL)
had greater toxicity against MDA-MB-231 cells. Interestingly, the inhibition of cell
viability was most pronounced in response to 15 umol/L TQ and 5 pg/mL R]. A
dose of 15 umol/L TQ caused a significant increase in the PreG1 population,
while a more pronounced effect on cell viability inhibition and PreG1 increase
was observed in response to TQ and RJ combinations. TQ was the main inducer of
caspase 3-dependent apoptosis when applied alone and in combination with R].
In contrast, no significant regulation of Ki67 expression was observed, indicating
that the decrease in cell viability was due to apoptosis induction rather than to
inhibition of cell proliferation.

CONCLUSION

This study is the first to report enhanced anticancer effects of TQ and R]
combination against MDA-MB-231 breast cancer cells, which could confer an
advantage for cancer therapy.

Key Words: Anticancer activity; Breast cancer cells; Drug combination; Natural products;
Royal jelly; Thymoquinone

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Royal jelly enhances thymoquinone (TQ) anticancer activity against breast
cancer. TQ induces the apoptotic response in breast cancer cells while royal jelly when
combined with TQ potentiates the reduction in cell viability more than each drug alone.
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INTRODUCTION

According to the global cancer project GLOBOCAN 2020, 19.3 million new cancer
cases and 10 million cancer deaths have occurred in 2020[1]. The World Health
Organization predicted that the global burden of cancer would double to about 29-37
million new cancer cases by 2040. Their report estimated the trend of future cancer
cases by which breast cancer will account for 2778850 cases in 2040[2]. Breast cancer is
the most common cancer among women worldwide[3] and is responsible for the
majority of cancer-related deaths among women[4]. Invasive ductal carcinoma (IDC) is
the most frequent type of breast tumor, followed by invasive lobular carcinoma (ILC).
Together they make up 90% of breast cancers, while the remaining 10% is caused by
particular types of none-ILC/none-IDC tumors[5-7]. Triple-negative breast cancer is
an aggressive type of breast cancer with limited treatment options|[8,9].

The human breast cancer cell line MDA-MB-231, a highly invasive and poorly
differentiated triple-negative breast cancer (TNBC), was employed in our study. Being
one of the most commonly used breast cancer cell lines in medical research, MDA-MB-
231 derives from pleural effusion in metastatic mammary adenocarcinomas[10]. The
absence of estrogen receptor, progesterone receptor, and human epidermal receptor 2
expression renders them nonresponsive to hormonal treatments[11]. However, these
cells possess high invasive capacity and metastatic potential as they degrade the
extracellular matrix of tissues and metastasize into lung, bone, or brain-specific cancers
[12-14]. Conventional treatment of breast cancer comprises surgical procedures,
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radiotherapy, chemotherapy, endocrine (hormonal) therapy, and targeted and
immunotherapies[15]. Despite the therapeutic impact of conventional treatments, they
exert numerous side effects. Thus, extensive research has been conducted on
alternative treatments utilizing plant-derived natural products with relatively non-
toxic effects and high therapeutic potential.

Thymogquinone (TQ), the main bioactive constituent of Nigella sativa L. (Ranuncu-
laceae), modulates the hallmarks of cancer[16] in addition to its cytoprotective[17,18],
immunomodulatory, anti-oxidant, and anti-inflammatory activities[19,20]. Previous
studies reported that TQ alone and in combination with natural and chemical agents
act to inhibit breast cancer[21-23]. For instance, TQ in combination with piperine,
lowered vascular endothelial growth factor expression, enhanced serum interferon-y
levels and apoptosis induction, and shifted the immune response toward T helperl
responses against EMT6 epithelial breast cancer[24]. TQ was shown to induce
apoptosis when used alone or combined with amoxifen and suppressed the growth,
viability, and invasion of breast cancer cell lines[25,26] through the regulation of the
Akt signaling pathway[27].

Royal jelly (R]), the nutritive secretion secreted from the mandibular and hypo-
pharyngeal glands of worker bees Apis mellifera (Hymenoptera, Apidae), is the only
food of the queen bee at larval and adult life and is responsible for fertility and
prolonged life span[28,29]. Similar to TQ, R] exerts various biological activities, inclu-
ding wound healing[30], anti-oxidant[26,31], immunomodulatory, and anti-inflam-
matory[32] activities, and anti-hypercholesterolemic[33,34], anti-hypertensive[35], anti-
aging[36,37], and anticancer activities[38,39]. R] was found to inhibit the proliferation
of estradiol-induced cell proliferation of MCF-7 breast cancer cells[38] and reduce the
volume of the 4T1 breast mammary tumor[39]. R] also inhibited the proliferation of
human colorectal adenocarcinoma cells[40], neuroblastoma[41], and vascular endothe-
lial growth factor-induced migration, proliferation, and tube formation in human
umbilical vein endothelial cells[42].

The poor prognosis of TNBC and its ability to resist chemotherapy and meta-stasize
[43,44] made combination therapy a necessary option. TQ was successfully combined
with several agents to enhance its anticancer therapeutic efficacy; however, TQ
anticancer activity was not tested in combination with R]J. In a previous study, we
showed that TQ exerted a dose-dependent antitumor effect against a panel of human
colon cancer cell lines with minimal cytotoxicity against FHs 74 Int non-tumorigenic
human intestinal cells. Here, to assess the cytotoxic effects of RJ, FHs 74 Int intestinal
cell line was used as a model of non-tumorigenic epithelial cells. In our study, we
investigated the anticancer activity of TQ and RJ combination in vitro against the
MDA-MB-231 human TNBC cell line. Significant inhibitory effect of TQ and R]
combination was revealed by the enhanced cell death effects in MDA-MB-231 cell line.
TQ was the main inducer of apoptosis mediating cell death mechanisms by inducing
caspase 3 dependent apoptosis in a dose-dependent manner.

MATERIALS AND METHODS

Materials

MDA-MB-231 human breast cancer and FHs 74 Int human small intestinal cell lines
were purchased from ATCC (Manassas, VA, United States). Dulbecco’s Modified
Eagle Medium (DMEM) and DMEM-F12 cell culture media were purchased from
Lonza (Verviers, Belgium). TQ, trypsin-ethylenediamine tetraacetic acid, Dulbecco’s
phosphate-buffered saline (PBS), horse serum, fetal bovine serum (FBS), penicillin-
streptomycin, dimethyl sulfoxide (DMSO), 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT), trypan blue and methanol were purchased from Sigma-
Aldrich (St. Louis, MO, United States). Insulin used for FHs 74 Int cell line culture
(Actrapid 100 IU/mL) was purchased from the pharmacy at the American University
of Beirut Medical Center. 4',6-diamidino-2-phenylindole stain was purchased from
Abcam (Cambridge, United Kingdom). Rabbit caspase 3 polyclonal antibody (9662)
was purchased from Cell Signaling Technology (Danvers, MA, United States). Goat
anti-rabbit polyclonal secondary antibody, Alexa Fluor 568 (A11011) was purchased
from Invitrogen, Thermo Fisher Scientific (Carlsbad, CA, United States). Rabbit Ki67
monoclonal primary antibody (Cell Marque 275R-15) and donkey anti-rabbit Cy3
secondary antibody (Jackson 711-165-152) were provided by Dr. Noel Ghanem,
Professor of Biology, American University of Beirut. Crude R] was purchased from the
bee farm at Rashaya al-Wadi, Lebanon, located at 1200-1600 m above sea level. A
variety of seasonal plants predominate at this altitude and contribute to the diet of
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bees, among which are Brassicaceae (Nasturtium), Anacardiaceae (Rhus), Ulmaceae
(Ulmus), Rosaceae (Rosa), and Apiaceae (Eryngium). R] was collected during the
summer season of 2018-19 and stored at -20 °C.

Cell culture conditions

MDA-MB-231 was used as the model of an aggressive breast cancer cell line, while
FHs 74 Int cell line was used as the model of a non-tumorigenic epithelial cell line.
Both cell lines were cultured in their respective media in two-dimensional monolayer
conditions. MDA-MB-231 cells were grown in DMEM cell culture media supple-
mented with 10% heat-inactivated FBS, 1% penicillin/streptomycin (penicillin-
streptomycin with penicillin at 10000 units and streptomycin at 10 mg/mL), and 10
pg/mL insulin was added to grow FHs 74 Int cells. All cells were maintained in a
humidified atmosphere of 5% CO, at 37 °C.

Dissolution of RJ

Fresh R] was supplied to our lab in the form of a solid extract. Knowing that R]
contains both polar and non-polar compounds, we considered mixing the crude R]
with DMSO, a polar aprotic solvent that is miscible with dH,O and that is capable of
dissolving hydrophilic and hydrophobic compounds[45,46]. Different proportions of
dH,O to DMSO were used to determine the ratio that produces the best solubility.
Complete solubility was only obtained upon dissolving 20 mg of R] in a solution of 800
pL dH,O and 200 pL DMSO solution at 37 °C for 30 min along with vortexing every 10
min. Therefore, this protocol was used to prepare fresh R] stocks prior to every
treatment. Fresh R] stock was then used to prepare dilutions needed for experiments.

Drug preparation and treatment

Directly before use, fresh stock of the purified synthetic compound TQ of 0.1 mol/L
concentration was prepared by dissolving 16.4 mg of TQ crystals in 1 mL methanol.
TQ stock was then diluted in respective media to obtain different TQ concentrations
ranging from 1 pmol/L to 100 pmol/L used in cell treatment. R] fresh stock was
prepared by dissolving 20 mg in 200 pL DMSO mixed with 800 pL distilled water
solution at 37 °C for 30 min. Intermediate concentrations of R] ranging between 0.01
and 200 pg/mL were then prepared by serial dilutions from stock and used in cell
treatment. In all experiments, treatment with TQ and R] each alone or in combination
was performed at 50% cell confluency. Treatment with TQ-R]J combination was done
by adding TQ and R], each alone in wells containing their respective media and
incubating cells with this mixture at different concentrations for 24 h.

MTT cell viability assay

All cells were seeded in 96-well plates at a density of 10000 cells/well, then treated for
24 h. Cell viability was then assessed by MTT that measures the ability of metabol-
ically active cells to convert tetrazolium salt into violet formazan crystals. Cells were
incubated with 120 pL of MTT solution (5 mg/mL prepared in 1 x PBS) for 3 h at 37
°C. Afterward, the solution containing the MTT dye was removed and replaced with
100 pL isopropanol to dissolve the formazan crystal. MTT optical density was then
measured using a microplate reader enzyme-linked immuno-sorbent assay at 595 nm.
Cellular viability was expressed as a percentage of metabolically active cells in treated
conditions relative to control. Cell viability was reported as an average of three
independent experiments, each condition in sextuplicate. R] inhibitory effect was not
determined by MTT due to its interference with the colorimetric absorbance measures
of the MTT assay (data not shown).

Trypan blue exclusion assay

FHs 74 Int cells were seeded in 24-well-plates at a density of 70000 cells/well, while
MDA-MB-231 were seeded in 12-well plates at a density of 20000 cells/well. Following
treatment of cells for 24 h, alive and dead cells were collected. Samples were
centrifuged at 1300 rpm for 5 min. Then, pellets were resuspended in DMEM growth
medium, and trypan blue was added to the cell suspension in a 1:1 ratio. Next, cells
were counted using a hemocytometer under the Axiovert inverted microscope at 10 x
magnification. Cells stained blue were counted as dead, and results are expressed as a
percentage of total cells. Cell viability was reported as an average of three independent
experiments, each condition in duplicates.
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Combination index analysis

The interaction between TQ and R] was assessed using the Chou-Talalay plot[47].
Combination indices (CI) were calculated from the mean affected fraction at each drug
combination using CompuSyn software (CompuSyn, Inc. Paramus, NJ, United States).
CI>1,CI=1, and CI < 1 indicate antagonistic, additive, and synergistic effects,
respectively.

Cell cycle analysis

MDA-MD-231 cells were seeded in 6-well plates at a density of 80000 cells/well. Cells
were treated with 0.1 pg/mL RJ and 15 pmol/L TQ each alone. After 24 h, cells were
collected and washed twice with 1 x PBS, fixed in 70% ice-cold ethanol, and stored at
-20 °C for at least 1 d. Subsequently, cells were washed twice with 1 x PBS and
incubated for 30 min at 37 °C with 100 pL of propidium iodide (PI) solution [6 pL
RNase, 30 pL PI (1 mg/mL)]. Supernatants were then transferred to flow tubes with
200 pL PBS added. Cell cycle analysis was performed using the Fluorescence-activated
cell sorting scan flow cytometer (Becton Dickinson, Franklin Lakes, NJ, United States)
and the Cell Quest software (Becton-Dickinson) was used to analyze the distribution of
cells in the different phases of the cell cycle.

Immunofluorescence assay

MDA-MB-231 cells were plated on coverslips in 12-well plates at a density of 60000
cells/well. The medium was then removed, and the cells were treated with either TQ,
RJ, or combinations. After treatment, the cells were washed twice with 1 x PBS and
fixed at room temperature for 20 min in 4% formaldehyde. The formaldehyde was
then removed, and the cells were washed three times in PBS before permeabilization
in 0.5% Triton solution for 5 min. After two successive washes in PBS, cells were
blocked in blocking buffer with FBS for 1 h at room temperature. Apoptosis was
assessed using the caspase 3 antibody, which was subsequently diluted (1:500) in 3%
bovine serum albumin and incubated separately with the cells overnight at 4 °C. The
primary antibody was removed the next day, and the cells were washed three times in
PBS supplemented with 0.1% Tween 20 before incubation for 1 h with goat anti-rabbit
secondary antibody diluted (1:200) in 3% bovine serum albumin at room temperature.
Finally, the secondary antibody was removed, and the cells were washed three times
in PBS with 0.1% Tween 20 before staining the nuclei with 4',6-diamidino-2-
phenylindole and mounting on a glass slide. To evaluate cell proliferation, the same
immunostaining protocol was followed for Ki67 immunofluorescence with minor
modifications, including the preparation of Ki67 primary antibody and donkey anti-
rabbit Cy3 secondary antibody solutions in blocking buffer with donkey serum at
dilution 1:500 and 1:200 ratios, respectively. Also, cells were washed three times in PBS
only after the removal of the primary and secondary antibodies. Imaging and visual-
ization were performed using the microscope Zeiss Axio. For cleaved caspase 3 and
Ki67 biomarkers, an equal number of representative images were taken for each slide
in all conditions. The percentage of apoptotic cells expressing cleaved caspase 3 was
then calculated while Ki67 immunofluorescence intensity was measured by ZEN lite
Digital Imaging Software.

Statistical analysis

Unless otherwise stated, data are presented as mean * standard error of the mean of
three independent experiments with statistical analysis performed by one way
analysis of variance (non-parametric) multiple comparison test on Graph Pad Prism
V.7. Software (La Jolla, CA, United States). Statistical significance was set with a 95%
confidence interval at P < 0.05.

