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Abstract
The past decade has brought substantial advances in the 
management of inflammatory bowel diseases (IBD). The 
introduction of tumor necrosis factor (TNF) antagonists, 
evidence for the value of combination therapy, the recog­
nition of targeting lymphocyte trafficking and activation 
as a viable treatment, and the need for early treatment of 
high-risk patients are all fundamental concepts for current 
modern IBD treatment algorithms. In this article, authors 
review the existing data on approved biologicals and 
small molecules as well as provide insight on the current 
positioning of approved therapies. Patient stratification for 
the selection of specific therapies, therapeutic targets and 
patient monitoring will be discussed as well. The thera­
peutic armamentarium for IBD is expanding as novel and 
more targeted therapies become available. In the absence 
of comparative trials, positioning these agents is becoming 
difficult. Emerging concepts for the future will include an 
emphasis on the development of algorithms which will 
facilitate a greater understanding of the positioning of 
novel biological drugs and small molecules in order to 
best tailor therapy to the patient. In the interim, anti-TNF 
therapy remains an important component of IBD therapy 
with the most real-life evidence and should be considered 
as first-line therapy in patients with complicated Crohn’s 
disease and in acute-severe ulcerative colitis. The safety 
and efficacy of these ‘older’ anti-TNF therapies can be 
optimized by adhering to therapeutic algorithms which 
combine clinical and objective markers of disease severity 
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and response to therapy. 
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Core tip: Anti-tumor necrosis factor therapy should be 
considered as first-line therapy in patients with com­
plicated Crohn’s disease and in acute-severe ulcera­
tive colitis. Beyond these specific circumstances, the 
positioning of novel biologics and small molecules de
pends on the patient’s medical history, preference and 
disease phenotype. The efficacy and safety of using 
immunomodulatory therapy can be enhanced by ad­
hering to therapeutic algorithms and using a ‘treat-to-
target’ approach. The risks for adverse events due to 
poor disease control outweigh the risks associated with 
early aggressive therapy. In the setting of clinical and bio­
chemical remission, following at least 6 mo of combined 
immunosuppressive therapy, consideration can be made 
to withdrawing thiopurine therapy in the correct patient 
with close follow-up. 

Reinglas J, Gonczi L, Kurt Z, Bessissow T, Lakatos PL. Positioning 
of old and new biologicals and small molecules in the treatment 
of inflammatory bowel diseases. World J Gastroenterol 2018; 
24(32): 3567-3582  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i32/3567.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i32.3567

INTRODUCTION
Therapeutic trials for inflammatory bowel disease 
(IBD) began nearly 100 years after the first case re­
port of IBD was published by Sir Samuel Wilks in 
1859 who used the term “ulcerative colitis (UC)” to 
describe a condition similar to what is understood as 
UC today[1]. Approximately 10 years following the ori­
ginal study by Sir Sidney Truelove which revealed the 
efficacy of corticosteroid therapy in UC, the first clinical 
trial evaluating steroids in Crohn’s disease (CD) was 
conducted in 1966 by Jones and Lennard-Jones[2]. Prior 
to these landmark trials, the treatment of IBD was 
limited to supportive care and surgical intervention. 

Knowledge regarding the adverse effects of chronic 
steroid therapy in UC ultimately led to the first positive 
double blind randomized controlled trial (RCT) evaluating 
the efficacy of sulfasalazine in 1962[3,4]. Unfortunately, 
many patients were unable to tolerate the side-effects 
from sulfasalazine which prompted additional studies 
to uncover the active ingredient, 5ASA[5]. Since, 5ASA 
has repeatedly demonstrated its efficacy and improved 
safety profile as compared to sulfasalazine in mild to 
moderate UC[6-8]. In contrast, 5ASA therapy has been 
abandoned in CD due to its inability to prevent quiescent 

disease relapse[9]. As steroid-refractory disease became 
more prevalent, reports on the use of ciclosporin began 
appearing and the first successful trials were conducted 
in 1989 and 1994 for steroid resistant severe CD and UC, 
respectively[10,11]. Due to ciclosporin’s narrow therapeutic 
window, alternative steroid-sparing agents such as thio
purines were investigated. Although they have demon­
strated fair efficacy in IBD, it may take up to 3-6 mo 
for them to reach their full therapeutic effect thereby 
limiting their potential as a strong induction agent[12]. 
Despite their slow onset of action and risks, thiopurines 
may be used strategically to reduce immunogenicity 
associated with biologic therapy and augment the rate 
of remission[13,14] Budesonide, a corticosteroid which 
undergoes significant first-pass metabolism in the liver 
resulting in low systemic exposure, has also established 
its position in the therapeutic armamentarium since 
Rutgeerts et al[15]’s original study demonstrating its non-
inferiority to prednisolone therapy for CD patients in 
1994. Budesonide has since repeatedly demonstrated 
its efficacy and safety making it the preferred means of 
inducing remission in patients with mild Crohn’s ileitis[16]. 
A newer formulation with a delayed release (budesonide-
MMX©) can be efficacious in moderate UC as well[17]. 

Alongside the advent of new biological therapies, 
the therapeutic approach has evolved over the past 
decade to include the use of objective markers of disease 
severity and response to therapy in tandem with the 
historical clinical scores[18,19]. In this article, authors re
view the existing data and provide a rationale for the 
positioning of the ‘old’ and ‘new’ biologicals and small 
molecules. Strategies for the use of available therapies 
based on recent guidelines will be reviewed. 

CD
Anti-tumor necrosis factor
Infliximab: Four years after the FDA approved the 
use of infliximab in CD, the first large RCT; ACCENT I, 
was published in 2002 which evaluated infliximab main
tenance therapy in 573 patients with a CDAI of at least 
220 whom had responded well to an initial infusion of 
infliximab[20]. At the 30 and 54 wk follow-up, patients 
receiving infliximab maintenance therapy were more 
likely to be in remission (CDAI < 150) as compared to 
those without maintenance therapy (30 wk: OR = 2.7, 
95%CI: 1.6-4.6) with a similar incidence of infection 
across all groups[20]. Besides demonstrating infliximab’s 
efficacy, this study also provided a rationale for dose 
escalation in patients losing response to therapy[21]. 
Although effective for luminal disease, it was unclear if 
infliximab would also be effective for fistulising disease, 
thus the ACCENT Ⅱ trial was published 2 years later 
which included 306 patients with one or more draining 
abdominal or perianal fistulas of at least 3 mo duration[22]. 
In this trial, the patients who were undergoing infliximab 
maintenance therapy demonstrated a significant fis­
tula response wherein 36% (vs 23%, P = 0.009) had 
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complete resolution of fistula draining at 54 wk[22]. 
Additionally, ACCENT Ⅱ demonstrated a significant re­
duction in the requirement for hospitalization and surgery 
due to fistulising disease (8.6% vs 18.9%, P < 0.05)[23]. 
Early initiation of infliximab was further supported in 
a large study conducted by the GETAID group which 
evaluated the use of dual therapy vs monotherapy over 
52 wk in 113 steroid-dependant CD patients[13]. Both 
GETAID and ACCENT-Ⅰ studies identified incongruence 
amongst endoscopy and clinical scores, such as the 
CDAI. In a sub-study of ACCENT-Ⅰ, 18% of moderate 
to severe CD patients as determined by the CDAI score 
had no active CD on endoscopy[24]. This prompted a ratio­
nale to include more objective end points and markers 
of disease severity (e.g., CRP and mucosal healing) in 
future studies, as was included in the Study of Biologic 
and Immunomodulator Naive Patients in Crohn’s Disease 
(SONIC) conducted in 2010[14]. In this landmark RCT 
involving 508 biologic- and immunosuppressive-naïve 
patients, the superiority of infliximab over azathioprine 
as well as the therapeutic advantage of combining 
therapies over monotherapy with either infliximab or 
azathioprine alone at the 30 and 50 wk follow-ups was 
demonstrated.[14]. 

Adalimumab: In an attempt to possibly reduce the 
immunogenic responses induced by chimeric anti­
bodies, such as infliximab which contains 25% mouse 
sequences, adalimumab was designed as the first fully 
human monoclonal antibody against tumor necrosis 
factor (TNF)-alpha[25]. The results of three pivotal trials 
(CLASSIC-Ⅰ, CHARM and GAIN) established regu
latory approval of adalimumab for the induction and 
maintenance of remission of CD in 2007. CLASSIC-Ⅰ 
was the first human trial to evaluate induction of remis
sion using adalimumab in 299 moderate to severe CD 
patients naïve to anti-TNF therapy[26]. A linear dose-
response curve was appreciated at the 4 wk follow-up, 
with the greatest clinical remission rate associated with 
the highest dose studied (160 mg and 80 mg at weeks 
0 and 2, respectively)[25]. As a ceiling effect was not 
achieved, it is unclear if higher dosing would be more 
efficacious, studies evaluating this are underway. The use 
of adalimumab as a second line induction agent following 
the failure of infliximab due to intolerance or poor re­
sponse was evaluated in the GAIN trial which included 
325 patients who had either lost response or become 
intolerant to infliximab[27]. At the 4 wk follow-up, 21% (34 
of 159) of patients in the adalimumab group vs 7% (12 
of 166) of those in the placebo group achieved clinical 
remission.

The efficacy of adalimumab for maintenance therapy 
was evaluated in the CLASSIC-Ⅱ and CHARM studies. 
CLASSIC-Ⅱ followed up with 276 patients from the 
CLASSIC-Ⅰ study at 56 wk after randomizing patients 
to receive maintenance dosing or placebo. A greater 
proportion of patients receiving adalimumab 40 mg 
SC weekly or biweekly were in remission as compared 
to those receiving placebo (83% and 79% vs 44%, 

respectively)[28]. Additionally, although most patients 
responded to therapy within the first week, some pa
tients only responded to therapy after week 12[28]. 
This suggests that an observational period may need 
to occur prior to modifying therapy in patients who do 
not respond to induction following 1 wk. In the largest 
open-label study, CHARM enrolled 854 patients in order 
to evaluate the efficacy of adalimumab for induction 
and maintenance in CD patients not responding to alter­
native immunosuppressive therapy, including those 
whom had failed infliximab[29]. Although the induction 
dose of adalimumab was half of that provided in the 
CLASSIC trials, the response rate was similar. At week 
56, biweekly and weekly dosing was equally effective at 
maintaining remission as compared to placebo (36% and 
41% vs 12%, respectively). Of note, a greater proportion 
of patients receiving placebo discontinued treatment 
due to adverse events as compared to those receiving 
adalimumab[29]. This suggests the risks of complications 
associated with poorly controlled disease outweigh the 
risks associated with therapy. To corroborate the find­
ings from the previous studies demonstrating clinical 
remission, the EXTEND trial conducted in 2012 which 
involved 135 patients with moderate to severe ileocolonic 
CD demonstrated a trend towards mucosal healing with 
adalimumab at week 12 as compared to placebo (27% 
vs 13%, respectively) as well as a significant difference 
at week 52 (24% vs 0%, respectively (P < 0.001))[30]. 
Again, this suggests 12 wk may not be sufficient in all 
patients to determine response to therapy.

Certolizumab: Certolizumab pegol is a pegylated 
humanized monoclonal antibody Fab’ fragment linked 
to polyethylene glycol that has a high affinity to tumor 
necrosis factor alpha[31]. Certolizumab was proposed as 
a potential alternative to infliximab due to its ease of 
delivery (SC as oppose to infusion) and longer half-life 
which may reduce the need for frequent dosing and risk 
for immunogenicity, theoretically[32,33]. The risks for side 
effects were presumed to be lower due to the lack of an 
Fc region which would be responsible for activating the 
compliment pathway leading to cellular apoptosis[32,33]. 
The largest phase Ⅱ trial in 2005 by Schreiber et al[33] in 
292 patients with moderate to severe CD demonstrated 
a significant dose-response relationship with clinical 
benefit demonstrated up until week 10, then lost signifi
cance at week 12 which was presumed to be secondary 
to greater placebo rates in patients with lower CRP 
values[33]. The potential placebo effect was addressed 
in the PRECISE-Ⅰ trial which stratified 662 patients 
with moderate to severe CD based on their CRP prior 
to randomization to treatment groups[31]. Although 
response rates at week 6 and 26 were found to be mo­
destly significant, induction of remission rates were 
not. However, in patients responding to certolizumab, 
maintenance of remission was successfully demonstrated 
in the PRECISE-Ⅱ and PRECISE-Ⅲ follow-up trials 
through 5 years[34,35]. The MUSIC trial conducted in 2013 
confirmed certolizumab’s efficacy with respect to mucosal 
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(14.5% vs 6.8%, respectively), there was no significant 
difference in CDAI scores greater than 100 (CDAI-100 
score) or CRP levels between groups. However, nearly 
twice as many patients in the vedolizumab maintenance 
groups were in clinical remission as compared to the 
placebo group (39% vs 21.6% respectively). Significant 
differences in favor of maintenance therapy over placebo 
were demonstrated in the CRP and the CDAI-100 score. 
Fistulization also improved as compared to placebo in 
the small group of patients on vedolizumab every 8 wk 
(n = 17) but not in the small group taking vedolizumab 
every 4 wk[44]. Acknowledging that subjects recruited 
for this study had likely more aggressive disease than 
the aforementioned biologic-naïve anti-TNF studies 
discussed, vedolizumab is efficacious for luminal and 
possibly fistulising disease but may not provide as ef­
fective and efficient induction as compared to anti-TNF 
therapy. This has also been supported in network meta-
analyses[45]. As such, if rapid induction is required then 
physicians prescribing vedolizumab should be aware of 
the potentially slower onset of action and consideration 
for the concomitant use of faster-acting induction agents 
(e.g., corticosteroids) to bridge the patient symptoma
tically. 

A common reason for using vedolizumab as first 
line treatment in IBD is the assumption of the re­
duced risk for infection given the attenuation of the 
immune response is localized to the gut. This has been 
previously supported in a review which included six 
trials evaluating the use of vedolizumab in UC and CD 
(2380 patients with 4811 person-years of vedolizumab 
exposure)[46]. Within this study however, 16 patients 
with CD in the vedolizumab group developed clostridium 
difficile infection as compared to none in the placebo 
group. Additionally, more patients on vedolizumab had 
gastroenteritis and developed tuberculosis infection (de­
spite negative tuberculosis screening at enrollment). 
In the aforementioned GEMINI-Ⅱ trial, vedolizumab 
also had a higher rate of infections (44.1% vs 40.2%), 
and serious infections (5.5% vs 3.0%) as compared 
to placebo[44]. Head to head trials are needed to better 
describe the risk for infection in patients taking vedoli­
zumab as compared to other biologics. 

Ustekinumab: IL-12 p35-p40 and IL-23 p19-p40 are 
two proinflammatory heterodimeric cytokines that are 
induced in the inflamed mucosa of CD patients[47,48]. 
Ustekinumab is a human monoclonal IgG1k antibody 
which blocks the P40 sub-unit of IL-12 and IL-23 on T 
cells, natural killer and antigen presenting cells[49]. Origi­
nally successful in the treatment for plaque psoriasis 
and psoriatic arthritis, ustekinumab demonstrated its 
efficacy for CD in the UNITI trials which included 1300 
CD patients with moderate to severe disease[50]. UNITI-Ⅰ 
included 741 patients whom had failed anti-TNF therapy 
due to non-response or intolerance. The induction com­
ponent of the trial revealed a significantly better clinical 
response in the ustekinumab treatment groups as com­

healing following 54 wk of therapy after evaluating 89 
patients with active endoscopic disease (ulceration in ≥ 
2 intestinal segments with a Crohn’s Disease Endoscopic 
Index of Severity (CDEIS) score ≥ 8 points)[36]. As early 
as week 10, endoscopic remission was achieved in 37% 
of patients. 

Anti-integrin
Natalizumab: Natalizumab blocks the adhesion and 
subsequent migration of leukocytes from circulation into 
the gut by binding alpha-4 integrin which is expressed 
on all circulating leukocytes except neutrophils. Origi­
nally designed for multiple sclerosis patients, natali
zumab demonstrated good efficacy for induction and 
maintenance of remission for CD in a large meta-
analysis which included 5 trials[37]. The largest trials to 
be performed were ENACT-Ⅰ, ENACT-Ⅱ and ENCORE. 
ENACT-Ⅰ included 905 patients with CD randomized 
to either placebo or natalizumab induction groups[38]. 
Although there was a subtle but significant difference 
in the response rate favoring natalizumab (56 percent 
and 49 percent, respectively), there was no difference in 
remission rates between groups for induction. ENACT-
Ⅱ included 339 responders to natalizumab from ENACT-
Ⅰ and randomized them to maintenance therapy every 
4 wk or placebo[38]. In contrast to the first trial, signifi
cantly higher rates of remission occurred through 36 
wk as compared to placebo (44% vs 26%). Induction 
of remission was reassessed in the ENCORE study 
which included 509 patients with CD evaluated through 
3 induction doses over 8 wk. At week 12, a greater 
proportion of patients on natalizumab were in remission 
as compared to placebo, 28% vs 16% respectively[39].  

Although natalizumab demonstrated good efficacy 
in luminal CD, concerns related to serious infection sur
faced. In an open-label extension of the ENACT-Ⅱ trial, 
one patient died from JC virus-associated progressive 
multifocal leukoencephalopathy (PML)[40]. The association 
with PML and natalizumab was described in two other 
case reports on patients receiving treatment for multiple 
sclerosis[41,42]. Since the estimated risk for PML is 1 
per 1000 patients, JC virus antibody testing should be 
considered if natalizumab will be used in IBD. 

Vedolizumab: Vedolizumab reduces lymphocyte mig­
ration into the gut by antagonizing the α4β7 integrin 
mediated reactions. In contrast to natalizumab it does 
not act on α4β1 integrin, which is involved in brain lym
phocyte trafficking, thus may have lower risk for PML[43]. 
Efficacy for its use as an induction and maintenance 
agent in CD was demonstrated in the GEMINI-Ⅱ trial[44]. 
In the induction component of the trial, 368 patients 
were randomized to placebo or vedolizumab and 747 
patients received open-label vedolizumab. Approximately 
50% of all patients had failed at least one anti-TNF prior 
to enrolling in the study. Although clinical remission was 
achieved in a significantly greater proportion of patients 
taking vedolizumab as compared to placebo at week 6 
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pared to placebo (34% vs 22%, respectively). UNITI-
Ⅱ included 628 patients whom were anti-TNF naïve but 
failed conventional immunosuppressive therapy due 
to poor response or intolerance. The UNITI-Ⅱ cohort 
also had a significant improvement in their CDAI scores 
for induction by approximately 25% as compared to 
placebo. Patients receiving maintenance therapy every 8 
wk and every 12 wk demonstrated a significantly greater 
remission rate at week 44 as compared to placebo (53% 
and 49% vs 36%, respectively). Of note, the secondary 
analyses demonstrated a non-significant difference in 
CDAI scores compared to placebo in the UNITI-Ⅰ group 
as compared to the UNITI-Ⅱ group, albeit the trend still 
favored ustekinumab therapy[50]. Lack of significance is 
most likely due to a lack of power to properly evaluate 
the difference amongst sub-groups, however this trend 
is expected; patients in UNITI-Ⅰ have more refractory 
disease thus less likely to respond to ustekinumab as 
compared to the biologic-naïve patients in UNITI-Ⅱ. 
Significant improvements in fecal calprotectin and CRP 
were also noted and able to be seen as early as 3 wk sup­
porting its usefulness in acute severe flares. 

UC
Anti-TNF agents
Infliximab: The first two large-scale studies to assess 
the therapeutic potential of infliximab were the ACT 1 
and ACT 2 trials published in 2005, prior to this, biologic 
therapy for UC was not established[51]. ACT 1 evaluated 
364 patients with moderate to severe UC following their 
induction and maintenance dosing until 54 wk. ACT 2 
evaluated the same number of patients and maintained 
the same induction, maintenance and follow-up regimen 
as ACT 1 except maintenance dosing ceased after 
22 wk. Nearly 60% of patients in both cohorts were 
steroid dependent. In both studies, a significant clinical 
response was demonstrated with remission occurring 
in approximately 35% and 31% of patients taking 
infliximab as compared to 15% and 6% of patients 
on placebo at week 8 in ACT 1 and ACT 2 studies, 
respectively. Sustained remission was achieved over 
the study period in approximately 20% of patients on 
infliximab as compared to 5% of patients in the placebo 
group. Additionally, a greater proportion of patients 
were able to be weaned off their steroids following the 
initiation of infliximab. Mucosal healing, considered to 
be the greatest risk factor for malignancy, was markedly 
improved throughout the study period and significantly 
better than placebo as early as week 8, approximately 
60% vs 30% respectively. No difference between the two 
doses prescribed, 10 mg/kg and 5 mg/kg, was identified 
with respect to efficacy[51].

Given the toxicity associated with cyclosporine and 
limited therapies available, GETAID compared the ef
ficacy of infliximab against cyclosporine in an open-
label RCT involving 115 patients with severe ulcerative 
colitis whom had failed high dose intravenous steroid 
therapy. The results were positive for both agents with no 

significant difference in treatment failure or side effects 
between the infliximab and the ciclosporin groups (54% 
vs 60%, respectively)[52]. 

Adalimumab: Five years following the approval for 
infliximab use in UC, adalimumab became the second 
biologic approved for use in UC based on the results from 
the ULTRA trials. ULTRA 1 utilized two different induction 
regimens (160/80 mg vs 80/40 mg SC at weeks 0 and 2 
followed by 40 mg every 2 wk) to evaluate if adalimumab 
was effective in 186 moderate to severe UC patients[53]. 
At week 8, 19% vs 9% were in remission in the 160/80 
mg group as compared to placebo, respectively. As 
noted in the CD trials, a ceiling effect was not achieved 
thus the optimal dose is still under investigation. ULTRA 
2, which included 518 patients with moderate to severe 
UC, was conducted to evaluate the long-term efficacy 
of adalimumab as a maintenance agent[53]. Following 
1 year, remission was achieved in 17% of patients on 
regular maintenance dosing as compared to 9% of pa­
tients in the placebo group. Similarly, mucosal healing 
was also higher in the adalimumab group as compared 
to placebo at both week 8 and 52 follow-up intervals, 
41% and 25% vs 32% and 15%, respectively. This study 
also demonstrated that biologic naïve patients were 
more likely to achieve clinical remission as compared 
to patients previously on infliximab (Week 8: 21% vs 
9% and Week 52: 22% vs 10%, respectively), which 
highlights prior biologic use as a potential risk factor 
for difficult to treat or aggressive disease. Long-term 
maintenance therapy using adalimumab was further 
evaluated over 4 years in ULTRA 1 and 2 trials as well 
as in an open-label study (ULTRA 3)[54]. With respect to 
patients observed as nonresponder imputation (NRI), 
25% and 28% of the 199 patients from ULTRA 1 and 
2 whom were still on adalimumab at the 4 year follow-
up maintained clinical remission and mucosal healing 
respectively. In contrast, the ULTRA 3 open-label trial 
demonstrated clinical remission and mucosal healing 
rates to be considerably greater (64% and 60%, re
spectively), albeit difficult to compare in the absence of 
randomization. 

Golimumab: Golimumab is a fully human monoclonal 
immunoglobulin delivered subcutaneously which targets 
a unique epitope on the TNF molecule as compared to 
infliximab and adalimumab. The PURSUIT trials which 
evaluated 1064 biologic naive patients with moderate to 
severe UC were responsible for establishing regulatory 
approval for it in 2014. The induction trial, PURSUIT-SC, 
revealed a significantly greater proportion of patients in 
clinical remission following 6 wk using 200/100 mg and 
400/200 mg induction doses as compared to placebo, 
51% and 55% vs 30% respectively[55]. The extension of 
this trial, PURSUIT-M, which included 464 patients with 
moderate to severe UC whom had responded favorably 
to golimumab in the induction trial also demonstrated 
greater efficacy than placebo at maintaining clinical re
mission following 54 wk. At study end, 42% of patients 
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taking golimumab 100 mg every 4 wk were found to 
be in clinical remission as compared to 27% of patients 
taking placebo[56]. The rate of mucosal healing was signif­
icantly greater for patients taking golimumab in both the 
induction and maintenance studies, the differences were 
able to be appreciated as early as 2 wk. Golimumab, 
although not formally assessed in clinical trials, has been 
reported to be efficacious as a second and third-line anti-
TNF agent in real life settings[57]. 

Anti-integrin agent
Vedolizumab: GEMINI-1 evaluated the efficacy of vedoli
zumab in a treatment resistant group of 895 moderate 
to severe UC patients (approximately 40% of patients 
failed ≥ 1 anti-TNF therapy)[58]. In the induction phase 
of the trial, 17% of patients taking vedolizumab were in 
clinical remission as compared to 5% of patients taking 
placebo by week 6. Mucosal healing was also nearly 
twice as apparent in patients taking vedolizumab as 
compared to placebo (41% vs 25% respectively). At 52 
wk, clinical remission was maintained in approximately 
44% of patients taking vedolizumab as compared to 
16% of patients on placebo. No significant difference was 
identified between treatment groups receiving every 4 or 
8 wk dosing regimens. In contrast to GEMINI-Ⅱ for CD, 
there was no difference in infection rates in the treatment 
group as compared to placebo[44,58]. 

SMALL MOLECULES
JAK inhibitors 
Tofacitinib: Tofacitinib is a new oral medication which 
suppresses cytokine signalling in mucosal immune cells 
by inhibiting janus kinase’s 1 and 3 (JAK 1 and 3). The 
oral route of administration and ability to target multiple 
cytokine pathways makes JAK inhibitors an attractive 
therapeutic option.

Although the efficacy for tofacitinib has not been 
established in CD yet, it has been established in UC 
as demonstrated by the OCTAVE trials[59]. Of the 905 
patients with moderate to severe UC randomized to treat­
ment in the induction trials, approximately 18% achieved 
clinical remission as compared to 6% of patients in the 
placebo group at 8 wk. Onset to effect was rapid, with 
improvements in their partial mayo score demonstrated 
as early as 2 wk. Although over 50% of patients within 
the induction groups had prior exposure to anti-TNF 
therapy, the treatment effect was similar in comparison 
to patients whom were biologic naïve despite OCTAVE’s 
more stringent criteria for clinical remission as compared 
to the aforementioned trials (i.e., partial mayo rectal 
bleeding subscore of 0). The OCTAVE-Sustain extension 
trial, which included 593 patients who had a clinical re
sponse to induction therapy, also demonstrated good 
maintenance of remission after 52 wk in both 5 mg and 
10 mg twice daily treatment groups as compared to 
placebo (34% and 41% vs 11%, respectively). Mucosal 
healing and steroid-free remission was achieved and 

maintained in a similar proportion of patients. With re­
spect to adverse events, serious infections occurred 
more frequently in the induction but not maintenance 
trial. However, herpes zoster infection did occur more 
frequently in the tofacitinib 10mg maintenance group as 
compared to placebo[59]. Of note, tofacitinib received a 
recommendation for the treatment of UC by the GIDAC-
FDA in March 2018 a final decision is anticipated by June 
2018[60].

BIOSIMILARS
According to the FDA, a biosimilar is defined as a bio
logical product that is highly similar to the reference 
product notwithstanding minor differences in clinically 
inactive components which result in no clinically mea­
ningful differences in the purity, safety and efficacy of 
the product[61]. The use of biologic anti-inflammatory 
medications is increasing and the cost has become a 
significant economic burden on many national health­
care systems around the world[62]. In Canada, the 
growth of Canadian sales of biologic anti-inflammatory 
drugs has nearly doubled since 2010. The top-selling 
biologic, remicade (infliximab), has cost the Canadian 
Government $224 million in 2015 and $4.8 billion since 
it was approved 10 years ago. Based on a Market Intel­
ligence Report published by Health Canada, the use of a 
biosimilar such as Inflectra could have resulted in a $41.7 
million reduction in drug expenditures in 2015[62]. Several 
biosimilars to remicade (flixabi, inflectra, remsima) and 
adalimumab (cyltezo and imraldi) have already been 
approved for use in IBD.

Infliximab-dyyb (or CT-P13), was the first biosimilar 
for remicade (infliximab) to be approved and has the 
greatest amount of ‘real world’ observational data eval­
uating its efficacy and safety[63]. Infliximab-dyyb was 
first approved in South Korea and thereafter in Europe 
in 2013 following the results of two large randomized 
and double-blind clinical studies evaluating its safety 
and efficacy in rheumatoid arthritis as compared to 
remicade, PLANETRA and PLANETAS[64,65]. No significant 
differences were found with respect to safety, efficacy 
and immunogenicity thus it was approved for use in all 
labelled indications remicade was approved for. However, 
small retrospective studies in IBD have demonstrated 
mixed results[66-68]. A larger prospective nationwide multi­
center study performed in Hungary involving 126 CD and 
84 UC patients reported excellent induction rates[69]. At 
week 14, 81% of patients with Crohn’s disease and 78% 
of patients with ulcerative colitis had a clinical response 
(CDAI reduction > 70) and 54% and 59% respectively, 
were in clinical remission (CDAI < 150). Comparable 
results were also seen in another large observational 
cohort study including 313 CD and 234 UC patients[70]. 
Response rates at 8 wk were greater than 90% for all 
patient groups, including patients whom switched from 
remicade to infliximab-dyyb. At week 24, response 
rates were 73.7%, 62.2% and 78.9% for biologic naïve, 
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pre-exposed and switched respectively. The efficacy, 
immunogenicity and safety profiles in both studies were 
considered comparable to that of the originator drug 
infliximab.

To date, studies which have evaluated switching from 
originator to biosimilar have been largely positive[71,72]. 
The longest evaluation period occurred over 52 wk in 
the NOR-SWITCH study which was a randomised, non-
inferiority, double-blind, phase 4 trial involving 482 
patients across 40 Norwegian centres with various infla
mmatory diseases maintained in remission on infliximab 
for at least 6 mo. Of the 482 patients, 155 (32%) and 
93 (19%) were CD and UC respectively[73]. At study end, 
there was no difference in disease worsening, safety or 
immunogenicity amongst any of the groups. Although 
switching therapies in the setting of controlled disease 
would be a reasonable option and is supported by the 
evidence as well as the European Crohns and Colitis 
Organization; switching in the setting of failing the origi
nator drug would be ill-advised[71]. Ben-Horin et al[74] 
studied the cross reactivity of antibodies to remicade and 
infliximab-dyyb in 125 patients with IBD and healthy 
individuals as negative controls. They demonstrated that 
anti-remicade antibodies recognize and inhibit infliximab-
dyyb as well. These results suggested that there was 
similar immunogenicity and shared immunodominant 
epitopes. Although this supported the safety of biosimilars 
and the use of the same assay as the originator drug to 
detect antibodies, this study also supported not using the 
biosimilar in the setting of originator failure[71,74,75].