Confocal Imaging

Cells were visualized and imaged by Axiovert inverted microscope from Zeiss at 10 x
magnification. Confocal images were taken on Confocal Microscope Zeiss LSM710 at
40 x oil immersion magnification.

RESULTS

Cytotoxicity of TQ and RJ on human breast cancer cells
In a previous study, we showed that TQ doses up to 60 pmol/L exert minimal
cytotoxic effects on normal intestinal cells[48]. Post 24 h treatment, TQ at concen-
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trations below 15 pmol/L did not exert any statistically significant toxicity on MDA-
MB-231 cell line relative to the control. Cell viability decreased remarkably, reaching
47% at 20 pmol/L, revealing that the half-maximal inhibitory concentration (IC)
value was around 20 pmol/L (Figure 1A). The decline in cell viability was more
pronounced with increasing TQ concentrations, indicating that TQ exhibited
significant anticancer activity against MDA-MB-231 human breast cancer cells in a
dose dependent manner. R] exerted mild inhibitory effects at low doses of R] (below 5
pg/mL) on FHs 74 Int non-tumorigenic human intestinal cells and MDA-MB-231
human breast cancer cells. However, at higher doses ranging from 10 pg/mL to 200
pg/mL of R], a more pronounced decrease in cell viability was observed, suggesting
that very high doses of R] are toxic to FHs 74 Int non-tumorigenic cells with a greater
toxicity being exerted on breast cancer cells (Figure 1B and C). The ICy, of R] was
estimated to be 216 pg/mL in MDA-MB-231 cells, while it was much higher (292
pg/mL) in the FHs 74 Int cell line. Based on these results, relatively non-toxic doses of
R] ranging between 0.1-5.0 pg/mL were combined with TQ in subsequent experi-
ments.

Anticancer effect of TQ, RJ, and their combinations against breast cancer

Next, we determined the effects of the combination of increasing doses of both R] and
TQ on cell viability. As shown in Figure 2A and B, no significant reduction in MDA-
MB-231 viability was detected upon the treatment with R] alone at doses of 0.1 pg/mL
and 5 ng/mL or with TQ alone at doses below 10 pmol/L. Treatment with 5 pg/mL
RJ, when combined with 5 umol/L or 7.5 pmol/L of TQ caused 21% and 29%
inhibition in cell viability, respectively (Figure 2B). The anti-tumor effects were more
pronounced upon treatment with higher TQ doses. A dose of 10 pmol/L TQ in
combination with 0.1 pg/mL R] or 5 pg/mL R] yielded a significant decrease in MDA-
MB-231 cell viability by 40% and 58%, respectively. Treatment with 5 pg/mL R]J in
combination with 10 pmol/L or 15 pmol/L of TQ decreased cell viability by 58% and
74%, respectively. These findings confirm the more potent anti-tumor effects upon
combination treatment with higher R] doses compared to each drug alone. The
inhibition of cell viability (58% inhibition) by this combination treatment was greater
than the sum of inhibition observed by each compound alone (6% and 12% inhibition
by TQ and R] alone, respectively), suggesting a synergistic effect. CIs were then
calculated using CompuSyn software, confirming the synergistic interaction between
both compounds in all the combinations tested with a CI value < 1. Anti-tumor effect
was most pronounced (CI = 0.584) upon the combination of 5 pg/mL R] with 10
pmol/L TQ (Figure 2C). Therefore, R] enhances TQ anti-tumor activity against breast
cancer by inducing dose dependent cell death effects.

TQ alone and in combination with RJ increases PreG1 population in breast cancer

cells

To confirm further cell death and determine whether the inhibition of cell viability by
RJ and TQ treatment of MDA-MB-231 cells was associated with changes in cell cycle
regulation, cell cycle analysis using PI deoxyribonucleic acid staining with flow
cytometry was performed. Cell death was significantly enhanced in response to TQ
alone and when TQ was combined with 0.1 pg/mL R], a relatively non-cytotoxic dose
(Figure 3A and B). In comparison with the control, the PreG1 population increased
significantly upon the treatment with 15 umol/L TQ alone, while a greater elevation
was obtained when this dose of TQ was combined with 0.1 pg/mL R]J (Figure 3B). The
increase in the PreG1 population was associated with a notable reduction in the
GO0/G1 and G2/M populations.

TQ and RJ combinations induce apoptotic cell death in breast cancer cells

To identify the mechanism of action responsible for the enhanced cell death effect of
TQ and RJ combination treatment, we assessed the apoptotic effects of each compound
alone and their combinations in MDA-MB-231 cell line. Insignificant increase in
apoptosis levels was reported upon treatment with 0.1 ng/mL or 5 ng/mL of R].
Confocal micrographs showed enhancement of apoptosis in response to the TQ and
combination treatment, as evidenced by the increase in apoptotic nuclear bodies in
MDA-MB-231 cells (Figure 4A). A significant increase in active caspase 3 expression
was observed in response to treatment with 10 pmol/L and 15 pmol/L TQ alone,
yielding a respective increase of 52% and 73% of caspase 3 expression in MDA-MB-231
cells (Figure 4B). Similar results were obtained upon treatment with 0.1 pg/mL R] in
combination with 10 pmol/L and 15 pmol/L TQ, while a more pronounced apoptotic
effect was observed in response to treatment with 5 pg/mL R] in combination with 10
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Figure 1 The inhibitory effect of thymoquinone and royal jelly on the viability of MDA-MB-231 and FHs74 Int cell line. A: 3-(4,5-dmethyithiazol-
2-yl)-2,5-diphenyltetrazolium bromide assay showing the percentage viability of MDA-MB-231 cell line and the half-maximal inhibitory concentration of thymoquinone
(TQ) on MDA-MB-231 human breast cancer cell line after 24 h of treatment with different TQ concentrations. Cell viability was estimated by measuring the
absorbance of the cell suspension after incubation with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; B: Trypan blue exclusion assay showing the
percentage cell viability after 24 h of treatment with different royal jelly concentrations on FHs74 Int; C: MDA-MB-231 cell lines. Data shown are an average of 3
independent experiments for panels A and B, and 2 independent experiments for panel C, respectively, expressed as mean * standard error of the mean. Asterisks
represent statistically significant results compared to the control, (3P < 0.05, °P < 0.01, °P < 0.001). RJ: Royal jelly; TQ: Thymoquinone.
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Figure 2 Royal jelly and thymoquinone combinations enhanced the inhibition of MDA-MB-231 human breast cancer cell viability. A:
Representative light microscopy images of MDA-MB-231 viability in response to different treatments. Cells were visualized by Axiovert inverted microscope from
Zeiss at 10 x magnification with scale bar = 10 umol/L; B: Trypan blue exclusion assay showing the percentage viability of MDA-MB-231 cell line after 24 h of
treatment with different concentrations of royal jelly (RJ), thymoquinone, and combinations. Data shown are an average of three independent experiments expressed
as mean = standard error of the mean. Asterisks represent statistically significant results compared to the control and treatment conditions, (%P < 0.05, °P < 0.01, °P <
0.001); C: Fraction affected-combination index plot showing combination index (Cl) values plotted as a function of fraction affected values corresponding to the % cell
death of five different combinations of thymogquinone (5 pmol/L, 7.5 pmol/L, 10 umol/L and 15 pmol/L) and royal jelly (0.1 and 5 pg/mL) in MDA-MB-231 cells. The
dotted line is the reference line, where Cl value is equal to 1; circles in black represent Cl values at different Fa. Cl > 1, Cl = 1, and CI < 1 indicate antagonistic,
additive, and synergistic effects, respectively. Cl: Combination index; RJ: Royal jelly; TQ: Thymoquinone.

pmol/L and 15 pmol/L TQ. Cell proliferation was then evaluated after 24 h of
treatment by measuring the intensity of Ki67 fluorescence, a sensitive and specific
proliferation biomarker. A minimal non-significant decrease in Ki67 expression was
observed in response to all doses of R] and TQ combinations as compared to the
control (data not shown). This effect was confirmed by confocal imaging showing the
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modest change in the nuclear expression of Ki67 in response to the different treatments
in MDA-MB-231 cells (data not shown). Therefore, R] alone and TQ alone or their

combinations did not modulate the expression of Ki67 in MDA-MB-231 human TNBC.
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DISCUSSION

Breast cancer, the most common cancer among women, is identified as a hetero-
geneous disease arising from the differential expression of hormonal receptors along
with genomic and intratumoral heterogeneity[5]. Despite the tremendous improve-
ment in the therapeutic approaches, conventional treatments of breast cancer,
including systemic therapy, exert organ-specific toxicity along with various side effects
[49]. The interest in alternative treatments relying on relatively non-toxic and cost-
effective natural resources has surged over the past decades, particularly from
medicinal plants and honeybee products. TQ, the main constituent of Nigella sativa
essential oil, and the nutritious honeybee secretions of R] were shown to have potent
anticancer activities against many types of cancers, including breast cancer[50,51].

Our study is the first to investigate the anticancer activity of both TQ and R] alone
and in combination against the triple-negative MDA-MB-231 human metastatic breast
cancer cell line. TQ has been shown to possess potent anticancer activities against
various cancer types, including colon cancer, with minimal cytotoxic effects on normal
intestinal cells[48]. In the context of breast cancer, previous studies reported TQ-
mediated induction of apoptosis, growth inhibition, in addition to suppression of
viability and invasion of MDA-MB-231 and MCF7 cell lines mainly through the
inhibition of Akt phosphorylation[23,25]. In line with these studies, we further
confirmed TQ’s anticancer activity in MDA-MB-231 cell line as evidenced by the dose-
dependent cell death effects at concentrations below and above the IC;, value of 20
pmol/L. Our results showed that R] exhibited minimal toxicity on FHs74 Int cell line
at doses below 5 ng/mL, while a more pronounced inhibitory effect was observed at
higher doses with a clear saturation effect obtained at doses equal or greater than 100
pg/mL. This indicates that R] is relatively nontoxic to the non-tumorigenic human
small intestinal cell line at doses equal or below 5 pg/mL. In line with the previously
published studies[38,39], our findings demonstrate that R] inhibits the viability of
breast cancer cells. R] exerted low to mild dose-dependent inhibitory effects on the
viability of MDA-MB-231cell line at doses below 5 pg/mL. Cell death was more
pronounced in MDA-MB-231 at 200 pg/mL R], suggesting the greater toxicity of R] to
breast cancer cells with the IC,, estimated to be 1.4 fold greater in FHs 74 Int cell line
compared to that of MDA-MB-231 cell line.

Combination therapy is usually used to enhance the therapeutic response and
overcome any possible drug resistance in cancer patients[52]. To assess for any
possible anticancer synergy (or additive effects), concentrations that are not highly
cytotoxic to cells (i.e. less than 50% cell death) should be used. Therefore, the
anticancer effect of TQ in combination with R] was assessed using drug doses below
the IC;, values (i.e. 15 umol/L). We documented an enhanced anticancer activity of TQ
when combined with RJ against MDA-MB-231 cell line. Cancer cell viability decreased
significantly in response to different combinations as compared to the treatment with
each drug alone. Cell death was amplified by 3- and 5-fold in response to the
combination of 5 pg/mL of RJ with 10 pmol/L and 15 pmol/L of TQ, respectively,
with the lowest combination index obtained upon the combination of 5 pg/mL R] with
10 pmol/L TQ, suggesting synergistic interaction. These results are consistent with the
previous studies that reported the synergism of TQ in combination with different
agents including melatonin[53] and piperine[24] against breast cancer, diosgenin on
squamous cell carcinomal[54], docetaxel against prostate cancer[55], in addition to
arsenic and interferon-alpha against human T-cell leukemia/lymphomal[56].

Cell cycle analysis using propidium iodide staining was performed to confirm
further cell death and to examine whether TQ and R] alone or in combination affect
the cell cycle progression of breast cancer cells. In accordance with our findings using
trypan blue exclusion assay, R] alone at a dose of 0.1 ng/mL did not exert significant
changes in cell viability compared to the control. Consistent with previous studies
reporting the inhibitory activity of TQ[48,57,58], our study reports 4-fold increase in
the PreG1 cell population, which was associated with a significant decrease in G0/G1
and G2/M cell populations in response to 15 pmol/L of TQ, further confirming TQ-
mediated cell death. Interestingly, combining 15 pmol/L of TQ with 0.1 pg/mL R]
yielded a more pronounced cell death effect evidenced by the 6-fold increase in the
PreG1 population. These results indicate that the cell death effect is enhanced upon the
combination of TQ with R] compared to single treatments with each compound alone.
This indicates that R] enhances the cell death effects of TQ in metastatic breast cancer.

To understand the underlying mechanism of the observed reduction in the viability
of metastatic breast cancer cells upon the different treatments, we investigated
apoptosis induction as a possible mechanism of cell death. Enhanced induction of
apoptosis was evidenced by the increase in caspase 3 cleavage in response to the
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increasing TQ doses alone or in combination with R]. On the other hand, treatment
with RJ alone did not induce any significant apoptotic effect compared to the control.
Apoptotic cell death was increased by 4-fold in response to the combination of 10
umol/L of TQ with 0.1 pg/mL and 5 pg/mL RJ, while a 5-fold increase was obtained
upon combining 15 pmol/L of TQ with both R] doses. Our results indicate that TQ is
the main inducer of apoptosis, although an augmented apoptotic response was
observed upon the combination with RJ, indicating that RJ could modestly potentiate
the anticancer activity of TQ in TNBC. Our findings are consistent with previous
studies showing induction of apoptosis upon treatment with TQ alone and in
combination with other agents against cancer cells[24,56,59,60]. In line with previously
published data[59], our study shows minimal changes in Ki67 intensity in response to
TQ. Therefore, cell death of MDA-MB-231 cells was not due to the inhibition of prolif-
eration but rather to apoptosis induction, as evidenced by the enhanced caspase 3
cleavage.

CONCLUSION

In conclusion, RJ and TQ, each being relatively non-toxic to normal cells, exhibit
enhanced anti-tumor activities against human metastatic breast cancer when
combined. Although TQ and R] combination enhances apoptotic cell death, TQ
appears to act as the main inducer of apoptosis mediating cell death by inducing
caspase 3 dependent apoptosis in a dose-dependent manner. The combination of these
two natural compounds deserves further investigation to identify the key molecules
responsible for this enhanced anticancer activity.

ARTICLE HIGHLIGHTS

Research background

Despite the tremendous improvement in therapeutic approaches, triple-negative
breast cancer has poor prognosis. Thymoquinone (TQ), the main constituent of Nigella
sativa seeds and royal jelly (R]), the honeybee secretion fed to honeybee queens, are
effective against cancer. However, the anticancer activity of the combination of TQ and
R] against aggressive human breast cancer cells is yet unknown.

Research motivation

To establish novel treatments for breast cancer using natural, relatively non-toxic
compounds with significant therapeutic value. We focused on investigating the
anticancer activity of TQ and R] combinations against triple-negative breast cancer.

Research objectives
This study aimed to characterize the anticancer activity of TQ and R] alone and their
combination in vitro against human triple-negative breast cancer.

Research methods

The inhibitory effect of TQ on triple-negative breast cancer cells was assessed by 3-(4,5
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. Trypan blue exclusion
assay was used to evaluate cell viability in response to different treatment conditions.
Propidium iodide deoxyribonucleic acid staining followed by flow cytometry was
performed to evaluate possible cell cycle regulation and cell death effects. Apoptosis
and cell proliferation were determined using immunofluorescence assays for cleaved
caspase 3 and Ki67 expression, respectively. The interaction between TQ and R] and
combination indices were evaluated using CompuSyn software.

Research results

TQ inhibited MDA-MB-231 breast cancer cell viability in a dose-dependent manner. R]
at low doses was relatively nontoxic to non-tumorigenic FHs 74 Int small intestinal
epithelial cells, while at high doses greater toxicity against MDA-MB-231 breast cancer
cells was observed. Inhibition of cell viability and cell death effects were more
pronounced in response to TQ and RJ combinations compared to each drug alone. The
reduction in breast cancer cell viability was mainly due to TQ-mediated caspase 3-
dependent apoptosis.
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Research conclusions

RJ and TQ are relatively non-toxic to normal cells and exhibited pronounced
anticancer effects against human metastatic breast cancer. Although our findings
demonstrate the potent pro-apoptotic activity of TQ compared to that of R], this is the
first report of a significant enhancement in TQ’s anticancer activity when combined
with R].

Research perspectives

The reduction in breast cancer cell viability and enhanced cell death effects upon TQ
and R] combinations highlights their potential therapy for human triple-negative
breast cancer.
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Abstract

BACKGROUND

Sarcopenia is a condition characterized by decreased skeletal muscle mass due to
physiological ageing or to a concomitant disease such as neoplasia. In cancer
patients, a low lean body mass is suggested to be a negative prognostic factor for
survival and for the development of dose-limiting chemotherapy toxicities
irrespective of disease stage.

AIM

To evaluate the prognostic role of sarcopenia in patients with metastatic colorectal
cancer (mCRC) undergoing first-line chemotherapy.

METHODS

Our retrospective analysis included 56 mCRC patients who received first-line
chemotherapy from 2014 to 2017 at the Medical Oncology Unit of our hospital.
Computerized scans were performed before starting chemotherapy and at the first
disease reassessment. Sarcopenia was assessed using the skeletal mass index =
muscle area in cm?/ (height in m? calculated at the L3 vertebra. Overall survival
and objective response rate were evaluated. Toxicities were analyzed during the
first four cycles of therapy and graded according to Common Terminology
Criteria for Adverse Events version 4.0. A loss of skeletal muscle mass > 5% was
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considered indicative of deterioration in muscle condition.

RESULTS

Median age was 67 years and 35.7% of patients were > 70 years old. Fourteen
patients (25%) were sarcopenic at baseline computed tomography (CT) scan (7/33
men; 7/23 women); 5/14 sarcopenic patients were > 70 years old. Median follow-
up was 26.8 mo (3.8-66.8 mo) and median overall survival was 27.2 mo (95%CI:
23.3-37.3). Sarcopenia was not correlated to overall survival (P = 0.362), to higher
toxicities reported during the first 4 cycles of chemotherapy (P = 1.0) or to
response to treatment (P = 0.221). At the first disease reassessment, a skeletal
muscle loss (SML) = 5% was found in 17 patients (30.3%) 3 of whom were already
sarcopenic at baseline CT scan, while 7 patients became sarcopenic. SML was not
correlated to overall survival (P = 0.961). No statistically significant correlation
was found between baseline sarcopenia and age (P = 1.0), body mass index (P =
0.728), stage at diagnosis (P = 0.355) or neutrophil/lymphocyte ratio (P = 0.751).

CONCLUSION

Neither baseline sarcopenia nor SML affected survival. In addition, baseline
sarcopenia was not related to worse treatment toxicity. However, these results
must be interpreted with caution due to the limited sample size.

Key Words: Sarcopenia; Lean body mass; Skeletal muscle mass; Metastatic colorectal
cancer

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: According to previous studies, sarcopenia is associated with a poorer
prognosis in metastatic colorectal cancer (mCRC) patients. We analyzed the prognostic
role of sarcopenia in 56 mCRC patients treated with first-line chemotherapy. Neither
sarcopenia nor muscle mass loss was significantly associated with survival. Other
prospective studies are needed to clarify the role of sarcopenia in mCRC patients.
Moreover, greater efforts should be made to diagnose sarcopenia earlier to correct
strength and muscle mass, and thus improve patient tolerability to treatment and
survival.

Citation: Maddalena C, Ponsiglione A, Camera L, Santarpia L, Pasanisi F, Bruzzese D, Panico
C, Fiore G, Camardella S, Caramia T, Farinaro A, De Placido S, Carlomagno C. Prognostic role
of sarcopenia in metastatic colorectal cancer patients during first-line chemotherapy: A
retrospective study. World J Clin Oncol 2021; 12(5): 355-366

URL: https://www.wjgnet.com/2218-4333/full/v12/i5/355.htm

DOI: https://dx.doi.org/10.5306/wjco.v12.i5.355

INTRODUCTION

In medical oncology, the dose of cytotoxic drugs is calculated according to the
patient’s body surface area (BSA) using formulae devised in the early twentieth
century and validated on a limited number of subjects[1,2]. For instance, the formula
proposed by Du Bois et al[2], which is routinely used in adult cancer patients, was
based on data of only nine patients. Furthermore, individualized dosage of antineo-
plastic agents based on BSA does not necessarily equate to a patient’s drug exposure
because the quantity of active drug circulating in the body and the duration of
circulation may vary due to various factors[3,4]. In fact, pharmacokinetic parameters
of a particular agent, such as area under the curve and clearance, may differ substan-
tially among patients not only because of genetic factors, pharmacological interactions
and the physiological characteristics of patients, but also because of body composition
variations that are typical of the natural history of cancer patients[1,5].

The total body mass consists of two major compartments, fat and lean, which are the
major sites of distribution of lipophilic and non-lipophilic drugs, respectively[6].
Therefore, the ratio of fat and lean tissue masses could be a better parameter than BSA
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with which to determine the dose of cytotoxic agents, as it affects metabolism, plasma
concentration and the toxicity of chemotherapy drugs[6,7]. Moreover, patients with a
similar or identical body weight, BSA or body mass index (BMI) may have a different
lean body mass (LBM)[8,9]. Skeletal muscle tissue accounts for most of the LBM and is
the predominant source of proteins which are essential for all cell processes[4,10].
People with a low skeletal muscle mass may have a lower volume of drug distribution
and reduced protein binding compared to people with a normal muscle mass thereby
resulting in a higher plasma drug concentration and worse treatment toxicity[8,11].
The skeletal muscle mass decrease due to physiological ageing or concomitant disease
such as neoplasia is defined as “sarcopenia”[12]. In cancer patients, a low LBM and
sarcopenia are negative prognostic factors for survival[8,9,13] and for the development
of dose-limiting chemotherapy toxicities[6,14] irrespective of disease stage. The aim of
the present study was to retrospectively analyze the prevalence of sarcopenia in
patients with metastatic colorectal cancer (mCRC) and its prognostic role.

In 2018, the European Working Group on Sarcopenia in Older People 2 published
an updated definition that uses low muscle strength as the primary parameter for
recognizing sarcopenia, together with additional items of low muscle quantity or
quality[15]. However, due to the retrospective nature of our analysis, we used the
computed tomography (CT) scans performed at the time of first diagnosis of
metastatic disease to evaluate the muscle area, and therefore the muscle quantity, at
the level of the third lumbar vertebra.

MATERIALS AND METHODS

The primary end-point of this study was to assess the association between baseline
sarcopenia, estimated before starting first-line chemotherapy, and overall survival
(OS) in mCRC patients. The secondary end-points were: (1) to evaluate the potential
correlation of baseline sarcopenia with the objective response rate (ORR) to first-line
chemotherapy and with the development of side effects to antineoplastic therapy
during the first four cycles of treatment; (2) to investigate the association between
skeletal muscle loss (SML) at first disease reassessment and OS; and (3) to examine the
relationship between sarcopenia and age, BMI, disease stage at the time of first
diagnosis and the neutrophil /lymphocyte ratio (NLR) as an inflammation index.

Our retrospective analysis included 56 mCRC patients who received first-line
chemotherapy for metastatic disease from 2014 to 2017 at the Medical Oncology Unit
of the Federico II University Hospital. All patients had signed the informed consent
document for the use of personal data in the medical record according to the Italian
privacy legislation. The study was approved by the panel of scientists proposing the
research and by all the collaborators who participated in the research and it was
conducted in accordance with the 2013 Declaration of Helsinki.

Computerized scans were performed before starting chemotherapy (baseline) and at
first disease reassessment (2-3 mo after starting therapy). The images were analyzed
by a subspecialty trained abdominal radiologist. Sarcopenia was assessed using the
skeletal mass index [SMI = muscle area in cm?/ (height in m?)][16]. The cross-sectional
area of all skeletal muscles was calculated at the third lumbar vertebra on pre-contrast
axial CT images with a slice thickness of 5 mm, using the open-source Horos software
(version 3.3.6)[16,17]. An attenuation threshold ranging from -29 to 150 Hounsfield
units was set for muscle tissue[16].

Sarcopenia was defined by Martin SMI cut-offs[8], that combined both sex-specific
and BMI cut-offs: 43 cm?/m? for men with BMI < 25 kg/m? 53 cm?/m? for men with
BMI > 25 kg/m? and 41 cm?/m? for women regardless of BMI. A loss of skeletal muscle
mass = 5% from baseline CT to first disease reassessment was considered indicative of
a deterioration in muscle condition[18]. Patients” characteristics were categorized as
follows: age (< 70 years vs 2 70 years), BMI (underweight < 18.5 kg/m? normal weight
18.5-24.9 kg/m? overweight 25-30 kg/m?* and obese > 30 kg/m?) and disease stage at
the time of first diagnosis (limited vs metastatic). A NLR > 3 was considered as an
inflammation index[19]. Toxicities were analyzed during the first four cycles of
therapy and graded according to the Common Terminology Criteria for Adverse
Events version 4.0. Survival was calculated from the date of baseline CT, at the time of
metastatic disease diagnosis, to death or until the last outpatient visit. Disease status
was assessed using the Response Evaluation Criteria in Solid Tumors version 1.1.

The statistical review of the study was performed by a biomedical statistician.
Univariate and multivariate analysis and the calculation of the hazard ratio (95%CI)
were carried out according to the Cox regression. Survival curves were estimated
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using the Kaplan-Meier method. The Chi-squared test was used to correlate
sarcopenia and ORR, toxicities, age, BMI, disease stage at the time of first diagnosis
and NLR. The statistical analysis was performed using the SPSS version 20.0 software
(SPSS Inc.).

RESULTS

We examined 56 consecutive mCRC patients who had received first-line
chemotherapy and whose CT-scans were available in our archive. Fourteen patients
(25%) were sarcopenic at baseline CT scan (7/33 men; 7/23 women). The median age
of patients was 67 years (37-85 years) and 20 of the 56 patients (35.7%) were 70 years or
older. Five of the 14 sarcopenic patients were 70 years or older. BMI distribution was
0% underweight, 37.5% normal weight, 39.3% overweight and 23.2% obese. SMI
varied within each BMI category: 6/21 normal weight patients, 6/22 overweight
patients and 2/13 obese patients were sarcopenic at baseline CT scan. Eighteen
patients (32.1%) had a NLR > 3. At the time of first diagnosis, 23 patients (41.1%) had II
or III stage disease according to the pTNM classification and they subsequently
developed metastases; 33 patients (58.9%) received the diagnosis at the metastatic
stage. Of the 14 sarcopenic patients at the time of first diagnosis of metastatic disease, 4
had metachronous metastases and 10 had synchronous metastases.

The median follow-up was 26.8 mo (3.8-66.8 mo) and the median OS was 27.2 mo
(95%ClI: 23.3-37.3) (Figure 1). Sarcopenia was not correlated to either OS (HR, 0.72
95%Cl: 0.35-1.47, P = 0.362) (Figure 2) or higher toxicity during the first 4 cycles of
chemotherapy (P = 1.0) (Table 1). Four of the 14 (28.6%) sarcopenic patients and 13 of
the 42 (31%) non-sarcopenic patients had at least one reduction in drug dosage due to
toxicity during the first four cycles of therapy (P = 1.0). Twenty-seven patients (48.2%)
had a partial or complete response, the disease was stable in 24 patients (42.8%), and 5
patients (8.9%) had disease progression as best response to first-line treatment.
Response rate was not correlated to baseline sarcopenia (P = 0.221) (Table 1).

At first disease reassessment, 17 patients had an SML > 5% (30.3%); 3 of these
patients were already sarcopenic at baseline CT scan, while 7 patients became
sarcopenic. Of these 6 men and 1 woman, 4 were under the age of 70 years; at baseline,
3/7 patients were normal weight, 3/7 were overweight and 1/7 was obese. One
normal weight patient became overweight, while one overweight patient became
normal weight at first disease reassessment. The median OS of these 7 patients was
27.93 mo, similar to that of the entire study population. Muscle mass loss was not
correlated to OS (P = 0.961) (Figure 3).

No statistically significant correlation was found between baseline sarcopenia and
age (P = 1.0), BMI (P = 0.728), stage at diagnosis (P = 0.355) and NLR (P = 0.751)
(Table 1).

DISCUSSION

Skeletal muscle decrease is generally associated with physiological ageing. The
probable mechanism of sarcopenia is an imbalance in muscle protein turnover due to
endocrine changes (e.g., reduction of sex hormones and growth factors), age-related
cell damage and mitochondrial dysfunction, oxidative stress, low-grade systemic
inflammation, physical inactivity and malnutrition[20-23]. In cancer patients the loss of
muscle mass can occur earlier than in healthy people due to the synergy between
physiologic and tumor factors (e.g., production of inflammatory cytokines that induces
a catabolic state)[24]. Depending on histology and disease stage, the prevalence of
sarcopenia varies greatly among patients affected by neoplasia; for example,
sarcopenia has been diagnosed in 30%-65% of patients with pancreatic neoplasia[25,
26];in 15.9%-66.9% of women with breast cancer[27,28]; in 47.9%-89% of gastric cancer
patients[29-31]; in 27.5% of patients with advanced hepatocellular carcinoma[32]; in
52.5%-54.5% of patients with metastatic renal cell carcinoma[33,34]; in 19.4%-39% of
patients with colorectal cancer[35,36].