Evolution of treatment strategies of IBD and positioning 
currently approved biologics and small molecules in 
clinical practice
As the therapeutic armamentarium for IBD continues 
to expand, so follows the complexity associated with 
managing IBD patients in clinical practice. The needs 
for algorithms are required in order to assist health care 
practitioners determine the relative positioning of each 
agent and their use in combination with other therapies. 
Until the results of head to head biologic and small 

molecule trials become available, we can only speculate 
the positioning of therapeutic agents based on the 
current available literature as summarized in this section 
(Table 1). 

Positioning the ‘old’ biologics: Anti-TNFs first, alone or 
in combination?
As newer and more targeted therapies in IBD become 
available, questions related to maintaining anti-TNF 
agents as first line therapy arise. Based on decades of 
data, anti-TNFs currently provide the best long-term 
evidence of efficacy in CD and UC, with a known safety 
profile. They are effective for both induction and main
tenance therapy, decrease corticosteroid exposure and 
promote sustained mucosal healing[76,77]. The most im­
portant safety concern is the risk of serious infection. 
However, in younger patients without co-existing medical 
problems, this risk is fairly low[78].

Comparing efficacy of TNF inhibitors is difficult due 
to the lack of high-quality, head-to-head trials (Table 2). 
Network meta-analyses indirectly comparing anti-TNF 
agents have reported mixed results[45,79-81]. Based on ‘real 
world’ data, an analysis of retrospective and comparative 
effectiveness database studies revealed subtle diffe­
rences regarding hospitalisation and surgery rates as 
well as the steroid sparing effect between infliximab 
and adalimumab, favouring infliximab at currently re
commended doses. Of note, clinical trials of higher-dose 
adalimumab for both UC and CD are currently under­
way[82,83].

Deciding between which anti-TNF agent to use de
pends on the clinical circumstances, treatment history 
and patient preference. In the absence of head-to-head 
comparisons, there exists few specific scenarios in which 
the evidence supports the use of specific anti-TNF agents. 
In the setting of a hospitalized patient with severe 
UC, only infliximab has demonstrated its efficacy as a 
‘rescue’ therapy[84]. Patients with perianal disease can 
benefit from either infliximab or adalimumab, albeit the 
evidence is based on a post-hoc analysis for adalimumab 
and lacking for other anti-TNF agents[23,85]. Golimumab 

Medication Route of administration (Ⅳ, SC, PO) Approved dose

Infliximab Ⅳ Induction: 5-10 mg/kg (weeks 0, 2, and 6)
Maintenance: 5-10 mg/kg every 4-8 wk

Adalimumab SC Induction: 160 mg (week 0), 80 mg (week 2)
Maintenance: 40 mg every 7-14 d

Golimumab SC Induction: 200 mg (week 0), 100 mg (week 2)
Maintenance: 100 mg every 4 wk

Certolizumab SC Induction: 400 mg (weeks 0, 2, and 4)
Maintenance: 400 mg every 4 wk

Vedolizumab Ⅳ Induction: 300 mg (weeks 0, 2, and 6)
Maintenance: 300 mg every 4-8 wk

Ustekinumab Ⅳ

SC
Induction:

< 55 kg: 260 mg
55-85 kg: 390 mg
> 85 kg: 520 mg

Maintenance: 90 mg every 8 wk

Table 1  Currently approved biologic treatments for inflammatory bowel diseases[16,117,118]
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has demonstrated efficacy in UC as a second or third 
line anti-TNF agent in small cohorts of patients but not 
for CD. Similarly, certolizumab can be considered in the 
same context for CD but lacks evidence for UC. Ease of 
administration may influence one’s decision thus patients 
who would rather less frequent dosing may prefer the 
Ⅳ infusion infliximab as compared to the other anti-TNF 
agents which are delivered SC by the patient. 

The relatively high costs of anti-TNFs and the expi
ration of patents have triggered the development of 
biosimilar monoclonal antibodies. Multiple regulatory 
agencies have approved the use of biosimilars in IBD 
based on extrapolation of data on safety and efficacy. 
Since then, real-word data and randomised controlled 
trials on switching from originator to biosimilar infliximab 
has shown similar results in terms of efficacy and 
safety[72]. Following the introduction of vedoluzimab and 
ustekinumab, anti-TNF therapy may not be the first-line 
biologic agent in all IBD patients. However, the lower cost 
of biosimilars probably makes the use of anti-TNF agents 
still very attractive.

Optimizing the efficacy of the initial anti-TNF therapy 
prior to switching to another biologic, either in or out of 
class, is a critical principle when managing IBD patients. 
Studies have repeatedly demonstrated that patients fai­
ling their first biologic have poorer outcomes following 
initiation of their second or third biologic[50,58]. The ability 
to differentiate the cause for a loss of response to anti-
TNF therapy has been facilitated with therapeutic drug 
monitoring (TDM)[86]. Based on TDM results, an educated 
decision regarding dose optimization and switching 
in or out of class can now be determined[16,87]. How
ever, the frequency of TDM is still up for debate. Few 
retrospective studies have demonstrated benefit with 
proactive TDM[88,89]. The recent multicentre prospective 
RCT involving 167 patients with active CD, TAILORIX, 
demonstrated that there was no benefit in patients re
ceiving infliximab dose escalation based on TDM as com
pared to clinical scoring[89]. Although more patients in the 

clinical dose escalation group received dose escalation as 
compared to the TDM group, thus the benefit seen from 
the clinical group may be over-inflated. Similarly, the 
TAXIT study, which was a 1 year RCT involving 178 CD 
and 85 UC patients performed at a single tertiary referral 
center, did not find benefit in proactive vs reactive (i.e., 
symptom based) TDM[88]. However, the results from the 
TAXIT study should be interpreted with caution since 
dose optimisation occurred in both groups at study start. 
Prospective, multi-center studies are needed to further 
investigate the positioning of TDM. 

The decision to initiate combination therapy involves 
balancing the benefits of improved efficacy and lower 
immunogenicity of therapy against the heightened 
risks for infection and malignancy. The SONIC trial re
vealed the steroid-free remission rate in CD patients at 
week 26 was significantly greater in the combination 
azathioprine and infliximab group as compared to in­
fliximab or azathioprine alone (57% vs 44% vs 30%, 
respectively)[14]. The SUCCESS trial, which was a 16 
week RCT involving 239 patients with moderate to se­
vere UC, revealed similar results. Steroid-free remission 
was achieved in 40% of patients on dual therapy as com
pared to 22% and 24% on infliximab and azathioprine 
monotherapy, respectively[90]. Supporting this strategy 
was the open label prospective DIAMOND study which 
evaluated 176 Japanese patients with CD over 52 wk. 
This study demonstrated that the efficacy of using 
dual therapy was not limited to only infliximab but 
also to adalimumab. Mucosal healing was significantly 
better in the combination group as compared to the 
azathioprine monotherapy group at week 26 (84% vs 
64%, respectively)[91]. Although the difference in clinical 
remission was not significant, likely due to a small 
cohort and lower thiopurine dosing, a trend was main
tained in favor of combination therapy. The infection 
and serious complication risks were not greater on dual 
therapy as compared to monotherapy in either of the 
aforementioned studies. In contrast, the SONIC trial 

Mechanism of action UC CD 2Fistulization Ankylosing 
Spondylitis

Psoriasis 

Anti-TNF
1Infliximab[20,22,51,119] Chimeric monoclonal antibody x x x x x
Adalimumab[26,28,54,120,121] Fully human monoclonal antibody x x x x x
Certolizumab[31,122,123] Pegylated humanized monoclonal antibody Fab' fragment x +/- x x
Golimumab[57,122,124] Fully human monoclonal antibody x x x
Anti-integrin
4Natalizumab[39] Chimeric monoclonal antibody against α4 integrin x
3Vedolizumab[46,96] Chimeric monoclonal antibody against α4β7 integrin x x +/-
Ustekinumab[50,125,126] Fully human monoclonal antibody against P40 sub-unit of 

IL-12 and IL-23
x +/- x x

Table 2  Biologic agents which have demonstrated efficacy in inflammatory bowel diseases and rheumatology

1Infliximab is the only biologic which has been evaluated to be an effective ‘rescue’ agent. Evidence is lacking for the remaining biologics; 2Improvement 
in fistulizing disease was evaluated as a primary outcome only in infliximab. Efficacy was otherwise determined indirectly from secondary outcomes, 
subgroup analyses and small scale studies for the remaining biologics; 3Consider the use of vedolizumab as a first-line biologic agent in patients at high risk 
for infectious complications. Vedolizumab has a slower onset of action (approximately 6-8 wk) as compared to alternate biologics; 4Use of natalizumab is 
contraindicated if the patient is JC virus antibody positive due to the risk of progressive multifocal leukoencephalopathy. UD: Ulcerative colitis; CD: Crohn’s 
disease.
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demonstrated the lowest risk for infection to be present 
in the dual therapy group (3.9%) as compared to the 
infliximab or azathioprine monotherapy groups (4.9% 
and 5.6%, respectively). This suggests that poorly 
controlled disease is a stronger risk factor for infection 
instead of intensified immunosuppression. Ultimately, 
the risk for hepatosplenic T-cell lymphoma (especially 
in young/adolescent males after 2 years of therapy), 
myelosuppression and opportunistic infections must be 
weighted individually[92,93]. Consideration can be made to 
initiating therapy with both combined thiopurine and anti-
TNF therapy than stopping thiopurine therapy after 6 mo 
in the setting of clinical and biochemical remission and a 
therapeutic drug level, which has been supported in the 
literature[94,95].

Positioning ‘new’ agents: First or second-line? 
Vedolizumab has emerged as a first-line agent for induc
tion of remission for moderately active UC patients 
failing conventional therapy[58]. In CD, clinicians should 
be aware of the potentially slower onset of action of 
vedolizumab. Concomitant use of corticosteroids may be 
necessary during the induction period. For these reasons, 
anti-TNFs or ustekinumab may be more favourable first 
line choices in CD patients with severe disease activity 
at present. There is also no considerable data from RCTs 
on the efficacy of vedolizumab in fistulizing CD and 
acute severe UC. Ongoing phase Ⅳ trial will determine 
its effectiveness[96]. Vedolizumab is currently being posi­
tioned in some jurisdictions as a second-line biologic 
agent following anti-TNFs, although the ongoing LOVE 
studies are evaluating the use of vedolizumab in early 
vs. late UC and CD[97,98]. Given their effectiveness in the 
medium to long term and the favourable safety profile, 
it is expected that gut-selective anti-integrin agents will 
increasingly be used as maintenance therapy or even as 
part of a combination biological therapy. A clinical trial 
evaluating the efficacy of adalimumab, methotrexate and 
vedolizumab triple combination therapy is ongoing[99].

Ustekinumab is the most recently approved biologic 
agent for CD[50]. Presently, there is no data available 
describing its efficacy in UC or fistulising CD. An indirect 
comparison amongst the anti-TNF and UNITI trials sug
gests ustekinumab may be safer and have a lower rate of 
immunogenicity which may make it the preferred biologic 
for some CD patients[77]. More comprehensive data on 
efficacy in certain patient subgroups and mucosal healing 
is needed.

Finally, tofacitinib is a small molecule awaiting final 
approval for the treatment of UC[59,60]. Their oral route 
of administration makes them particularly attractive. 
Their safety profile has been suggested to be similar to 
that of thiopurines. Due to their mechanism of action, 
they are not limited by immunogenicity and subsequent 
loss of response. Their positioning and use as mono- or 
combination therapy has yet to be elucidated. 

The evolution of treatment strategies and objective 
monitoring: Early aggressive or tailored therapy?
The introduction of highly effective therapies early in 

the disease course alongside objective patient moni­
toring can modify the disease trajectory and reduce 
morbidity. However, it is also important to recognize 
that approximately 20% of patients with IBD may have 
an indolent disease course, and available population-
based data suggests that approximately half of patients 
with CD can be symptomatically controlled 10 years 
after diagnosis[100,101]. Risk stratification can guide early 
introduction of highly effective therapy in patients with 
a poor prognosis and prevent overtreatment in low-
risk patients. Unfortunately, current patient stratification 
relies on clinical factors. Most of these are indicators 
rather than predictors of a complicated disease course 
(e.g., presence of perianal disease, age < 40 years old at 
diagnosis and need for steroids during the first flare)[102]. 
Molecular makers for predicting an aggressive phenotype 
have yet to be identified but studies are ongoing[103,104]. 

In the absence of objective predictors for disease 
severity, studies have attempted to better elucidate 
the risks and benefits of aggressive therapy. The TOP-
DOWN trial was the first to assess and compare dif
ferent treatment algorithms in IBD[105]. Treatment-naïve 
early CD patients were randomly assigned to receive 
early aggressive therapy (‘top-down’) with an immu­
nosuppressant and anti-TNF agent or less aggressive 
(‘step-up’) therapy with steroids and a possible transition 
to immunosuppressant and biologics if necessary. The 
authors found that the ‘top-down’ strategy was more 
effective than the conventional ‘step-up’ strategy for 
achieving corticosteroid-free remission at week 52 
(61.5% vs 42.2%, P = 0.027). Similar conclusions were 
demonstrated in both the SONIC and UC-SUCCESS trials 
whereby the efficacy of therapy was improved despite 
comparable adverse events between groups. 

The strengths of objective patient monitoring are 
becoming more evident as study designs continue to 
improve and include more objective markers of disease 
severity and response to therapy. An example is the 
cluster randomisation trial, REACT[106]. In this trial, 1982 
patients with CD were randomized to receive either 
algorithm-based treatment optimization vs. conventional 
management (therapeutic decisions based on community 
physician assessment). The composite endpoint of hospi­
talization, surgery and serious disease related compli
cations was lower in patients treated with the algorithm-
based strategy at 24 mo (27.7% and 35.1%, hazard 
ratio: 0.73, 95%CI: 0.62 to 0.86, P < 0.001), despite 
no differences in serious drug-related adverse events 
as compared to the conventional treatment group. In 
UC, evidence is less straightforward on whether ‘top-
down’ therapy alters the long-term disease outcomes. 
Although several studies have shown that the severity 
and extent of UC at diagnosis may have a major impact 
on the subsequent course of the disease with elevated 
risks of recurrent hospitalization, colectomy, cancer and 
mortality[101,107,108]. In a population-based inception cohort 
from Norway, the extent of disease, need for systemic 
steroids and high CRP at diagnosis were independently 
associated with colectomy[109]. Consequently, patients pre
senting with extensive colitis and signs of severe disease 
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at diagnosis could benefit from top-down therapy.
‘Treat to target’, a strategy that uses objective clinical 

and biochemical outcome measures to assist clinicians 
in making decisions related to modifying therapy, has 
been gaining popularity since the REACT study demon
strated that disease activity correlates relatively poorly 
with objective measures of inflammation, and clinical 
remission in the absence of mucosal healing may not 
necessarily decrease the risk of future complications 
in CD[106]. The CALM study supported this logic as well 
and demonstrated that early and stringent control of 
disease using objective markers of inflammation (e.g., 
CRP and fecal calprotectin) was efficacious and safe 
in their sample population of 244 patients with CD[18]. 
Their primary end-point, mucosal healing at 48 wk, was 
achieved in 46% vs 30% of the patients in the ‘tight 
control’ group as compared to the ‘clinical management’ 
group. Deep, biological and steroid-free remissions 
were greater in the ‘tight control’ group as well, whilst 
the adverse events not significantly different between 
groups. The recent systematic review and expert opinion 
of 28 IBD specialists on ‘Selecting Therapeutic Targets in 
Inflammatory Bowel Disease’ (STRIDE) also suggested 
the importance of using objective markers and recom­
mends that therapeutic targets for CD and UC should 
move away from composite disease activity indices 
to separate patient-reported outcomes and objective 
measurements of inflammation (Table 3)[19]. However, 
the open-label multicentre RCT ‘CALM’ suggested that 
biomarkers such as fecal calprotectin be considered as ad­
ditional targets to therapy in their cohort of 244 patients 
with active CD. Besides acting as a treatment target, 
biomarkers can facilitate the monitoring of a patient. For 
example, elevated c-reactive protein or fecal calprotectin 
should prompt further endoscopic and/or radiologic eval
uation irrespective of clinical scores. Although intensified 
regimens are efficacious, they are also more likely to 

encounter difficulties with patient compliance. Additional 
guidance regarding the use of endoscopic findings as 
treatment targets will come following the completion of 
the REACT-Ⅱ prospective trial.

FUTURE PERSPECTIVES
Data obtained from head to head biologic and small 
molecule trials will eventually be applied to clinical prac­
tice in order to better individualize and optimize therapy. 
The determination of which therapies can be combined 
best will be further elucidated as well. For instance, 
combining anti-TNF therapy with vedolizumab is being 
evaluated in studies for patients with refractory disease 
because it combines a rapidly acting systemic agent with 
a slower acting gut-specific therapy. The development 
of oral medications with specific targets (e.g., filgotinib) 
will open the door to a large range of potential thera­
peutic combinations which will enable therapy to be 
individualized further[110]. Specific therapies such as anti-
fibrotics, SMAD7 inhibitors, sphingosine 1-phosphate 
receptor modulators and phosphodiesterase inhibitors are 
quickly making their way through trial phases and can be 
expected to hold a place in the IBD armamentarium in 
the near future[111-113]. As in Oncology, omics will enable 
us to determine which patients are at greatest risk for a 
complicated disease course thus provide a rationale for 
initiating intensified immunotherapy at diagnosis and 
individualize therapy best[114]. Molecular imaging and pre-
treatment genetic and biomarker analysis may be able to 
predict response to a proposed therapy in the future and 
are currently being investigated[103,104,115,116].

CONCLUSION
As the quality of trial designs improved over the decades, 
so followed our understanding of IBD. This has enabled 

Crohn’s disease Ulcerative colitis

The consensus target is a combination of:
Clinical/1PRO remission defined as resolution of abdominal pain and 
diarrhea or altered bowel habits which should be assessed every 3 mo until 
resolution then 6-12 mo thereafter.
and 
Endoscopic remission2 defined as resolution of ulceration at ileocolonoscopy 
which should be assessed at 6-9 mo intervals during the active phase

Clinical/1PRO remission defined as resolution of rectal bleeding and 
diarrhea or altered bowel habits which should be assessed every 3 mo until 

resolution then 6-12 mo thereafter.
and 

Endoscopic remission2 defined as resolution of friability and ulceration at 
flexible sigmoidoscopy or colonoscopy3 which should be assessed at 3 mo 

intervals during the active phase
Adjunctive measures of disease activity that may be useful in the management of selected patients but are not a treatment target include:
•Faecal calprotectin •CRP

•Faecal calprotectin
•Histology

Measures of disease activity that are not a target:
•Histology
•Cross-sectional imaging

•Cross-sectional imaging

Table 3  Recommendations for treating to target in Crohn’s disease by the International Organization for the Study of Inflammatory 
Bowel Diseases[19]

1Patient reported outcomes; 2When endoscopy cannot adequately evaluate inflammation, resolution of inflammation as assessed by cross-sectional imaging 
can be substituted; 3While Mayo subscore of 0 may be defined as the target, there is currently insufficient evidence to recommend it in all patients; only 
Mayo subscore of 0-1 can be systematically recommended in practice.
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us to tailor therapy and develop effective treatment 
algorithms using clinical symptomps/PROS, biomarkers 
and endoscopic indices to help guide therapy. Anti-TNF 
therapy remains an important component of IBD therapy 
with the most real-life evidence and should be considered 
as first-line therapy in patients with complicated CD 
and in acute-severe UC. Novel mono- and combination 
therapies have only begun to be approved and offer 
the ability to tailor therapy further. However, clinicians 
will be faced with important challenges in defining the 
optimal use of these new therapies and their relative 
position in treatment algorithms. The next generation of 
clinical trials will need to ascertain the answers to these 
questions.

REFERENCES
1	 Wilks S. Morbid appearances in the intestines of Miss Bankes. Lond 

Med Gaz 1859; 2: 264-265
2	 Jones JH, Lennard-Jones JE. Corticosteroids and corticotrophin 

in the treatment of Crohn’s disease. Gut 1966; 7: 181-187 [PMID: 
4286707 DOI: 10.1136/gut.7.2.181]

3	 De Dombal FT. Ulcerative colitis: definition, historical background, 
aetiology, diagnosis, naturel history and local complications. 
Postgrad Med J 1968; 44: 684-692 [PMID: 5705372 DOI: 10.1136/
pgmj.44.515.684]

4	 Baron JH ,  Connell  AM, Lennard-Jones JE, Jones FA. 
Sulphasalazine and salicylazosulphadimidine in ulcerative colitis. 
Lancet 1962; 1: 1094-1096 [PMID: 13865153 DOI: 10.1016/
S0140-6736(62)92080-9]

5	 Azad Khan AK, Piris J, Truelove SC. An experiment to determine 
the active therapeutic moiety of sulphasalazine. Lancet 1977; 2: 
892-895 [PMID: 72239 DOI: 10.1016/S0140-6736(77)90831-5]

6	 Feagan BG, Macdonald JK. Oral 5-aminosalicylic acid for induction 
of remission in ulcerative colitis. Cochrane Database Syst Rev 
2012; 10: CD000543 [PMID: 23076889 DOI: 10.1002/14651858.
CD000543.pub3]

7	 Wang Y ,  Parker CE, Feagan BG, MacDonald JK. Oral 
5-aminosalicylic acid for maintenance of remission in ulcerative 
colitis. Cochrane Database Syst Rev 2016; CD000544 [PMID: 
27158764 DOI: 10.1002/14651858.CD000544.pub4]

8	 Marshall JK, Thabane M, Steinhart AH, Newman JR, Anand A, 
Irvine EJ. Rectal 5-aminosalicylic acid for induction of remission 
in ulcerative colitis. Cochrane Database Syst Rev 2010; CD004115 
[PMID: 20091560 DOI: 10.1002/14651858.CD004115.pub2]

9	 Ford AC, Kane SV, Khan KJ, Achkar JP, Talley NJ, Marshall JK, 
Moayyedi P. Efficacy of 5-aminosalicylates in Crohn’s disease: 
systematic review and meta-analysis. Am J Gastroenterol 2011; 106: 
617-629 [PMID: 21407190 DOI: 10.1038/ajg.2011.71]

10	 Lichtiger S, Present DH, Kornbluth A, Gelernt I, Bauer J, Galler G, 
Michelassi F, Hanauer S. Cyclosporine in severe ulcerative colitis 
refractory to steroid therapy. N Engl J Med 1994; 330: 1841-1845 
[PMID: 8196726 DOI: 10.1056/NEJM199406303302601]

11	 Brynskov J, Freund L, Rasmussen SN, Lauritsen K, de Muckadell 
OS, Williams N, MacDonald AS, Tanton R, Molina F, Campanini 
MC. A placebo-controlled, double-blind, randomized trial of 
cyclosporine therapy in active chronic Crohn’s disease. N Engl 
J Med 1989; 321: 845-850 [PMID: 2671739 DOI: 10.1056/
NEJM198909283211301]

12	 Axelrad JE, Roy A, Lawlor G, Korelitz B, Lichtiger S. Thiopurines 
and inflammatory bowel disease: Current evidence and a historical 
perspective. World J Gastroenterol 2016; 22: 10103-10117 [PMID: 
28028358 DOI: 10.3748/wjg.v22.i46.10103]

13	 Lémann M, Mary JY, Duclos B, Veyrac M, Dupas JL, Delchier 
JC, Laharie D, Moreau J, Cadiot G, Picon L, Bourreille A, Sobahni 
I, Colombel JF; Groupe d’Etude Therapeutique des Affections 
Inflammatoires du Tube Digestif (GETAID). Infliximab plus 

azathioprine for steroid-dependent Crohn’s disease patients: a 
randomized placebo-controlled trial. Gastroenterology 2006; 130: 
1054-1061 [PMID: 16618399 DOI: 10.1053/j.gastro.2006.02.014]

14	 Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Kornbluth 
A, Rachmilewitz D, Lichtiger S, D’Haens G, Diamond RH, 
Broussard DL, Tang KL, van der Woude CJ, Rutgeerts P; SONIC 
Study Group. Infliximab, azathioprine, or combination therapy 
for Crohn’s disease. N Engl J Med 2010; 362: 1383-1395 [PMID: 
20393175 DOI: 10.1056/NEJMoa0904492]

15	 Rutgeerts P, Löfberg R, Malchow H, Lamers C, Olaison G, Jewell 
D, Danielsson A, Goebell H, Thomsen OO, Lorenz-Meyer H. A 
comparison of budesonide with prednisolone for active Crohn’s 
disease. N Engl J Med 1994; 331: 842-845 [PMID: 8078530 DOI: 
10.1056/NEJM199409293311304]

16	 Gomollón F, Dignass A, Annese V, Tilg H, Van Assche G, Lindsay 
JO, Peyrin-Biroulet L, Cullen GJ, Daperno M, Kucharzik T, Rieder 
F, Almer S, Armuzzi A, Harbord M, Langhorst J, Sans M, Chowers 
Y, Fiorino G, Juillerat P, Mantzaris GJ, Rizzello F, Vavricka S, 
Gionchetti P; ECCO. 3rd European Evidence-based Consensus on 
the Diagnosis and Management of Crohn’s Disease 2016: Part 1: 
Diagnosis and Medical Management. J Crohns Colitis 2017; 11: 3-25 
[PMID: 27660341 DOI: 10.1093/ecco-jcc/jjw168]

17	 Abdalla MI, Herfarth H. Budesonide for the treatment of ulcerative 
colitis. Expert Opin Pharmacother 2016; 17: 1549-1559 [PMID: 
27157244 DOI: 10.1080/14656566.2016.1183648]

18	 Colombel JF, Panaccione R, Bossuyt P, Lukas M, Baert F, Vaňásek 
T, Danalioglu A, Novacek G, Armuzzi A, Hébuterne X, Travis S, 
Danese S, Reinisch W, Sandborn WJ, Rutgeerts P, Hommes D, 
Schreiber S, Neimark E, Huang B, Zhou Q, Mendez P, Petersson J, 
Wallace K, Robinson AM, Thakkar RB, D’Haens G. Effect of tight 
control management on Crohn’s disease (CALM): a multicentre, 
randomised, controlled phase 3 trial. Lancet 2018; 390: 2779-2789 
[PMID: 29096949 DOI: 10.1016/S0140-6736(17)32641-7]

19	 Peyrin-Biroulet L, Sandborn W, Sands BE, Reinisch W, Bemelman 
W, Bryant RV, D’Haens G, Dotan I, Dubinsky M, Feagan B, Fiorino 
G, Gearry R, Krishnareddy S, Lakatos PL, Loftus EV Jr, Marteau 
P, Munkholm P, Murdoch TB, Ordás I, Panaccione R, Riddell RH, 
Ruel J, Rubin DT, Samaan M, Siegel CA, Silverberg MS, Stoker J, 
Schreiber S, Travis S, Van Assche G, Danese S, Panes J, Bouguen 
G, O’Donnell S, Pariente B, Winer S, Hanauer S, Colombel JF. 
Selecting Therapeutic Targets in Inflammatory Bowel Disease 
(STRIDE): Determining Therapeutic Goals for Treat-to-Target. Am 
J Gastroenterol 2015; 110: 1324-1338 [PMID: 26303131 DOI: 
10.1038/ajg.2015.233]

20	 Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber S, 
Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W, Rutgeerts P; 
ACCENT I Study Group. Maintenance infliximab for Crohn’s disease: 
the ACCENT I randomised trial. Lancet 2002; 359: 1541-1549 [PMID: 
12047962 DOI: 10.1016/S0140-6736(02)08512-4]

21	 Rutgeerts P, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber S, 
Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W, Hanauer 
SB. Comparison of scheduled and episodic treatment strategies of 
infliximab in Crohn’s disease. Gastroenterology 2004; 126: 402-413 
[PMID: 14762776 DOI: 10.1053/j.gastro.2003.11.014]

22	 Sands BE, Anderson FH, Bernstein CN, Chey WY, Feagan BG, 
Fedorak RN, Kamm MA, Korzenik JR, Lashner BA, Onken JE, 
Rachmilewitz D, Rutgeerts P, Wild G, Wolf DC, Marsters PA, 
Travers SB, Blank MA, van Deventer SJ. Infliximab maintenance 
therapy for fistulizing Crohn’s disease. N Engl J Med 2004; 350: 
876-885 [PMID: 14985485 DOI: 10.1056/NEJMoa030815]

23	 Lichtenstein GR, Yan S, Bala M, Blank M, Sands BE. Infliximab 
maintenance treatment reduces hospitalizations, surgeries, and 
procedures in fistulizing Crohn’s disease. Gastroenterology 2005; 
128: 862-869 [PMID: 15825070 DOI: 10.1053/j.gastro.2005.01.048]

24	 Rutgeerts P, Diamond RH, Bala M, Olson A, Lichtenstein GR, Bao 
W, Patel K, Wolf DC, Safdi M, Colombel JF, Lashner B, Hanauer 
SB. Scheduled maintenance treatment with infliximab is superior to 
episodic treatment for the healing of mucosal ulceration associated 
with Crohn’s disease. Gastrointest Endosc 2006; 63: 433-42; quiz 
464 [PMID: 16500392 DOI: 10.1016/j.gie.2005.08.011]

Reinglas J et al . Biologicals and small molecules in IBD



3578 August 28, 2018|Volume 24|Issue 32|WJG|www.wjgnet.com

25	 Cassinotti A, Ardizzone S, Porro GB. Adalimumab for the treatment 
of Crohn’s disease. Biologics 2008; 2: 763-777 [PMID: 19707457]

26	 Hanauer SB, Sandborn WJ, Rutgeerts P, Fedorak RN, Lukas M, 
MacIntosh D, Panaccione R, Wolf D, Pollack P. Human anti-tumor 
necrosis factor monoclonal antibody (adalimumab) in Crohn’s 
disease: the CLASSIC-I trial. Gastroenterology 2006; 130: 323-333; 
quiz 591 [PMID: 16472588 DOI: 10.1053/j.gastro.2005.11.030]

27	 Sandborn WJ, Rutgeerts P, Enns R, Hanauer SB, Colombel JF, 
Panaccione R, D’Haens G, Li J, Rosenfeld MR, Kent JD, Pollack 
PF. Adalimumab induction therapy for Crohn disease previously 
treated with infliximab: a randomized trial. Ann Intern Med 2007; 
146: 829-838 [PMID: 17470824 DOI: 10.7326/0003-4819-146-12-2
00706190-00159]