In our study population, the prevalence of sarcopenia was 25%: 14 of the 56 patients
were sarcopenic at baseline CT and most of them (9/14, 64%) were under the age of 70
years, which indicates that it is not uncommon to find a low skeletal mass in young
adults. In this context, it is notable that Miyamoto et al[37] found that young CRC
patients (< 65 years) with sarcopenia had a significantly shorter OS than those without
sarcopenia, while the prognostic role of sarcopenia was lost in patients above 65 years
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Table 1 Correlation between sarcopenia, age, body mass index, stage at diagnosis, neutrophil/lymphocyte ratio, toxicity and response

to treatment, n (%)

Sarcopenia
P value
Total No Yes
Age 1
270 yr 20 (35.7) 15 (35.7) 5(35.7)
BMI (kg/m?) 0.728
18.5-24.9 21 (37.5) 15 (35.7) 6 (42.9)
25-30 22 (39.3) 16 (38.1) 6 (42.9)
>30 13 (23.2) 11 (26.2) 2 (14.3)
Stage at diagnosis 0.355
TNM I1/1113 23 (41.1) 19 (45.2) 4 (28.6)
TNM IV 33 (58.9) 23 (54.8) 10 (71.4)
NLR 0.751
>3 18 (32.1) 13 (31) 5(35.7)
Toxicity during the first 4 chemotherapy cycles
At least one dose reduction 17 (30.4) 13 (31) 4 (28.6) 1
Diarrhea G 22 10 (17.9) 8(19) 2 (14.3) 1
Neutropenia G 23/4 11 (19.6) 8 (19) 3(21.4) 1
Response to treatment 0.221
Partial/complete response 27 (48.2) 18 (42.9) 9 (64.3)

BMI: Body mass index; NLR: Neutrophil/lymphocyte ratio.
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Figure 1 Overall survival.

of age. Consequently, it is also important to assess muscle mass in young CRC patients
upon diagnosis, to better define the prognosis of each patient, and possibly to tailor
anticancer treatment and improve the correction of sarcopenia. Indeed, various
strategies have been reported to improve muscle mass and strength, namely exercise
[38,39], dietary supplementation of proteins[40] and long-term intake of omega-3 fatty
acids, which have anti-inflammatory and anabolic activities[41].

Clinicians should determine whether patients have sarcopenia not only regardless
of age, but also regardless of BMI. In fact, a feature of sarcopenia that differentiates it
from cachexia, is that it can occur without a concomitant loss of adipose tissue. In our
study, no patient was underweight, and 8 of the 14 (57%) sarcopenic patients were
overweight or obese (Figure 4). Notably, not all sarcopenic patients have a low BMI:
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unlike other causes of muscle loss, sarcopenia can be associated with normal or even
excessive body weight, i.e., the so-called “sarcopenic obesity”[8,9]. The loss of muscle
tissue can be associated with increased intramuscular fat, which results in a reduction
in strength and muscle mass[40]. Martin et al[8] found that high weight loss, a low
muscle index and low muscle attenuation due to fat infiltration, independently
worsened survival in 1473 patients with lung or gastrointestinal cancer. Patients with
all three of these poor prognostic variables survived 8.4 mo (95%CI: 6.5 to 10.3)
regardless of BMI, in contrast to patients who had none of these features, who
survived 28.4 mo (95%CI: 24.2 to 32.6; P < 0.001)[8]. In addition, BMI was predictive of
survival, with the heaviest patients showing the longest survival. However, obese
patients without any risk factorS survived 35.6 mo, which is twice longer than the
median survival of the entire population (16.7 mo), while obese patients with three
poor prognostic variables survived only 8.5 mo[8].

A low LBM and sarcopenia have been correlated to a worse prognosis and a worse
quality of life in patients with solid tumors[6,7,13]. A meta-analysis of 38 studies,
involving a total of 7843 patients, showed that subjects with a reduced SMI had a
shorter OS, cancer-specific survival and disease-free survival than subjects with a
normal SMI[13]. However, it included studies of various tumor types (e.g., pancre-
aticobiliary cancer, hepatocellular carcinoma and esophageal cancer that have worse
outcomes than other malignancies, such as colorectal cancer), disease stages (limited
and advanced), therapeutic strategies, imaging techniques and sarcopenia cut-off
values.
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Figure 4 Representative examples of two obese patients with different skeletal mass index values. A: The patient is a 56-year-old man with body
mass index (BMI) = 32.91 kg/m?and normal skeletal mass index (SMI) value = 62.70 cm?m? B: The patient is a 61-year-old woman showing BMI = 32.54 kg/m? and
reduced SMI value = 39.45 cm?/m?.

In our patient cohort undergoing first-line chemotherapy for mCRC, sarcopenia was
not related to either survival or response rate. Previous studies reported that low
muscle mass was a negative prognostic factor both in resectable[37,42] and in
advanced[43-45] colorectal cancer. However, those studies included patients with
clinical and disease-related characteristics different to our patients. For example, Vashi
et al[43] studied patients younger than ours (median age 53.3 years) who were at
different disease stages (early and metastatic disease), some of whom had already been
treated for metastatic disease. Moreover, they used cut-off values that did not consider
gender or BMI in their definition of sarcopenia. Also the reports by Kurk et al[44] and
Charette ef al[45] were based on data derived from clinical trials designed for different
endpoints, and included patients undergoing maintenance chemotherapy after the
first therapeutic line or heavily pretreated patients. The latter two groups of patients
have a better and worse prognosis, respectively, than our patients.

Differently, other studies did not find a correlation between basal sarcopenia and
survival, but they suggested that muscle mass loss during treatment plays a negative
prognostic role. For example, Miyamoto et al[18] analyzed 182 Asian patients with
unresectable CRC. Female gender (P < 0.001) and BMI < 25 kg/m? (P < 0.001) were
significantly associated with a lower SMI. There were no significant associations
between baseline skeletal muscle mass, progression-free survival (PFS) and OS[18].
However, 22 patients with SML > 5% after first-line chemotherapy had significantly
shorter PFS and OS vs those without SML (PFS, log-rank P = 0.029; OS, log-rank P =
0.009)[18]. Sasaki et al[46] found sarcopenia in 135 of 219 Asian mCRC patients (mostly
male, older, with a lower BMI, lower visceral and subcutaneous fat content and a
lower waist circumference than patients without sarcopenia). Baseline sarcopenia was
not associated with prognosis, but SML = 9% at 3 mo was associated with a high
incidence of adverse events (P = 0.01), poor ORR (P < 0.01) and poor PFS (P = 0.03)
[46]. Also Blauwhoff-Buskermolen et al[47] observed that the muscle area of 67 patients
with mCRC (78% at first-line treatment and 22% at second-line treatment) decreased
by 6.1% (95%CI: 28.4% to 23.8%; P < 0.001) during 3 mo of chemotherapy. Changes in
muscle area were not associated with any treatment dosage modifications (dose
reduction, delay or discontinuation), but patients with a muscle loss of 9% or more
during treatment had significantly lower survival rates (at 6 mo, 33% vs 69% of
patients alive; at 1 year, 17% vs 49% of patients alive; log-rank P = 0.001)[47].

We found no association between muscle loss during first-line treatment and
survival, but it is interesting to note that a SML = 5% occurred in 17 patients (30.3%);
only 3 of whom were already sarcopenic at baseline CT scan, while 7 patients became
sarcopenic during therapy. Chemotherapy probably induces progressive muscle
damage both directly via a cytotoxic mechanism, and indirectly consequent to a more
sedentary lifestyle because of the development of toxicity and asthenia.

In our analysis, sarcopenia was not related to higher toxicity reported during the
first four cycles of chemotherapy, but 30.4% of all patients had at least one reduction in
drug dosage due to toxicity, which indicates that approximately one-third of our
patients did not receive an adequate drug dosage as calculated based on BSA. In this
context, it is interesting to refer to the data reported by Prado et al[14], who examined
62 patients with stage II/III colorectal cancer receiving adjuvant treatment with 5-
fluorouracil (5-FU). Exposure to 5-FU was then normalized per kilogram of LBM. In
women, the 5-FU dose/kg LBM varied from 12.8 to 23 mg/kg LBM and, in men, from
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12 to 20.1 mg/kg LBM[14]. Levels greater than or equal to 20 mg of 5-FU/kg of LBM
were associated with an increased risk of developing dose-limiting toxicities (any
grade 3/4 toxicity, dose delay or reduction) at first therapy cycle, especially in women
[14]. The population analyzed in the latter study differed greatly from our patients as
it included only early-stage colon cancer patients who had undergone surgery on the
primary tumor and they were treated with a single adjuvant drug, administered with
an obsolete schedule (5-FU and leucovorin by i.v. bolus for 5 d every 28 d); however,
these data illustrate how drug exposure varies widely among patients and how this
variation affects treatment tolerability.

Other studies investigated the correlation between low muscle mass and worse
toxicity during chemotherapy. For instance, Ali et al[6] assessed data from one
prospective (n = 80 patients) and one retrospective study (n = 58 patients) that
included patients at different stages of CRC, treated with different therapeutic
regimens with one or more drugs. They observed that a low LBM was an independent
determinant of toxicity and neuropathy in patients administered a FOLFOX-based
regimen (5-FU + oxaliplatin) using conventional BSA dosing[6]. Gokyer et al[48]
evaluated 36 patients with mCRC who received regorafenib. Dose-limiting toxicity
(DLT), defined as toxicity requiring dose reduction or drug withdrawal, occurred in 13
of the 23 patients (56.5%) with basal sarcopenia, whereas only 1 of the 13 patients
(7.6%) without sarcopenia experienced DLT (P = 0.005)[48]. Kurk et al[44,49], using
data of the randomized phase 3 CAIRO3 study[50], found that sarcopenia at the start
of maintenance capecitabine + bevacizumab was not associated with DLT, whereas
patients with > 2% SMI loss had a significantly higher risk of DLT. When capecitabine
+ oxaliplatin + bevacizumab was reintroduced due to disease progression, 25% of
patients started the treatment at a reduced dose and most of them were patients with
previous SMI loss[49]. Interestingly, after drug dose adjustment, no further DLT was
observed in the subgroup of patients with SMI loss[49].

Currently, data on the prognostic and predictive role of sarcopenia are based mostly
on retrospective studies or on clinical trials designed for other endpoints. Conflicting
results highlight the need to investigate further the role of low muscle mass in cancer
patients. Indeed, there is a need for prospective studies of more homogeneous
populations in terms of age, sex, tumor histology, stage of disease, treatment setting,
and mono- or polychemotherapy regimens. In the future, clinicians might evaluate the
body composition of cancer patients before starting chemotherapy in order to select
the drug (e.g. lipophilic, hydrophilic, immunotherapy or biological) with the shortest
regime (for example, shortening induction therapy in favor of a weakened therapy in
sarcopenic patients), the most adequate dosage, and ancillary support strategies (e.g.
exercise, specific nutrition supplements, drugs, etc.).

CONCLUSION

In our study, neither baseline sarcopenia nor muscle mass loss during first-line
chemotherapy influenced survival in mCRC patients. Moreover, baseline sarcopenia
did not worsen treatment toxicities during first-line chemotherapy. However, these
results must be interpreted with caution given the limited sample size. Further
prospective studies are needed to investigate the actual role of sarcopenia in prognosis
and therapeutic decision-making. Greater efforts should be made to diagnose
sarcopenia upon cancer diagnosis to correct strength and muscle mass as early as
possible and thus improve the patient’s tolerability to treatment and survival.

ARTICLE HIGHLIGHTS

Research background

People with a low skeletal muscle mass, defined as “sarcopenia”, may have a lower
volume of drug distribution and reduced protein binding compared to people with a
normal muscle mass thereby resulting in a higher plasma drug concentration and
worse treatment toxicity. In cancer patients, sarcopenia is considered a negative
prognostic factor for survival and for the development of dose-limiting chemotherapy
toxicities.

Research motivation
Pharmacokinetic parameters of a given drug, such as area under the curve and
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clearance, may differ substantially among patients depending on body composition.
The ratio of fat to lean tissue mass could be a better tool than body surface area with
which to determine the dose of cytotoxic agents as it affects metabolism, plasma
concentration and the toxicity of drugs.

Research objectives

The primary end-point of this study was to assess the association between baseline
sarcopenia, evaluated before starting first-line chemotherapy, and overall survival in
metastatic colorectal cancer patients. The secondary end-points were to investigate: (1)
the potential correlation of baseline sarcopenia with the objective response rate to first-
line chemotherapy and with the development of side effects during the first four cycles
of treatment; (2) the association between skeletal muscle loss (SML) at first disease
reassessment and overall survival (OS); and (3) the relationship between sarcopenia
and age, body mass index (BMI), disease stage at the time of first diagnosis and the
neutrophil/lymphocyte ratio as an inflammation index.

Research methods

Computed tomography (CT)-scans were performed before starting chemotherapy and
at the first disease reassessment. Sarcopenia was assessed using the skeletal mass
index [SMI = muscle area in cm?/(height in m?] calculated at the L3 vertebra.
Sarcopenia was defined by Martin SMI cut-offs that combined both sex-specific and
BMI cut-offs: 43 cm?/m? for men with BMI < 25 kg/m?, 53 cm?/m? for men with BMI >
25 kg/m?, and 41 cm?/m? for women regardless of BMI. OS and objective response rate
were evaluated. Toxicities were analyzed during the first four cycles of therapy and
graded according to Common Terminology Criteria for Adverse Events version 4.0. A
loss of skeletal muscle mass > 5% was considered indicative of deterioration in muscle
condition.

Research results

The prevalence of sarcopenia was 25%: 14 of the 56 patients were sarcopenic at
baseline CT and most of them (9/14, 64%) were under the age of 70 years, which
indicates that it is not uncommon to find a low skeletal mass in young adults. No
patient was underweight, and 8 of the 14 (57%) sarcopenic patients were overweight
or obese. Sarcopenia was not correlated to overall survival (P = 0.362), to higher
toxicities reported during the first 4 cycles of chemotherapy (P = 1) or to response to
treatment (P = 0.221). At the first disease reassessment, a SML > 5% was found in 17
patients (30.3%) 3 of whom were already sarcopenic at baseline CT scan, while 7
became sarcopenic. SML was not correlated to overall survival (P = 0.961).

Research conclusions

Although this is a negative study, our results must be interpreted with caution given
the limited sample size. Moreover, the body composition of cancer patients should be
evaluated before starting chemotherapy to better select the drug (e.g. lipophilic,
hydrophilic, immunotherapy or biological) with the shortest regime (for example,
shortening induction therapy in favor of a weakened therapy in sarcopenic patients),
the most adequate dosage, and ancillary support strategies (e.g. exercise, specific
nutrition supplements, drugs, efc.).

Research perspectives

There is a need for prospective studies of more homogeneous populations in terms of
age, sex, tumor histology, stage of disease, treatment setting, and mono- or
polychemotherapy regimens, to investigate the actual role of sarcopenia in prognosis
and therapeutic decisions. Greater efforts should be made to diagnose sarcopenia
upon cancer diagnosis in order to correct strength and muscle mass as early as
possible and thus improve the patient’s treatment tolerability and survival.
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Abstract

BACKGROUND

In the first studies of electrochemotherapy (ECT), small cutaneous metastases
were treated and only mild or moderate pain was observed; therefore, pain was
not considered a significant issue. As the procedure began to be applied to larger
cutaneous metastases, pain was reported more frequently. For that reason,
reduction of both muscle contractions and pain have been investigated over the
years.

AIM

To present an overview of different protocols described in literature that aim to
reduce muscle contractions and pain caused by the electroporation (EP) effect in
both ECT and irreversible EP treatments.

METHODS

Thirty-three studies published between January 1999 and November 2020 were
included. Different protocol designs and electrode geometries that reduce patient
pain and the number of muscle contractions and their intensity were analysed.

RESULTS

The analysis showed that both high frequency and bipolar/biphasic pulses can be
used to reduce pain and muscle contractions in patients who undergo EP treat-
ments. Moreover, adequate electrode design can decrease EP-related morbidity.
Particularly, needle length, diameter and configuration of the distance between
the needles can be optimised so that the muscle volume crossed by the current is
reduced as much as possible. Bipolar/biphasic pulses with an inadequate pulse
length seem to have a less evident effect on the membrane permeability compared
with the standard pulse protocol. For that reason, the number of pulses and the
voltage amplitude, as well as the pulse duration and frequency, must be chosen so
that the dose of delivered energy guarantees EP efficacy.

CONCLUSION
Pain reduction in EP-based treatments can be achieved by appropriately defining
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the protocol parameters and electrode design. Most results can be achieved with
high frequency and/or bipolar/biphasic pulses. However, the efficacy of these
alternative protocols remains a crucial point to be assessed further.

Key Words: Electrochemotherapy; Irreversible electroporation; Pain; Muscle contraction;
Monopolar or monophasic pulses; Bipolar or biphasic pulses

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is an overview of different published protocols that aim to reduce
muscle contractions and pain due to the electroporation (EP) effect. The analysis
showed that both high frequency and bipolar/biphasic pulses can be used to reduce pain
and muscle contractions. Moreover, appropriate electrode design can lower EP-related
morbidity.

Citation: Fusco R, Di Bernardo E, D'Alessio V, Salati S, Cadossi M. Reduction of muscle
contraction and pain in electroporation-based treatments: An overview. World J Clin Oncol
2021; 12(5): 367-381
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INTRODUCTION

Electrochemotherapy (ECT) is a locoregional anti-tumour therapy that combines a low
dose of a chemotherapy drug with high-intensity electric pulses to induce cell
membrane electroporation (EP). Consequently, the drugs enter the tumour cells and
exert their cytotoxicity[1-4]. Unlike other antitumour treatments based on physical
phenomena, ECT is able to exert a specific effect at the cellular level, causing the death
of the treated tumour cells. Because it is highly effective in treating cutaneous and
subcutaneous tumours regardless of histology[5-7], ECT treatment has been extended
to more deeply located tumours[8-13].

To increase the efficacy of EP treatment, the voltage amplitude and the duration or
the number of electric pulses are often increased, as long as the required current does
not exceed the limit set by the pulse generator. The standard operating procedures[6]
for ECT define the electric protocol that, combined with intra-tumour or intravenous
delivery of bleomycin or cisplatin[14-19], guarantees an adequate efficacy of the
therapy: A train of eight high voltage 100 ps monopolar electric pulses with a
repetition frequency of either 1 Hz or 5 kHz is often used. However, the application of
high voltage monopolar pulses may cause pain and muscle contractions[20]. For that
reason, the use of muscle relaxants and general anaesthesia[21-23] are often required.

In the first studies on ECT, small cutaneous metastases were treated with the
observation of only mild or moderate pain was[24-26]; therefore, pain was not consi-
dered a significant issue[6,7]. Subsequently, as the procedure started to be applied to
larger cutaneous metastases, pain was reported more frequently[27,28]. For that
reason, reduction of both muscle contractions and pain have been investigated over
the years. The main improvements were achieved by applying pulses at a higher
frequency[29-34] or by using special electrode designs.

Repetition frequency of electric pulses has a close relationship with muscle
contraction, which leads to a painful burning sensation and patient complaints[19,20].
An increase in repetition frequency by reducing the pulse-to-pulse pause, seems to
reduce unpleasant sensations that occur during ECT[24,35-42]. Moreover, many
authors reported that electric pulses lasting microseconds at a high repetition
frequency do not decrease ECT antitumour efficacy[35,38]. However, although the
pulse frequency is related to muscle contraction, the pain sensation also depends on
other pulse characteristics such as voltage amplitude and pulse number, duration and
shape[36]. The electrodes used for ECT treatment can also affect the onset of pain.
Particularly, needle length, diameter and configuration that changes the distance
between needles can be optimised so that the muscle volume crossed by the current is
reduced as much as possible. Electrodes with a smaller distance between needles are
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less painful because they require lower voltages. However, they only treat small
portions of tissue, and thus must be applied multiple times to cover the entire lesion.

More recently, it has been demonstrated that the use of high frequency irreversible
electroporation (H-FIRE)[28-33], namely bursts of short high frequency bipolar pulses,
can further reduce muscle contraction and the subsequent pain caused by the electric
pulses. Treatment with H-FIRE pulses, however, may require an electric field intensity
higher than the standard electric protocol, both for ECT and for irreversible electro-
poration (IRE), to reach an equivalent treatment efficacy. An additional disadvantage
is delivering pulses at considerably higher voltage amplitudes[34].

The aim of this review is to present an overview of the different protocols proposed
in the literature to reduce muscle contractions and pain caused by the EP effect in both
ECT and IRE treatments. The main findings of a number of researchers are reported in
the results section. The impact of different electrode designs is also considered, as the
reduction of muscle contraction and patient morbidity can also be obtained with an
appropriate electrode design.

MATERIALS AND METHODS

This review is the result of a self-study without protocol or a registration number. In
order to ensure an adequate variety of the assessed studies, several electronic
databases were searched: PubMed (United States National Library of Medicine,
http:/ /www.ncbinlm.nih.gov/PubMed); Scopus (Elsevier, http:/ /www.scopus.com/
); the Web of Science (Thomson Reuters, http://apps.webofknowledge.com/); and
Google Scholar (https://scholar.goo-gle.it/). Only studies published between January
1999 and November 2020 were analysed because that time window is consistent with
recent developments in the fields of ECT and IRE. Papers not indexed in the electronic
databases were evaluated through the references of included studies. The systematic
search for papers of interest is shown in the flow chart in Figure 1. The inclusion
criteria evaluated the article title, abstract and contents and included pre-clinical and
clinical studies that examined pain or muscle contractions caused by reversible or IRE
treatments. Only articles written in English were included. Studies with insufficient
reported data, case reports, reviews or letters to the editor were excluded Four invest-
igators carried out data extraction from the included papers, focusing on the type of
study (i.e. numerical analysis, in vitro, in vivo or ex vivo), the type of EP (ECT or IRE),
the pulse characteristics and the main results regarding reduction of muscle
contraction and pain.

RESULTS

A considerable number of protocols that aim at reducing muscle contractions and
pain, caused by the EP effect were found in the literature. The research was conducted
with the aim of identifying the parameters that are most responsible for the perception
of pain and the stimulation of muscle contraction in patients undergoing EP treatment.
Thirty-three studies published between January 1999 and November 2020 were
retrieved and papers not indexed in the electronic databases were identified in their
reference lists. As per the approach described in Figure 1, 15 studies did not meet the
abstract inclusion criteria and were therefore rejected. Five papers were found to be
case reports, reviews or editorial letters, did not satisfy the inclusion criteria and were
not included in the analysis. The remaining thirteen articles[29,30,33,34,37-45] were
included in this manuscript, as they met all the required criteria (Figure 2). Four
papers described treatment of cutaneous and subcutaneous tumours[37,40,41,44], two
papers included sarcomas[38,42] and pancreatic tumours[43,44] and six were
conducted in healthy subjects or phantoms[29,30,33,34,39,45].

Reduction of muscle contraction and pain: ECT protocols

In a study published in 1999, Daskalov et al[36] compared monophasic and biphasic
pulses in vivo. The monophasic pulse protocol consisted of eight exponentially or
rectangular-shaped pulses of 100 s with a frequency of 1 Hz. In the biphasic pulse
protocol, a rectangular pulse of 50 + 50 ps without intra-pulse delay was used in two
different ways: (1) Eight pulses with a 1 s interval; and (2) A single burst of eight
pulses spaced at 1 ms, with a total duration of 7.1 ms. In both protocols, the selected
pulse amplitude ranged from 750 V to 1250 V, depending on the tumour size, with a
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resulting electrical field strength varying between 330 V/cm and 1250 V/cm. The
study showed that the two pulse protocols (monophasic or biphasic) provided the
same effect in terms of treatment result. However, the biphasic pulses were better
tolerated by the patients. Particularly, the second biphasic mode, a single burst of eight
pulses, was considered more acceptable than the first, which comprised eight separate
stimuli. Thus, applying the pulses in a rapid sequence was as effective as the use of a
larger inter-pulse interval and was better tolerated by the patients. The results of this
study[36] were also confirmed by Melzack[46] who previously noted that increasing
the number, (N) of applied pulses led to a better effect compared with increasing the
pulse duration (T), provided that N x T was constant. In a later study, Miklavcic et al
[37] demonstrated that pulse frequencies above the frequency of tetanic contraction
(100 Hz) gradually reduced the number of individual muscle contractions. They
identified muscle contractions associated with high voltage pulses as the main source
of pain for patients undergoing ECT. When the pulse frequency was relatively low, the
patient experienced separate muscle contractions associated with each delivered pulse.
For that reason, the authors investigated the relationship between muscle contraction
and pulse characteristics; particularly, repetition frequency and pulse amplitude. A
train of eight 100 ps rectangular pulses at either low or high voltage amplitudes was
used. At a low voltage (70 V), the measurements were performed at pulse repetition
frequencies of 1, 10, 20, 50, 100, 200, 500, 1000, 2000 and 5000 Hz. At a high voltage (250
V), the measurements were performed at 1, 100, 500, 1000 and 5000 Hz. To investigate
the effect of both frequency and amplitude on muscle contraction, they measured the
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muscle torque in response to electric pulses. They also studied the antitumour efficacy
of ECT at different pulse repetition frequencies to be sure that the pain reduction did
not lead to a loss of treatment efficacy. Measurements of muscle torque confirmed that
high frequency pulses reduced the number of individual contractions to a single
muscle contraction. More precisely, with increasing pulse frequency, muscle torque
increased up to the frequency of 100 or 200 Hz, reaching a maximum value of 0.16-0.24
nm; however, a further increase of frequency above 200 Hz reduced the muscle torque
regardless of the pulse amplitude, with a mean value of about 0.07 nm at 5 kHz, a
value similar to that observed during the application of 1 Hz pulse trains. Moreover,
by increasing the frequency of electric pulses above the frequency of tetanic contrac-
tion (i.e. at pulse frequencies higher than 2000 Hz), the authors reported that, even if
the muscle torque was similar to that observed in a typical ECT protocol (1 Hz pulse
trains), the patients perceived only one muscle contraction instead of eight. Finally, in
vivo experiments also demonstrated that ECT achieved similar efficacies regardless of
the pulse frequency that was used (1 Hz-5 kHz), which suggest that there is a consid-
erable potential for the clinical use of high frequency pulses in ECT.

The relationship of pulse frequency and muscle contraction and subsequent patient
pain, was successively studied by Zupanic et al[38]. A train of eight electric pulses, of 1
Hz and 5 kHz repetition frequencies, was delivered to 40 healthy patients. After the
conclusion of each protocol, the subjects completed the short-form McGill Pain
Questionnaire[47] with separate visual analogue scales for pain intensity and unpleas-
antness. Their results confirmed what Miklavcic et al[37] had previously demonstrated,
by finding that muscle contractions, which contribute to the discomfort felt by the
subjects during the delivery of electric pulses, are strictly related to pulse frequency.
When evaluating the sensorial and affective quality of pain (in the short-form McGill
Pain Questionnaire, the most frequently selected pain descriptors were stabbing (80%),
cramping (57.5%), throbbing (60%), shooting (60%) and hot-burning (53.8%). However,
while both protocols of EP received similar average intensity scores for most
descriptors (1.4 for stabbing, 1.0 for cramping, 1.1 for throbbing, 1.1-0.9 for shooting
and 1.0-0.7 for hot-burning), treatment with 5 kHz electric pulses was less unpleasant.
Therefore, the latter (P = 0.017) was preferred over the standard 1 Hz pulses, even
though the perceived pain intensity, ranging from 6 mm to 94 mm, with similar visual
analogic scores, was almost the same regardless of the frequency.

In a 2014 study, Spugnini et al[39] analysed the effects of biphasic pulse length on
both treatment efficacy and morbidity. The authors investigated two different
protocols of trains of eight biphasic pulses, at a voltage of 1300 V/cm. The standard
protocol consisted of pulses lasting 50 + 50 ms each, with a frequency of 1 Hz and with
1 ms intra- and inter-pulse intervals. The investigational protocol consisted of pulses
lasting 50 + 50 ps each, with a frequency of 1 Hz and with 10 ps intra- and inter-pulse
intervals. The protocols were tested both in vitro (human lung cancer cell line A549)
and in vivo (mice xenografts; privately owned rabbits with spontaneous tumours).
Three of the mice treated with the standard protocol had a strong (grade 4) muscular
contraction and the other four had a moderate (grade 3) muscular contraction. Mice
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treated with the investigational protocol had muscular contractions reported as flicker
(grade 1, two mice), weak (grade 2, four mice) and moderate (one mouse). The rabbits
treated with the investigational protocol had muscular contractions graded as flicker
(two rabbits), weak (three rabbits) and moderate (one rabbit). Given the results
obtained from the study, it was concluded that the investigational protocol substan-
tially reduced the morbidity associated with the delivery of electric pulses and
achieved a significantly higher efficacy compared with the standard protocol.