28	 Sandborn WJ, Hanauer SB, Rutgeerts P, Fedorak RN, Lukas M, 
MacIntosh DG, Panaccione R, Wolf D, Kent JD, Bittle B, Li J, 
Pollack PF. Adalimumab for maintenance treatment of Crohn’s 
disease: results of the CLASSIC Ⅱ trial. Gut 2007; 56: 1232-1239 
[PMID: 17299059 DOI: 10.1136/gut.2006.106781]

29	 Colombel JF, Sandborn WJ, Rutgeerts P, Enns R, Hanauer 
SB, Panaccione R, Schreiber S, Byczkowski D, Li J, Kent JD, 
Pollack PF. Adalimumab for maintenance of clinical response 
and remission in patients with Crohn’s disease: the CHARM 
trial. Gastroenterology 2007; 132: 52-65 [PMID: 17241859 DOI: 
10.1053/j.gastro.2006.11.041]

30	 Rutgeerts P, Van Assche G, Sandborn WJ, Wolf DC, Geboes K, 
Colombel JF, Reinisch W; EXTEND Investigators, Kumar A, Lazar 
A, Camez A, Lomax KG, Pollack PF, D’Haens G. Adalimumab 
induces and maintains mucosal healing in patients with Crohn’s 
disease: data from the EXTEND trial. Gastroenterology 2012; 142: 
1102-1111.e2 [PMID: 22326435 DOI: 10.1053/j.gastro.2012.01.035]

31	 Sandborn WJ, Feagan BG, Stoinov S, Honiball PJ, Rutgeerts 
P, Mason D, Bloomfield R, Schreiber S; PRECISE 1 Study 
Investigators. Certolizumab pegol for the treatment of Crohn’s 
disease. N Engl J Med 2007; 357: 228-238 [PMID: 17634458 DOI: 
10.1056/NEJMoa067594]

32	 Nesbitt A, Fossati G, Bergin M, Stephens P, Stephens S, Foulkes 
R, Brown D, Robinson M, Bourne T. Mechanism of action of 
certolizumab pegol (CDP870): in vitro comparison with other anti-
tumor necrosis factor alpha agents. Inflamm Bowel Dis 2007; 13: 
1323-1332 [PMID: 17636564 DOI: 10.1002/ibd.20225]

33	 Schreiber S, Rutgeerts P, Fedorak RN, Khaliq-Kareemi M, Kamm 
MA, Boivin M, Bernstein CN, Staun M, Thomsen OØ, Innes A; 
CDP870 Crohn’s Disease Study Group. A randomized, placebo-
controlled trial of certolizumab pegol (CDP870) for treatment of 
Crohn’s disease. Gastroenterology 2005; 129: 807-818 [PMID: 
16143120 DOI: 10.1053/j.gastro.2005.06.064]

34	 Schreiber S, Khaliq-Kareemi M, Lawrance IC, Thomsen OØ, 
Hanauer SB, McColm J, Bloomfield R, Sandborn WJ; PRECISE 2 
Study Investigators. Maintenance therapy with certolizumab pegol 
for Crohn’s disease. N Engl J Med 2007; 357: 239-250 [PMID: 
17634459 DOI: 10.1056/NEJMoa062897]

35	 Lichtenstein GR, Thomsen OØ, Schreiber S, Lawrance IC, 
Hanauer SB, Bloomfield R, Sandborn WJ; Precise 3 Study 
Investigators. Continuous therapy with certolizumab pegol maintains 
remission of patients with Crohn’s disease for up to 18 months. Clin 
Gastroenterol Hepatol 2010; 8: 600-609 [PMID: 20117244 DOI: 
10.1016/j.cgh.2010.01.014]

36	 Hébuterne X, Lémann M, Bouhnik Y, Dewit O, Dupas JL, Mross M, 
D’Haens G, Mitchev K, Ernault É, Vermeire S, Brixi-Benmansour 
H, Moreels TG, Mary JY, Marteau P, Colombel JF. Endoscopic 
improvement of mucosal lesions in patients with moderate to severe 
ileocolonic Crohn’s disease following treatment with certolizumab 
pegol. Gut 2013; 62: 201-208 [PMID: 22525883 DOI: 10.1136/
gutjnl-2012-302262]

37	 Ford AC, Sandborn WJ, Khan KJ, Hanauer SB, Talley NJ, 
Moayyedi P. Efficacy of biological therapies in inflammatory bowel 
disease: systematic review and meta-analysis. Am J Gastroenterol 
2011; 106: 644-659, quiz 660 [PMID: 21407183 DOI: 10.1038/
ajg.2011.73]

38	 Sandborn WJ, Colombel JF, Enns R, Feagan BG, Hanauer SB, 

Lawrance IC, Panaccione R, Sanders M, Schreiber S, Targan S, 
van Deventer S, Goldblum R, Despain D, Hogge GS, Rutgeerts P; 
International Efficacy of Natalizumab as Active Crohn’s Therapy 
(ENACT-1) Trial Group; Evaluation of Natalizumab as Continuous 
Therapy (ENACT-2) Trial Group. Natalizumab induction and 
maintenance therapy for Crohn’s disease. N Engl J Med 2005; 353: 
1912-1925 [PMID: 16267322 DOI: 10.1056/NEJMoa043335]

39	 Targan SR, Feagan BG, Fedorak RN, Lashner BA, Panaccione 
R, Present DH, Spehlmann ME, Rutgeerts PJ, Tulassay Z, 
Volfova M, Wolf DC, Hernandez C, Bornstein J, Sandborn WJ; 
International Efficacy of Natalizumab in Crohn’s Disease Response 
and Remission (ENCORE) Trial Group. Natalizumab for the 
treatment of active Crohn’s disease: results of the ENCORE Trial. 
Gastroenterology 2007; 132: 1672-1683 [PMID: 17484865 DOI: 
10.1053/j.gastro.2007.03.024]

40	 Van Assche G, Van Ranst M, Sciot R, Dubois B, Vermeire S, Noman 
M, Verbeeck J, Geboes K, Robberecht W, Rutgeerts P. Progressive 
multifocal leukoencephalopathy after natalizumab therapy for Crohn’
s disease. N Engl J Med 2005; 353: 362-368 [PMID: 15947080 DOI: 
10.1056/NEJMoa051586]

41	 Kleinschmidt-DeMasters BK, Tyler KL. Progressive multifocal 
leukoencephalopathy complicating treatment with natalizumab and 
interferon beta-1a for multiple sclerosis. N Engl J Med 2005; 353: 
369-374 [PMID: 15947079 DOI: 10.1056/NEJMoa051782]

42	 Langer-Gould A, Atlas SW, Green AJ, Bollen AW, Pelletier D. 
Progressive multifocal leukoencephalopathy in a patient treated with 
natalizumab. N Engl J Med 2005; 353: 375-381 [PMID: 15947078 
DOI: 10.1056/NEJMoa051847]

43	 Soler D, Chapman T, Yang LL, Wyant T, Egan R, Fedyk ER. The 
binding specificity and selective antagonism of vedolizumab, an 
anti-alpha4beta7 integrin therapeutic antibody in development for 
inflammatory bowel diseases. J Pharmacol Exp Ther 2009; 330: 
864-875 [PMID: 19509315 DOI: 10.1124/jpet.109.153973]

44	 Sandborn WJ, Feagan BG, Rutgeerts P, Hanauer S, Colombel JF, 
Sands BE, Lukas M, Fedorak RN, Lee S, Bressler B, Fox I, Rosario 
M, Sankoh S, Xu J, Stephens K, Milch C, Parikh A; GEMINI 2 
Study Group. Vedolizumab as induction and maintenance therapy 
for Crohn’s disease. N Engl J Med 2013; 369: 711-721 [PMID: 
23964933 DOI: 10.1056/NEJMoa1215739]

45	 Singh S, Garg SK, Pardi DS, Wang Z, Murad MH, Loftus EV Jr. 
Comparative efficacy of biologic therapy in biologic-naïve patients 
with Crohn disease: a systematic review and network meta-analysis. 
Mayo Clin Proc 2014; 89: 1621-1635 [PMID: 25441399 DOI: 
10.1016/j.mayocp.2014.08.019]

46	 Colombel JF, Sands BE, Rutgeerts P, Sandborn W, Danese S, D’
Haens G, Panaccione R, Loftus EV Jr, Sankoh S, Fox I, Parikh A, 
Milch C, Abhyankar B, Feagan BG. The safety of vedolizumab for 
ulcerative colitis and Crohn’s disease. Gut 2017; 66: 839-851 [PMID: 
26893500 DOI: 10.1136/gutjnl-2015-311079]

47	 Fuss IJ, Becker C, Yang Z, Groden C, Hornung RL, Heller F, 
Neurath MF, Strober W, Mannon PJ. Both IL-12p70 and IL-23 are 
synthesized during active Crohn’s disease and are down-regulated 
by treatment with anti-IL-12 p40 monoclonal antibody. Inflamm 
Bowel Dis 2006; 12: 9-15 [PMID: 16374252 DOI: 10.1097/01.
MIB.0000194183.92671.b6]

48	 Monteleone G, Biancone L, Marasco R, Morrone G, Marasco O, 
Luzza F, Pallone F. Interleukin 12 is expressed and actively released 
by Crohn’s disease intestinal lamina propria mononuclear cells. 
Gastroenterology 1997; 112: 1169-1178 [PMID: 9098000 DOI: 
10.1016/S0016-5085(97)70128-8]

49	 Benson JM, Peritt D, Scallon BJ, Heavner GA, Shealy DJ, Giles-
Komar JM, Mascelli MA. Discovery and mechanism of ustekinumab: 
a human monoclonal antibody targeting interleukin-12 and 
interleukin-23 for treatment of immune-mediated disorders. MAbs 
2011; 3: 535-545 [PMID: 22123062 DOI: 10.4161/mabs.3.6.17815]

50	 Feagan BG, Sandborn WJ, Gasink C, Jacobstein D, Lang Y, 
Friedman JR, Blank MA, Johanns J, Gao LL, Miao Y, Adedokun OJ, 
Sands BE, Hanauer SB, Vermeire S, Targan S, Ghosh S, de Villiers 
WJ, Colombel JF, Tulassay Z, Seidler U, Salzberg BA, Desreumaux 
P, Lee SD, Loftus EV Jr, Dieleman LA, Katz S, Rutgeerts P; 

Reinglas J et al . Biologicals and small molecules in IBD



3579 August 28, 2018|Volume 24|Issue 32|WJG|www.wjgnet.com

UNITI-IM-UNITI Study Group. Ustekinumab as Induction and 
Maintenance Therapy for Crohn’s Disease. N Engl J Med 2016; 375: 
1946-1960 [PMID: 27959607 DOI: 10.1056/NEJMoa1602773]

51	 Rutgeerts P, Sandborn WJ, Feagan BG, Reinisch W, Olson A, 
Johanns J, Travers S, Rachmilewitz D, Hanauer SB, Lichtenstein 
GR, de Villiers WJ, Present D, Sands BE, Colombel JF. Infliximab 
for induction and maintenance therapy for ulcerative colitis. N Engl 
J Med 2005; 353: 2462-2476 [PMID: 16339095 DOI: 10.1056/
NEJMoa050516]

52	 Laharie D, Bourreille A, Branche J, Allez M, Bouhnik Y, Filippi 
J, Zerbib F, Savoye G, Nachury M, Moreau J, Delchier JC, 
Cosnes J, Ricart E, Dewit O, Lopez-Sanroman A, Dupas JL, 
Carbonnel F, Bommelaer G, Coffin B, Roblin X, Van Assche G, 
Esteve M, Färkkilä M, Gisbert JP, Marteau P, Nahon S, de Vos M, 
Franchimont D, Mary JY, Colombel JF, Lémann M; Groupe d’
Etudes Thérapeutiques des Affections Inflammatoires Digestives. 
Ciclosporin versus infliximab in patients with severe ulcerative 
colitis refractory to intravenous steroids: a parallel, open-label 
randomised controlled trial. Lancet 2012; 380: 1909-1915 [PMID: 
23063316 DOI: 10.1016/S0140-6736(12)61084-8]

53	 Sandborn WJ, van Assche G, Reinisch W, Colombel JF, D’Haens G, 
Wolf DC, Kron M, Tighe MB, Lazar A, Thakkar RB. Adalimumab 
induces and maintains clinical remission in patients with moderate-
to-severe ulcerative colitis. Gastroenterology 2012; 142: 257-65.e1-3 
[PMID: 22062358 DOI: 10.1053/j.gastro.2011.10.032]

54	 Colombel JF, Sandborn WJ, Ghosh S, Wolf DC, Panaccione R, 
Feagan B, Reinisch W, Robinson AM, Lazar A, Kron M, Huang 
B, Skup M, Thakkar RB. Four-year maintenance treatment with 
adalimumab in patients with moderately to severely active ulcerative 
colitis: Data from ULTRA 1, 2, and 3. Am J Gastroenterol 2014; 
109: 1771-1780 [PMID: 25155227 DOI: 10.1038/ajg.2014.242]

55	 Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R, Johanns 
J, Adedokun OJ, Guzzo C, Colombel JF, Reinisch W, Gibson PR, 
Collins J, Järnerot G, Hibi T, Rutgeerts P; PURSUIT-SC Study 
Group. Subcutaneous golimumab induces clinical response and 
remission in patients with moderate-to-severe ulcerative colitis. 
Gastroenterology 2014; 146: 85-95; quiz e14-15 [PMID: 23735746 
DOI: 10.1053/j.gastro.2013.05.048]

56	 Sandborn WJ, Feagan BG, Marano C, Zhang H, Strauss R, Johanns 
J, Adedokun OJ, Guzzo C, Colombel JF, Reinisch W, Gibson PR, 
Collins J, Järnerot G, Rutgeerts P; PURSUIT-Maintenance Study 
Group. Subcutaneous golimumab maintains clinical response in 
patients with moderate-to-severe ulcerative colitis. Gastroenterology 
2014; 146: 96-109.e1 [PMID: 23770005 DOI: 10.1053/
j.gastro.2013.06.010]

57	 Taxonera C, Rodríguez C, Bertoletti F, Menchén L, Arribas J, 
Sierra M, Arias L, Martínez-Montiel P, Juan A, Iglesias E, Algaba 
A, Manceñido N, Rivero M, Barreiro-de Acosta M, López-
Serrano P, Argüelles-Arias F, Gutierrez A, Busquets D, Gisbert JP, 
Olivares D, Calvo M, Alba C; Collaborators. Clinical Outcomes 
of Golimumab as First, Second or Third Anti-TNF Agent in 
Patients with Moderate-to-Severe Ulcerative Colitis. Inflamm 
Bowel Dis 2017; 23: 1394-1402 [PMID: 28671873 DOI: 10.1097/
MIB.0000000000001144]

58	 Feagan BG, Rutgeerts P, Sands BE, Hanauer S, Colombel JF, 
Sandborn WJ, Van Assche G, Axler J, Kim HJ, Danese S, Fox I, 
Milch C, Sankoh S, Wyant T, Xu J, Parikh A; GEMINI 1 Study 
Group. Vedolizumab as induction and maintenance therapy for 
ulcerative colitis. N Engl J Med 2013; 369: 699-710 [PMID: 
23964932 DOI: 10.1056/NEJMoa1215734]

59	 Sandborn WJ, Su C, Sands BE, D’Haens GR, Vermeire S, 
Schreiber S, Danese S, Feagan BG, Reinisch W, Niezychowski W, 
Friedman G, Lawendy N, Yu D, Woodworth D, Mukherjee A, Zhang 
H, Healey P, Panés J; OCTAVE Induction 1, OCTAVE Induction 
2, and OCTAVE Sustain Investigators. Tofacitinib as Induction and 
Maintenance Therapy for Ulcerative Colitis. N Engl J Med 2017; 
376: 1723-1736 [PMID: 28467869 DOI: 10.1056/NEJMoa1606910]

60	 Pfizer. Pfizer Announces Favorable Outcome of FDA Advisory 
Committee Meeting on Xeljanz® (Tofacitinib) for Moderately 
to Severely Active Ulcerative Colitis. Accessed March 28, 2018 

Available from: URL: https://www.pfizer.com/news/press-release/
press-release-detail/pfizer_announces_favorable_outcome_of_fda
_advisory_committee_meeting_on_xeljanz_tofacitinib_for_mode
rately_to_severely_active_ulcerative_colitis

61	 Food and Drug Administration. Guidance for industry: quality 
considerations in demonstrating biosimilarity to a therapeutic protein 
product to a reference product. Accessed March 28, 2018 Available 
from: URL: https://www.fda.gov/downloads/drugs/guidances/
ucm291134.pdf

62	 Health Canada. Patented Medicine Prices Review Board. 
Market Intelligence Report: Biologic Response Modifier 
Agents. Accessed March 28, 2018 Available from: URL: http://
www.pmprb-cepmb.gc.ca/CMFiles/NPDUIS/PMBRB_16-
240_MarketIntelligenceReport_E.pdf

63	 Danese S, Bonovas S, Peyrin-Biroulet L. Biosimilars in IBD: from 
theory to practice. Nat Rev Gastroenterol Hepatol 2017; 14: 22-31 
[PMID: 27729659 DOI: 10.1038/nrgastro.2016.155]

64	 Park W, Hrycaj P, Jeka S, Kovalenko V, Lysenko G, Miranda P, 
Mikazane H, Gutierrez-Ureña S, Lim M, Lee YA, Lee SJ, Kim 
H, Yoo DH, Braun J. A randomised, double-blind, multicentre, 
parallel-group, prospective study comparing the pharmacokinetics, 
safety, and efficacy of CT-P13 and innovator infliximab in patients 
with ankylosing spondylitis: the PLANETAS study. Ann Rheum 
Dis 2013; 72: 1605-1612 [PMID: 23687259 DOI: 10.1136/
annrheumdis-2012-203091]

65	 Yoo DH, Hrycaj P, Miranda P, Ramiterre E, Piotrowski M, Shevchuk 
S, Kovalenko V, Prodanovic N, Abello-Banfi M, Gutierrez-Ureña 
S, Morales-Olazabal L, Tee M, Jimenez R, Zamani O, Lee SJ, Kim 
H, Park W, Müller-Ladner U. A randomised, double-blind, parallel-
group study to demonstrate equivalence in efficacy and safety of 
CT-P13 compared with innovator infliximab when coadministered 
with methotrexate in patients with active rheumatoid arthritis: the 
PLANETRA study. Ann Rheum Dis 2013; 72: 1613-1620 [PMID: 
23687260 DOI: 10.1136/annrheumdis-2012-203090]

66	 Murphy C, Sugrue K, Mohamad G, McCarthy J, Buckley M. 
Biosimilar but not the same. J Crohns Colitis 2015; 9: S331-S332 
[DOI: 10.1093/ecco-jcc/jju027.623]

67	 Jung YS, Park DI, Kim YH, Lee JH, Seo PJ, Cheon JH, Kang HW, 
Kim JW. Efficacy and safety of CT-P13, a biosimilar of infliximab, 
in patients with inflammatory bowel disease: A retrospective 
multicenter study. J Gastroenterol Hepatol 2015; 30: 1705-1712 
[PMID: 25974251 DOI: 10.1111/jgh.12997]

68	 Kang YS, Moon HH, Lee SE, Lim YJ, Kang HW. Clinical Experience 
of the Use of CT-P13, a Biosimilar to Infliximab in Patients with 
Inflammatory Bowel Disease: A Case Series. Dig Dis Sci 2015; 60: 
951-956 [PMID: 25326115 DOI: 10.1007/s10620-014-3392-z]

69	 Gecse KB, Lovász BD, Farkas K, Banai J, Bene L, Gasztonyi B, 
Golovics PA, Kristóf T, Lakatos L, Csontos ÁA, Juhász M, Nagy 
F, Palatka K, Papp M, Patai Á, Lakner L, Salamon Á, Szamosi T, 
Szepes Z, Tóth GT, Vincze Á, Szalay B, Molnár T, Lakatos PL. 
Efficacy and Safety of the Biosimilar Infliximab CT-P13 Treatment 
in Inflammatory Bowel Diseases: A Prospective, Multicentre, 
Nationwide Cohort. J Crohns Colitis 2016; 10: 133-140 [PMID: 
26661272 DOI: 10.1093/ecco-jcc/jjv220]

70	 Fiorino G, Manetti N, Armuzzi A, Orlando A, Variola A, Bonovas 
S, Bossa F, Maconi G, D’Incà R, Lionetti P, Cantoro L, Fries W, 
Annunziata ML, Costa F, Terpin MM, Biancone L, Cortelezzi CC, 
Amato A, Ardizzone S, Danese S, Guidi L, Rizzuto G, Massella 
A, Andriulli A, Massari A, Lorenzon G, Ghione S, Kohn A, Ventra 
A, Annese V; PROSIT-BIO Cohort. The PROSIT-BIO Cohort: A 
Prospective Observational Study of Patients with Inflammatory 
Bowel Disease Treated with Infliximab Biosimilar. Inflamm 
Bowel Dis 2017; 23: 233-243 [PMID: 28092307 DOI: 10.1097/
MIB.0000000000000995]

71	 Danese S, Fiorino G, Raine T, Ferrante M, Kemp K, Kierkus 
J, Lakatos PL, Mantzaris G, van der Woude J, Panes J, Peyrin-
Biroulet L. ECCO Position Statement on the Use of Biosimilars for 
Inflammatory Bowel Disease-An Update. J Crohns Colitis 2017; 11: 
26-34 [PMID: 27927718 DOI: 10.1093/ecco-jcc/jjw198]

72	 Kim YH, Ye BD, Pesegova M, Alexeeva O, Osipenko M, Lahat 

Reinglas J et al . Biologicals and small molecules in IBD



3580 August 28, 2018|Volume 24|Issue 32|WJG|www.wjgnet.com

A, Dorofeyev A, Salamon A, Fishman S, Levchenko O, Cheon 
JH, Scribano ML, Mateescu RB, Lee KM, Eun CS, Lee SJ, Lee 
SY, Kudrin A. Phase Ⅲ Randomized Controlled Trial to Compare 
Biosimilar Infliximab (Ct-P13) With Innovator Infliximab in Patients 
With Active Crohn’s Disease: 1-Year Maintenance and Switching 
Results. United European Gastroenterol J 2017; 5: Abstract

73	 Jørgensen KK, Olsen IC, Goll GL, Lorentzen M, Bolstad N, 
Haavardsholm EA, Lundin KEA, Mørk C, Jahnsen J, Kvien TK; 
NOR-SWITCH study group. Switching from originator infliximab 
to biosimilar CT-P13 compared with maintained treatment with 
originator infliximab (NOR-SWITCH): a 52-week, randomised, 
double-blind, non-inferiority trial. Lancet 2017; 389: 2304-2316 
[PMID: 28502609 DOI: 10.1016/S0140-6736(17)30068-5]

74	 Ben-Horin S, Yavzori M, Benhar I, Fudim E, Picard O, Ungar 
B, Lee S, Kim S, Eliakim R, Chowers Y. Cross-immunogenicity: 
antibodies to infliximab in Remicade-treated patients with IBD 
similarly recognise the biosimilar Remsima. Gut 2016; 65: 
1132-1138 [PMID: 25897019 DOI: 10.1136/gutjnl-2015-309290]

75	 Gils A, Van Stappen T, Dreesen E, Storme R, Vermeire S, Declerck 
PJ. Harmonization of Infliximab and Anti-Infliximab Assays 
Facilitates the Comparison Between Originators and Biosimilars in 
Clinical Samples. Inflamm Bowel Dis 2016; 22: 969-975 [PMID: 
26954707 DOI: 10.1097/MIB.0000000000000709]

76	 Mao EJ, Hazlewood GS, Kaplan GG, Peyrin-Biroulet L, 
Ananthakrishnan AN. Systematic review with meta-analysis: 
comparative efficacy of immunosuppressants and biologics for 
reducing hospitalisation and surgery in Crohn’s disease and 
ulcerative colitis. Aliment Pharmacol Ther 2017; 45: 3-13 [PMID: 
27862107 DOI: 10.1111/apt.13847]

77	 Danese S, Vuitton L, Peyrin-Biroulet L. Biologic agents for IBD: 
practical insights. Nat Rev Gastroenterol Hepatol 2015; 12: 537-545 
[PMID: 26284562 DOI: 10.1038/nrgastro.2015.135]

78	 Lichtenstein GR, Feagan BG, Cohen RD, Salzberg BA, Diamond 
RH, Price S, Langholff W, Londhe A, Sandborn WJ. Serious 
infection and mortality in patients with Crohn’s disease: more than 
5 years of follow-up in the TREAT™ registry. Am J Gastroenterol 
2012; 107: 1409-1422 [PMID: 22890223 DOI: 10.1038/
ajg.2012.218]

79	 Hazlewood GS, Rezaie A, Borman M, Panaccione R, Ghosh S, 
Seow CH, Kuenzig E, Tomlinson G, Siegel CA, Melmed GY, 
Kaplan GG. Comparative effectiveness of immunosuppressants and 
biologics for inducing and maintaining remission in Crohn’s disease: 
a network meta-analysis. Gastroenterology 2015; 148: 344-54.e5; 
quiz e14-5 [PMID: 25448924 DOI: 10.1053/j.gastro.2014.10.011]

80	 Stidham RW, Lee TC, Higgins PD, Deshpande AR, Sussman DA, 
Singal AG, Elmunzer BJ, Saini SD, Vijan S, Waljee AK. Systematic 
review with network meta-analysis: the efficacy of anti-TNF agents 
for the treatment of Crohn’s disease. Aliment Pharmacol Ther 2014; 
39: 1349-1362 [PMID: 24749763 DOI: 10.1111/apt.12749]

81	 Danese S, Fiorino G, Peyrin-Biroulet L, Lucenteforte E, Virgili G, 
Moja L, Bonovas S. Biological agents for moderately to severely 
active ulcerative colitis: a systematic review and network meta-
analysis. Ann Intern Med 2014; 160: 704-711 [PMID: 24842416 
DOI: 10.7326/M13-2403]

82	 AbbVie Inc. Study to Evaluate Efficacy and Safety of Two Drug 
Regimens in Subjects With Moderate to Severe Crohn’s Disease. 
[accessed 2018 Mar 28]. In: ClinicalTrials.gov [Internet]. Bethesda 
(MD): U.S. National Library of Medicine. Available from: http://
clinicaltrials.gov/show/NCT02065570 ClinicalTrials.gov Identifier: 
NCT02065570

83	 AbbVie Inc. Study to Evaluate the Safety and Efficacy of Two Drug 
Regimens in Subjects With Moderate to Severe Ulcerative Colitis. 
[accessed 2018 Mar 28]. In: ClinicalTrials.gov [Internet]. Bethesda 
(MD): U.S. National Library of Medicine. Available from: http://
clinicaltrials.gov/show/NCT02065622 ClinicalTrials.gov Identifier: 
NCT02065622

84	 Järnerot G, Hertervig E, Friis-Liby I, Blomquist L, Karlén P, 
Grännö C, Vilien M, Ström M, Danielsson A, Verbaan H, Hellström 
PM, Magnuson A, Curman B. Infliximab as rescue therapy in severe 
to moderately severe ulcerative colitis: a randomized, placebo-

controlled study. Gastroenterology 2005; 128: 1805-1811 [PMID: 
15940615 DOI: 10.1053/j.gastro.2005.03.003]

85	 Colombel JF, Schwartz DA, Sandborn WJ, Kamm MA, D’Haens 
G, Rutgeerts P, Enns R, Panaccione R, Schreiber S, Li J, Kent JD, 
Lomax KG, Pollack PF. Adalimumab for the treatment of fistulas 
in patients with Crohn’s disease. Gut 2009; 58: 940-948 [PMID: 
19201775 DOI: 10.1136/gut.2008.159251]

86	 Dreesen E, Bossuyt P, Mulleman D, Gils A, Pascual-Salcedo 
D. Practical recommendations for the use of therapeutic drug 
monitoring of biopharmaceuticals in inflammatory diseases. Clin 
Pharmacol 2017; 9: 101-111 [PMID: 29042821 DOI: 10.2147/
CPAA.S138414]

87	 Vande Casteele N, Ferrante M, Van Assche G, Ballet V, Compernolle 
G, Van Steen K, Simoens S, Rutgeerts P, Gils A, Vermeire S. 
Trough concentrations of infliximab guide dosing for patients with 
inflammatory bowel disease. Gastroenterology 2015; 148: 1320-1329.
e3 [PMID: 25724455 DOI: 10.1053/j.gastro.2015.02.031]

88	 Vande Casteele N, Compernolle G, Ballet V, Van Assche G, Gils A, 
Vermeire S, Rutgeerts P. OP11 Individualised infliximab treatment 
using therapeutic drug monitoring: A prospective controlled Trough 
level Adapted infliXImab Treatment (TAXIT) trial. J Crohns Colitis 
2012; 6: S6 [DOI: 10.1016/S1873-9946(12)60012-9]

89	 D’Haens G, Vermeire S, Lambrecht G, Baert F, Bossuyt P, Nachury 
M, Buisson A, Bouhnik Y, Filippi J, vande Woude J, Van Hootegem 
P, Moreau J, Louis E, Franchimont D, De Vos M, Mana F, Peyrin-
Biroulet L, Brixi H, Allez M, Caenepeel P, Aubourg A, Oldenburg B, 
Pierik M, Gils A, Chevret S, Laharie D. OP029 Drug-concentration 
versus symptom-driven dose adaptation of Infliximab in patients 
with active Crohn’s disease: a prospective, randomised, multicentre 
trial (Tailorix). J Crohns Colitis 2016; 10: S24.1-S24 [DOI: 10.1093/
ecco-jcc/jjw019.028]

90	 Panaccione R, Ghosh S, Middleton S, Márquez JR, Scott BB, 
Flint L, van Hoogstraten HJ, Chen AC, Zheng H, Danese S, 
Rutgeerts P. Combination therapy with infliximab and azathioprine 
is superior to monotherapy with either agent in ulcerative colitis. 
Gastroenterology 2014; 146: 392-400.e3 [PMID: 24512909 DOI: 
10.1053/j.gastro.2013.10.052]