In a more recent in vitro study in mouse skin melanoma (B16-F1) cells, Scuderi et al
[40] delivered the electric pulses after adding 1-330 pM cisplatin. Two pulse protocols
were evaluated: (1) Eight 100 ps monopolar pulses, 0.4-1.2 kV/cm, 1 Hz (standard
ECT protocol); and (2) Eight bursts at 1 Hz, consisting of 50 bipolar pulses with 1 + 1
ps width, 0.5-5 kV/cm, 1 ps intra-pulse delay [high frequency EP (HF-EP)]. The
analysis of the results was conducted by evaluating the difference between the two
protocols (monopolar or bipolar pulses), focusing on their effect on both the efficacy of
the treatment and the associated cytotoxicity. First, the results showed that both
monopolar and bipolar pulse protocols, in combination with cisplatin, achieved the
desired efficacy in killing cells. However, as the onset of membrane permeabilisation
was higher in the HF-EP (2 kV/cm) protocol than in the ECT (0.8 kV/cm, P = 0.036)
protocol, the bipolar pulse protocol needed a higher electric field (2 kV/cm, P < 0.001
vs 1.2 kV/cm, P < 0.001). Second, the results obtained suggest that HF-EP could be
used in ECT with potential alleviation of muscle contractions and pain. In fact, even if
the pain was not evaluated, it has been previously demonstrated that a short negative
pulse delivered after a positive pulse accelerates passive repolarisation that abolishes
the action potential. That means that fewer muscle contractions, and thus less pain, can
be expected with HF-EP than with the classic 100 ps pulses. As the authors themselves
concluded, although it is still at the in vitro testing stage, the clinical use of HF-EP
pulses for ECT could potentially decrease the discomfort associated with muscle
contractions and pain, and simplify the treatment procedure by lowering the dose of
muscle relaxants and anaesthesia and avoiding synchronisation with the electrocar-
diogram.

Finally, in 2020, Garcia-Sanchez et al[41] assessed the ability of sine waves to
perform ECT. They compared the classic ECT protocol (eight squared unipolar pulses
of 100 ps and 1 Hz repetition frequency, electric field of 1300 V/cm) with both bipolar
square pulses and sinusoidal bursts. The analysed protocols (bipolar and sinusoidal)
were made for pulses with no intra- nor inter-pulse pauses. The bursts were delivered
at various frequencies between 10 and 100 kHz and with electric fields of at least 1300
V/cm, and the duration and number of pulses varied depending on the experiment.
The authors also carried out a computer simulation to calculate the electric field distri-
bution and the temperature increase during the delivery of the treatment.
Furthermore, verification of the effectiveness of the treatment was essential in the
comparison between the different protocols, which was taken into account by
considering the tumour response. Specifically, the efficacy of the treatment was
assessed by comparing sinusoidal bursts at three frequencies (10, 50 and 100 kHz) and
two electric field intensities (1300 and 1600 V/cm). Their results showed that
sinusoidal pulses reduced both the extent of muscle contractions and skin damage.
The effects were significantly lower when a high frequency wave was applied and
when the square bipolar pulse was used. However, there was a clear loss of efficacy
with the increase in frequency, confirming that the external electric field should be
increased to 1600 V/cm in to achieve an equivalent EP effect, thus allowing for a
tumour volume growth of less than 200 mm? within a 25 d follow-up period.

Reduction of muscle contraction and pain: Numerical analysis

Golberg and Rubinsky[28] performed a numerical analysis to evaluate the influence of
the electrode geometry in the reduction of pain and muscle contractions. The
numerical analysis considered various electrode configurations. For each experimental
setup, a single pulse of 400 V and 100 ps was delivered. The results showed that
conventional EP protocols and electrode design could generate muscle contraction,
inducing electric fields in surprisingly large volumes of non-target tissue surrounding
the EP-treated tissue. They also found that electrode placement in a structure referred
to as a “current cage” substantially reduced the volume of non-target tissue exposed to
electric fields above the threshold of muscle contraction. Furthermore, in an experi-
mental study using a tissue phantom, they compared a commercial two parallel needle
EP system with the current cage design. They found that a certain arrangement of
needle electrodes limited the amount of tissue exposed to electric fields that above the
muscle contraction threshold, while having a minimal impact on the extent of EP. The
design consisted of a central, energised electrode surrounded by an array of grounded
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electrodes. Similar geometries have been used successfully for cardiac defibrillation
and ECT. Interestingly, by having 16 or more grounded electrodes and by reducing the
insertion depth of the central energised electrode relative to the grounded electrodes,
the predicted amount of tissue experiencing muscle contractions fell dramatically. In
fact, the analysis revealed that the ratio of the volume affected by the muscle
contraction (V,,) and that affected by the EP phenomenon (V,,) using a commercial
parallel eight-electrode array, was 135 and was 410, with an electric field of than 600
V/cm and 1120 V/cm. The corresponding ratios were 73 and 26 when the 26-electrode
current cage was used. Moreover, the total V. was 15.09 mm? when the commercial
parallel eight-electrode array was used, compared with 2.90 mm?when using the 26-
electrode current cage.

Reduction of muscle contraction and pain: IRE protocols

In 2011, Arena et al[32] used a combination of analytical, numerical and experimental
techniques to investigate H-FIRE. In their in vivo protocols, they compared a standard
IRE pulse protocol to H-FIRE. In both protocols, 180 bursts were delivered, with each
burst lasting 200 ps and being delivered at a frequency of 1 Hz. In the IRE protocol,
each burst consisted of a single pulse of 200 ps width. In the H-FIRE protocol, each
burst consisted of (1) 50 bipolar pulses at 250 kHz and a single polarity duration of 2
ps; and (2) 100 bipolar pulses at 500 kHz with single polarity duration of 1 ps. No
visual or tactile evidence of muscle contraction was seen during H-FIRE, but all IRE
protocols resulted in detectable muscle contractions. The mean peak accelerations (0.8
3,04 ¢ and 0.1 g) during IRE treatments at the cervicothoracic junction for each
applied voltage (200 V, 100 V and 50 V) were significantly different from each other.
On the other hand, H-FIRE resulted in no detectable acceleration at the cervicothoracic
junction. The in vivo experiments also showed that H-FIRE produced an ablative effect
on brain tissue comparable to that obtained in non-thermal IRE treatments.
Specifically, there was complete uniformity of tissue death within the targeted areas. A
sharp transition zone was present between lesions and normal brain tissue.

In 2014, Sano et al[42] studied the effects of bipolar pulses on both muscle
contractions and cell viability using an IRE protocol. Each monopolar waveform
typical of the standard protocol was replaced with a burst of alternating polarity
pulses; the total energised burst time was the same as that used in the standard
protocol (100 ps). The bipolar protocol consisted of 80 bursts at a frequency of 1 Hz; in
each burst, the positive/negative wavelength varied from 250 ns to 50 ps, with an
intra-pulse delay fixed at 2 ps. The authors showed that, at 1500 V/cm, only
treatments with bursts containing 50 + 50 s pulses (Table 1) resulted in an interesting
compromise between low viability (below 10%) and muscle contraction reduction that
less undesirable than those associated with longer monopolar pulses. Sano et al[43].
analysed muscle contraction in a murine model when using different pulse protocols
[43]. Treatment efficacy was also tested in an in vitro tumour model using PPT8182
murine primary pancreatic tumour cells. To facilitate comparison between groups, the
authors applied the following simplified electrical dose formula:

Dose=V’x T, xnxN

Where V is the applied voltage, T, is the pulse width, 7 is the number of pulses per
burst, and N is the number of bursts per treatment, which was typically 80. Thanks to
the use of a custom pulse generation system, bursts of bipolar pulses with constitutive
pulse widths of 250 ns, 500 ns, 1 ps, 2 ps, 5 ps, 10 ps and 50 ps were delivered. They
also used custom-made electrodes with 1.27 mm diameter dispensing needles and a
2.0 mm edge-to-edge separation distance. Given the formula above, the lethal electric
field thresholds were found to be 2022, 1687, 1070, 755, 640, 629 and 531 V/cm for
bursts containing 0.25, 0.5, 1, 2, 5, 10 and 50 ps pulses, respectively. Qualitatively, the
results showed that muscle contractions occurred to a lesser extent in treatments with
bipolar bursts of pulses between 1us and 5 ps, compared with those in treatments with
standard IRE protocol (100 ps monopolar pulses at 200 V). At 400 V, the 100-us pulses
induced such strong muscle contractions that complete anaesthesia was necessary to
carry out the procedure. In contrast, 1000 V treatments with bursts of 5 ps pulses were
well tolerated with light sedation and local anaesthesia.

Similarly, in 2016, Sweeney et al[33] carried out a quantitative comparison between
different pulsing schemes. They compared trains of 100 ps monopolar pulses conven-
tionally used in IRE and ECT, with pulse trains containing bursts or evenly spaced 1 ps
bipolar pulses. They assessed both the reduction of muscle contractions and the cell
permeability obtained with the different pulsed electric field protocols. Cell per-
meability was evaluated by real-time microscopic imaging of propidium iodide
transport at the single cell level during and after each treatment. The protocols under
investigation were: (1) A train of 200 monopolar pulses of 300 V amplitude, each
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Table 1 Summary of the studies analysed in this review

Electroporation protocol

Type of Pulse Pulse . Muscle contraction/pain
Ref. yp Number of pulses . Electric field . 2
pulse duration  frequency reduction
Daskalov et al  In vivo ECT Monophasic 1 burst of 8 pulses 100 ps 1Hz 0.33-125kV/cm  Achievable with biphasic
[36], 1999 pulses
Biphasic 1 burst of 8 pulses 50-0-50ps 1Hz
Biphasic 1 burst of 8 pulses 50-0-50 ps  Approximately
909 Hz
Miklavcicet  In vivo ECT Monopolar 1 burst of 8 pulses 100 ps 1to 5000 Hz (ten 88 0or313 V/ecm  Achievable with high
al[37], 2005 or five steps) frequency pulses
Zupanicetal  In vivo ECT Monopolar 1 burst of 8 pulses 100 ps 1Hz 600 V/cm Achievable with high
[38], 2007 frequency pulses
Monopolar 1 burst of 8 pulses 100 ps 5000 Hz
Spugnini et al  In vitro ECT Biphasic 1 burst of 8 pulses 50-10-50 pus 9 kHz 1.3kV/cm Achievable with biphasic
[39], 2014 pulses
In vivo
Scuderietal  Invitro ECT Monopolar 1 burst of 8 pulses 100 ps 1Hz 1.2kV/cm Achievable with bipolar
[40], 2019 HE-EP
Bipolar 8 bursts of 50 pulses 1-1-1 ps 250 kHz 3kV/cm
Garcia-Sa In vivo ECT Unipolar Bursts of 8 pulses 100 ps 1Hz 1.3kV/cm Achievable with sinusoidal
nchez et al pulses
[41], 2020 Bipolar Number of bursts and 100 ps-5ms ~ 10-100 kHz >13kV/cm
pulses depend on
Sinusoidal  experiments and
frequency
Golberg and ~ Numerical - Monopolar 1 pulse 100 ps - > 800 V/cm Achievable with an
Rubinsky appropriate electrode
[28], 2012 design and arrangement
Arena et al In vivo IRE Monopolar  90-180 pulses 200 ps 1Hz 0.5-2kV/cm Achievable with H-FIRE
[32], 2011
Bipolar 180 bursts of 50 pulses 2-0-2 ps 250 kHz 1-4kV/cm
Bipolar 180 bursts of 100 1-0-1 ps 500 kHz 4kV/cm
pulses
Sano et al In vitro IRE Bipolar 80 bursts of 1 pulse 50-2-50 ps  1Hz 1.5kV/cm Achievable with biphasic
[42], 2014 pulses
Sano et al In vitro IRE Monopolar 1 pulse 100 ps 1Hz 1.5kV/cm Achievable with bipolar
[43], 2015 pulses
In vivo Bipolar 8-120 bursts of 1-200  Pulse 20 to 20000 kHz ~ Approximately
pulses width: 250  (seven steps) 0.5-2kV/cm
ns-50 ps
Sweeney etal  In vitro IRE Monopolar 1 burst of 200 pulses 100 ps 2kHz 750-1250 V/cm  Achievable with high-
[33], 2016 frequency bipolar pulses
Bipolar 200 bursts of 50 pulses 1 -1-1 ps 250 kHz 1250 V/cm
Bipolar 200 bursts of 50 pulses 1-4-1 ps 100 kHz 1250 V/cm
Yao et al[44],  In vivo IRE Bipolar 90 bursts of 50 pulses ~ 2-2-2 ps 250 kHz 1-2kV/cm Achievable with H-FIRE
2017 and insulated needle
Bipolar 90 bursts of 20 pulses  5-2-5 ps Approximately electrodes
143 kHz
Bipolar 90 bursts of 10 pulses  10-2-10ps ~ Approximately
83 kHz
Bipolar 90 bursts of 4 pulses 25-2-25ps  Approximately 1-1.75kV/cm
37 kHz
Bipolar 90 bursts of 2 pulses ~ 50-2-50 ps  Approximately 1-1.5kV/cm
20 kHz
Monopolar 90 bursts of 1 pulse 100 ps 1Hz 0.8-1.5kV/cm
Sano et al Ex vivo IRE Monopolar 5 pulses 100 ps 1Hz 1kV/cm Achievable with
[29], 2018 (symmetric) H-FIRE pulses
Bipolar 5 bursts of 1-200 2-2-2 ps Not available 0.17-1.7 kV/cm
pulses
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lasting 100 ps and repeated at a rate of 2 kHz for 500 ps; (2) A train with the same
characteristics but with a pulse amplitude of 500 V; and (3) 200 bursts of 25 bipolar
pulses with a1 + 1 ps duration and 500 V, separated by a 4 ps intra- and inter-pulse
delay. Each treatment consisted of 200 periods (bursts) lasting 500 ps each, for a total
treatment time of exactly 100 ms for each pulsing scheme. Even though bipolar pulses
at a high frequency were able to mitigate undesirable muscle contraction during IRE,
the bipolar pulses induced less evident membrane permeabilisation than equivalent
monopolar pulses. In fact, intracellular detection of propidium iodide was observed at
electric field intensities of approximately 500 V/cm, which was lower than that
observed in bipolar pulse treatments (900-1250 V/cm). That was attributed to the
inability of the short-duration bipolar pulses to complete the membrane charging
despite the higher applied voltages. However, bipolar pulse protocols can be designed
to obtain more efficient, symmetric and homogeneous uptake of small molecules into
cells than conventional monopolar pulses.