91	 Matsumoto T, Motoya S, Watanabe K, Hisamatsu T, Nakase H, 
Yoshimura N, Ishida T, Kato S, Nakagawa T, Esaki M, Nagahori 
M, Matsui T, Naito Y, Kanai T, Suzuki Y, Nojima M, Watanabe M, 
Hibi T; DIAMOND study group. Adalimumab Monotherapy and a 
Combination with Azathioprine for Crohn’s Disease: A Prospective, 
Randomized Trial. J Crohns Colitis 2016; 10: 1259-1266 [PMID: 
27566367 DOI: 10.1093/ecco-jcc/jjw152]

92	 Andersen NN, Jess T. Risk of infections associated with biological 
treatment in inflammatory bowel disease. World J Gastroenterol 
2014; 20: 16014-16019 [PMID: 25473153 DOI: 10.3748/wjg.v20.
i43.16014]

93	 Magro F, Peyrin-Biroulet L, Sokol H, Aldeger X, Costa A, Higgins 
PD, Joyce JC, Katsanos KH, Lopez A, de Xaxars TM, Toader E, 
Beaugerie L. Extra-intestinal malignancies in inflammatory bowel 
disease: results of the 3rd ECCO Pathogenesis Scientific Workshop 
(Ⅲ). J Crohns Colitis 2014; 8: 31-44 [PMID: 23721759 DOI: 
10.1016/j.crohns.2013.04.006]

94	 Drobne D, Bossuyt P, Breynaert C, Cattaert T, Vande Casteele N, 
Compernolle G, Jürgens M, Ferrante M, Ballet V, Wollants WJ, 
Cleynen I, Van Steen K, Gils A, Rutgeerts P, Vermeire S, Van Assche 
G. Withdrawal of immunomodulators after co-treatment does not 
reduce trough level of infliximab in patients with Crohn’s disease. 
Clin Gastroenterol Hepatol 2015; 13: 514-521.e4 [PMID: 25066841 
DOI: 10.1016/j.cgh.2014.07.027]

95	 Van Assche G, Magdelaine-Beuzelin C, D’Haens G, Baert F, 
Noman M, Vermeire S, Ternant D, Watier H, Paintaud G, Rutgeerts 
P. Withdrawal of immunosuppression in Crohn’s disease treated 
with scheduled infliximab maintenance: a randomized trial. 
Gastroenterology 2008; 134: 1861-1868 [PMID: 18440315 DOI: 
10.1053/j.gastro.2008.03.004]

96	 Takeda. Vedolizumab IV 300 mg in the Treatment of Fistulizing 
Crohn’s Disease (ENTERPRISE). [accessed 2018 Mar 28]. In: 
ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National 

Reinglas J et al . Biologicals and small molecules in IBD



3581 August 28, 2018|Volume 24|Issue 32|WJG|www.wjgnet.com

Library of Medicine. Available from: http://clinicaltrials.gov/show/
NCT02630966 ClinicalTrials.gov Identifier: NCT02630966

97	 D’Haens G. An Open Label Phase 4 Study to Evaluate Efficacy of 
Early Versus Late Use of Vedolizumab in Ulcerative Colitis (LOVE-
UC). [accessed 2018 Mar 28]. In: ClinicalTrials.gov [Internet]. 
Bethesda (MD): U.S. National Library of Medicine. Available from: 
http://clinicaltrials.gov/show/NCT02646657 ClinicalTrials.gov 
Identifier: NCT02646657

98	 D’Haens G. A Study to Evaluate Efficacy, of Early Versus Late Use 
of Vedolizumab in Crohn’s Disease: the LOVE-CD Study (LOVE-
CD). [accessed 2018 Mar 28]. In: ClinicalTrials.gov [Internet]. 
Bethesda (MD): U.S. National Library of Medicine. Available from: 
http://clinicaltrials.gov/show/NCT02646683 ClinicalTrials.gov 
Identifier: NCT02646683

99	 Takeda. Triple Combination Therapy in High Risk Crohn’s Disease. 
[accessed 2018 Mar 28]. In: ClinicalTrials.gov [Internet]. Bethesda 
(MD): U.S. National Library of Medicine. Available from: http://
clinicaltrials.gov/show/NCT02764762 ClinicalTrials.gov Identifier: 
NCT02764762

100	 Jess T, Riis L, Vind I, Winther KV, Borg S, Binder V, Langholz 
E, Thomsen OØ, Munkholm P. Changes in clinical characteristics, 
course, and prognosis of inflammatory bowel disease during the last 
5 decades: a population-based study from Copenhagen, Denmark. 
Inflamm Bowel Dis 2007; 13: 481-489 [PMID: 17206705 DOI: 
10.1002/ibd.20036]

101	 Solberg IC, Vatn MH, Høie O, Stray N, Sauar J, Jahnsen J, Moum B, 
Lygren I; IBSEN Study Group. Clinical course in Crohn’s disease: 
results of a Norwegian population-based ten-year follow-up study. 
Clin Gastroenterol Hepatol 2007; 5: 1430-1438 [PMID: 18054751 
DOI: 10.1016/j.cgh.2007.09.002]

102	 Lakatos PL. Prediction of disease course in inflammatory bowel 
diseases. World J Gastroenterol 2010; 16: 2589-2590 [PMID: 
20518078 DOI: 10.3748/wjg.v16.i21.2589]

103	 Atreya R, Neumann H, Neufert C, Waldner MJ, Billmeier U, Zopf 
Y, Willma M, App C, Münster T, Kessler H, Maas S, Gebhardt B, 
Heimke-Brinck R, Reuter E, Dörje F, Rau TT, Uter W, Wang TD, 
Kiesslich R, Vieth M, Hannappel E, Neurath MF. In vivo imaging 
using fluorescent antibodies to tumor necrosis factor predicts 
therapeutic response in Crohn’s disease. Nat Med 2014; 20: 313-318 
[PMID: 24562382 DOI: 10.1038/nm.3462]

104	 Van den Brande JM, Koehler TC, Zelinkova Z, Bennink RJ, 
te Velde AA, ten Cate FJ, van Deventer SJ, Peppelenbosch MP, 
Hommes DW. Prediction of antitumour necrosis factor clinical 
efficacy by real-time visualisation of apoptosis in patients with 
Crohn’s disease. Gut 2007; 56: 509-517 [PMID: 17082252 DOI: 
10.1136/gut.2006.105379]

105	 D’Haens G, Baert F, van Assche G, Caenepeel P, Vergauwe P, 
Tuynman H, De Vos M, van Deventer S, Stitt L, Donner A, Vermeire 
S, Van De Mierop FJ, Coche JR, van der Woude J, Ochsenkühn 
T, van Bodegraven AA, Van Hootegem PP, Lambrecht GL, Mana 
F, Rutgeerts P, Feagan BG, Hommes D; Belgian Inflammatory 
Bowel Disease Research Group; North-Holland Gut Club. Early 
combined immunosuppression or conventional management in 
patients with newly diagnosed Crohn’s disease: an open randomised 
trial. Lancet 2008; 371: 660-667 [PMID: 18295023 DOI: 10.1016/
S0140-6736(08)60304-9]

106	 Khanna R , Bressler B, Levesque BG, Zou G, Stitt LW, 
Greenberg GR, Panaccione R, Bitton A, Paré P, Vermeire S, D’
Haens G, MacIntosh D, Sandborn WJ, Donner A, Vandervoort 
MK, Morris JC, Feagan BG; REACT Study Investigators. Early 
combined immunosuppression for the management of Crohn’
s disease (REACT): a cluster randomised controlled trial. 
Lancet 2015; 386: 1825-1834 [PMID: 26342731 DOI: 10.1016/
S0140-6736(15)00068-9]

107	 Höie O, Wolters F, Riis L, Aamodt G, Solberg C, Bernklev T, Odes 
S, Mouzas IA, Beltrami M, Langholz E, Stockbrügger R, Vatn M, 
Moum B; European Collaborative Study Group of Inflammatory 
Bowel Disease (EC-IBD). Ulcerative colitis: patient characteristics 
may predict 10-yr disease recurrence in a European-wide population-
based cohort. Am J Gastroenterol 2007; 102: 1692-1701 [PMID: 

17555460 DOI: 10.1111/j.1572-0241.2007.01265.x]
108	 Jess T, Rungoe C, Peyrin-Biroulet L. Risk of colorectal cancer in 

patients with ulcerative colitis: a meta-analysis of population-based 
cohort studies. Clin Gastroenterol Hepatol 2012; 10: 639-645 [PMID: 
22289873 DOI: 10.1016/j.cgh.2012.01.010]

109	 Solberg IC, Høivik ML, Cvancarova M, Moum B; IBSEN Study 
Group. Risk matrix model for prediction of colectomy in a population-
based study of ulcerative colitis patients (the IBSEN study). Scand J 
Gastroenterol 2015; 50: 1456-1462 [PMID: 26139389 DOI: 10.3109/
00365521.2015.1064991]

110	 Janssen Research & Development, LLC. A Study of Safety 
and Effectiveness of JNJ-54781532 in Patients With Moderately 
to Severely Active Ulcerative Colitis. [accessed 2018 Mar 28]. 
In: ClinicalTrials.gov [Internet]. Bethesda (MD): U.S. National 
Library of Medicine. Available from: http://clinicaltrials.gov/show/
NCT01959282 ClinicalTrials.gov Identifier: NCT01959282

111	 Monteleone G, Neurath MF, Ardizzone S, Di Sabatino A, Fantini 
MC, Castiglione F, Scribano ML, Armuzzi A, Caprioli F, Sturniolo 
GC, Rogai F, Vecchi M, Atreya R, Bossa F, Onali S, Fichera M, 
Corazza GR, Biancone L, Savarino V, Pica R, Orlando A, Pallone F. 
Mongersen, an oral SMAD7 antisense oligonucleotide, and Crohn’
s disease. N Engl J Med 2015; 372: 1104-1113 [PMID: 25785968 
DOI: 10.1056/NEJMoa1407250]

112	 Delgado A, Martínez-Cartro M. Therapeutic Potential of the 
Modulation of Sphingosine-1-Phosphate Receptors. Curr Med Chem 
2016; 23: 242-264 [PMID: 26639095 DOI: 10.2174/092986732366
6151207111509]

113	 Marafini I, Zorzi F, Codazza S, Pallone F, Monteleone G. TGF-
Beta signaling manipulation as potential therapy for IBD. Curr Drug 
Targets 2013; 14: 1400-1404 [PMID: 23489130 DOI: 10.2174/1389
4501113149990157]

114	 Valles-Colomer M, Darzi Y, Vieira-Silva S, Falony G, Raes J, 
Joossens M. Meta-omics in Inflammatory Bowel Disease Research: 
Applications, Challenges, and Guidelines. J Crohns Colitis 2016; 10: 
735-746 [PMID: 26802086 DOI: 10.1093/ecco-jcc/jjw024]

115	 Louis E, El Ghoul Z, Vermeire S, Dall’Ozzo S, Rutgeerts P, Paintaud 
G, Belaiche J, De Vos M, Van Gossum A, Colombel JF, Watier H. 
Association between polymorphism in IgG Fc receptor IIIa coding 
gene and biological response to infliximab in Crohn’s disease. 
Aliment Pharmacol Ther 2004; 19: 511-519 [PMID: 14987319 DOI: 
10.1111/j.1365-2036.2004.01871.x]

116	 Urcelay E, Mendoza JL, Martinez A, Fernandez L, Taxonera 
C, Diaz-Rubio M, de la Concha EG. IBD5 polymorphisms in 
inflammatory bowel disease: association with response to infliximab. 
World J Gastroenterol 2005; 11: 1187-1192 [PMID: 15754402 DOI: 
10.3748/wjg.v11.i8.1187]

117	 Harbord M, Eliakim R, Bettenworth D, Karmiris K, Katsanos 
K, Kopylov U, Kucharzik T, Molnár T, Raine T, Sebastian S, de 
Sousa HT, Dignass A, Carbonnel F; European Crohn’s and Colitis 
Organisation [ECCO]. Third European Evidence-based Consensus 
on Diagnosis and Management of Ulcerative Colitis. Part 2: Current 
Management. J Crohns Colitis 2017; 11: 769-784 [PMID: 28513805 
DOI: 10.1093/ecco-jcc/jjx009]

118	 Hindryckx P, Vande Casteele N, Novak G, Khanna R, D’Haens 
G, Sandborn WJ, Danese S, Jairath V, Feagan BG. The Expanding 
Therapeutic Armamentarium for Inflammatory Bowel Disease: How 
to Choose the Right Drug[s] for Our Patients? J Crohns Colitis 2018; 
12: 105-119 [PMID: 28961959 DOI: 10.1093/ecco-jcc/jjx117]

119	 Gottlieb AB. Infliximab for psoriasis. J Am Acad Dermatol 2003; 49: 
S112-S117 [PMID: 12894134 DOI: 10.1016/S0190-9622(03)01143-5]

120	 Alwawi EA, Mehlis SL, Gordon KB. Treating psoriasis with 
adalimumab. Ther Clin Risk Manag 2008; 4: 345-351 [PMID: 
18728850 DOI: 10.2147/TCRM.S1265]

121	 Mounach A, El Maghraoui A. Efficacy and safety of adalimumab 
in ankylosing spondylitis. Open Access Rheumatol 2014; 6: 83-90 
[PMID: 27790037 DOI: 10.2147/OARRR.S44550]

122	 Dattola A, Cannizzaro MV, Mazzeo M, Bianchi L. Certolizumab 
Pegol in the Treatment of Psoriasis and Psoriatic Arthritis: 
Preliminary Real-Life Data. Dermatol Ther (Heidelb) 2017; 7: 
485-492 [PMID: 29139035 DOI: 10.1007/s13555-017-0208-z]

Reinglas J et al . Biologicals and small molecules in IBD



3582 August 28, 2018|Volume 24|Issue 32|WJG|www.wjgnet.com

123	 Landewé R, Braun J, Deodhar A, Dougados M, Maksymowych 
WP, Mease PJ, Reveille JD, Rudwaleit M, van der Heijde D, Stach 
C, Hoepken B, Fichtner A, Coteur G, de Longueville M, Sieper 
J. Efficacy of certolizumab pegol on signs and symptoms of axial 
spondyloarthritis including ankylosing spondylitis: 24-week results 
of a double-blind randomised placebo-controlled Phase 3 study. 
Ann Rheum Dis 2014; 73: 39-47 [PMID: 24013647 DOI: 10.1136/
annrheumdis-2013-204231]

124	 Yang H, Epstein D, Bojke L, Craig D, Light K, Bruce I, Sculpher 
M, Woolacott N. Golimumab for the treatment of psoriatic arthritis. 

Health Technol Assess 2011; 15 Suppl 1: 87-95 [PMID: 21609657 
DOI: 10.3310/hta15suppl1/10]

125	 Poddubnyy D, Hermann KG, Callhoff J, Listing J, Sieper J. 
Ustekinumab for the treatment of patients with active ankylosing 
spondylitis: results of a 28-week, prospective, open-label, proof-of-
concept study (TOPAS). Ann Rheum Dis 2014; 73: 817-823 [PMID: 
24389297 DOI: 10.1136/annrheumdis-2013-204248]

126	 Savage LJ, Wittmann M, McGonagle D, Helliwell PS. Ustekinumab 
in the Treatment of Psoriasis and Psoriatic Arthritis. Rheumatol Ther 
2015; 2: 1-16 [PMID: 27747495 DOI: 10.1007/s40744-015-0010-2]

P- Reviewer: M’Koma AE, Nakase H, Sivandzadeh GR    
S- Editor: Wang JL    L- Editor: A    E- Editor: Yin SY

Reinglas J et al . Biologicals and small molecules in IBD



Prognostic significance of tumor immune microenvironment 
and immunotherapy: Novel insights and future perspectives 
in gastric cancer

Daniela Cornelia Lazăr, Mihaela Flavia Avram, Ioan Romoșan, Mărioara Cornianu, Sorina Tăban, 
Adrian Goldiș

Daniela Cornelia Lazăr, Ioan Romoșan, Department of Internal 
Medicine I, University Medical Clinic, University of Medicine 
and Pharmacy “Victor Babeş”, Timişoara 300041, Timiş County, 
Romania

Mihaela Flavia Avram, Department of Surgery X, 1st Surgery 
Clinic, University of Medicine and Pharmacy “Victor Babeş”, 
Timişoara 300041, Timiş County, Romania

Mărioara Cornianu,  Sorina Tăban, Department of Pathology, 
University of Medicine and Pharmacy “Victor Babeş”, Timişoara 
300041, Timiş County, Romania

Adrian Goldiș, Department of Gastroenterology and Hepatology, 
University of Medicine and Pharmacy “Victor Babeş”, Timişoara 
300041, Timiş County, Romania

ORCID number: Daniela Cornelia Lazăr (0000-0002-6984-0046); 
Mihaela Flavia Avram (0000-0001-8582-521x); Ioan Romoşan 
(0000-0003-4883-5069); Mărioara Cornianu (0000-0001- 
5675-5339); Sorina Tăban (0000-0002-3971-2756); Adrian Goldiş 
(0000-0003-0670-8862).

Author contributions: All the authors contributed equally to 
this work.

Conflict-of-interest statement: The authors have no conflict of 
interest to report.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (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: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Daniela Cornelia Lazăr, MD, PhD, 

Lecturer, Department of Internal Medicine I, University of Medicine 
and Pharmacy “Victor Babeş”, Piata Eftimie Murgu No.2, Timişoara 
300041, Timiş County, Romania. lazar.daniela@umft.ro 
Telephone: +4-256-220484
Fax: +4-256-220484

Received: May 5, 2018
Peer-review started: May 7, 2018
First decision: May 17, 2018
Revised: June 5, 2018
Accepted: June 27, 2018
Article in press: June 27, 2018
Published online: August 28, 2018

Abstract
Despite a decrease in gastric cancer incidence, the 
development of novel biologic agents and combined 
therapeutic strategies, the prognosis of gastric cancer 
remains poor. Recently, the introduction of modern im
munotherapy, especially using immune checkpoint inhi
bitors, led to an improved prognosis in many cancers. 
The use of immunotherapy was also associated with 
manageable adverse event profiles and promising results 
in the treatment of patients with gastric cancer, especially 
in heavily pretreated patients. These data have led to 
an accelerated approval of some checkpoint inhibitors 
in this setting. Understanding the complex relationship 
between the host immune microenvironment and tu
mor and the immune escape phenomenon leading to 
cancer occurrence and progression will subsequently 
lead to the identification of prognostic immune markers. 
Furthermore, this understanding will result in the dis
covery of both new mechanisms for blocking tumor 
immunosuppressive signals and pathways to stimulate 
the local immune response by targeting and modulating 
different subsets of immune cells. Due to the molecular 
heterogeneity of gastric cancers associated with different 
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clinico-biologic parameters, immune markers expression 
and prognosis, novel immunotherapy algorithms should 
be personalized and addressed to selected subsets of 
gastric tumors, which have been proven to elicit the best 
clinical responses. Future perspectives in the treatment 
of gastric cancer include tailored dual immunotherapies 
or a combination of immunotherapy with other targeted 
agents with synergistic antitumor effects.

Key words: immunotherapy; prognostic significance; 
tumor immune microenvironment; immune checkpoint 
inhibitors; gastric cancer

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The use of modern immunotherapy, including 
adoptive cell therapy, vaccines, and especially immune 
therapy using checkpoint inhibitors, has led to encour
aging results in clinical trials including gastric cancer 
patients. This review analyzes the relationship between 
immune microenvironment profile of the host and tumor 
development, identification of the immune prognostic 
markers and future perspectives of immunotherapeutic 
strategies. The treatment algorithm should be adapted to 
the specific molecular profile of the gastric cancer subtype 
in order to obtain maximum clinical benefits. 
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INTRODUCTION
Early estimates situated gastric cancer in the first place 
as being the most frequent neoplasia (1975). Despite 
a decrease in gastric cancer incidents during the last 
decades, it remains a major health problem globally, with 
almost one million new cases diagnosed in 2012 (6.8% 
of the total), after tumors of the lung, breast, colorectum 
and prostate. There is a high geographical variation in 
gastric cancer incidence. Approximately 70% of cases 
occur in developing countries; half of the total number 
occurs in Eastern Asia, especially China; the incidence 
rates are approximately twice in men vs women. Overall, 
this type of tumor represents the third leading cause 
of cancer death in both sexes, accounting for 723,000 
deaths in 2012 (8.8% of the total number of cases). The 
highest mortality rates are seen in Eastern Asia, whereas 
the lowest rates occur in Northern America; also, high 
mortality rates are encountered in Central and Eastern 
Europe and in Central and South America, respectively[1].

Most gastric cancers are diagnosed at an advanced 
stage, whereas another 25%-50% of cases will develop 

metastases during the outcome of the disease. Although 
surgical resection remains the main treatment with 
curative-intent in gastric cancer patients, there is a 
poor associated 5-year survival rate of approximately 
20%-25%. Therefore, additional treatments (neo
adjuvant/adjuvant), such as chemotherapy and radio
therapy where associated with tumor resection, unfortu
nately lead to only modest survival benefits. In advanced 
stages, approximately 50% of cases present local/sys
temic recurrence after adjuvant treatment, and only 
10%-15% of cases achieve a 5-year overall survival[2]. 
In the metastatic stage, the backbone of treatment is 
represented by palliative chemotherapy, associated with 
a poor median overall survival, of approximately 8-10 
mo[3]. Despite recent advances using novel biologic 
therapeutic agents, with the exception of trastuzumab 
[anti-human growth factor receptor 2 (HER2) monoclonal 
antibody] and ramucirumab [fully humanized monoclonal 
antibody receptor antagonist to bind vascular endothelial 
growth factor receptor 2 (VEGFR-2)], showing beneficial 
results by improving overall survival (OS), and therefore 
approved in first-line (in association with standard 
chemotherapeutic regimens) and second-line settings, 
respectively (as monotherapy, or in association with 
chemotherapy), in advanced and metastatic gastric 
cancers, clinical trials assessing other targeted agents 
showed disappointing results in gastric cancer[4-6].

Recently, the therapeutic algorithm and prognosis 
of many tumors changed radically by introducing im
munotherapy, especially using immune checkpoint inhi
bitors, and the first drug of this class approved by the 
United States Food and Drug Administration (FDA) was 
ipilimumab, an anticytotoxic T lymphocyte antigen-4 
(CTLA-4) antibody, used in the treatment of advanced 
melanoma (2011)[7,8]. Afterwards, immune checkpoint 
inhibitors, which are antagonists of the programmed 
death (PD)-1/PD-ligand 1 (PD-L1) pathway, were ap
proved by the FDA for the treatment of different tumors, 
such as melanoma, non-small cell lung cancer (NSCLC), 
urothelial/renal cell carcinoma, squamous cell carcinoma 
of the head and neck, Merkel cell carcinoma and Hodgkin’s 
lymphoma[9].

MOLECULAR CLASSIFICATION OF 
GASTRIC CANCER
The following main histological classifications of gastric 
cancer have routinely been used: the World Health 
Organization (WHO) classification[10] that categorizes four 
histological subtypes, namely, papillary, tubular, mucinous 
and poorly cohesive, and Lauren’s classification, dividing 
gastric cancers into intestinal, diffuse and mixed type[11]. 

Because these two classifications are not able to direct 
specific therapeutic strategies and, additionally, because 
the group of gastric cancers includes heterogeneity of 
tumors, there was a need to elaborate new classifications 
capable of stratifying patients regarding tumor behavior, 
prognosis and response to specific treatments. For the 
first time, the molecular assessment of gastric cancer 
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patients was proven to add benefits in the context of the 
TOGA trial in which a combined treatment with classical 
chemotherapy and trastuzumab showed an improvement 
of survival in the subgroup of patients overexpressing 
HER2[4]. Moreover, the behavior of the tumor and the 
outcome proved to be different in cases of Asian patients 
vs Caucasians included in several clinical trials[12].

In 2013, Singapore researchers identified three diffe
rent molecular subtypes of gastric cancer: proliferative 
(high genomic instability, TP53 mutation), metabolic (high 
response to 5-FU chemotherapy), and mesenchymal 
(stem cell-like cancers that are sensitive to PIK3CA-
mTOR inhibitors)[13].

The aim of “The Cancer Genome Atlas (TCGA)” 
project (2014) was to develop a new molecular classifi
cation of gastric cancer with clinical impact and to identify 
the main dysregulated pathways of each subtype of 
gastric tumors. The TGCA research group divided gastric 
cancer into four genomic subtypes:

Chromosomal instability (CIN): includes approxi
mately 50% of cases, most of the tumors are located at 
the gastro-esophageal junction or cardia[14]; leads to a 
loss or gain of some oncogenes and tumor suppressor 
genes[15]; has a high frequency of TP53 gene and re
ceptor tyrosine kinase mutations and amplifications of 
cell cycle genes[16]; and has amplifications in oncogene 
pathways (HER2, BRAF, EGFR, MET, and RAS)[17]. 

Microsatellite instability: tumor testing methodo
logies include immunohistochemistry for abnormal ab
sence of MMR protein expression or polymerase chain 
reaction (PCR) for Microsatellite instability analysis 
(MSI), to evaluate for MSI-H on a tumor specimen. Im
munohistochemistry can predict which gene is most 
likely to be mutated, the gene for the affected protein. 
Interpretation of immunohistochemical reports can 
sometimes be confusing, as “positive” should mean 
the abnormal absence of MMR protein expression, in 
contrast to normal presence of expression. MSI testing 
panels may consist of mononucleotide and dincleotid 
markers. For classifying MSI, a panel of five markers for 
the analysis of MSI was recommended by the National 
Cancer Institute, including two mononucleotide and two 
dinucleotide repeats. In the case that ≥ 2 of the five 
markers show instability, the genotypes are grouped 
into high‑frequency (MSI‑H); when only one marker 
shows instability, into low‑frequency (MSI‑L), and 
when no marker shows instability, into microsatellite 
stable (MSS). MSI‑H consists of 30%‑40% instability 
markers, while MSI‑L of < 30%‑40%. Bethesda Guide
lines have stated that MSI‑H can be defined when 
instability is present at mononucleotide loci and MSI‑L 
when instability is limited at only dinucleotide loci; 
mononucleotide repeats were demonstrated to be more 
sensitive vs dinucleotide loci in detecting MSI. Some 
studies have shown that both immunohistochemistry 
and MSI are cost-effective and useful for selecting high-
risk patients. A review showed that the sensitivities 

of MSI and immunohistochemical testing are 77% to 
89%, and 83%, respectively; specificities are 90% and 
89%, respectively. Some patients may have MSI or 
abnormal immunohistochemistry due to sporadic devel
opment of cancer, rather than an underlying genetic 
(germline) mutation. MSI accounts for 15%-30% of 
gastric cancers; most often includes tumors of intestinal 
type, antral location, females and older patients[18,19]; 
shows mutations in DNA mismatch repair genes, such 
as MLH1 or MLH2, that lead to the dysfunction of DNA 
mismatch repair enzymes[20]; is reported in a meta-
analysis that demonstrated a 37% reduced mortality risk 
and prolonged OS in gastric cancer patients with MSI-
high (MSI-H) vs MSI-low (MSI-L)[21]; is associated in non-
colorectal cancer with an increased frequency of somatic 
mutation and amplification of tumor antigens; therefore, 
an increased sensitivity to treatment with PD-1 immune 
checkpoint inhibitors[22,23]; has increased intratumor 
infiltrate[24]; is reported in studies that show an in
creased activity of pembrolizumab in gastric cancer[25] 

and assess the efficacy of nivolumab ± ipilimumab in 
MSI-H gastrointestinal cancers[26]; and is possibly being 
considered in the development of a preventive vaccine 
using neopeptides affecting MSI carcinogenesis[27]. 

Genomic stability: Accounts for approximately 20% of 
gastric cancer cases; has an increased frequency of the 
diffuse type; indicates main somatic genomic alterations: 
CDH1, ARIDIA, RHOA; and presents a recurrent inter
chromosomal translocation involved in cellular motility[28].

Epstein Barr virus-associated: Epstein Barr virus 
(EBV) is detected by in situ hybridization or PCR in appro
ximately 10% of gastric cancer patients[29]; it seems 
to increase ten times the gastric cancer risk, especially 
in Far East Asian patients[30], and is more frequent 
in younger patients[29]; it has a better response to 
immunotherapy and better survival[31]; it shows that the 
PD-L1 gene is frequently amplified; approximately 15% 
of EBV+ tumors present amplification of chromosomal 
region 9p24.1 (locus of PD-L1, PD-L2)[32]; EBV+ is 
found in approximately 50% of tumor cells and 94% of 
immune cells; therefore, PD-1 testing could predict a 
response to immunotherapy in this subset of patients[12]; 
and it shows PIK3CA mutations that could be targeted 
using PI(3)-kinase inhibition, DNA hypermethylation and 
JAK2 mutations[28].

Taking into account specific characteristics of the four 
subtypes of gastric cancer, it was highlighted that EBV-
associated and MSI categories are associated with the 
best responses to immune therapeutic strategies.

The Asian Cancer Research Group (ACRG) proposed 
a molecular classification of four molecular subtypes for 
gastric cancer (2015): one subtype was related to the 
epithelial-to-mesenchymal transition (MSS/EMT) phe
notype, which was associated with highest recurrence 
frequency, and another subtype was related to the 
phenotype of MSI, cytokine signaling, cell proliferation 
and methylation signals, including hypermutated tumors, 
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regulatory T cells (Tregs) and mesenchymal- or bone 
marrow-derived stem cells (BM-MSCs). Tregs represent 
CD4+CD25+FOXP3+ T lymphocytes that determine 
reduced activity of cytotoxic and helper T cells, and of 
NK cells and are involved in the immunological tolerance 
to self-antigen and the persistence of Helicobacter pylori 
(H. pylori)-related inflammation[38]. BM-MSCs migrate 
to cancerous tissues and, in some animal models, were 
shown to create an immunosuppressive environment in 
chronic H. pylori infection and to represent a “seeding 
point” for gastric carcinogenesis[39-41]. In this regard, 
immunotherapeutic strategies directed against Tregs and 
BM-MSCs and against immunosuppressive cytokines 
seem to be promising.

Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) 
and programmed death-1 (PD-1) play essential roles 
in the immune checkpoint modulation. Normally, these 
molecules modulate the response of T lymphocytes 
to antigens. CTLA-4 represents an inhibitory receptor 
exhibited by T cells, whereas PD-1 represents a co-inhi
bitory receptor located on the cell surface, suppressing 
T cell activity in peripheral tissues in the context of 
inflammation. PD-1 is widely expressed on T and B lym
phocytes, monocytes, and natural killer cells; conversely 
to CTLA-4, PD-1 is involved in subsequent phases of 
immune responses[42]. It has been shown that various 
tumor cells upregulate PD-L1. In gastrointestinal cancers, 
PD-L1 upregulation has been identified in pancreatic, 
gastric, and colorectal cancers, correlating in several 
studies with a poor prognosis[43,44].

Significance and prognostic role of tumor-infiltrating 
lymphocytes in gastric cancer
Tumor-infiltrating lymphocytes (TILs) comprise the pre
sence of T cells, B cells and NK cells[45]. T cells include 
cytotoxic lymphocytes (CD8+), helper T cells (CD4+), 
memory T cells (CD45RO+) and T regulatory cells 
(FOXP3+). Specific cell membrane antigens of TILs bind 
to specific cellular types: CD3, CD4, CD8 and FOXP3 bind 
to T cells, CD20 to B cells and CD57 to NK cells[46].

In the complex relationship between the host immune 
microenvironment and cancer occurrence and progres
sion, TILs seem to gain bidirectional regulation abilities. 
In one way, tumor neoantigens captured by the DC are 
presented on MHC molecules to the T cells, leading to the 
activation of effector T cells, with subsequent infiltration 
of the tumor and destruction of the cancerous cells. In 
addition, these activated cells secrete inhibitory cytokines, 
with the augmentation of antitumor effects[47,48]. On the 
other hand, TILs may help cancer to proliferate, either by 
creating an appropriate environment for tumor growth or 
by protecting tumor cells to survive[49].

The stromal TILs represent the mononuclear inflam
matory cells infiltrating tumor stroma, whereas intra
tumor TILs define the intraepithelial lymphocytes/mono
nuclear cells within the tumor. Stromal TILs were shown 
to predict disease-free survival (DFS) of patients[50]. 

The assessment of TILs as a prognostic biomarker 
in gastric cancer patients has led to controversial con
clusions. The presence of various subsets of cells seems 

which was associated with the best overall prognosis. The 
remaining of the non-EMT and non-MSI patients were 
further divided into MSS/p53- and MSS/p53+ molecular 
subtypes and were associated with an intermediate 
overall prognosis and recurrence[33,34].

Comparing TCGA vs ACRG subtypes of gastric 
cancers, one may notice a resemblance between MSI 
tumors, GS and MSS/EMT subtypes, EBV and MSS/
TP53+ subtypes, and CIN and MSS/TP53- tumors, 
respectively[13].

The development of genotyping different subtypes of 
gastric cancer will provide a guide to molecular targeted 
drugs that should be investigated in large clinical trials on 
specific subsets of gastric tumor patients in the future.

HOST IMMUNE RESPONSE IN GASTRIC 
CANCER PATIENTS
Antitumor immune response of the host
The term “immunosurveillance” refers to the capacity of 
the host immune system to identify the tumor cells as 
“non self”, and subsequently to kill them[35]. The immune 
response includes both innate immunity (represented by 
macrophages, dendritic cells, and natural killer cells), and 
specific adaptive immunity (T and B lymphocytes).

The host protective response and the capacity of 
the tumor to surpass the host immune response are 
defined as “cancer immunoediting”, which is a process 
comprising three progressive steps:

elimination phase: in this stage, natural killer (NK) 
cells and T lymphocytes (helper and cytotoxic) secrete 
interferon IFNγ, leading to a reduction of angiogenesis 
and proliferation of cancerous cells; moreover, macro
phages and dendritic cells (DC) secrete cytokines that 
activate immune cells to phagocytize dead tumor cells.

equilibrium phase: residual cancerous cells remain 
in a dormancy state because DC and cytotoxic T cells 
secrete IFNγ and inhibitory cytokines (IL12), suppressing 
them.

escape phase: tumor cells change their features 
which will be transmitted to the daughter cells, 
therefore escaping immunosuppression and prolife
rating, along with the apoptosis of the effector immu
nocytes[36]. This process is illustrated in Figure 1.

The tumor mechanisms to evade suppression by the 
immune system may include a reduced expression of 
the tumor antigens and major histocompatibility class I 
(MHC) antigen, Fas-L modulation, increased synthesis 
of inhibitory cytokines such as TGFβ1, IL10, IL6, VEGF, 
prostaglandin, and an increased number of T regulatory 
lymphocytes (Treg) and myeloid-derived suppressor cells 
(MDSC)[37].

Tumor immunosuppressive microenvironment
The most important components of the tumor immuno
suppressive microenvironment are represented by the 
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to differently influence the patient’s prognosis. Studies 
have shown that high density of intratumor TILs are 
associated with better prognosis (HR = 0.55)[51-53]. 

Additionally, some data in the literature revealed that 
an increased number of CD8+ T cells, both intra- or 
extra-tumor located, is associated with an improved 
DFS and OS[54-57]; in contrast, the results of a recent 
study showed that an increased number of CD8+ cells 
correlate with poor overall survival and increased ex
pression of programmed death ligand 1 (PD-L1)[58]. 
Other studies showed that a high density of intratumor 
FOXP3+ Treg is correlated with a poor OS, whereas an 
extratumor high density of this cell type leads to an 
increased OS[59-64]. The increased intratumor Treg/CD8+ 
lymphocytes ratio is correlated with a decreased OS[65] 
and the presence of T helper 17 and T helper 22 with 
tumor progression[66]. Moreover, an increased T helper 1/
T helper 2 of CD4+ T lymphocytes represents a favorable 
prognostic factor[67]. A better OS was associated with an 
increased intratumor presence of various immunocytes, 
such as CD3+ T cells[57,68], CD57 NK [51,57,69,70], CD45RO+ 
(memory T cells)[71], and T-bet+ (marker for T helper 
1 lymphocytes)[72]; in addition, an increased DFS was 
observed in the case of high intratumor density of CD20 
(surface marker of B cells)[73]. The data show a decrease 
in CD3+ TILs density along with tumor progression[74]. 
On the other hand, the subgroup of CD45RO+ T lym
phocytes seems to prevent peritoneal spreading of 
gastric neoplasias[75]. All the data from the literature 
demonstrate that high densities of CD8+, CD3+, and 
CD57+ TILs and low densities of FOXP3+ TILs represent 
favorable prognostic factors in gastric neoplasia.

CD4+ T cells secrete various cytokines, such as 
IL-17, the role for which the data from the literature 
reveal controversial results. Some of the studies showed 
that this cytokine could stimulate tumor angiogenesis, 
growth, and spreading[76], while other studies show that 
IL-17 exhibits anticancer effects, either by stimulating 
the cytotoxic activity of TIL[77] or by stimulating the 
maturation of DC[78]. 

The study of Yuan et al[79] revealed that gastric 
cancers present an increased percentage of CD4+ T 
lymphocytes and lower CD8+ T cells (with an increased 
CD4+/CD8+ ratio) compared to blood and, further, 
to paraneoplastic tissue. In addition, the number of 
TILs of effector and memory T cell type is significantly 
higher than in the case of circulating T cells. As we 
have already mentioned, the involvement of Tregs in 
antitumor immunity is controversial, and their role may 
differ according to the type of cancer[80,81]. These authors 
considered CD4+CD25 highCD127low as being the most 
specific marker to define the Treg population, with the 
percentage of these cells being increased among TILs, 
demonstrating the accumulation of immunosuppressive 
Tregs at the site of a gastric tumor[79]. Recent studies 
show that the coexpression of PD-1+ and Tim-3+ de
fine the most hypo-functional T lymphocytes[32,82]. The 
percentage of these cells among TILs was significantly 
increased in gastric tumors, especially in patients with 
advanced stages, suggesting that they may be impli
cated in a tumor immune escape phenomenon and 
that TILs in gastric cancer show T cell dysfunction. The 
combined blockade of these molecules seemed to have a 
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synergistic effect on IFNγ production and, therefore, may 
provide new promising immune modulating strategies[79]. 

Finally, the strategies of immunotherapy in gastric 
cancer are directed on TILs and are based on augmenting 
anticancer immunity by blocking the interaction of CD8+ 
T lymphocyte-related receptors such as CTLA-4 and PD-1 
and their ligands situated on tumor cells (PD-L2 and 
PD-L1). Furthermore, it may include the stimulation of 
the local immune response by targeting and modulating 
different subsets of CD8+ TILs.

Significance of tumor infiltrating DCs in gastric cancer
Immunotherapy needs the activation of the cellular 
immune responses following the presentation of the 
tumor antigen peptides by DCs to T cells[83].

It has been demonstrated that the density of tumor 
infiltrating DCs correlates with the staging and prognosis 
in gastric neoplasias, and patients with a high amount 
of DCs present an improved OS compared with patients 
with a lower density of DCs[69]. The study of Tsujitani 
et al[84] showed that the use of postoperative adjuvant 
immunotherapy exhibits beneficial results on the survival 
of gastric cancer patients with reduced tumor DC infil
tration.

Classification of the immune microenvironment of the 
gastric cancer according to the presence of CD8+ TILs 
and PD-L1 expression
Based on the existence of tumor-infiltrating lymphocytes 
(TILs) and PD-L1 expression, it has been proposed to 
categorize the tumors into four types[85] as follows: type Ⅰ 
(TILs+ PD-L1+), presenting adaptive immune resistance; 
type Ⅱ (TILs- PD-L1-), revealing immune ignorance; type 
Ⅲ (TILs- PD-L1+), showing intrinsic induction; and type Ⅳ 
(TILs+ PD-L1-) in which other suppressors have a role in 
initiating immune tolerance. This stratification may have 
a certain prognostic role and may guide efforts towards a 
specific immunotherapeutic strategy.

Because tumor response to immunotherapy using 
PD-1 blockade requires the presence of CD8+ TILs that 
are downregulated by PD-1/PD-L1 activity[86], this type 
of therapeutic strategy in type Ⅰ cancer might improve 
prognosis. As tumors included in type Ⅱ and Ⅲ lack 
TILs, the combination of immune checkpoint inhibitors 
with a vaccine that is capable to induce T cell activation, 
migration and infiltration at the tumor site might improve 
the clinical outcome in these patients[87].

Correlation between TILs and gastric cancer subtypes
Among the four molecular subtypes of gastric cancer, 
EBV+ and MSI tumors often show the activation of im
mune mechanisms, being associated with a high density 
of TILs, which has been correlated with an improved 
cancer-specific survival[88]. An increased number of CD8+ 
and FOXP3+ TILs were associated with improved OS in 
MSI-H gastric cancers[55] and EBV-associated cancers[87]. 
In addition, another study showed that a high number of 
CD3+ and CD8+ TILs in EBV-associated and MSI gastric 
cancer subtypes are associated with better survival[56]. 

Advanced TNM stages of EBV+ tumors were cor
related with a reduced density of CD4+, CD8+ and 
Foxp3+ TILs and PD-1 expression. Additionally, PD-L1 
expression was shown to predict a reduced survival in 
EBV-associated cancers. Approximately two-thirds of 
EBV+ gastric cancers were proved to present a type Ⅰ or 
Ⅳ microenvironment associated with a better prognosis 
by inducing adaptive immune responses (type Ⅳ 
showed the best 5-year OS), whereas more than 70% 
of negative EBV tumors belong to the type Ⅱ and Ⅲ 
microenvironment, showing an absence of an immune re
sponse and a poor prognosis[87].

All these results are indicating the possibility of dif
ferent subsets of TILs to be used as prognostic markers 
in these specific categories of patients. Moreover, EBV-
associated and MSI gastric cancer categories might 
become potential targets of immunotherapy.

Significance of peripheral immune status
Myeloid-derived suppressor cells (MDSCs) represent 
immune suppressive cells with the ability to inhibit T 
cell (CD4+ and CD8+) activation and increase T cell 
apoptosis[89]. The data showed that high intratumor 
density of MDSCs is related to a poor prognosis in gastric 
cancer[80,90]. Peripheral blood granulocyte MDSCs are 
significantly increased in cancerous patients[91]. Shoji et 
al[92] noted that an increased proportion of granulocyte 
MDSCs prior to chemotherapy represents a negative 
prognostic factor for PFS in advanced gastric cancer 
patients receiving cisplatin-based chemotherapy and 
tends to be associated with poor OS.

Several papers showed that IL-8 is involved in gastro
intestinal carcinogenesis by its ability to recruit MDSCs[93]. 
In addition, an increased number of circulating MDSCs 
was associated with advanced tumor stages, increased 
serum IL-8 levels, and dysfunction of T cells[94]. In this 
light, IL-8 seems to determine an adverse immune 
status[92]. 

Currently, numerous papers target defining the host 
inflammatory response to cancer. Due to a release of 
cytokines, the systemic inflammatory response seems to 
be responsible for the promotion of angiogenesis, DNA 
alteration, and tumor proliferation[95]. 

Studies have demonstrated that the neutrophil to 
lymphocyte ratio (NLR) has a prognostic value in patients 
with solid cancers[96-98]. In oncologic patients, lympho
penia is a marker of deficient cell-mediated immunity, 
while neutrophilia is a sign of response to systemic inflam
mation. Furthermore, malnutrition/ hypoalbuminemia 
show correlation both with immune suppression and sys
temic inflammation, which are phenomena overexpressed 
in advanced tumor stages[99,100]. Gonda et al[101] consider 
that NLR might be a useful biomarker for assessing 
tumor response to chemotherapy, immune suppression, 
malnutrition and unfavorable prognosis in gastric cancer 
patients. Moreover, it has been suggested that combining 
anti-inflammatory agents with chemotherapy provides 
an enhanced efficiency of the treatment.
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HISTORY OF IMMUNOTHERAPY
The concept of immune modulating treatment was used 
for the first time by Edward Jenner (1798), who de
monstrated that inoculating humans with cowpox could 
prevent smallpox occurrence. Over time, this strategy 
was implemented in developing serum and vaccinations. 
The efficacy of immunotherapy in cancer treatment was 
demonstrated by WB Coley (1891) who, by injecting 
streptococcal germs into a patient with unresectable 
cancer, determined the decrease of the tumor size[102]. 
Furthermore, Ehrlich (1909) has suggested that the host 
immune system could suppress the tumor growth by 
recognizing cancerous cells as non-self. Half a century 
later, Burnett has proposed the theory of tumor immune 
surveillance[35], recently completed by Schreiber et al[49] 
with the concept of cancer immunoediting.

In recent years, many immunotherapeutic strategies 
have been developed, including treatments using 
monoclonal antibodies, cytokines, cytotoxic cells, T 
cells infusions and gene transferred vaccines[36], having 
the aim of either increasing the host antitumoral re
sponse capacity or increasing the immunogenicity and 
susceptibility to treatment of the tumor cells[103]. 

CURRENT IMMUNOTHERAPEUTIC 
STRATEGIES IN GASTRIC CANCER
The development of an effective immunotherapeutic 
management for digestive cancers has evolved relatively 
slowly, with the majority of these immune-modulating 
approaches still under assessment in early phase cli
nical trials, mostly because of their well-known lack of 
antitumor effector T lymphocyte responses and their 
decreased immunogenicity[104]. Despite these specific 
aspects, some immunotherapeutic approaches, such as 
those using anti-PD/PD-L1 immune checkpoint inhibitors, 
proved to also be effective in cancers defined by a poor 
immunogenic nature[105].

Immunotherapeutic strategies may be classified 
into[42]: 

Active immunization strategies, including: (1) 
adoption of cytokines (e.g., IFNγ, IL-10, IL-2) to date, 
leading to inconclusive results[103]. (2) vaccination 
strategies that include: vaccines using peptides/proteins 
recognized by CD8+ and CD4+ lymphocytes, such as 
various tumor-rejection antigens (including melanoma-
associated antigen (MAGE-3) or HER-2/neu)[106]; new 
vaccines using a compound formed by an immunogenic 
protein fused with peptide (Z12) that determines a 
persistent antitumor T cell response[107]; DC-based 
vaccines; RNA-based vaccines, etc. (3) immune check
point inhibitors (anti-CTLA4, anti-PD/PD-L1). (4) com
bination of different immunotherapeutic strategies. (5) 
Combination of immunotherapy with standard treatment.

Passive immunization strategies: Adoptive cell 

therapy (ACT) using TILs- refers to the passive transfer 
of antitumor T lymphocytes into a tumor-bearing host 
followed subsequently by the direct destruction of this 
cancer[108]. Current immunotherapeutic strategies are 
presented in Figure 2. 

Cellular immunotherapies in gastric cancer
Currently, immunotherapy in gastric cancer patients 
includes cell-based strategies aimed either to activate 
cytotoxic T lymphocytes directed against cancer cells or 
to bind molecules expressed by tumor cells. 

ACT: This technique refers to injection of different tumor-
specific T lymphocytes into a cancer patient, such as 
cytokine- and anti-CD3 monoclonal antibody- induced 
killer cells, as well as TILs.

(1) Cytotoxic T cell therapy
In a preclinical study, cytotoxic activity of peripheral 
blood lymphocytes extracted from gastric tumor patients 
or from healthy individuals was induced using different 
HLA-A matched allogeneic gastric cancer cells, exhibiting 
antitumor efficacy against HLA-A2 and HLA-A24 
gastric cancer cell lines[109]. Furthermore, Kawamoto 
et al[110] demonstrated the efficiency of peptide-based 
immunotherapeutic strategies by proving that cytotoxic 
T lymphocytes were able to kill HLA-A-0201/2402 colon 
and gastric cancer cells, which were positive for mitotic 
centromere-associated kinesin (MCAK) (a new cancer 
antigen) in an HLA-Ⅰ restricted way. In addition, MHC-1 
restricted T cells were obtained from primary tumors, 
metastatic lymph nodes, and ascites of autologous 
gastric cancer and were proved to detain different 
recognition characteristics towards gastric cancer 
antigens[111]. Moreover, splenic MAGE-specific cytotoxic T 
lymphocytes against HLA-A2 cancer cell antigen, existing 
in testis and several neoplasias (including gastric cancer), 
were successfully obtained and tested[112].

Another preclinical study has revealed that cytokine-
induced killer (CIK) cells, mostly by stimulating IFN-γ 
and tumor necrosis factor-alpha, exhibit antiproliferative 
effects against the MGC-803 gastric cancer cell line[113]. In 
addition, Kim et al[114] demonstrated the benefits of using 
ACT with CIK cells in gastric cancer patients. These CIK 
cells, isolated from the human peripheral blood mono
nuclear cells and activated by IL-2 and anti-CD3 antibody, 
were able to suppress the MKN74 human gastric cancer 
cell line in vitro and inhibit tumor proliferation in a nude 
mouse model.

As gastric cancers usually show paucity of stroma 
infiltration, in vivo studies have suggested administration 
of immunotherapy using ACT combined with chemo
therapy[115]. Furthermore, the chemotherapeutic drug 
oxaliplatin, by stimulating high-mobility group box 1 
protein to induce anticancerous T lymphocytes, is cap
able of producing an immunogenic cancer cell death[116]. 
In several in vitro and in vivo studies on drug-resis
tant gastric cancer, a high amount of cytokines was 
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induced by combining this drug with CIK cells[117]. It 
was suggested that chemotherapy associated with T 
lymphocyte reduction would be capable of enhancing 
the results of ACT therapy by stimulating the persistence 
of endogenous T cells in circulation, while depleting 
autoimmune reactions on healthy tissues. However, 
these results unfortunately occurred at the expense of 
severe infectious adverse events in these patients[118].

Moreover, the results obtained by combining ACT 
treatment with an antibody directed against both anti-
epidermal growth factor receptor (EGFR) and anti-
epithelial cell adhesion molecule (EpCAM), that specifi
cally targets the simian virus 40 (SV40) T antigen-
specific T cells (previously transduced with a truncated 
human EGFR), showed a better tumor reduction and OS 
than with ACT alone [119].

Du et al[120] used a mouse model of gastric cancer and 
concluded that ACT by peritoneal injection of CIK might 
be both a beneficial and minimally invasive strategy for 
treating this type of cancer. 

The first clinical trial proving the beneficial results 
of ACT in humans used lymphokine-activated killer 
cells plus IL-2 in patients with metastatic melanoma, 
leading to the approval of the treatment for this group 
of patients[121-123]. Furthermore, this strategy determined 
a significant tumor reduction in patients with different 
tumors[124].

Zhang et al[125] showed that administration of ex
panded activated autologous lymphocytes, which were 
stimulated by anti-CD3 monoclonal antibody (mAb) and 

IL-2, to gastric neoplasia patients led to a prolonged 
OS compared to the group that received only standard 
chemotherapy.

The efficiency assessment of combined treatment 
using CIK cells and chemotherapy as adjuvant therapy 
in stage Ⅱ/Ⅲ of gastric neoplasia after curative gastric 
resection revealed a significantly prolonged OS vs the 
group using chemotherapy alone[126]. In a similar con
text, a clinical trial analyzed the possible toxicities of 
adjuvant ACT associated with chemotherapy (including 
5-fluorouracil/capecitabine), showing an improvement 
in both DFS and OS, without the development of severe 
adverse reactions[127]. Moreover, a clinical trial assessing 
this type of combined adjuvant treatment in stage Ⅲ
/Ⅳ (M0) gastric cancer patients after R0/D2 resection 
showed a significantly longer 5-year OS and DFS vs 
adjuvant chemotherapy[128].

In cases of advanced gastric cancer, several clinical 
studies have also proven an increased response rate, 
better quality of life and even an increased OS in patients 
treated with chemotherapy (FOLFOX4) plus CIK cells vs 
chemotherapy alone[129,130].

By assessing the administration of a chemothera
peutic regimen followed by autologous CIK cells, the 
results highlighted an improved remission rate in gastric 
cancer patients, associated with tolerable and reversible 
side effects. Standard chemotherapy using XELOX plus 
CIK cells administered intraperitoneally in gastric cancer 
patients showed a marked decrease in ascites volume 
and OS prolongation[131].
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Figure 2  Current immunotherapeutic strategies in gastric cancer. NK: Natural killer cells; TILs: Tumor-infiltrating lymphocytes; CIK: Cytokine-induced killer 
cells; ACT: Adoptive cell therapy; DCs: Dendritic cells; PD-1: Programmed death-1; PD-L1: Programmed death ligand-1; CTLA-4: Cytotoxic T-lymphocyte-associated 
antigen 4; CI: Checkpoint inhibitors.
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In a pilot study, patients with advanced gastric cancer, 
who received gamma delta T cells with zoledronate 
intraperitoneally as a local treatment for carcinomatous 
ascites, showed a significant reduction both in the 
number of peritoneal tumor cells and ascetic volume with 
no serious side effects[132]. 

Several clinical trials are currently investigating the 
tumor responses after adjuvant administration of ACT 
plus chemotherapy after surgical resection in advanced 
gastric cancer patients[133]. In a phase Ⅱ clinical study 
involving gastric cancer patients in stages Ⅰ-Ⅲ, the 
adjuvant combination of autologous tumor lysate-pulsed 
dendritic and CIK cells (Ag-D-CIK) plus chemotherapy is 
currently being evaluated following curative resection[134].

A clinical trial is currently investigating the safety and 
efficiency of infusing chimeric antigen receptor (CAR) T 
cells specific for EpCAM into relapsed or refractory gastric 
cancer patients[135]. 

A phase Ⅰ/Ⅱ clinical trial is currently investigating the 
benefits of infusing CAR T cells targeting mucin 1 (MUC1) 
in several solid cancers (including gastric tumors), as its 
overexpression leads to chemotherapeutic-refractory 
tumors[136].

A phase Ⅰb clinical trial on advanced gastric cancer 
expressing CEA assesses the efficacy of injecting anti-
CEA CAR T cells into the hepatic artery targeting liver 
metastasis[137].

Additionally, a phase Ⅰ/Ⅱ clinical study on HER2+ 
gastric cancer patients (defined as HER2 in immuno
histochemical tumor tissue greater than or equal to 2 
levels) with liver metastasis is analyzing the cytotoxic 
potency of engineered pluripotent stem cells and T 
cells, which specifically bind to HER2[138]. In addition, 
another phase Ⅰ clinical trial assesses the safety profile 
of administrating autologous T cells equipped with a bi-
specific antibody (HER2 Bi-Armed T cells) in gastric and 
esophageal neoplasias[139].

Patients with metastatic gastric cancer are also investi
gated regarding a combination of S-1 plus dendritic cell 
activated CIK (DC-CIK) (phase Ⅰ/Ⅱ clinical trial)[140].

(2) Adoptive immunotherapy using TILs
The use of ACT with TILs is not associated with an 
immediate effect because this therapeutic protocol re
quires approximately six wks, as T cells must undergo 
the following preparation steps before infusion: first, 
they are isolated from tumor tissue; next, they are in 
vitro expanded; and finally, tumor-specific T cells are 
selected[141].

The immunotherapy using TILs has led to encou
raging results in preclinical models[142], but not in all 
clinical studies (except for melanoma)[143,144]. 

In most gastric cancer patients, TILs exhibit a specific 
type-1 T cell response to cancer antigens. It is important 
to note that in order to obtain “in vivo” destruction of the 
tumor cells, the efficacy of tumor-specific T cells usually 
needs to be enhanced by combining vaccination using 
specific cancer antigens/peptides or by injecting in vitro 
expanded autologous cancer-specific T cells [103].

Moreover, TILs can sometimes stimulate proliferation 
of tumor cells. Studies show that HP0175-specific TILs in 
gastric cancer patients infected with H. pylori determine 
gastric Th17 response, exhibiting a pro-inflammatory 
low cytotoxic TIL response; Th17 cells promote tumor 
progression through the promotion of inflammation 
by secretion of IL-17 and other interleukins, which 
could induce proliferation and migration of cancer cells; 
therefore, TILs reveal a correlation between H. pylori 
infection and gastric cancer development[145].

Because studies have demonstrated that a high 
Tregs/CD8+ ratio in the tumor areas  represents an 
independent factor for poor OS, a combination of the 
deletion of Tregs plus the stimulation of effector T cells 
may represent an effective immunotherapy in gastric 
cancer patients[65].

ACT using TILs isolated from the patient’s tumor 
was also assessed in cases with gastric neoplasia[146]; 
the results of a clinical trial showed a longer OS using 
a combined treatment of ACT using TILs and standard 
chemotherapy vs chemotherapy alone[143].

(3) Adoptive immunotherapy using NK cells
The data show that NK cells exhibit cytotoxic activity 
against allogeneic and autologous cancer cell lines, 
including gastric cancer cells lines[147], and could prevent 
tumor metastatic spreading[148,149]; additionally, intra-
tumor infiltration of NK cells is associated with a longer 
survival in neoplastic patients[150]. Patients with advanced 
gastric adenocarcinoma having a high density of NK cells 
demonstrated a prolonged survival rate vs those with 
the low density NK[151]. The number of apoptotic NK cells 
(Fas+ NK cells) is significantly higher in gastric neoplasia 
patients vs normal controls and is correlated to the tumor 
progression[152].

Clinical data revealed a favorable prognostic role of 
NK cells in gastric cancer patients, with a high level of 
CD57 antibody expression in gastric tumors correlated 
with a reduced size of tumors, N0 tumors, more surgical 
resections and prolonged 5-year OS[51].

By culturing autologous peripheral blood mononuclear 
cells with K562 cells, researchers were able to obtain 
cytotoxic NK cells from cancer patients[147], suggesting 
a possible role of immunotherapy using autologous 
expanded NK cells in clinical practice. In this regard, 
a clinical study using a combination of cell-based im
munotherapy with autologous NK cells, γδ T cells, and CIK 
cells plus chemotherapy showed a statistically significant 
improvement of the 2-year progression-free survival and 
quality of life, but without demonstrating a significantly 
prolonged OS in gastric cancer patients[153].

The safety and efficacy of therapy with trastuzumab 
and NK cells in the treatment of gastric cancer is cur
rently assessed in a clinical trial[154].

It has been demonstrated that lupeol, which exhibits 
a curative effect on various diseases, has the ability 
not only to stimulate the proliferation and the cytolytic 
activity of NK cells against gastric tumor cells, but also 
to inhibit the proliferation of some gastric cancer cell 
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lines. Therefore, this agent might be included (either 
alone or in combination with ACT) using NK cells in the 
therapeutic strategies of gastric tumors[155].

Cancer vaccines
Cancer vaccines have the aim of activating and in
creasing the number of effector T lymphocytes, leading 
to the augmentation of existing immunity, development 
of novel immunological response, and therefore an im
proved anticancer immunity[36].

Peptides derived from tumor-associated antigens 
[HER2/neu-derived peptide[156] and MAGE[157] are cap
tured by antigen-presenting cells (such as DC)] and 
presented by means of MHC type Ⅰ for presentation 
to cytotoxic T cells, and by means of MHC type Ⅱ for 
presentation to T helper cells, determine their activation, 
followed by the destruction of tumor cells. 

There are several types of vaccinations that have 
shown promising results in gastric cancer patients:

(1) HLA-A*2402-restricted URLC10-A24-177 and vas
cular epidermal growth factor receptor (VEGFR1-A12-9 
1084) epitope peptide cancer vaccines in advanced 
chemotherapy-resistant gastric cancer patients - these 
are safe and induce enhanced specific cytotoxic T cell 
immune responses[158].

(2) vaccination using survivin epitope peptide - a 
recent study suggested an excellent efficiency in gastric 
cancer patients upon inducing survivin-derived peptide-
specific cytotoxic T lymphocytes from mononuclear cells 
isolated from blood of healthy individuals[159].

(3) autologous gp96 vaccine in addition to chemo
therapy as an adjuvant treatment in patients with re
sected gastric cancer (phase Ⅱ study) - glycoprotein (gp) 
96, belonging to the group of autologous tumor-derived 
heat shock proteins (HSPs), binds tumor-associated 
antigens, constituting the HSPs-peptide complexes that 
promote the activation of APCs, as well as the release of 
various cytokines, enhancing T cell antitumor immune 
response; the vaccination seemed be well tolerated and 
is associated with a potential for prevention of gastric 
cancer recurrence[160].

(4) Trials using DC-based anticancer vaccines - ex 
vivo expanded DCs were able to generate antigen-
specific T lymphocytes responses both in animal mo
dels[161] and in clinical trials[162]: (1) vaccination using 
dendritic cells pulsed with HER-2/neu peptide generated 
tumor shrinkage (phase Ⅰ study)[143]; (2) vaccination 
using DC pulsed with nanoparticles MAGE-3 peptide-
loaded stopped tumors from proliferating in a mouse 
model of gastric cancer (phase Ⅰ study)[163]; and 
(3) vaccination with cancer-loaded autologous DCs 
(stimulated by autologous apoptotic gastric tumor cells) 
determined the activation of memory T cells[164].