In 2017, Yao et al[44] explored the effect of IRE ablation on muscle contractions. The
authors studied how to reduce muscle contractions by acting both on the frequency of
monopolar pulses and on the nature of the electrodes used. The study was conducted
with rabbit liver tissue. The H-FIRE protocol consisted of a series of 90 bursts. Each
burst had a repetition frequency of 1 Hz and comprised 50, 20, 10, 4 or 2 monopolar
pulses with individual pulse widths of 2, 5, 10, 20 or 50 ps. The total energised time
was 100 ps. The experiments were conducted with both traditional and insulated
needle electrodes with the aim of investigating how the electrode design influenced
the muscle contractions. Each pair of electrodes were separated by a fixed distance of
10 mm. A finite element model was also used to establish the lethal thresholds of H-
FIRE protocols; consequently, the pulse voltage amplitude range was set from 800 V to
2000 V. An accelerometer was used to measure muscle contractions. The authors
observed that the H-FIRE protocol reduced muscle contractions. The muscle
contraction strength increased with the increase in voltage amplitude and pulse width.
A quite linear increase in acceleration occurred when the voltage was increased,
regardless of the pulse duration. For example, a 10 ps pulse produced an acceleration
of about 1.5 g at 1000 V, and about 4 g at 2000 V Conversely, at a fixed voltage, a
consistent increase in the acceleration value was observed when the pulse length was
also increased (e.g., less than 1 g of acceleration for 2 ps pulses at 1500 V vs more than 7
g of acceleration for 100 ps pulses at 1500 V). Moreover, fewer muscle contractions
were detected when using insulated needle electrodes and the ablation area was
smaller than that obtained with traditional needle electrodes (e.g., about 5 g of
acceleration with 50 ps pulses at 1500 V using insulated needles vs about 6.5 g of
acceleration with 50 ps pulses at 1500 V using non-insulated needles).

Sano et al[29] compared the effect on muscle contraction associated with IRE to
those associated with different H-FIRE protocols. The experiments were conducted ex
vivo and muscle contractions were measured with an accelerometer. In order to make
the comparison consistent, the total energised time in H-FIRE protocols was ensured to
be equal to one of the standard IRE protocols. The traditional IRE protocols consisted
of five monopolar pulses lasting 25, 50, 75 and 100 ps, with a repetition frequency of
0.5 or 1 Hz and with an amplitude of 3000 V. To examine alternative strategies, high-
energy bipolar bursts with energised times between 100 ps and 200 ps and voltages
between 3000 V and 4500 V were delivered. The investigated H-FIRE protocols were
split into three subgroups: (1) Symmetric 2 + 2 ps high frequency pulses with an intra-
pulse delay of 2 ps, voltages of from 500 to 5000 V and total energised times of 100 or
200 ps; (2) Symmetric 2 + 2 ps high frequency pulses with an intra-pulse delay of 5 ps
or 10 ps, a voltage of 5000 V and a total energised time of 100 ps; and (3) Asymmetric
high frequency pulses with a 2 ps positive wave, an intra-pulse of 2 ps and negative
waves of 0.25, 0.5 or 1 ps (voltage of 3000 V). An energised time of 100 ps with 2-2-2
H-FIRE pulses produced muscle contractions that increased with the voltage (acceler-
ations of 0.005 g and 0.210 g for voltages of 500 and 5000 V, respectively). When the
voltage was set at 3000 V, the acceleration peak obtained in the symmetrical H-FIRE
protocol was 9-12 times smaller than that seen with traditional IRE pulses (0.72 g with
a 75 ps pulse length). Moreover, symmetrical high frequency pulses enabled the
delivery of substantially higher voltages and energised times while producing smaller
accelerations than traditional IRE pulses. In fact, the acceleration values remained
relatively constant when the total energised time was increased from 100 ps to 200 ps,
and even when the applied voltage was increased to 4500 V. Conversely, both
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symmetric pulses with a variable intra-pulse delay and asymmetric pulses produced
significantly greater muscle contractions. However, asymmetrical H-FIRE produced
significantly greater (a < 0.001) muscle contractions at 3000 V compared with the
symmetrical waveforms. The maximum peak acceleration (0.80 g) comparable to that
achieved with the traditional IRE pulses, was achieved with the 2-2-0.25 waveform.
The authors concluded that muscle contractions can be reduced with H-FIRE pulses
when the voltage and energised time are held constant (3000 V, 100 ps). Additionally,
high voltage and high-energy H-FIRE treatments produced less intense muscle
contractions. However, since the experiments were conducted ex vivo, it is reasonable
to consider that muscle contractions in vivo may be greater than those observed in this
study. Ablation efficacy should also be assessed.

Summary table

Table 1 summarises the outcomes of the literature analysis. The type of study
(numerical analysis, in vitro, in vivo or ex vivo), the type of electroporation protocol
(ECT or IRE), the pulse characteristics and the main results are reported. With
reference to the pulse characteristics, it was considered of particular interest to report:
(1) The type of pulse; (2) The number of pulses (i.e. the number of bursts and the
number of pulses per burst); (3) The pulse duration (when bipolar/biphasic, as positive
pulse width-intra-pulse delay-negative pulse width); (4) The pulse frequency (i.e. the
inverse of a single monopolar/monophasic or bipolar/biphasic pulse period); and (5)
The electric field applied (Figure 3).

DISCUSSION

Muscle contractions and pain are the main undesirable effects associated with EP
treatments, both ECT and IRE. Many authors have investigated different protocol
designs and electrode geometries in order to reduce patient pain, the number of
muscle contractions and their intensity. As this review shows, particular importance
was given to the length, frequency and type of the delivered pulses. Less attention was
paid to the influence of the electrode design even though it does affect the portion of
the muscle through which the current flows. As reported by Miklavcic et al[37] the
reduction of voltage amplitude, does not result in an appreciable reduction of patient
discomfort. Moreover, even if it is widely accepted that a decrease in the pulse
amplitude can be balanced by an increase in the pulse duration, there is still dis-
agreement as to how to determine the correct increase in the number of pulses to be
applied in order not to alter treatment efficacy.

Pain reduction and pulse frequency

The reduction of pain due to muscle contractions can be obtained by increasing the
pulse repetition frequency above that of tetanic contraction (100 Hz)[38]. When the
frequency was higher than 2 kHz, patients experienced a single muscle contraction
rather than multiple muscle contractions after every single pulse[38,39]. Moreover,
treatment efficacy was not altered by an increase in frequency of up to 5 kHz[38,39].
That was confirmed by Yang et al[47], who observed that steep pulsed electric fields
with a given frequency and appropriate electric field intensity achieved a cytotoxicity
of close to 100%. However, even though the total number of muscle contractions per
treatment was reduced, the intensity of the contractions remained similar to that
observed in standard protocols.

When altering the pulse repetition frequency, attention should be paid to the choice
of pulse numbers and amplitude[48,49]. In fact, the relationship between the pulse
parameters for ECT and treatment efficacy, assessed by the cell cytotoxicity rate, can
display a highly linear behaviour up to a certain number of pulses and/or field
intensity. Thereafter, an exponential model is more appropriate. That is consistent
with a recent study by Garcia-Sanchez et al[41], which found that convenient,
reversible EP and efficient ECT of subcutaneous tumours and a remarkable reduction
of muscle contraction could be achieved by applying sinusoidal fields. However, the
frequency of sine waves has been shown to significantly affect ECT effectiveness. At
100 kHz, a clear loss of efficacy was observed[41]. In order to achieve a tumour
regression similar to that obtained at 10 kHz, the electric field intensity should be
theoretically increased 1.56 times. Those results highlight the charge-dependent nature
of the EP phenomenon, where the cell membrane must be charged at the minimum

induced transmembrane voltage in order to achieve effective electro-permeabilisa-tion
[49,50].
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Pain reduction and bipolar/biphasic pulses

Several authors have investigated reduction in morbidity achieved with bipolar/bi-
phasic pulses. They all reported that altering the pulse polarity not only reduced the
occurrence but also the intensity of muscle contractions. In fact, when a ps-pulse was
applied, there was a latency period between the end of the pulse and the rising phase
of the action potential. A rapid reversal of polarity within this latency period can
accelerate passive repolarisation and inhibit the action potential generation. Therefore,
with proper tuning of the bipolar/biphasic pulse parameters, it is possible to achieve a
drop in muscle force that can be attributed to the termination of action potentials in
part of the motor unit population[33,34,40,43,44,48,51], without losing in EP efficacy.
With that in mind, interesting results were reported by Spugnini et al[39]. They
reported that trains of eight biphasic electric pulses lasting 50 + 50 ps each, at a
frequency of 1 Hz, and 10 ps interpulse intervals at 1300 V/cm, achieved a
significantly higher response in mice (70%-90% tumour necrosis) compared with that
achieved with trains of eight biphasic electric pulses lasting 50 + 50 ms each, at a
frequency of 1 Hz and 1-ms interpulse intervals (40%-55% tumour necrosis)[40].

Sano et al[43] reported that bursts of bipolar pulses resulted in both instantaneous
and delayed cell death and that an inverse relationship existed between pulse width
and toxicity, despite the delivery of equal quantities of energy. However, 1500 V/cm
bursts containing 50 + 50 ps pulses resulted in a viability below 10% and low muscle
contractions, which was less undesirable than those induced by longer monopo-
lar/monophasic pulses. This result is comparable with the standard IRE protocol, as
reported by Arena et al[51], who showed that after eighty 100 s monopolar pulses at
1500 V/cm, cell viability was approximately 8%. Bipolar/biphasic pulses in the same
electric field seem to have appreciable efficacy when biphasic pulses of 50 + 50 ps are
used; however, in order to obtain a comparable cytotoxicity rate with bipolar/biphasic
and monopolar/monophasic protocols, the bipolar/biphasic pulses generally need a
stronger electric field[41].

Finally, the protocols described by Scuderi et al[40] and Sweeney et al[33] achieved
the results obtained with high frequency pulses together with those achieved with
bipolar pulses in ECT and IRE. They found that bipolar pulses at a high frequency
were able to mitigate both undesirable muscle contraction and patient pain in EP
therapies. Additional reduction was achieved when the bipolar pulse had a symme-
trical structure[30]. However, short bipolar pulses may result in less pronounced
membrane permeabilisation, suggesting that pulse duration is a critical parameter that
must be carefully chosen[34,50].

Pain reduction and electrode design

Reductions of muscle contraction and morbidity can be achieved with an appropriate
electrode design. Fewer and less intense muscle contractions were reported by Yao et
al[44] when using insulated needle electrodes. A more sophisticated electrode design
was proposed by Golberg and Rubinsky[28] where a central energised electrode was
surrounded by at least 16 grounded electrodes, obtaining significant pain reduction.
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However, the impact of the new electrode designs on treatment efficacy remains to be
more deeply evaluated.

CONCLUSION

This review found that both pulse frequency and shape can be modified to reduce pain
and muscle contractions in patients who undergo EP treatments. Furthermore, a
combination of high frequency pulses with bipolar/biphasic ones were shown to
enhance this capability. However, simply ensuring that equivalent energy is admi-
nistered by standard and new protocols (high frequency, bipolar/biphasic) is not
sufficient to guarantee clinical efficacy. Preclinical in vitro and in vivo studies together
with clinical data are necessary to evaluate the clinical relevance of alternative pulse
protocols. In addition, sinusoidal pulses with the appropriate frequency, as well as
electrode design (e.g., insulated needles), may successfully mitigate these drawbacks.
Further study is required to evaluate how these aspects influence the efficacy of the
therapy. A main limitation of this systematic review is the absence of a risk of bias
analysis both in individual studies and across studies. Moreover, the authors did not
investigate principal summary measures (e.g., risk ratio, difference in means, and
others), as most studies did not report numerical results. Those deficiencies should be
addressed in subsequent investigations. To summarise, pain reduction in EP-based
treatments can be achieved by appropriately defining the protocol parameters and the
electrode design. The desired results can be achieved with high frequency and/or
bipolar/biphasic pulses. However, the efficacy of these alternative protocols remains a
crucial point to be assessed further.

ARTICLE HIGHLIGHTS

Research background
In electrochemotherapy (ECT), pain and muscular contractions were reported as the
most frequent drawbacks.

Research motivation
To review aimed to assess the literature describing technical advances intended to
reduce muscle contraction and pain associated with electroporation (EP) effects.

Research objectives

The objective was to present an overview of different protocols proposed in the
literature that aim to reduce muscle contraction in both ECT and irreversible EP
treatments.

Research methods
Thirty-three published studies reporting different protocol designs and electrode
geometries were selected for analysis.

Research results

Both high frequency and bipolar/biphasic pulses can be used to reduce pain and
muscle contractions in patients who undergo EP treatments. Moreover, adequate
electrode design can lower EP-related morbidity.

Research conclusions
Pain reduction in EP-based treatments can be achieved by appropriately defining the
protocol parameters and the electrode design.

Research perspectives
The desired results can be achieved with high frequency and/or bipolar/biphasic
pulses.
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Abstract

BACKGROUND
Intestinal metastases from breast cancer (BC) arerare; available data depend
mainly on case reports and case series.

AIM
To conduct a review of the literature regarding presentation, diagnosis, treatment
and survival of patients with intestinal metastasis from BC.

METHODS

We identified all articles that described patients with intestinal metastasis (from
duodenum to anum) from BC using MEDLINE (1975 to 2020) and EMBASE (1975
to 2020) electronic databases.

RESULTS

We found 96 cases of intestinal metastasis of BC. Metastasization involved large
bowel (cecum, colon, sigmoid, rectum) (51%), small bowel (duodenum, jejunum,
ileum) (49%), and anum (< 1%). Median age of patients was 61-years. The most
frequent histology was infiltrating lobular carcinoma followed by infiltrating
ductal carcinoma. In more than half of patients, the diagnosis was made after the
diagnosis of BC (median: 7.2 years) and in many cases of emergency, for bowel
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obstruction, bleeding or perforation. Diagnosis was achieved through endoscopy,
radiological examination or both. In most of the cases, patients underwent surgery
with or without systemic therapies. Survival of patients included in this review
was available in less than 50% of patients and showed an overall median of 12 mo
since diagnosis of the intestinal metastasis.

CONCLUSION

Although, intestinal metastases of BC are considered a rare condition, clinicians
should consider the possibility of intestinal involvement in case of abdominal
symptoms even in acute setting and many years after the diagnosis of BC,
especially in patients with a histology of lobular carcinoma.

Key Words: Breast cancer; Intestinal metastasis; Diagnosis; Treatment; Small bowel; Large
bowel

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We conducted a review of the literature regarding presentation, diagnosis,
treatment and survival of patients with intestinal metastasis from breast cancer (BC).
Although intestinal metastases of BC are considered a rare condition, several cases are
reported from the available literature. Clinicians should consider the possibility of
intestinal involvement in case of abdominal symptoms even in acute setting and many
years after the diagnosis of BC.