RNA-based DC vaccines: By using stabilized mRNA, 
DCs transfected with mRNA coding for tumor-associated 
antigen/whole tumor RNA were able to generate potent 
immune responses both in mouse models[165,166] and 

clinical studies involving melanomas and renal cell carci
nomas[167,168].

These RNA-based vaccines seem to present some 
potential benefits over the classical vaccination tech
niques: they are pharmaceutically safer because of 
the presence of transient and cytosolic active mRNA 
(lack of genomic integration); they have the ability to 
target multiple tumor-associated antigens; they are not 
associated with severe adverse events; and they are not 
MHC-restricted[36]. 

Because the clinical efficiency of DC vaccines is limited 
because of the short survival of DCs, mostly due to the 
cytolytic properties of DC-activated CD8+ T cells[169], their 
efficiency has been increased by using small interfering 
RNA (siRNA)-targeting phosphatase and tensin homolog 
(PTEN), which is involved in negative feedback in the 
signal transduction of the PI3K/AKT pathway[170]. This 
technique has increased the number of cancer-specific 
cytotoxic T cells and the antitumor immune response[171]. 

The results were improved by targeting the immuno
suppressive IL-10 receptor in association with the siRNA 
DC vaccine[172], by using GM-CSF gene-modified DC[173], 
and by removing Tregs along with DC vaccination[174].

Strategies of combining vaccination with chemo
therapy: The combination of an adjuvant Bacille 
Calmette-Guérin (BCG) vaccine with chemotherapy vs 
chemotherapy alone resulted in a better OS in patients 
with radically resected locally advanced gastric cancer[175].

Vaccination using gastrin-17 diphtheria toxoid 
(G17DT)-targeting gastrin peptide combined with chemo
therapy (cisplatin plus fluorouracil) increased the OS of 
patients with advanced gastric cancer (phase Ⅱ clinical 
trial)[176].

Vaccination using peptides derived from human VEGF 
receptors 1 and 2 combined with standard chemotherapy 
(S1+ cisplatin) improved the OS in patients with ad
vanced gastric cancer[177].

Literature data show that vaccination is a safe and 
tolerable strategy that is associated with better prognosis 
in gastric cancer patients, especially when it is performed 
in addition to classical chemotherapy.

Immunotherapy using checkpoint inhibitors
Immune checkpoints represent inhibitory pathways that 
are critical for maintaining self-tolerance and physiological 
homeostasis by controlling the intensity of physiological 
immune responses to prevent tissue injury, particularly 
when the immune system is fighting an infection. Addi
tionally, they may also allow immune escape of cancer 
cells[36]. 

Immune checkpoint molecules, such as cytotoxic T 
lymphocyte protein-4 (CTLA-4) and programmed cell 
death protein-1 (PD-1), are involved in the inhibition of T 
cell activation via different pathways.

CTLA-4 is a co-inhibitory molecule exhibited on 
activated T lymphocytes and T regulatory cells, whose 
receptor on T cells interacts with its B7-1/B7-2 ligands 
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located on antigen-presenting cells (APCs), subsequently 
suppressing the T cell stimulatory signal mediated by 
CD28[178]. CTLA-4 expression is stimulated only in the 
context of T cell activation; afterwards, it competes with 
CD28 to bind to B7 molecules and decrease the immune 
response. By inhibiting this interaction using an anti-
CTLA-4 antibody, T cell activation and proliferation is 
promoted, along with a decrease in immunosuppressive 
Treg cells among TILs[179]. 

PD-1 represents a co-inhibitory receptor that is 
found on the surface of several types of cells, such 
as activated T cells, Treg cells, and monocytes. It has 
two ligands, PD-L1 and PD-L2. PD-L1 is expressed on 
both immune and tumor cells, while PD-L2 is mostly 
expressed on APCs. In tumors, PD-L1 that is expressed 
on tumor cells binds to PD-1 on activated T cells that 
reach the tumor and generates a suppression signal for 
the activation of T cells, which become unable to destroy 
tumor cells, leading to a decrease in both cellular and 
humoral immune responses[180,181]. Unlike CTLA-4, which 
is considered to be necessary for T cell activation, the 
PD-1/PD-L1/2 pathway seems to protect tumor cells 
from attack by T lymphocytes. It has been demonstrated 
that by inducing antibody-mediated blockage of the 
PD-1/PD-L pathway followed by the inhibition of this 
checkpoint, treatment is able to enhance the anticancer 
immune response of the host[22,182]. 

Several genetic studies have shown a possible cor
relation between PD-1 or CTLA-4 polymorphisms and 
the development of gastric cancer[183-185]. Additionally, 
the role of CTLA-4 gene promoter hypermethylation has 
been demonstrated as a risk factor for gastric tumor 
development, with CTLA-4 expression being significantly 
higher in gastric tumor samples vs normal tissue[186].

Prognostic significance of PD-1/PD-L1 and CTLA-4 
expression in gastric cancer: Saito et al[187] showed 
that PD-1 expression in CD8+ and CD4+ T cells in gastric 
tumors was significantly higher vs in normal gastric 
mucosa. Wu et al[188] showed that PD-L1 expression was 
encountered in 42% of gastric cancer tissues but not in 
normal gastric mucosa.

A meta-analysis by Gu et al[189] that was based on 15 
studies (most of them conducted in Asia) including 3291 
patients, showed a high variability of PD-L1 immuno
histochemical expression among studies, ranging be
tween 14.3% and 69.4%, due to the differences in cut-
off values (between > 1% and > 50%). 

Unlike in other tumors, such as lung cancer or mela
noma, there is scattered PD-L1 expression in gastric 
cancer cells, which mostly occurs in infiltrating myeloid 
cells at the tumor invasive front[25,58].

There are several papers suggesting that PD-L1 
expression in tumor cells may be upregulated by geno
mic alterations and oncogenic signaling, either through 
the phosphatidylinositol-3-kinase-protein kinase B 
(PI3K-AKT) or signal transducers and activators of the 
transcription (STAT) 3 pathway. Moreover, PD-L1 is up
regulated by the microRNA-200/zinc-finger E-box-binding 

homeobox 1 (ZEB-1) axis, which is closely related to 
epithelial-mesenchymal transition (EMT) conversion 
and to IFN-γ produced by TILs[190-192]. Mimura et al[193] 
showed that membranous PD-L1 immunohistochemical 
expression in gastric tumor cells was significantly cor
related with the number of CD8+ TILs and IFN-γ positive 
cells in the tumor. Additionally, an enhanced cytotoxic 
effect of anti-PD-L1 monoclonal antibody treatment was 
observed after prior IFN-γ exposure.

Literature data regarding the expression of PD-1/
PD-L1 as a prognostic in gastric cancer showed contro
versial results. Dai et al[53] reported an association 
between PD-L1 expression and an increased density 
of TILs; this increased density of TILs and higher levels 
of PD-L1 mRNA in gastric cancer was significantly cor
related with a better prognosis. Some studies showed a 
significantly improved prognosis in patients with PD-L1 
positive tumors[194,195]; conversely, others reported 
an association between PD-1/PD-L1 expression in 
cancer cells and TILs and advanced tumors, increased 
tumor size, the presence of deep invasion, lymph node 
metastasis, and perineural invasion and a significantly 
worse prognosis in these patients[196-198]; and the third 
group of papers found no influence of PD-L1 on the 
prognosis of gastric cancer[199].

A few recent meta-analyses have shown a cor
relation between PD-L1 and gastric cancer prognosis, 
demonstrating that PD-L1 overexpression is a worse 
prognostic factor in these patients[200-202]. Additionally, 
Zhang et al[203] performed a recent meta-analysis that 
included ten studies with 1901 gastric cancer patients 
and showed that PD-L1 expression was associated with a 
shorter OS and a poor clinicopathological status. 

Fang et al[204] highlighted that PD-L1 was expressed 
both in tumor cells and in TILs. PD-L1 positivity in 
tumor cells was associated with differentiation, while its 
expression in TILs was correlated with a late stage of the 
disease, no surgery and the OS. Patients with PD-L1+ 
TILs had a significantly poorer 5-year OS than those 
without PD-L1 expression (14.2 vs 18.3; p = 0.001). 
A study by Gao et al[205] showed that PD-L1 and PD-L2 
positivity in primary tumors and metastatic lymph nodes 
decreased the number of CD8+ T cells, and the amount 
of PD-1 positive expression on CD8+ T cells in primary 
tumors were prognostic factors that were correlated with 
a poor prognosis in stage Ⅱ/Ⅲ gastric cancer patients.

Again, the results of the meta-analysis by Gu and 
collaborators[189], showed that gastric cancer patients with 
deeper tumor infiltration, lymph node metastasis, venous 
invasion, and EBV+ and MSI subtypes were more likely to 
be PD-L1 positive. Moreover, for the subgroups of Asian 
patients and patients with stage Ⅱ/Ⅲ gastric cancer, 
cut-off values greater than 50% and cytoplasm/nuclear 
PD-L1 expression within tumor cells were positively 
associated with the OS. The results of this meta-analysis 
demonstrated that PD-L1 overexpression represented a 
significantly adverse prognostic factor in gastric cancer, 
fitting the theory of the cancer immunity cycle[47].

Many other studies[32,206] have also demonstrated 
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that EBV+ and MSI gastric tumors tend to be positive 
for PD-L1 expression. These subtypes have a rich infil
tration of lymphocytes, especially CD8+ T cells, in the 
tumor stroma; therefore, they may be categorized as 
medullary carcinomas. Moreover, in this context, PD-L1+ 
expression is associated with a significant increase 
in the number of CD8+ T cells at the tumor invasive 
front and with the ability of immune cells to infiltrate 
the center of the tumor[32]. Both EBV+ gastric cancers 
and MSI+ gastric cancers have IFN-γ response genes, 
therefore, PD-1 pathway signaling seems to be a crucial 
mechanism for controlling a previous cytotoxic anticancer 
immune response[189]. The EBV+ subtype is associated 
with amplification of the 9p24.1 locus, which harbors 
the PD-L1/PD-L2 genes; PD-L1 positivity is found in 
50% of the cancer cells and 94% of immune cells in 
this subgroup[194,207]. Additionally, approximately 33% 
and 45% PD-L1+ expression levels are encountered 
on tumors cells and immune cells, respectively, in MSI 
gastric tumors[208]. These data suggest that EBV+ and 
MSI gastric cancers may be preferred candidates for 
PD-1 blockade immunotherapy. These types of neopla
sias that are associated with rich inflammatory infiltrates 
are considered “hot” or inflamed tumors, while poorly 
immunogenic cancers are termed “cold.” “Hot” tumors 
are characterized by the expression of immune-inhibitory 
signals, such as PD-L1, indoleamine-2,3-dioxygenase 
(IDO), and Treg cells[209,210], which counterbalance the 
effects of cytotoxic T lymphocytes. Therefore, using 
combined treatments to convert cold into hot tumors 
may increase the proportion of patients who benefit from 
immunotherapy[211]. 

While some data from non-small cell lung cancer 
(NSCLC) and other cancers have revealed that PD-L1 
immunohistochemical positivity in cancer and/or in im
mune cells (bioptic specimens) is correlated with bene
ficial results after checkpoint inhibitor immunotherapy 
using monoclonal antibodies[212], other studies have 
shown tumor responses to PD-L1 therapies in tumors 
with PD-L1- cancer cells[213]. 

The location of PD-L1 expression in TILs situated 
at the invasive front or even at the tumor center may 
negatively influence its use as a biomarker. Furthermore, 
stromal rather than membranous expression of PD-L1 
may be the cause for the slightly poorer responses to 
single-agent PD-1 checkpoint inhibitors in gastric cancer 
vs other tumor types[208]. 

Because there are variations in the techniques, the 
antibody clones used, and the cutoff values for PD-L1 
positivity that limit cross-trial comparisons of different 
tumor types, including gastric cancer, some resear
chers have proposed harmonization of PD-L1 testing 
to standardize the results. Recently, Jiang et al[214] ela
borated an immunohistochemical-based immunoscore 
on a cohort of 879 Chinese gastric cancer patients and 
demonstrated that a high immunoscore corresponded to 
lower recurrence rates and improved OS after adjuvant 
therapy.

Data suggest that there is racial and geographical 

variability in the tumor-immune microenvironment that 
is related to different responses to immunotherapy; for 
example, non-Asian gastric cancer patients have tumors 
that are rich in TILs and are associated with high CTLA-4 
signaling[215]. 

The study by Schlößer et al[198] found positive CTLA-4 
expression in the tumor microenvironment of 86% of 
gastric cancer patients that was correlated with poor OS.

Clinical trials using checkpoint inhibitors: Clinical 
trials using CTLA-4 and PD/PD-L1 checkpoint inhibitors 
are listed in Table 1.

(1) CTLA-4 checkpoint inhibitors
Tremelimumab
Tremelimumab (formerly ticilimumab, CP-675,206) 
is a fully human monoclonal antibody against CTLA-4 
that received FDA approval for the treatment of meso
thelioma. It was the first immune checkpoint inhibitor 
that was investigated in patients with gastroesophageal 
tumors. 

A phase Ⅱ study[216] investigated tremelimumab 
(at a dose of 15 mg/kg every 90 d, which is pre
sently considered sub-therapeutic) in 18 patients with 
advanced esophageal, gastroesophageal junction or 
gastric adenocarcinoma. Although the median time 
to progression and OS were relatively short, at 2.83 
and 4.83 mo, respectively, approximately one-third of 
patients were alive at one year. Currently, there is an 
ongoing clinical trial assessing whether tremelimumab is 
associated with the anti-PD-L1 antibody durvalumab; the 
dose of tremelimumab used as a monotherapy is 10 mg/
kg every 4 wk[9].

Ipilimumab
Ipilimumab (trade name Yervoy, previously known as 
MDX-010 and MDX-101) was approved by FDA for the 
treatment of patients with unresectable/metastatic 
melanoma, after at least one line of systemic treatment 
has been performed (2011)[217]; the indications for this 
drug were recently extended to include pediatric patients 
(12 years and older) (2017) and adjuvant treatment 
of patients with cutaneous melanoma with pathologic 
involvement of regional lymph nodes greater than 1 mm 
in size who have undergone complete resection (including 
total lymphadenectomy); in addition, it was recently 
approved as the first-line treatment, in combination with 
nivolumab, for patients with intermediate or poor risk 
with advanced renal cell carcinoma (2018).

A randomized phase Ⅱ trial enrolled patients with 
unresectable, locally advanced/metastatic gastric or 
gastro-esophageal junction cancer with partial response/
stable disease after first-line chemotherapy with a 
combined fluoropyrimidine plus platinum regimen to 
receive either the best supportive care (consisting of 
continuation of fluoropyrimidine) or ipilimumab. The 
primary end-point of the study was immune-related 
PFS. Unfortunately, the study was ended earlier due to 
the lack of clinical efficiency of ipilimumab. The PFS was 
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first line nivolumab plus ipilimumab or nivolumab plus 
standard chemotherapy (XELOX or FOLFOX) vs standard 
chemotherapy (XELOX or FOLFOX), having as a primary 
endpoint the OS in patients with PD-L1+ tumors[220]. The 
data from the double-blinded, randomized, multicentric 
phase Ⅲ trial ONO-12 (ATTRACTION 2) were presented 
at the ASCO Gastrointestinal Cancers Symposium 2017, 
demonstrating the benefits of nivolumab as a salvage 
treatment (third or later line) in patients with advanced 
unresectable or recurrent gastric or gastroesophageal 
junction cancer, either PD-1/L1+ or - vs placebo 
(NCT022673430). It was the first time that a prolonged 
OS was obtained for patients with heavily pretreated 
tumors using PD-1 inhibition[221]. There were 493 
patients randomly assigned (2:1) to receive nivolumab 
(n = 330) or placebo (n = 163). The median OS was 
significantly increased with nivolumab vs placebo (5.26 
mo vs 4.14 mo with placebo). The risk of death was 
lower in the nivolumab group vs placebo group (HR 
= 0.63; p < 0.0001); 68.5% of the patients in the 
nivolumab group died vs 86.5% in the placebo group. 
Additionally, nivolumab treatment was associated with a 
significantly better OS rates at 6 and 12 mo compared 
to placebo (46.1% vs 34.7% and 26.2% vs 10.9%), 
Nivolumab treatment led to a longer median PFS (1.61 
mo vs 1.45 mo) and higher ORR than placebo (11.2% 
with nivolumab vs 0%). Among the approximately 40% 
(n = 192) of patients with tumor samples, 12.3% in the 
nivolumab group and 16.1% in the placebo group had 
PD-L1 positive tumors. The analysis of PD-L1 expression 
status showed that median OS in patients with PD-L1+ 
tumors was 5.22 mo in the nivolumab group and 3.83 
mo in the placebo group (HR = 0.51). In patients 
with PD-L1- tumors, median OS was 6.05 mo in the 
nivolumab group, and 4.19 in the placebo group (HR = 
0.72). Nivolumab resulted in an absolute survival benefit 
of 1.1 mo in median OS vs placebo. Nivolumab led to 
durable OS benefit that was sustained beyond one year 
vs placebo in heavily pretreated gastric cancer patients, 
regardless of PD-L1 expression status[222]. Because of the 
survival benefit demonstrated by the ATTRACTION-2 trial 
in this subset of difficult-to-treat gastric cancer patients, 
the approval of nivolumab in Japan was granted as a new 
treatment option that is beneficial for heavily pretreated 
advanced gastric cancer.	

Anti-PD-1 antibodies - Pembrolizumab
Pembrolizumab (formerly MK-3475, trade name Key
truda) is a humanized IgG4 isotype antibody that tar
gets the PD-1 receptors on lymphocytes. It has FDA 
approval for the treatment of unresectable or metastatic 
melanoma, metastatic non-small cell lung cancer (NSCLC) 
(certain situations), metastatic non-squamous NSCLC 
(PDL1+/-), as a second-line treatment for head and neck 
squamous cell carcinoma (HNSCC), after platinum-based 
chemotherapy, and for the treatment of adult/pediatric 
patients with refractory classic Hodgkin’s lymphoma.

The large multi-cohort, multicenter, nonrandomized, 
open-label phase Ib KEYNOTE-012 first demonstrated the 

efficacy of pembrolizumab as monotherapy (administered 
in a dose of 10 mg/kg every 2 wk or a 200 mg fixed 
dose every 3 wk) in PD-L1+ recurrent or metastatic 
gastric or gastroesophageal cancer (NCT01848834)[25]. 
Of all the patients assessed, 39 patients (40%) had 
PD-L1+ tumors, most of them being heavily pretreated 
patients. Treatment with single-agent pembrolizumab 
determined partial response (PR) in 22% and sustained 
disease (SD) in 13% of patients. The median PFS was 
1.9 mo, with a 6 mo PFS of 26% and a median OS of 
11.4 mo. The most common adverse events included 
loss of appetite, fatigue, pruritus, arthralgia and hypo
thyroidism. Pembrolizumab was well-tolerated, with 13% 
of patients developing grade 3-4 toxicity. It is important 
to stress that approximately 60% of patients enrolled 
in this trial have previously received more than three 
lines of chemotherapy, representing a group of patients 
without any therapeutic response demonstrated by 
other studies. Almost two-thirds of the tumors revealed 
genomic profiling of a microsatellite-instability high 
(MSI-H) status. This genomic status correlates with 
high tumor mutational burden, and patients with MSI-H 
cancers, colorectal and non-colorectal, have developed 
encouraging responses to anti-PD1 therapy in various 
solid tumors[23]. This aspect remains to be established 
if present in gastroesophageal cancers. Additionally, in 
this study, tumor response correlated with an increased 
interferon-γ gene expression[223].

With the goal of improving immune treatment effi
cacy and having the knowledge that chemotherapy is 
capable of promoting immunogenic cell death[224], PD-1 
inhibitors were associated with standard chemotherapy, 
which is a combined regimen proven to increase re
sponse rates in lung cancer[225]. The KEYNOTE-059 phase 
Ⅱ clinical trial included 259 patients with advanced 
gastric or gastroesophageal cancer. Cohort 1 assessed 
the efficacy and safety of pembrolizumab monotherapy 
in patients with previously treated advanced gastric 
cancer. Approximately half the patients who enrolled in 
cohort 1 had received two or more prior treatments for 
metastatic cancer, whereas others received three or more 
prior therapies. Among 259 patients, 148 (57.1%) were 
PD-L1+ (by immunohistochemistry). Pembrolizumab 
elicited sustained ORR in 30 of 259 patients (11.6%) 
and complete response in 2.3%. These responses were 
observed irrespective of PD-L1 expression. The ORR was 
higher in patients with PD-L1+ vs PD-L1- tumors, 23 of 
148 (15.5%) vs 7 of 109 (6.4%), respectively. A T cell-
inflamed gene expression profiling score was developed 
in this study, demonstrated to be significantly associated 
with pembrolizumab response; also, a significant non
linear association was found between this score and 
PD-L1 expression. Of 174 patients (67.2%) assessed 
for MSI, seven patients (4.0%) had samples that were 
MSI-high. It was observed a higher ORR in patients 
with MSI-high tumors than in patients with non-MSI-
high tumors (57.1% vs 9.0%). However, prevalence of 
MSI high tumors was very low in this population (4%), 
and most responses were observed in non-MSI-high 
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patients.  Thus, in cohort 1, pembrolizumab monotherapy 
showed good responses and manageable toxicities 
after ≥ 2 prior lines of treatment[226,227]; these results 
led to an accelerated FDA approval of pembrolizumab 
for PD-L1+ advanced gastric cancer patients as third-
line treatment. In cohort 2, the enrollees were HER2- 
naïve patients with advanced gastric/gastroesophageal 
junction adenocarcinoma, who receive pembrolizumab 
associated with combined chemotherapy (5-fluorouracil/
capecitabine plus cisplatin) for six cycles, and subsequent 
maintenance treatment with pembrolizumab plus 5-FU/
capecitabine for a maximum period  of two years/until 
disease progression[228]. The preliminary data showed 
that 94% of patients have experienced adverse events 
(e.g., anorexia, nausea, neutropenia); of these patients, 
two thirds developed grade 3-4 toxicities. The results of 
the study proved manageable adverse event profiles for 
patients receiving combined therapeutic schemes, with 
none of the patients discontinuing the treatment. The 
data showed an ORR was 60% and 68.8% in PD-L1+ 
patients[229].

The KEYNOTE-028 phase Ⅰb study evaluated the 
role of pembrolizumab, administered in up to two years 
or until progression, in PD-L1+ advanced solid tumors, 
including esophageal and gastroesophageal junction 
cancers (adenocarcinoma and squamous cell cancer), 
with most of them having at least two prior lines of che
motherapy[230]. The interim data on 23 patients showed 
an ORR of 30%, with 6- and 12-mo PFS rates of 30.4% 
and 21.7%, respectively. The response rates were better 
for adenocarcinomas.

An ongoing phase Ⅱ study is assessing the efficiency 
of pembrolizumab monotherapy, along with the analysis 
of immune-related gene profiles and PD-L1 expression 
as biomarkers for treatment response in patients with 
advanced cancer of the esophagus or gastroesophageal 
junction (adenocarcinoma or squamous cell carcinoma) 
(KEYNOTE-180, NCT02559687)[231], progressing on 
standard chemotherapy. 

KEYNOTE-061 is an ongoing phase Ⅲ open-label 
clinical trial comparing pembrolizumab versus paclitaxel 
in the second-line setting for patients with advanced 
gastric or gastroesophageal cancer (progression after 
first-line therapy with a platinum plus fluoropyrimidine 
combination) (NCT02370498)[232]. The treatment admini
stration continues until the disease progression or the 
occurrence of severe toxicities; the primary endpoints 
are PFS and OS in the PD-L1+ population. The study 
randomized 592 patients to receive pembrolizumab 
or standard-dose paclitaxel. PD-L1 positivity was en
countered in 395/592 patients enrolled. Median OS was 
9.1 mo with pembrolizumab vs 8.3 mo with paclitaxel (HR 
= 0.82, p = 0.042); 12-mo OS rates in pembrolizumab 
group compared with paclitaxel group were 39.8% vs 
27.1%, and 18-mo rates were 25.7% vs 14.8%. There 
was no difference in PFS or ORR, but pembrolizumab 
responses proved more durable, and the treatment 
effect was more prominent in patients with ECOG PS 
0 (HR = 0.69), gastroesophageal junction tumors 

(HR 0.61) and with increasing PD-L1 expression. The 
safety profile observed in KEYNOTE-061 was consistent 
with that observed in previously reported studies of 
pembrolizumab, this drug demonstrating a better safety 
profile than paclitaxel. The agent reduced the risk of 
death by 18% vs paclitaxel in patients with previously 
treated gastric cancer and PD-L1+, although this dif
ference did not achieve statistical significance[233].

Furthermore, the ongoing phase Ⅲ KEYNOTE-062 
study is randomizing PD-L1+/HER2- advanced, meta
static gastric/GEJ adenocarcinoma patients to receive 
as a first-line regimen either pembrolizumab or pem
brolizumab, associated with fluorouracil and cisplatin 
(NCT02494583)[234]. The primary endpoints are repre
sented by OS and PFS.

A phase Ⅲ study (KEYNOTE-181) aims to include 
approximately 600 patients with previously treated ad
vanced adenocarcinoma or squamous cell carcinoma of 
the esophagus or gastroesophageal junction to receive 
either pembrolizumab or monochemotherapy (paclitaxel, 
docetaxel, or irinotecan) (NCT02564263)[235].

Anti-PD-L1 antibodies - Avelumab
Avelumab (MSB0010718C, trade name Bavencio) re
presents a fully human anti-PD-L1 IgG1 antibody which 
is approved by the FDA for the treatment of metastatic 
Merkel cell carcinoma (patients older than 12 years) and 
locally advanced/metastatic urothelial carcinoma under 
progression, after platinum-containing treatment (2017).

Avelumab is currently assessed in JAVELIN program 
(NCT01772004)[236]. Patients received 10 mg/kg of 
avelumab every two wks as second-line treatment. For 
Japanese gastric cancer patients, the obtained ORR was 
15%, with 43.3% of patients presenting PFS at 12 wk[237]. 
In this context, phase Ⅰb trials are currently investigating 
avelumab in patients with advanced gastric/gastro
esophageal junction cancers. The results, presented at 
the American Society of Clinical Oncology (ASCO) 2016 
meeting, showed that the most encountered adverse 
events were infusion-related reactions and fatigue. In 
the first context (patients who had at least one prior 
therapy), the ORR, DCR, and median PFS were 9.7%, 
29.0%, and 6.0 wk, respectively, whereas in the second 
setting (patients who received avelumab as first-line 
switch maintenance after chemotherapy), they were 
9%, 57.3%, and 12.0 wk, respectively. ORR in the 
PD-L1+ tumors was higher vs PD-L1- tumors (18.2% 
vs 9.1% for the third-line treatment group and 10% 
vs 3.1% for the maintenance group). Starting from 
these data, there are two phase Ⅲ ongoing studies 
assessing avelumab in the treatment of gastric cancer 
patients. One study is comparing avelumab as a third-
line of treatment to best supportive care (phase Ⅲ 
JAVELIN Gastric 300 trial) (NCT02625623), while 
another is assessing patients receiving avelumab as a 
switch maintenance after chemotherapy with 5-FU or 
capecitabine plus oxaliplatin (phase Ⅲ JAVELIN Gastric 
100 study) (NCT02625610)[238]. The Javelin Gastric 
300 trial enrolled 371 patients from 147 sites in Asia, 
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Australia, Europe, North America and South America. 
Recently, the companies stated that the pivotal phase 
Ⅲ Javelin trial investigating avelumab as third-line 
treatment for patients with unresectable, recurrent or 
metastatic gastric cancer did not meet its pre-specified 
primary endpoint of superior OS vs chemotherapy. It 
represents the first trial of a checkpoint inhibitor vs an 
active chemotherapy comparator rather than placebo in 
this hard-to-treat patient population. The safety profile 
was consistent with that observed in previously reported 
studies of avelumab. The JAVELIN Gastric 300 data will 
be further evaluated in an effort to better understand the 
results.

Anti-PD-L1 antibodies - Durvalumab (MEDI4736)
Durvalumab represents an engineered human anti-PD-L1 
IgG1 antibody that prevents PD-L1 binding to PD-1 
and CD80. It has received FDA approval for previously 
treated advanced bladder carcinoma and unresectable 
stage Ⅲ NSCLC. 

A phase Ⅰ study assessed the efficiency of ad

ministering durvalumab in doses up to 10 mg/kg 
intravenously every two weeks for up to one year in 
patients with solid tumors, including gastric cancer 
(NCT01693562)[239]. Fatigue, nausea, vomiting, rash and 
pyrexia were the most frequent adverse events. An ORR 
of 25% was obtained in patients with gastric tumors. Ad
ditionally, two patients with heavily pretreated tumors sur
passed the current median PFS that was obtained with 
standard treatments.

An ongoing phase ⅠB/Ⅱ study is investigating patients 
with recurrent/metastatic gastric/gastroesophageal 
junction adenocarcinomas for monotherapy with durvalu
mab, tremelimumab, or a combination of durvalumab 
and tremelimumab (anti-CTLA-4) in second- or third-line 
setting[240].

An algorithm of current treatment in unresectable 
locally advanced, recurrent or metastatic gastric cancer is 
presented in Figure 3.

Checkpoint inhibitors in the adjuvant /neoadjuvant 
setting (stage Ⅱ or Ⅲ tumors): Because multiple 

Unresectable
locally

advanced,
recurrent or 

metastatic GC

Platinum +
fluoropyrimidine -
based doublet/
triplet regimen

Palliative
chemotherapy

BSC (unfit 
patients)

Trastuzumab
+ CX/CF

1st

line

2nd line

3rd line

4th line

Apatinib Nivolumab Pembrolizumab

Nivolumab

Taxane (Docetaxel,
Paclitaxel)/
Irinotecan/

Ramucirumab ±

Paclitaxel

HER2- HER2+

PD-L1+

tumors

Pembrolizumab

MSI/dMMR
tumors

PD-L1+

tumors

Figure 3 Therapeutic algorithm in unresectable locally advanced, recurrent or metastatic gastric cancer. HER2: Human epidermal growth factor receptor 
2; CX: Cisplatin and capecitabine; CF: Cisplatin and fluorouracil; MSI: Microsatellite instability; dMMR: Deficient mismatch repair gene; PD-L1: Programmed death 
ligand-1.
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lines of standard chemotherapy may harm the immune 
system, and immune biomarkers may be stimulated 
by previous chemoradiation, it was suggested that ad
dition of checkpoint inhibition in the adjuvant or even 
neoadjuvant setting in earlier stages of the disease may 
induce a significantly higher tumor response rate[241]. 
It has been demonstrated that after chemoradiation 
neoadjuvant therapy, there is a higher number of TILs 
that are agglomerated in perivascular areas and arranged 
in lymphoid-like structures; these are features that favor 
the tumor response to immunotherapy[58].

A randomized phase Ⅲ study (CheckMate-577) 
NCT02743494 is assessing the role of adjuvant nivolumab 
for patients with resected esophageal/gastroesophageal 
cancer. Investigators aim to enroll approximately 760 
patients to receive either nivolumab or placebo. The pri
mary endpoints are OS and DFS[242]. Moreover, a phase Ⅰ 
study is currently investigating nivolumab combined with 
an anti-CCR4 (mogamulizumab) in the preoperative 
setting (NCT02946671)[243].

The combination of nivolumab and ipilimumab is 
going to be assessed in the adjuvant treatment of gastric/
gastroesophageal junction adenocarcinomas with a high 
risk of recurrence - a phase Ⅱ study (NCT03443856) 
(VESTIGE)[244].

Several ongoing phase Ⅰ/Ⅱ clinical trials are assessing 
the safety and efficacy of neoadjuvant treatment using 
different PD-1/PD-L1 checkpoint inhibitors, administered 
either concomitantly or sequentially with neoadjuvant 
chemoradiation. For example, a phase Ⅰ trial is assessing 
neoadjuvant administration of nivolumab and ipilimumab 
in stage Ⅱ/Ⅲ patients (NCT03044613)[245]; another Ⅰ
b phase clinical trial is assessing pembrolizumab and 
chemoradiation in the neoadjuvant setting of locally ad
vanced esogastric tumors (NCT03064490/PROCEED)[246]. 
Several Ⅱ and Ⅲ phase ongoing studies are investigating 
the efficacy of pembrolizumab in association with chemo
therapy as neoadjuvant/adjuvant treatment in gastric 
cancer patients[247-249]. Additionally, a phase Ⅱ study is 
evaluating the results of administering avelumab plus 
chemotherapy (FLOT) in the perioperative setting[250]. 

FUTURE PERSPECTIVES
The synergistic action of the PD-1/PD-L1 checkpoint inhi
bitors and the vascular endothelial growth factor (VEGF)/
vascular endothelial growth factor receptor (VEGFR) 
blockade was demonstrated by preclinical data[251]; 
the combined treatment induced an improved tumor 
response and better OS. This combination treatment 
assessed in phase Ⅰ/Ⅱ studies was associated with an 
acceptable safety profile [252,253].

A phase Ⅰa/Ⅰb study (NCT02443324)[254] is investi
gating the safety and efficacy of combining anti-PD-L1 
(durvalumab) and anti-VEGFR2 antibodies (ramuciru
mab) in patients with refractory gastric/gastroesophageal 
junction tumors. The interim data of 40 patients showed 
a 45% DCR and a median PFS of 2.60 mo. The most 
frequently encountered toxicities included fatigue, 

infusion-related reaction, loss of appetite, pruritus, rash, 
and hypertension; 25% of patients had severe toxicities.

Additionally, the efficacy of associating nivolumab 
with ramucirumab in patients with advanced, unresec
table gastric/gastroesophageal junction cancers is 
currently under investigation in a phase Ⅰ/Ⅱ study 
(NCT02999295)[255]. The clinical trial of nivolumab with 
paclitaxel and ramucirumab in patients with advanced, 
unresectable gastric cancer is ongoing under investigation 
in a phase Ⅰ/Ⅱ study (UMIN000025947)[256].

A phase Ⅱ study is currently recruiting patients with 
metastatic/recurrent gastric/gastroesophageal cancer to 
receive pembrolizumab plus lenvatinib mesylate (anti-
VEGFR2 tyrosine kinase inhibitor) (NCT03413397)[257], 
whereas another phase Ⅰ/Ⅱ study is planning to combine 
avelumab with regorafenib (another anti-VEGFR2 ty
rosine kinase inhibitor) in advanced gastric tumors 
(NCT03475953/REGOMUNE)[258].

Because HER2+ tumors develop resistance to trastu
zumab, studies have been evaluating a combination 
of PD-1 blockade plus anti-HER2 agents. Preclinical 
studies indicate that the HER2 blockade stimulates T cell 
activation and enhances interferon-γ secretion by NK cells 
and antibody-dependent cellular toxicity; therefore, it 
boosts the PD-1/L1 inhibitor efficacy[259].

The combination of pembrolizumab plus the anti-
HER2 monoclonal antibody margetuximab in patients 
with advanced HER2+ gastric cancers that are resistant to 
classical trastuzumab-based chemotherapy is currently 
under evaluation in a phase Ⅰb/Ⅱ dose-escalation trial 
(NCT02689284)[260].

Other promising options include dual immunothe
rapies, such as the administration of PD-1/PD-L1 check
point inhibitors combined with agents suppressing 
other immune checkpoints (e.g., TIM3, LAG3) or T cell 
costimulatory antibodies (e.g., GITR, OX40, and 4-1BB). 
Additionally, other directions investigate the combination 
of the PD-1/PD-L1 blockade with radiation and other 
cytotoxic and targeted treatments (PARP inhibitors, ATR 
serine/threonine protein kinase inhibitors, pegylated 
recombinant human hyaluronidase, anti-CEACAM1, 
arginase inhibitor INCB001158, FGFR inhibitors, immuno
therapy using Listeria bacteria to activate an immune 
response against specific tumor-associated antigens, 
claudiximab, etc.), and enzymatic inhibitors such as 
IDO-1[211]. 

Therapeutic intervention upon IDO1-mediated im
mune suppression involves inhibition of the catalytic 
activity of IDO1. Preliminary data from the ongoing 
studies investigating dual inhibition of both PD-1 and 
IDO1 in solid tumors are promising, showing an in
creased efficiency of the checkpoint blockade[261,262]. 
Currently, there are two studies of phase Ⅰ/Ⅱ 
(NCT02178722/KEYNOTE-037/ECHO-202)[263] and Ⅱ 
(NCT03196232)[264], respectively investigating the IDO1 
inhibitor epacadostat in combination with pembrolizumab 
in gastric tumors. 

Additionally, CDC20 encoding cell division cycle 
protein 20 homologue[265], as well as PLK1 and TTK, 
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which represent checkpoints in mitosis, may be used 
as therapeutic targets[266]. PLK1 is upregulated in tu
mors, and data reported from both preclinical and 
clinical studies suggest encouraging benefits from PLK-1 
inhibition[267]. Maternal embryonic leucine zipper kinase 
(MELK) decreases the apoptosis of tumor cells; therefore, 
additional MELK inhibition may also be offered in PD-L1+ 
cancers[268].

The negative checkpoint regulator VISTA represents 
a V-domain Ig suppressor of T cell activation (VISTA), 
known as PD1 homolog, which belongs to the B7 family. 
VISTA is mostly exhibited on hematopoietic cells[269]. In 
murine tumor models, anti-VISTA monoclonal antibodies 
activated intratumoral T cells, enhancing antitumor 
immunity. Moreover, the combined VISTA/PD-1 blockade 
was proven efficient[270,271]. A phase Ⅰ study, combining 
VISTA and PD-L1/PD-L2 inhibition in solid tumors (CA-170 
molecule; NCT02812875), has been initiated[272]. 
Böger et al[273], investigated VISTA expression in 464 
gastric cancer patients, with an increased expression 
associated with the intestinal type (VISTA is a regulator 
of differentiation), proximal gastric tumors, and KRAS- 
and PIK3CA mutant cancers. Additionally, a significantly 
higher VISTA expression in immune cells was noticed in 
association with PD-L1 expression and in EBV+ tumors. 
These observations might stress that a subset of tumors 
may use multiple checkpoint pathways to escape 
immunity and that the combined VISTA/PD-1 inhibition 
may be a promising novel cancer approach.  

Another study is investigating nivolumab plus a 
matrix metalloproteinase 9 inhibitor (GS-5745 = ande
caliximab) in patients with unresectable/recurrent 
gastric or gastroesophageal junction adenocarcinoma 
(NCT02864381)[274]. 

Due to the permanent development of novel immuno
therapeutic agents, classical trials do not have the ability 
to appropriately assess all possible drug combinations. 
In this regard, FRACTION (Fast Real-time Assessment 
of Combination Therapies in Immuno-Oncology) is a 
new clinical trial program with a dynamic design that 
provides the possibility both for the inclusion of new 
immunotherapeutic combinations, as well as exclusion of 
ineffective ones[275].

Cancer radiotherapy may seldom exhibit the clinical 
phenomenon of the abscopal response, meaning that 
no irradiated metastases diminish after radiation to the 
primary tumor. Data from preclinical trials highlighted 
that radiotherapy plus PD-1/PD-L1 blockade exhibited 
synergistic anticancer effects. Currently, trials on gastric 
cancer patients are investigating the efficiency of pem
brolizumab plus palliative radiotherapy (metastatic 
tumors), and additional neoadjuvant chemoradiotherapy 
(resectable tumors) (NCT02730546)[276], respectively. 
A phase Ⅰ/Ⅱ trial is also investigating nivolumab+ radio
therapy in unresectable, recurrent gastric cancer (as 
third-line treatment) (NCT03453164) (CIRCUIT)[277].

PREDICTIVE BIOMARKERS AND GENETIC 
PROFILES
The combination of immune checkpoint inhibitors with 

other types of immunotherapies, targeted agents, radio- 
or chemotherapies, seems to generate promising results 
against gastrointestinal cancers but at the expense of 
the occurrence of immune-related side effects, some 
of them potentially fatal[278,279]. Therefore, identification 
of prognostic biomarkers and genetic profiles to define 
subgroups of gastric cancer patients who are most likely 
to respond to specific immunotherapeutic regimens is an 
urgent need[280]. 

In this regard, an ongoing observational study 
NCT02951091 (Biomarker - integrated Umbrella)[281] 
is investigating different molecular cohorts in oncologic 
patients, the cases of PD-L1+, MSI-H, and EBV+ 
advanced gastric cancers being assigned to receive either 
nivolumab or other agents, such as AFATINIB (EGFR 
tyrosine kinase inhibitor or GSK2636771 (PI3K beta 
inhibitor) plus PACLITAXEL). A phase Ⅱ study compares 
nivolumab with other novel agents, according to genetic 
testing, in gastric cancer patients with mismatch repair 
deficiency (loss of MLH1/ MLH2) (NCT02465060 - The 
MATCH screening trial)[282]. 

CONCLUSION
because of the well-known heterogeneity of tumors, it 
is essential to assess the particular molecular biology of 
different subtypes of gastric cancers that are associated 
with different clinico-biologic parameters and prognosis 
to identify innovative treatment approaches that will 
improve current results in gastric cancer. Modern treat
ments, such as the promising immunotherapy, should be 
applied in this way to selected patients who have been 
proven to have the best response to a specific therapy 
(individualized treatment). In this context, it is also 
mandatory to discover prognostic tumor markers and 
predictive biomarkers for treatment response. 
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Abstract
Both Helicobacter pylori  (H. pylori ) infection and liver 
diseases, including nonalcoholic fatty liver disease 
(NAFLD), viral hepatitis, and hepatocellular carcinoma 
(HCC), have high prevalences worldwide, and the re
lationship between H. pylori  infection and liver disease 
has been discussed for many years. Although positive 
correlations between H. pylori  and NAFLD have been 
identified in some clinical and experimental studies, nega­
tive correlations have also been obtained in high-quality 
clinical studies. Associations between H. pylori  and the 
pathogenesis of chronic viral hepatitis, mainly disease 
progression with fibrosis, have also been suggested in 
some clinical studies. Concerning HCC, a possible role 
for H. pylori  in hepatocarcinogenesis has been identified 
since H. pylori  genes have frequently been detected 
in resected HCC specimens. However, no study has 
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revealed the direct involvement of H. pylori  in promoting 
the development of HCC. Although findings regarding 
the correlations between H. pylori  and liver disease 
pathogenesis have been accumulating, the existing data 
do not completely lead to an unequivocal conclusion. 
Further high-quality clinical and experimental analyses are 
necessary to evaluate the efficacy of H. pylori  eradication 
in ameliorating the histopathological changes observed in 
each liver disease.

Key words: Helicobacter pylori ; Nonalcoholic fatty liver 
disease; Nonalcoholic steatohepatitis; Hepatitis C virus; 
Hepatitis B virus; Viral hepatitis; Hepatocellular carcinoma 

© The Author(s) 2018. Published by Baishideng Publishing 
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Core tip: Both Helicobacter pylori  (H. pylori ) infection 
and liver diseases have high prevalences worldwide, and 
their relationship has been discussed for a long time. 
In this review, we comprehensively summarize positive 
and negative correlations suggested in clinical and experi
mental studies, and conclude that existing data cannot 
fully lead us to make a decision. We also point out the 
necessity of further analyses evaluating the efficacy 
of H. pylori  eradication on histopathological changes 
in each liver disease. We believe this paper would help 
readers to gain a better understanding of the relationship 
between H. pylori  and liver diseases.

Okushin K, Tsutsumi T, Ikeuchi K, Kado A, Enooku K, Fujinaga 
H, Moriya K, Yotsuyanagi H, Koike K. Helicobacter pylori 
infection and liver diseases: Epidemiology and insights into 
pathogenesis. World J Gastroenterol 2018; 24(32): 3617-3625  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v24/i32/3617.htm  DOI: http://dx.doi.org/10.3748/wjg.v24.
i32.3617

INTRODUCTION
Helicobacter pylori (H. pylori) is one of the most well-
known microbes in the world. Warren and Marshall 
reported the possible virulence of H. pylori in patients 
with gastritis, gastric ulcer, and duodenal ulcer in 1984[1]. 
Approximately 50% of the global population is estimated 
to be infected with H. pylori[2], and chronic infection 
with H. pylori is one cause of chronic atrophic gastritis, 
peptic ulcer diseases, and gastric cancer[3,4]. Recently, 
findings concerning the influence of H. pylori on various 
extra-alimentary organs have accumulated[5-12]. Among 
these putative extra-alimentary disorders caused by H. 
pylori, the relationship with metabolic disorders remains 
controversial[13-23].

Liver diseases, including nonalcoholic fatty liver 
disease (NAFLD), chronic viral hepatitis, and hepato
cellular carcinoma (HCC), also have high prevalences 
worldwide. Consequently, the relationship between H. 
pylori and liver diseases has been discussed and still 

remains controversial[10]. Although the presence of H. 
pylori or Helicobacter species has been observed in liver 
samples from patients with various liver diseases[24-30] 
and findings regarding possible roles for H. pylori in the 
pathogenesis of liver diseases have been accumulating, 
few studies have reported a direct contribution of H. 
pylori to the pathogenesis of liver diseases. Additionally, 
negative correlations have been identified in high-quality 
clinical studies[31-34]. 

Currently, H. pylori is efficiently eradicated by various 
short-term treatments with combinations of antibiotics[35]. 
On the other hand, despite the remarkable progress in 
research and therapy, curative treatments have not yet 
been established for almost all liver diseases. Therefore, 
a discussion of whether H. pylori has a possible role in the 
pathogenesis of liver diseases and a clarification of the 
efficacy of H. pylori eradication in treating liver diseases 
are important. In this review, we present current insights 
into the relationship between H. pylori and liver diseases, 
such as NAFLD, chronic viral hepatitis, and HCC.

H. PYLORI AND NAFLD
NAFLD is an emerging liver disease worldwide, including 
in Asian countries[31,36,37]. NAFLD is a spectrum of dis
eases ranging from simple steatosis to nonalcoholic 
steatohepatitis (NASH). The latter is progressive and con
sidered a causative factor of cirrhosis, HCC, and systemic 
metabolic disorders[38-40]. 

The initial description of NASH pathogenesis, which 
was previously defined as the “two-hit” theory, was pre
sented by Day et al[41] in 1998 and has been discussed 
by other researchers. In addition to a “first-hit” of hepatic 
steatosis, a “second-hit,” such as gut-derived endotoxins, 
proinflammatory cytokines, dysregulation of adipokines, 
oxidative stress, endoplasmic reticulum stress, and lipo
toxicity, is necessary for NASH development. Considering 
the complicated mechanisms of NAFLD, however, the 
“two-hit” theory had been thought to be insufficient, 
and instead, the “multiple-parallel hits” hypothesis was 
proposed by Tilg et al[42]. According to this hypothesis, 
inflammatory mediators derived from various tissues, 
including the gut and adipose tissue, play a central role 
in the inflammatory cascade. However, the detailed 
pathogenesis largely remains unclear.

The relationship between H. pylori and NAFLD in 
the context of gastrointestinal tract inflammation has 
been long discussed but remains controversial (Table 
1)[10,31-34,43-51]. Some cross-sectional or retrospective 
studies have not identified correlations between NAFLD 
and H. pylori[31-34]. Previously, we examined the asso
ciations of causative background factors with NAFLD 
by analyzing 13737 subjects in a cross-sectional study 
in Japan, but no correlations were observed between 
NAFLD and H. pylori, regardless of gender[31]. On 
the other hand, opposite results have also been re
ported[45-48]. In a meta-analysis, Wijarnpreecha et al[49] 
found a significantly increased risk of NAFLD among 
patients with H. pylori infection, with pooled odds ratios 
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of 1.21 (95%CI: 1.07-1.37).
To the best of our knowledge, only two randomized 

prospective studies have attempted to reveal the direct 
correlation between H. pylori eradication and NAFLD. As 
shown in the study by Jamali et al[50], eradication does 
not exert significant effects on the liver fat content, liver 
function tests, lipid profiles, and homeostasis model 
assessment of insulin resistance (HOMA-IR) index in 
patients with NAFLD, although one limitation of this 
study was that it was conducted on dyspeptic patients 
with NAFLD. Polyzos et al[51] performed a small-scale 
prospective study of H. pylori eradication in patients 
with biopsy-proven NASH. In this study, eradication had 
no long-term effect on hepatic steatosis but showed a 
trend toward improving the noninvasive NAFLD fibrosis 
score[52]. Namely, in the H. pylori-eradicated group, 
the fibrosis scores decreased from -0.34 at baseline 
to -0.24 at month 12 (P = 0.116), whereas the scores 
increased in the control group from -0.38 at baseline to 
-0.56 at month 12 (P = 0.249). Larger-scale randomized 
prospective studies focusing on H. pylori eradication are 
needed. 

NAFLD is closely related to metabolic syndrome. The 
relationship between H. pylori and metabolic syndrome 
has also been discussed for many years. Recently, 
Refaeli et al[53] analyzed 147936 individuals aged 25-95 
years who performed the urea breath test during 
2002-2012 using a large computerized database of a 
health maintenance organization in Israel. In this study, 
the prevalences of H. pylori infection and metabolic 
syndrome were 52.0% and 11.4%, respectively. Com
pared to noninfected patients, H. pylori-infected patients 
exhibited an increased likelihood of developing metabolic 
syndrome (adjusted OR: 1.15, 95%CI: 1.10-1.19). 
Similar results have been obtained in a meta-analysis[54], 
middle-sized community-based studies[55,56], and hos
pital-based studies[17,57,58]. On the other hand, Takeoka 
et al[59] reported unique controversial results focusing on 
the quantification of H. pylori-specific IgG concentrations. 
Namely, the subjects were stratified into 4 groups according 
to the concentration of H. pylori-specific IgG as follows: 
H. pylori seronegative (< 10 U/mL), low H. pylori-specific 
IgG levels (10-30 U/mL), moderate H. pylori-specific IgG 

levels (30-50 U/mL), or high H. pylori -specific IgG levels 
(> 50 U/mL). After stratification, patients with low IgG 
levels had the lowest risk of metabolic syndrome, after 
adjusting for age, sex, smoking, drinking, and physical 
activity status. Using patients with the low IgG levels as 
the reference, patients with negative, moderate, and 
high IgG levels had ORs (95%CIs) of 2.15 (1.06-4.16), 
3.69 (1.12-16.7), and 4.05 (1.05-26.8), respectively. 
Indeed, H. pylori-specific IgG levels do not always re
flect disease severity; further discussion is needed to 
determine why the group with low IgG levels, but not 
negative for IgG, exhibited the lowest risk of metabolic 
syndrome. Another cross-sectional study in Japan, 
which analyzed 7394 cases, evaluated the correlations 
between H. pylori infection with the development of 
metabolic syndrome and each parameter[17]. In this study, 
H. pylori seropositivity was a significant and independent 
predictor of metabolic syndrome (OR: 1.39, 95%CI: 
1.18-1.62, P < 0.001), as determined by a multivariate 
logistic regression analysis. Furthermore, according 
to the multivariate linear regression analysis, H. pylori 
seropositivity was significantly correlated with metabolic 
syndrome-related variables, such as higher systolic blood 
pressure (β  coefficient = 1.03, P = 0.014), a lower high-
density lipoprotein (HDL) cholesterol level (β  coefficient 
= -2.00, P < 0.001), and a higher LDL cholesterol level 
(β  coefficient = 2.21, P = 0.005). In addition, successful 
eradication of H. pylori significantly improves disturbances 
in these metabolic parameters[60-63]. However, some 
reports contradict an association between H. pylori and 
these metabolic risk factors[64-68]. Therefore, we are not 
able to reach a definitive conclusion, and the effect of H. 
pylori on metabolic factors may depend on the subjects 
examined, due to differences in factors such as country 
of residence, dietary habits, culture, and fitness habits. 

Since obesity is closely linked to NAFLD, a relation
ship between H. pylori and obesity has also been hypo
thesized. A meta-analysis by Lender et al[69] concluded 
that the rates of obesity and overweight were inversely 
and significantly correlated with the prevalence of H. 
pylori infection (r = 0.29, P < 0.001). However, this 
meta-analysis only selected studies conducted in devel
oped countries [GDP > 25000 USD/(person∙year)]. 
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Ref. Year Country Study design Number of subjects Conclusion

Okushin et al[31] 2015 Japan Cross-sectional study 13737 Negative
Baeg et al[32] 2016 South Korea Cross-sectional study 3663 Negative
Fan et al[33] 2018 China Cross-sectional study 21456 Negative
Cai et al[34] 2018 China Cross-sectional study 2051 Negative
Polyzos et al[45] 2013 Greece Cross-sectional study 53 Positive
Doğan et al[46] 2013 Turkey Cross-sectional study 174 Positive
Kim et al[47] 2017 South Korea Retrospective study 17028 Positive
Chen et al[48] 2017 China Cross-sectional study 2263 Positive
Wijarnpreecha et al[49] 2016 Various countries Meta-analysis 38622 Positive
Jamali et al[50] 2013 Iran Prospective study (RCT) 49 Negative
Polyzos et al[51] 2014 Greece Prospective study 12 Negative

Table 1  Summary of relevant studies between Helicobacter pylori  and nonalcoholic fatty liver disease

RCT: Randomized controlled trial.

Okushin K et al . H. pylori  and liver diseases



3620 August 28, 2018|Volume 24|Issue 32|WJG|www.wjgnet.com

Based on these results, levels of inflammatory cytokines, 
adiponectin and fetuin-A may be associated with H. pylori-
related IR, although that relationship has not been com
pletely acknowledged.

Recently, the gut microbiota has been the focus of 
studies on the pathogenesis of various diseases and has 
also been suggested to play key roles in NAFLD patho
genesis[89,90]. Cytotoxin-associated gene A antigen (CagA), 
the known virulence factor of H. pylori, has been reported 
to alter the gut microbiota, resulting in the exacerbation 
of cell proliferation and immune phenotypes[91]. Fur
thermore, increased mucosal permeability of the intes
tine induced by H. pylori infection was reported[92]. These 
alterations in the gut environment, such as the micro
biota and mucosal barrier, by H. pylori may influence the 
pathogenesis of NAFLD.

In summary, positive correlations between H. pylori 
and NAFLD have been reported in some clinical and ex
perimental studies, but other studies have presented con
tradictory data. Further analyses focusing on the effect 
of H. pylori eradication on histopathological changes in 
patients with biopsy-proven NAFLD are necessary.

H. PYLORI AND CHRONIC VIRAL 
HEPATITIS OR CIRRHOSIS
The involvement of H. pylori in the pathogenesis of chro
nic viral hepatitis has been speculated (Table 2). Esmat et 
al[30] evaluated the presence of the H. pylori CagA gene in 
liver samples from patients with hepatitis C virus (HCV)-
related chronic hepatitis or cirrhosis by the polymerase 
chain reaction (PCR). In this study, the H. pylori gene 
was detected in 28.2% cases of late fibrosis (F3 + F4) 
and 5.9% cases of early fibrosis (F1 + F2) (P = 0.0001) 
by PCR. The influence of H. pylori on the progression 
of HCV-related liver diseases has also been examined. 
Anti-H. pylori antibody positivity was significantly and 
independently associated with cirrhosis in patients with 
HCV-related chronic hepatitis or cirrhosis in multivariate 
analyses (OR: 2.42, 95%CI: 1.06-5.53, P = 0.037)[93]. 
Rocha et al[94]. examined liver tissues from H. pylori-
infected patients and revealed that the Helicobacter 16S 
rDNA was only detected in 4.2% of liver samples from 
control patients and in 3.5% of samples from patients 
with noncirrhotic chronic hepatitis C. The Helicobacter 
16S rDNA was detected in 68.0% of liver samples from 
patients with HCV-positive cirrhosis without HCC as well 
as in 61.3% of patients with HCC. In a meta-analysis, 
Wang et al[95] analyzed the prevalence of H. pylori infec
tion in a total of 1449 patients with chronic hepatitis C 
and 2377 control cases. The prevalence of H. pylori was 
significantly higher in patients with chronic hepatitis C than 
in those without chronic hepatitis C (pooled odds ratio 
2.93). In a subgroup analysis, the odds ratios were 4.48 
for HCV-related cirrhosis and 5.45 for HCC. These results 
suggest an association between Helicobacter species 
and HCV-related disease progression, but these findings 
only show the presence of H. pylori, not its pathogenicity 

Contradictory results were obtained in rather large-scale 
studies performed in other countries, such as China[70,71]. 
The reason for this discrepancy remains to be eluci
dated, but the difference in dietary habits and culture is 
probably responsible. In addition, the subjects’ appetites 
and actual food intake levels will presumably be changed 
after successful eradication of H. pylori and may affect 
body weight. To determine whether the presence of H. 
pylori itself triggers body weight gain, detailed studies 
without exogenous factors are necessary to determine 
whether an H. pylori infection itself triggers body weight 
gain. Nwokolo et al[72] presented interesting data in a 
study examining this point. In a small-scale pilot trial, 
plasma ghrelin, leptin, and gastrin levels were measured 
before and after the cure of H. pylori in 10 subjects. 
After H. pylori cure, plasma ghrelin levels increased 
significantly by 75% (P = 0.002). On the other hand, 
leptin and gastrin levels have decreased by 11% and 
30%, respectively, although the differences were not 
significant. Ghrelin is known to stimulate appetite and 
induce a positive energy balance, leading to body weight 
gain[73]; therefore, an increase in plasma ghrelin levels 
might be associated with the development of obesity 
following the eradication of H. pylori.

One of the important manifestations of NAFLD is 
insulin resistance (IR)[74]. Higher HOMA-IR scores were 
recorded for H. pylori-infected patients[55,75-78], while oppo
site results have also been obtained in other studies[19,79]. 
Cytokine production was suggested as a mechanism by 
which H. pylori induced IR. H. pylori infection stimulates 
the release of proinflammatory cytokines, including 
tumor necrosis factor (TNF)-α, interleukin (IL)-1, IL-6 
and IL-8[80,81]. TNF-α induces IR by suppressing insulin-
induced tyrosine phosphorylation of insulin receptor and 
its substrate, insulin receptor substrate (IRS)-1, in a 
hepatoma cell line[82]. In fact, neutralization of increased 
TNF-α levels in obese fa/fa rats significantly increases 
the peripheral uptake of glucose in response to insulin[83]. 
Adiponectin and fetuin-A are also regarded as key 
factors contributing to IR. Adiponectin, an adipocyte-
derived hormone, antagonizes excess lipid storage in the 
liver and protects against inflammation and fibrosis[84]. 
According to Ando et al[85], successful eradication of H. 
pylori significantly increases total adiponectin levels from 
5.61 μg/mL to 6.16 μg /mL (P < 0.0001) as well as the 
levels of each multimer form (high-, middle-, and low-
molecular-weight) of adiponectin. Fetuin-A, a glycoprotein 
produced by the liver, is correlated with impaired 
insulin sensitivity, glucose metabolism, and the onset of 
diabetes mellitus[86,87]. H. pylori-positive subjects have 
higher fetuin-A levels and HOMA-IR scores than H. pylori-
negative subjects. In a cross-sectional study, the mean 
fetuin-A values were 0.77 g/L and 0.58 g/L in H. pylori-
positive and H. pylori-negative subjects, respectively. 
Mean HOMA-IR scores were 3.1 and 2.2 in H. pylori-
positive and H. pylori-negative subjects, respectively. 
In addition, a significant positive correlation between 
fetuin-A and HOMA-IR was observed after adjusting for 
other factors (adjusted coefficient β  = 0.23, P < 0.01)[88]. 

Okushin K et al . H. pylori  and liver diseases
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in the liver. H. pylori may putatively flow into the liver 
via the portal vein and be caught and eliminated by 
intrahepatic immune cells such as Kupffer cells in the 
normal liver. Since the number of these cells decreases 
with the progression of fibrosis, H. pylori is speculated 
to be present in the liver as a result of immune escape. 
Accordingly, the prevalence of H. pylori might simply 
be high in patients with cirrhosis compared with that 
in control or noncirrhotic patients. Additional in-depth 
studies are required to confirm the actual involvement of 
H. pylori in the progression of liver fibrosis. 

Clinical findings suggesting relationships between 
H. pylori and hepatitis B virus (HBV)-related liver dis
eases have also been reported[96-100]. A higher prevalence 
of H. pylori infection in HBV-infected patients has been 
reported in several studies[96-98], but these findings may 
just reflect the hygienic environments in childhood. 
Actually, Wang et al[99] reported that the prevalence of 
H. pylori infection in asymptomatic HBV carriers was 
38.67% in Shandong Province, China, which was not dif
ferent than that in the normal adult population recruited 
from the same region (35.94%, P = 0.352). Possible 
associations between the progression of HBV-related liver 
disease and liver-related complications, such as variceal 
bleeding, ascites, and encephalopathy, have also been 
reported[97]. In a meta-analysis of a Chinese population, 
the prevalence of H. pylori infection among patients 
with HBV-related liver diseases increased as the disease 
severity increased[100]. Namely, the H. pylori-positive 
rate in patients with chronic hepatitis B patients but not 
cirrhosis or HCC was 2.44-fold higher than that in healthy 
controls (pooled OR: 2.44, 95%CI: 1.85-3.24; P < 0.01). 
Furthermore, the H. pylori-positive rate in patients with 
HBV-induced cirrhosis was 4.28-fold higher (pooled 
OR: 4.28, 95%CI: 2.99-6.13, P < 0.01) than that in 
healthy controls, while it was 6.02-fold higher (pooled 
OR: 6.02, 95%CI: 4.33-8.37, P = 0.821) in patients with 
HBV-related HCC. Therefore, the presence of H. pylori 
may accelerate the progression of HBV-related liver 

pathogenesis, but the precise pathogenicity in the liver 
remains to be elucidated.