Citation: Bolzacchini E, Nigro O, Inversini D, Giordano M, Maconi G. Intestinal metastasis
from breast cancer: Presentation, treatment and survival from a systematic literature review.
World J Clin Oncol 2021; 12(5): 382-392

URL: https://www.wjgnet.com/2218-4333/full/v12/i5/382.htm

DOI: https://dx.doi.org/10.5306/wjco.v12.i5.382

INTRODUCTION

Breast cancer (BC) is the most common malignancy among women and a leading
cause of cancer-related deaths[1,2]. In case of early diagnosis and application of new
therapies, approximately 30% of patients are still at risk of developing distant
metastasis, while 5% of the cases are metastatic at diagnosis[3]. The most common
metastatic sites of BC are bones, lungs, liver and brain[4]. Gastrointestinal (GI) tract
metastases are uncommon, detected in less than 5% of all BC patients[5]. Distin-
guishing primary and secondary GI cancer tumors can be clinically challenging. In
particular, intestinal metastases from BC are rare, and related symptoms are not
specific and often attributed to oncologic treatment, the main problem is to recognize
them promptly and discriminate peritoneal carcinomatosis from other GI diseases to
avoid any diagnostic delay and establish an effective treatment as soon as possible to
improve survival of patients[6].

Despite well-known potential of intestinal metastatization of the BC, available data
rely mainly on case reports and case series. Therefore, we report a literature review on
presentation, diagnosis, treatment and survival of patients with intestinal metastasis
from BC.

MATERIALS AND METHODS

We identified all articles that described patients with intestinal metastasis (from
duodenum to anum) from breast cancer using MEDLINE (1975 to 2020) and EMBASE
(1975 to 2020) electronic databases.

The search strategy was developed with a language restriction (only English texts)
and literature search performed by applying the words: “Breast cancer”,

a7 a7

“gastrointestinal metastasis”, “gastrointestinal tract”, “intestine, bowel”, “duodenum”,

“jejunum, cecum”, “ileum”, “small bowel”, “large bowel”, “colon”, “sigma”, “sigmoid
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tract”, “rectum”, “anus” using the following string [(breast) AND (cancer or tumor or
neoplasm) AND [duodenal neoplasms (secondary) OR jejunal neoplasms (secondary)
OR cecal neoplasms (secondary) OR ileal neoplasm (secondary), OR small bowel
neoplasm (secondary), OR colorectal neoplasms (secondary) OR sigma OR sigmoid
neoplasm (secondary) OR anal neoplasms (secondary) NOT review], and filtering
them for English studies and for humans studies (Figure 1).

The research of the literature was performed independently by two investigators
(Nigro O and Bolzacchini E).

Studies were included if they met the following criteria: (1) Patients > 18 years; (2)
Patients with intestinal metastasis from breast cancer; and (3) Diagnosis of intestinal
metastasis was objectively confirmed (histology).

Two investigators (Nigro O and Bolzacchini E) independently extracted data on
study (year of publication, study centre), patients’ characteristics (number of subjects
studied, age, gender), tumour’s characteristics (histology, time and site of metastat-
ization), clinical presentation (main symptoms reported) as well as treatment and
survival from the diagnosis of intestinal metastasis. We tried to contact the authors of
the articles with missing survival data.

RESULTS

We identified 96 cases (86 articles) of intestinal metastases from BC[5-91]. Metastases
are described in all parts of the intestinal tract, from the duodenum to the anum. Site
of metastasis, presentation symptoms, treatment and clinical data are reported in
Table 1.

Metastatization arose in large bowel (cecum, colon, sigmoid, rectum) (50/96; 52%),
small bowel (duodenum, jejunum, ileum) (47/96; 49%), and anum (4/96, < 1%). Four
patients presented multiple sites of intestinal metastases (small and large bowel); in
three patients, gastric metastasis was also found, while peritoneum was also involved
in six patients. Median age of patients was 61-years (between 31 and 88-years-old);
only two patients were males. Histology comprehended lobular carcinoma (56/96;
58%), ductal carcinoma (17/96, 18%), phyllodes tumor (3), tubular carcinoma (1), or
mixed histology (6).; 13/96 histologies were unknown. Intestinal involvement was
diagnosed after the diagnosis of BC in 59/96 patients (median time; 7.2 years; range: 3
mo-25 years); the diagnosis was concomitant in 20/96 patients, in one case, the
diagnosis of BC was made months after the metastatic involvement of the intestine
and in another case, BC remained occult. In many cases, the diagnosis was made in
emergency, for bowel obstruction (39 patients, 40.6%), bleeding (10 patients, 10.4%)
and perforation (2 patients, 2%). Other patients complained of symptoms such as pain,
changes in bowel habits, and in few patients, the diagnosis was incidental.

Diagnosis was achieved through endoscopy (esophagogastroduodenoscopy,
colonoscopy or video capsule enteroscopy) in 54/96 cases (56.2%), radiological
examination [computed tomography (CT), magnetic resonance imaging, barium
enema or positron emission tomography (PET)] in 82/96 cases (85.4%) or both
endoscopy and radiological imaging in 44 /96 cases (45%).

In most of the cases, patients underwent surgery (69/96; 72%), with or without
systemic therapies. The other patients started or continued medical therapy (18/96,
18.7%) such as hormone therapy and chemotherapy.

Specifically, 40 patients received hormone therapy (one patient aromatase inhibitor
plus palbociclib), 38 patients received chemotherapy and 9 patients received both.
Chemotherapy prescribed included monotherapy agents such as taxane-based
chemotherapy (paclitaxel, docetaxel), anthracycline-based and oral fluoropyrimidine.
Moreover, chemotherapy regimen was not specified in many reports.

Median overall survival of patients included in this review was available for 46/96
pts (< 50%); median survival estimated from the available data was around 12 mo.

DISCUSSION

Intestinal metastases from BC are rare. Jain et al[92] in a large study examined 1238
patients with operable BC and identified metastatic sites. They found that infiltrating
ductal carcinoma recurred more often in the lung, pleura and bone, while infiltrating
lobular carcinoma metastasized more often to bone marrow and peritoneum. Bone
involvement as the initial presentation of distant metastatic disease occurred in over
50% of the women with infiltrating lobular carcinoma, significantly more often than in
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Table 1 Demographic and clinical data of patients with intestinal metastasis from breast cancer

n (%) Median (range)

Year of publication
<2000 5(5.8)
2001-2005 12 (13.9)
2006-2010 18 (20.9)
2011-2015 36 (41.8)
> 2016 15 (17.4)
Age 61 (31-88)
Gender
Female 94 (97.9)
Male 2(21)
Breast cancer histology
Lobular carcinoma 56(58.3)
Ductal carcinoma 17 (17.7)
Phyllodes tumor 3(0.3)
Tubular carcinoma 1(0.1)
Mixed histology 6 (0.6)
Unknown 13 (13.5)
Time of the diagnosis
After the diagnosis of breast cancer 59 (61.4)
Concomitant 20 (20.8)
Before 1(0.2)
Unknown 16 (16.6)"
Time after the diagnosis of breast cancer (yr) 7.2 (3 mo-25 yr)
Clinical presentation or main symptom at diagnosis
Bowel obstruction 39 (40.6)
Rectal bleeding 10 (10.4)
Perforation 2(2)
Abdominal pain 20 (20.8)
Change in bowel habit 9(9.3%)
Incidental 12 (12.5)
Unknown 4(41)
Site of metastatization
Colon 45 (46.8)
Small bowel 43 (44.8)
Colon and small bowel 4 (4)
Anus 4(4)
Diagnostic tool for the detection of the metastasis
Endoscopy (EGDS or colonscopy or VCE) 54 (56.2)
Radiography (CT scan, MRI, barium enema, PET) 82 (85.4)
Unknown 12 (12.5)
Treatment
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Surgery and medical therapy 69/96 (71.8)
Hormone therapy and/or chemotherapy 18/96 (18.7)
Survival after the diagnosis of metastasis (yr)” 12 (1 mo-7 yr)

In one case the primary tumor remained occult.
2Available for 46 patients. EGDS: Esophago-gastro-duodenoscopy; VCE: Video capsule endoscopy; CT: Computed tomography; MRI: Magnetic resonance

imaging; PET: Positron emission tomography.

581 articles from EMBASE and Medline

423 articles excluded based
on title and abstract

Y

158 articles retrieved for full text examination

72 articles excluded:
eInclusion criteria not fulfilled
eDuplicate

eLanguage restriction
*Endpoint not congruent

86 articles included in the review

Figure 1 Study identification and selection process.
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those with ductal infiltrating carcinoma (34%; P < 0.01). Survival was similar for the 2
groups.

Interestingly, metastatic disease to the extrahepatic GI tract from breast carcinoma
usually originates from the lobular carcinoma subtype, which accounts for only 8% to
14% of all breast adenocarcinomas, rather than the more common invasive ductal
carcinoma[93]. This could be related to a particular tropism of lobular cells. In a large
autopsy series[94] of 337 patients who died of BC, GI metastasis presented an
incidence of 16.4 % and only 20% of these patients complained of having symptoms.
However, in this autopsy series, gastric and intestinal metastases were grouped,
preventing an accurate estimation of the latter.

It has been well documented that recurrence in lobular BC can occur several years
after the initial diagnosis of BC, even in early stage tumors. Recurrences of lobular BC
have been reported up to 30 years from the initial time of diagnosis[95]. Accurate
incidence of GI metastasis is hard to establish.

Symptoms depending on metastatic sites are generally not specific and may include
abdominal pain, dyspepsia and nausea, acute symptoms such as bowel occlusion and
GI bleeding may occur in most cases. Time interval between primary BC cases is wide,
mostly years after the first diagnosis but rarely even before.

Endoscopy, radiological exams and histological evaluation are necessary to differ-
entiate primary GI carcinoma from metastatic GI lesion of BC[32].

Endoscopic findings vary significantly and may range from ulcers, mucosal
thickening or friability, linitisplastica-like inflammation, stenosis and polyps, to
obstructing mass[24]. Barium studies reveal stricture or linitisplastica[41].

CT is indicated for characterizing the extension of the mass and for the re-staging
[96]. Recently, Laoutliev et al[9] suggested that 18F-fluorodeoxyglucose PET should be
considered.

Markers are generally not useful nor specific for the diagnosis of intestinal
metastasis, but in an interesting case report by Santini et al[8] an increase in CA19.9
was used to diagnose ileocaecal valve metastasis from BC.

Differentiation of breast metastasis from other GI primaries can be difficult and
immunohistochemistry is crucial to establishing the accurate diagnosis. Commonly
used markers include estrogen receptors and progesterone receptors, CK7, CK20. A
CK7-/CK20+ profile favors a large bowel primary, while CK7+/CK20- favors a
metastasis[74].
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GCDFP-15 and mammaglobin positivity was found to be sensitive and specific
markers were used to differentiate a malignant lesion as a metastatic breast carcinoma,
with an excellent correlation between GCDFP-15 and mammaglobin positivity and the
origin of a metastatic BC[97,98]. It is very important to clarify the diagnosis since the
treatment strategy for GI metastasis of BC and for primary GI carcinoma is totally
different[99].

However, data on treatment are fragmentary. Surgical treatment, often palliative,
should be reserved in case of emergencies (perforation, obstruction and hemorrhage),
patients with isolated lesions, and selected cases in which tumor debunking could
improve clinical outcome. Medical treatment such as chemotherapy, hormone therapy
and anti HER2 therapy may be indicated depending on the biologic features of the
primary disease and on prior therapy[100] and it is recommended as first-line
treatment in case of multiple metastatic involvement. These therapies can be extremely
effective and may help to avoid unnecessary surgery[10]. Radiotherapy is an option in
case of anal localization[26,57] and in case of brain metastases[33] or bone metastases.

Long term outcome remains uncertain due to data scarcity and for the rareness of
the condition. Nevertheless, some cases of longer survival were also reported[6,30].
Considering the available data, intestinal involvement seems prognostically
unfavorable; in fact, progression free survival and overall survival of patients affected
with metastatic BC have improved over the years thanks to the new treatment options.

We are aware that this review includes a selection bias as it does not rely on
consecutive series of patients, but on many selected single case reports, published in
English over a wide lag time (30 years). Therefore, many cases may not have been
reported, several clinical data are missing and the outcome is especially not available
for many cases even though we tried to contact the authors.

We pointed out that our review includes cases published from 1975 till date and
clinical presentation, diagnosis and therapy might have changed over the years with
awareness and technological advancement, nuclear medicine and new therapies. In
this regard, a tentative analysis to assess the influence of time on several diagnostic
and prognostic variables has been performed (data not shown), but no significant
difference was found.

Nevertheless, the strength of our paper is its originality and the systematic method-
ological approach to the literature regarding intestinal localization of metastatic BC.
Several reviews have already been published regarding gastric metastasis of BC; but to
the best of our knowledge this is the first regarding intestinal involvement. Our paper
comprehends all the cases reported so far in English language and summarizes
epidemiology, symptoms, diagnostic work-up, therapy and survival of this condition.
On this note, an estimate of the problem is given to the best of its knowledge and it
forms the basis for the creation of a multicentre prospective study or a registry, which
is the best option to investigate this uncommon but relevant issue of BC.

CONCLUSION

Clinicians should consider the possibility of intestinal involvement in case of
abdominal symptoms, especially in patients with a histology of lobular carcinoma.
Adequate imaging and endoscopic procedure should be performed promptly in order
to obtain histological diagnosis. Treatment strategies include surgery, chemotherapy,
hormone therapy and radiotherapy. Long term prognosis remains uncertain.

A multicenter study or registry study is required.

ARTICLE HIGHLIGHTS

Research background
Intestinal metastasis from breast cancer (BC) is considered rare.

Research motivation
We conducted a review of the literature regarding intestinal metastasis from BC.

Research objectives
We conducted a review of the literature regarding presentation, diagnosis, treatment
and survival of patients with intestinal metastasis from BC.
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Research methods
We identified all articles that described patients with intestinal metastasis from BC
using MEDLINE and EMBASE electronic databases until 2020.

Research results

We found 96 cases of intestinal metastasis of BC. Metastasization involved large bowel
in 51% of the cases, small bowel in 49% of the cases, and anum in less than 1%. Median
age of patients was 61-year-old. The most frequent histology was infiltrating lobular
carcinoma followed by infiltrating ductal carcinoma. In more than half of patients the
diagnosis was made after the diagnosis of BC and in many cases in emergency setting,
for bowel obstruction, bleeding or perforation. Diagnosis was achieved through
endoscopy, radiological examination or both. In most of the cases patients underwent
surgery with or without systemic therapies.

Research conclusions
Although intestinal metastases of BC are considered a rare condition, several cases are
reported from the available literature.

Research perspectives

Our paper comprehends summarizes epidemiology, symptoms, diagnostic work-up,
therapy and survival of this condition. On this account it gives an estimate of the
problem and could lead to and represent the basis for the creation of a multicentre
prospective study or a registry.
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