In summary, although H. pylori infection and chronic 
viral hepatitis seem to be associated in limited situations, 
further studies are necessary to obtain a final conclusion 
since researchers have not yet clearly determined whe
ther H. pylori itself directly contributes to the progression 
of viral hepatitis. 

H. PYLORI AND 
HEPATOCARCINOGENESIS
Several clinical studies have reported an association 
between H. pylori and HCC (Table 2). H. pylori and 
similar species were detected in liver samples from pa
tients with HCC[24-27]. Additionally, a positive association 
between H. pylori and the risk of HCC was reported in a 
meta-analysis[101]. The overall prevalence of H. pylori in 
the liver was 53.3% (129 of 242) in patients with HCC 
and 10.4% (29 of 280) in controls, and the odds ratio 
for the association between H. pylori infection and the 
risk of HCC was 13.63 (95%CI: 7.90-23.49). These 
observations, however, only showed the presence of H. 
pylori in liver tissues. HCC is usually accompanied by 
liver fibrosis, and in these circumstances, the intrahepatic 
immune status and hemodynamics may be changed to 
permit the inflow of H. pylori and escape from immunity 
in the liver, as noted above. Therefore, the presence of 
H. pylori only in HCC tissues does not provide strong 
support for an association with HCC. 

Some in vitro studies have presented the possible 
mechanism underlying the association between H. pylori 
and hepatocarcinogenesis. As shown in the study by 
Zhang et al[102], H. pylori causes pathological effects on 
HepG2 hepatoma cells by upregulating the expression 
of some proteins related to gene transcription and signal 
transduction. Virulent type H. pylori cause cell cycle 
arrest and apoptosis of Huh7 cells, another hepatoma cell 
line[103]. According to Liu et al[104], histidine-rich protein 

Okushin K et al . H. pylori  and liver diseases

Ref. Year Country Study design Number of subjects Conclusion

HCV
   Esmat et al[30] 2012 Egypt Cross-sectional study 85 Positive
   Queiroz et al[93] 2006 Argentina Cross-sectional study 106 Positive
   Rocha et al[94] 2005 France Cross-sectional study 109 Positive
   Wang et al[95] 2016 Various countries Meta-analysis 3826 Positive
HBV
   Ponzetto et al[96] 2000 Italy Case-control study 355 Positive
   Huang et al[97] 2017 China Cross-sectional study 608 Positive
   Mohamed et al[98] 2018 Egypt Cross-sectional study 170 Positive
   Wang et al[99] 2011 China Cross-sectional study 1872 Negative
   Wang et al[100] 2016 China Meta-analysis 4645 Positive
HCC
   Nilsson et al[24] 2001 Sweden Cross-sectional study 36 Positive
   Pellicano et al[25] 2004 Italy Cross-sectional study 26 Positive
   Huang et al[26] 2004 China Cross-sectional study 36 Positive
   Xuan et al[27] 2006 China Cross-sectional study 50 Positive
   Xuan et al[101] 2008 Various countries Meta-analysis 522 Positive

Table 2  Summary of relevant studies between Helicobacter pylori  and chronic viral hepatitis, cirrhosis, and hepatocellular carcinoma

HCV: Hepatitis C virus; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.
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(Hpn), a small histidine-rich cytoplasmic protein from 
H. pylori, induces apoptosis by suppressing ubiquitin-
specific peptidase 5 (USP5) expressions and activating 
the P14-P53 signaling pathway. However, these data are 
only indirect findings obtained from in vitro studies using 
cancer cell lines. Indeed, to the best of our knowledge, 
direct evidence for the tumorigenic effect of H. pylori on 
the liver has not been obtained. Ki et al[105] postulated 
that H. pylori infection might promote the transforming 
growth factor (TGF)-β1-dependent oncogenic pathway, 
disturbing the balance between hepatocyte apoptosis and 
proliferation in a murine model of CCl4-induced fibrosis, 
but in this study, the development of HCC itself was not 
observed. Furthermore, in transgenic mice expressing 
HCV proteins, H. pylori infection did not promote the 
development of HCC[106]. Based on these findings, H. 
pylori infection is currently presumed to be unlikely to 
contribute to HCC development.

In summary, although H. pylori genes are frequently 
detected in HCC samples, possible correlations between 
H. pylori and hepatocarcinogenesis seem to be doubtful. 
Further studies showing the direct contribution in vivo 
using infectious animal models or mice transgenic for H. 
pylori genes are necessary to confirm this relationship. 

CONCLUSION
H. pylori have a high prevalence, and its roles in liver 
diseases, as well as its well-known contribution to the 
pathogenesis of gastric disorders, have been discussed. 
As described in this review, several correlations between 
H. pylori and liver diseases, particularly NAFLD, have 
been reported in some clinical and experimental studies, 
but these correlations remain controversial. Further 
analyses are required to elucidate the associations. In 
addition, since only a few studies have examined the effect 
of H. pylori eradication on the pathogenesis of NAFLD, 
histopathological confirmation that H. pylori eradication 
specifically prevents or improves disease progression 
is necessary. Concerning chronic viral hepatitis and 
HCC, some observational studies suggested positive cor
relations. But, we have to recognize possibilities of the 
publication bias and confounding factors such as hygienic 
environments and contaminations resulting from the 
presence of cirrhosis. Actually, few studies have defini
tively confirmed the pathogenic contribution of H. pylori 
to increase of inflammation, progression of fibrosis, or 
acceleration of hepatocarcinogenesis. H. pylori infection 
and liver diseases still have high prevalences worldwide 
and significant impact on patients’ prognosis. There is 
a room to discuss whether H. pylori are really involved 
in pathogenesis of each liver disease. To demonstrate 
the actual involvement of H. pylori in these processes, 
H. pylori itself or its gene product must be shown to 
accelerate the pathogenesis of these diseases using well-
established animal models.
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Abstract
Milan criteria are currently the benchmark related to 
liver transplantation (LT) for hepatocellular carcinoma. 
However, several groups have proposed different ex
panded criteria with acceptable results. In this article, we 
review the current status of LT beyond the Milan criteria in 
three different scenarios-expanded criteria with cadaveric 
LT, downstaging to Milan criteria before LT, and expansion 
in the context of adult living donor LT. The review focuses 
on three main questions: what would the impact of the 
expansion beyond Milan criteria be on the patients on 
the waiting list; whether the dichotomous criteria (yes/
no) currently used are appropriate for LT or continuous 
survival estimations, such as the one of “Metroticket” 
and whether it should enter into the clinical practice; 
and, whether the use of living donor LT in the context of 
expansion beyond Milan criteria is justified.

Key words: Hepatocellular carcinoma; Milan criteria; 
Liver transplantation; Living donor liver transplantation; 
Expanded criteria; Downstaging 
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Core tip: After more than 20 years since their first de
scription, the Milan criteria still represent the benchmark 
in liver transplantation for hepatocellular carcinoma. 
This review focuses on three unresolved issues, those 
being: the impact of expansion beyond Milan criteria 
for patients on the liver transplant waiting list; whether 
the dichotomous criteria (yes/no) currently used are 
appropriate for liver transplantation or continuous survival 
estimations, such as the one of “Metroticket” and whether 
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it should enter into the clinical practice; and, whether the 
use of living donor liver transplantation in the context of 
expansion beyond Milan criteria is justified.

Pavel MC, Fuster J. Expansion of the hepatocellular carcinoma 
Milan criteria in liver transplantation: Future directions. World J 
Gastroenterol 2018; 24(32): 3626-3636  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i32/3626.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i32.3626

INTRODUCTION
Nowadays, hepatocellular carcinoma (HCC) represents 
the second cause of cancer-related death in the world[1]. 
Liver transplantation (LT) is an attractive option for 
treatment of HCC, giving that it simultaneously ad
dresses the HCC and the cirrhotic liver, which is at risk for 
development of new tumors. 

Since the introduction of the so-called Milan criteria 
(MC; single lesion ≤ 5 cm or up to three separate 
lesions, none larger than 3 cm)[2] into clinical use, survival 
rates after LT for HCC have improved significantly. 
Today, the 5-year overall survival (OS) of patients within 
the MC reaches similar rates as those of nontumoral 
indications (65%-70% for HCC patients)[3,4]. As a result, 
the MC have been included in the Barcelona-Clínic Liver 
Cancer (BCLC) pretransplant staging, and the American 
Association for the Study of Liver Diseases (AASLD) 
and the European Association for the Study of the Liver-
European Organisation for Research and Treatment of 
Cancer (EASL-EORTC) practice guidelines[5-8]. 

However, the MC may seem too restrictive. Several 
groups have proposed different expansions of these 
classic criteria, with reasonable life expectancy after 
LT[9-14]. The rationale behind the expansion is that ap
proximately 25% of the patients classified as Milan-
in before LT present a Milan-out HCC in the explant 
histology[2,15,16]. The 5-year OS of these patients are 
better than the minimum acceptable rate of 50% pro
posed by some authors[17,18]. Despite this, the majority 
of the transplant centers are still using the MC. Currently, 
the EASL-EORTC guidelines on management of the HCC 
do not recommend the expansion of criteria outside of 
prospective research studies[8].

The International Consensus Conference regarding 
LT for HCC that was held in Zurich in 2010 states that 
the MC represent the benchmark for selection of patients 
for transplantation and the basis for comparison with 
other suggested criteria. However, according to the 
same group, modest expansion may be considered 
giving the favorable results of several studies[19]. Theo
retically speaking, at least three different scenarios 
may be planned for the expansion of the HCC criteria - 
transplantation with deceased donor grafts in Milan-out 
HCC patients, living donor (LD)LT for patients beyond 
MC, and successful downstaging to MC before LT in 

patients initially Milan-out. Regarding the first of these 
three scenarios, the definition of a “time 0” (the moment 
when the patients with expanded criteria are included on 
the waiting list) will be very important, allowing for study 
of the expansion from an “intention-to-treat” point of 
view[20].

Several important issues should be discussed in order 
to evaluate the impact of the expansion beyond MC.

The first issue to be considered is what the effect 
of transplanting Milan-out patients on the waiting list 
for LT will be[21], by balancing the survival benefit for 
the patients beyond MC against the harm caused by 
delaying the LT for the other patients on the waiting list. 
According to the data published by United Network for 
Organ Sharing (known as UNOS) and the European Liver 
Transplant Registry (known as ELTR), the most important 
problem facing LT remains the scarcity of donors[3,4]. 
Theoretically, the expansion of criteria could lead to 
an overload of an already-large waiting list by adding 
patients that, until this moment, were deemed to not 
benefit from this treatment. The decision on whether to 
expand the criteria depends on what number would be 
considered as acceptable lowest survival after LT by each 
transplant community[22]. 

The second issue to be considered is if the decision 
to transplant an HCC patient should only depend on rigid 
criteria, like “size and number” or should be a dynamic 
decision in which expansion beyond the MC could be 
an option, depending on other characteristics such 
as the waiting list times and donor availability in each 
geographic region that performs LT. 

The third issue to be considered is the strategy of 
using LDLT in patients with HCC, which is still questioned 
by some authors. Despite the advantage of transplanting 
patients beyond MC without affecting the conventional 
waiting list, at least two important problems have to be 
analyzed. One of them is the risk to the donor, especially 
in the context of expanding the criteria. The second one 
is that there are reports that describe significantly worse 
results with LDLT, as compared with conventional LT[23].

The objectives of this article are to review the current 
literature related to the expansion beyond MC in the 
three described scenarios and to evaluate the relevant 
data linked to the issues presented above. We believe 
that the transplant with deceased donor grafts and the 
LDLT are marked by different characteristics, therefore 
we will discuss each one separately. 

LT with deceased donor grafts in patients with HCC 
beyond MC
In the last years, it has become evident that the con
ventional LT (with cadaveric donors) for HCC beyond 
MC is not necessarily associated with worse results. 
Several authors have described modest expansions of 
the MC with acceptable OS and recurrence rates (see 
Tables 1 and 2). Giving all these results, Mazzaferro[24] 
suggests that the tumor size and number used as criteria 
for transplantation should be defined at a regional 
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Criteria Type of donor Detailed criteria

UCSF[9,27] Cadaveric Solitary tumor ≤ 6.5 cm or ≤ 3 tumors with the largest ≤ 4.5 cm
Up-to-seven[10] Cadaveric/LDLT Seven: sum of tumor number and size of the 

largest tumor without microvascular invasion
Clinica Universidad de Navara (CUN)[12] Cadaveric 1 tumor ≤ 6 cm or ≤ 3 tumors with the largest ≤ 5 cm
Toso[29] Cadaveric Total tumor volume ≤ 115 cm3 and AFP ≤ 400 ng/mL
Hangzhou University[13] Cadaveric One of the following:

Total tumor diameter ≤ 8 cm
Total tumor diameter > 8 cm with histological grade Ⅰ or Ⅱ and AFP ≤ 400 ng/mL

Onaca (ITR)[32] Cadaveric Solitary tumor, ≤ 6 cm
2-4 tumors, ≤ 5 cm

Tokyo (5-5 rule)[53] LDLT Maximum 5 tumors ≤ 5 cm
Kyoto[55] LDLT ≤ 10 tumors, ≤ 5 cm, 

DCP§ ≤ 400 mAU/mL
Kyushu University[57] LDLT Any number of tumors with diameter ≤ 5 cm or DCP§ ≤ 300 mAU/mL
Asan[58] LDLT ≤ 6 tumors, diameter ≤ 5 cm
Samsung[59] LDLT/cadaveric ≤ 7 tumors, diameter ≤ 6 cm, AFP ≤ 1000 ng/mL
BCLC[14] LDLT 1 tumor, ≤ 7 cm

3 tumors, ≤ 5 cm
5 tumors, ≤ 3 cm

Maintained response within Milan criteria during 6 mo after downstaging

Table 1  Expanded criteria used for liver transplantation

AFP: Alpha-fetoprotein; BCLC: Barcelona-Clínic Liver Cancer; DCP: Des-gamma-carboxy prothrombin; LDLT: Living donor liver transplantation; LT: Liver 
transplantation.

Ref. Type Patients, 
n  (type)

Criteria 
(findings)

Survival, 
time (%)

Recurrence, 
time (%)

Factors 
for survival

Factors 
for recurrence

Yao 
et al[9], 2001

R 14 (MO) UCSF 
(Histol)

5 yr (84.6) - pT4, total tumor diameter -

Yao 
et al[27],  2007

P 38 (MO) UCSF 
(Radiol)

5 yr DFS (93.6) UCSF
Vascular invasion

AFP > 1000 ng/mL
Onaca 
et al[32], 2007

R 129 (MO) Onaca 5 yr DFS (63.9) Tumor > 6 cm
AFP > 200 ng/mL

Tumors > 4 
Herrero 
et al[28], 2008

P 26 (MO) CUN 
(Radiol)

5 yr (73)
5 yr I-to-T (68)

Vascular invasion

Zheng 
et al[13],  2008

R 99 (MI and MO), 
26 (MO)

Hangzhou 
(Histol)

5 yr (70.7) 5 yr DFS (62.4) Macrovascular invasion
Tumor size > 8 cm
AFP > 400 ng/mL 

Histological grading (Ⅲ)

Macrovascular invasion
Tumor size > 8 cm
AFP > 400 ng/mL 

Histological grading (Ⅲ)
Mazzaferro 
et al[10], 2009

R 283 (MI and MO) Up-to-seven 
(Histol)

5 yr (71.2) - Microvascular invasion
Tumor grade

-

Toso 
et al[29], 2015

P 38 (MO) Toso 
(Radiol)

4 yr (74.6)
4 yr I-to-T (53.8)

4 yr DFS (68) - -

Togashi 
et al[54], 2016 

R 14 (MO) Tokyo - 5 yr (8) - Tokyo criteria
AFP ≥ 400 ng/mL

DCP ≥ 200 mAU/mL
Kaido 
et al[56], 2013

R 42 (MO) Kyoto 5 yr (80) 5 yr (7) Kyoto criteria
Pretreatment of the HCC

Shirabe 
et al[57], 2011

R 48 (MI and MO) Kyushu 
(Histol)

5 yr DFS (80) Kyushu criteria

Lee et al[58], 
2008

R 174 (MI and MO) Asan 
(Histol)

5 yr (81.6) 5 yr (15) Largest tumor > 5 cm
Number > 6

Gross vascular invasion

Largest tumor > 5 cm
Number > 6

Gross vascular invasion
Kim 
et al[59], 2014

R 180 (in the whole 
study, including 

Samsung-out)

Samsung 
(Histol)

5 yr DFS
-89.6

Tumors ≤ 7
Diameter ≤ 6 cm

AFP ≤ 1000 ng/mL
Llovet 
et al[14], 2018

P 22 BCLC 
(Radiol)

5 yr (80.2) 5 yr (23.8) MI after locoregional 
therapies

Table 2  Results after liver transplantation with expanded criteria

AFP: Alpha-fetoprotein; BCLC: Barcelona-Clínic Liver Cancer; DFS: Disease-free survival; Histol: Histology; I-to-T: Intention-to-treat; LT: Liver 
transplantation; MI: Milan-in; MO: Milan-out; P: Prospective; R: Retrospective; Radiol: Radiology; UCSF: University of California San Francisco.
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analysis” showed statistically inferior results due to the 
waiting list drop-out rates. The criteria of the University 
of Hangzhou, China also took AFP levels into account[13]. 
Two conclusions could be drawn from that study: first, 
the application of this criteria did not yield worse results 
when compared with MC; second, even the patients 
exceeding the MC but fulfilling the Hangzhou criteria 
presented improved prognosis when compared with the 
Hangzhou-out patients. It has to be mentioned that, 
currently, the AFP level is included in the selection criteria 
in France and Canada, where patients with values ≥ 
1000 ng/dL are excluded for LT[30,31].

Onaca et al[32] analyzed the results of the International 
Registry of Hepatic Tumors in Liver Transplantation and 
concluded, similarly, that a modest expansion beyond 
MC could still offer favorable results (see Table 1). When 
patients presented in the explant analysis with one tumor 
of ≤ 6 cm or 2-4 tumors of ≤ 5 cm, the 5-year DFS was 
64%. 

Downstaging to Milan-in HCC before LT
In the context of HCC, there is a clear difference between 
the “bridge treatments” (referring to patients already 
on the waiting list for LT and submitted to locoregional 
therapies in order to diminish the drop-out rates) and 
the “downstaging” (defined as the treatment applied to 
patients initially outside of the established criteria). The 
latter is mainly used as a selection tool for the patients 
with better prognosis that could benefit from LT[33]. 
The strategy of downstaging to MC before LT by using 
locoregional therapies has been the subject of debate. 
In this review we will only be referring to the prospective 
studies related to the subject.

Roayaie et al[11] describes the results of the protocol 
of Mount Sinai Medical Center, which consisted of arterial 
chemoembolization with mitomycin C, doxorubicin and 
cisplatin at the time of diagnosis, LT with single sys
temic intraoperative dose of doxorubicin before revascu
larization of the new liver, and systemic doxorubicin for 
a total of six cycles, beginning on the sixth postoperative 
week. This protocol was applied to patients with un
resectable HCC larger than 5 cm. The 5-year DFS of a 
subgroup of patients with tumors of 5-7 cm was con
sidered acceptable (55%). 

Yao et al[34] published, in 2015, an intention-to-
treat study for a group of patients transplanted after 
downstaging and compared their results with the ones of 
Milan-in patients from an intention-to-treat point of view. 
Even though the cumulative risk for drop-out was higher 
in the downstage group (34.2% vs 25.6% at 2 years), 
the 5-year OS and the 5-year intention-to-treat OS were 
not statistically different between the groups. The factors 
related to the probability of drop-out were AFP > 1000 
ng/mL and cirrhosis of Child B grade.

The group of Bologna also compared the results 
of downstaging and LT in 48 patients with those of 
129 Milan-in patients, and concluded that the rates of 
transplantation, DFS and intention-to-treat OS were 

level depending on the dynamics of the waiting list, 
the proportion of patients with and without HCC on the 
waiting list, the harm to the patients remaining on the 
waiting list, and the donor availability.

The San Francisco group published, in 2001, an ex
pansion based on explant histological characteristics 
(solitary tumor ≤ 6.5 cm or up to three tumors ≤ 
4.5 cm)[9]. The reported 5-year OS was 75.2% for all 
the patients meeting the University of California San 
Francisco (UCSF) criteria (including Milan-in) and was 
84.6% for the 14 patients classified as Milan-out UCSF-
in. However, it is expected that the pretransplantation 
radiological evaluation underestimates, with up to 
25%-30% for the HCC stage, when it is compared to 
posttransplant histology findings[25,26]. For this reason, 
the same group published, 6 years later, the results of 
a prospective study using the same criteria applied to 
the pretransplant radiology exam. The 5-year disease-
free survival (DFS) was of 91.1% for Milan-in patients 
vs 93.6% for Milan-out UCSF-in patients[27]. However, 
the application of these criteria was questioned by other 
authors. Decaens et al[20] analyzed the results of the 
UCSF criteria according to the intention-to-treat principle 
in a group with a relatively reduced waiting list time, of 
only 4 mo. When the UCSF criteria were applied at the 
“time 0” of inclusion on the waiting list, the 5-year OS 
of the Milan-out UCSF-in patients was 45.6% and of the 
Milan-in patients was 60.1%. 

In 2009, Mazzaferro et al[10] published the results of 
a large, multicentric, retrospective study and identified a 
combination of tumor maximum size and number of no
dules as a predictive factor for survival. The “up-to-seven” 
criteria (see Table 1) in patients without microvascular 
invasion was found to be associated with 5-year OS rate 
of 71.2%, which was comparable with that of the Milan-
in patients. However, when the up-to-seven criteria was 
associated with microvascular invasion, the survival was 
significantly worse (48.1%). It is important to mention 
that the presence of microvascular invasion represents 
a variable not possible to identify before LT and that 
expansion beyond the MC is usually associated with 
higher rates of microvascular invasion[20]. 

The group of Pamplona, Spain reported the results 
of LT with the Clinic of Universidad of Navarra (CUN) 
criteria[12,28]. The 5-year OS was 68% when the analysis 
was performed from an intention-to-treat point of view, 
being statistically comparable to that for the patients 
with Milan-in tumors. Although none of the patients with 
Milan-out CUN-in HCC developed tumor recurrence in 
the posttransplant follow-up period, 12 of the patients 
recruited for that study progressed beyond the CUN 
criteria on the waiting list and were deemed to not ben
efit from LT[28]. 

Toso et al[29] published the results of a prospective 
study with criteria which included total tumor volume 
and alpha-fetoprotein (AFP). Survival and recurrence 
rates of the Milan-out patients meeting the criteria 
were acceptable, even though the “intention-to-treat 
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comparable between the two groups[35]. On the other 
hand, Millonig et al[36] studied the effect of transarterial 
chemoembolization (TACE) on Milan-in and Milan-out 
UCSF-in patients. The response-to-treatment was eval
uated according to RECIST criteria. Better intention-
to treat OS and OS rates were observed for the Milan-
in patients with complete or partial response to the 
treatment. Interestingly, the association of good response 
to TACE and good prognosis was not observed in the 
Milan-out patients, who were also more likely to drop-out 
or to present with recurrence after LT. 

Graziadei et al[37] published the results of a series of 
HCC patients without pretreatment criteria, with the only 
criteria for transplantability being a response of 50% 
or more of the total tumoral volume. With this type of 
protocol, the results were statistically inferior to those 
of Milan-in patients submitted to the same therapy (see 
Table 3).

Overall, the results of these studies and several other 
retrospective studies are positive and offer the possibility 
of identifying a group of patients that can obtain ac
ceptable survival rates after LT, despite presenting with a 
tumoral stage beyond MC. The EASL-EORTC guidelines 
of 2012 did not recommend the downstaging outside of 
prospective trials[8], but the AASLD guidelines of 2018 
not only recommend locoregional therapies for the Milan-
in patients on the waiting list but also suggest that the 
patients beyond the MC should be considered for LT after 
successful downstaging to Milan[38] when this status is 
maintained at least 3 mo to 6 mo[39]. However, the level 
of evidence and the strength of the recommendation are 
still very low, probably because of the lack of intention-to-
treat studies related to downstaging in the literature[39]. 
The same type of recommendation related to LT after 
successful downstaging has been included in the EASL 
Clinical Practice Guidelines of 2018[40].

Effect of expanding beyond the MC on the LT waiting list
The main problem facing LT remains the difference be
tween the availability of organs and the number of pa
tients on the waiting list. The last Organ Procurement 
and Transplantation Network (commonly known as 
OPTN) report[3], from 2012, describes an increase of the 
median pretransplant waiting time from 12.9 mo in 2009 
to 18.5 mo in 2011. Similar data have been published 
by the European LT Registry[4]. It seems clear that by 
expanding the HCC transplant criteria, the number of 
possible candidates on the waiting list will rise. The two 
main questions related to expanding beyond the MC 
are: what is the minimal acceptable OS after LT for HCC 
patients; and, whether the expansion beyond MC would 
have a positive or a negative effect on the posttransplant 
survival of all the patients on the waiting list.

Initial reports suggested 50% as the minimal accep
table survival after LT for HCC patients[41], but the Inter
national Consensus Conference Report for LT for HCC 
from Zurich 2012 reported that the expansion beyond 
MC has to take into account the effect of delaying the 
LT for all potential liver recipients on the waiting list, 
including the ones with non-tumoral indications[19]. There
fore, this report recommends to reserve LT for patients 
who have an expected survival comparable to that of 
non-HCC patients. 

Using a theoretical Markov model, the group from 
Michigan, United States compared the survival benefit 
of transplanting a patient with an HCC beyond the MC 
and the harm caused to the other patients on the waiting 
list[21]. The results of that study showed that the adoption 
of more liberal criteria would lead to an increase in risk 
of death (of 44%) among all patients on the waiting 
list. The adverse effect caused by expanding the criteria 
would outweigh its benefits when the expected 5-year 
OS of the transplanted Milan-out patients would be of 

Ref. Criteria Downstaging 
success rate (%)

LT rate 
(%)

Survival, 
time and rate (%)

HCC recurrence 
(%)

Roayaie 
et al[11], 2002

Mount Sinai protocol 53.75 5 yr OS (44)
5 yr DFS (48)

5 yr DFS, 
tumors < 7 cm (55)

Yao 
et al[72],  2015

Beyond Milan:
single tumor ≤ 8 cm, 2–3 tumors (at least one > 3 and 

≤ 5 cm, total diameter ≤ 8 cm),
4–5 tumors each ≤ 3 cm and total diameter ≤ 8 cm

To MC:
65.3

54.2 5 yr OS (77.8)
5 yr I-to-T (56.1)

7.8

Bologna criteria - 
Ravaioli 
et al[35], 2008

Beyond Milan:
1 lesion ≤ 6 cm, 2 lesions ≤ 5 cm, 3–5 lesions ≤ 4 cm 

and total diameter ≤ 12 cm

To MC:
72.9

66.7 3 yr DFS (71)
3 yr I-to-T (56.3) 

18.8

Millonig 
et al[73], 2007

UCSF RECIST 84.8 5 yr CR (66.6); 
PR (63.7); 
NR (25) 

25

Graziadei 
et al[37], 2003

Beyond Milan, no upper limit Partial response (> 50% 
of tumor size)

66.6 4 yr OS (41);
5 yr I-to-T (31)

30

Table 3  Prospective studies of downstaging of hepatocellular carcinoma before liver transplantation

CR: Complete response; HCC: Hepatocellular carcinoma; I-to-T: Intention-to-treat; LT: Liver transplantation; NR: No response; PR: Partial response; UCSF: 
University of California San Francisco.
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less than 61%. However, this result was very sensitive 
to the characteristics of donation and waiting list times of 
each geographical region, offering values between 25% 
and 72%.

Ten years after that publication, the analysis could be 
very different. Graft characteristics will have changed, 
with increased use of expanded criteria donors, such as 
aged donors, steatotic livers or donation after cardiac 
death (DCD) grafts[42]. On the other hand, factors related 
with the recipient’s prognosis, like administration of 
direct-acting antiviral (DAA) treatment with 90% rates of 
hepatitis C virus (HCV) negativization, could change the 
characteristics of the waiting list[43]. In the last reports of 
the United States’ transplant registry, the HCV was no 
longer the principal indication for LT, being overcome by 
HCC and alcohol intake[44]. Furthermore, recent published 
data have shown continuous improvement of the post
transplantation survival rates[44,45].  

Related to the use of expanded criteria donors in LT 
for HCC, a theoretical model study from the University 
of Chicago, United States, from 2012, compared the ef
fectiveness of DCD vs brain-dead donor LT in terms of 
costs, quality of life and beyond 1-year survival[46]. In 
the context of HCC, the use of DCD livers for LT, when 
compared with the alternative of waiting for a brain-
dead donor liver, resulted in a survival benefit for patients 
without model for end-stage liver disease (commonly 
known as MELD) prioritization points. However, that 
study only referred to Milan-in patients. The inclusion 
of patients beyond the MC onto the waiting list could 
change the results of this analysis.

As described above, modest expansion of the HCC 
LT indications may offer results comparable to those 
of Milan-in patients and of non-HCC recipients. Since 
several expansion studies reported 5-year survival rates 
of more than 70%, it seems that LT can be an option for 
carefully selected patients beyond MC. 

A different approach to separate the patients with 
good or bad prognosis after LT, including those beyond 
MC, would be the use of combined scores which take 
into account tumor characteristics (total tumor volume, 
rather than size and number) and AFP cut-off values 
(see above)[29,40,47]. In this way, both large HCC and small 
ones with potentially aggressive behavior as well as poor 
post-LT outcomes could be identified. 

Regarding the effect of expanding criteria for the 
waiting list, the analysis is more complex, taking into 
account not only the recipient prognosis but also cha
racteristics that depend of each geographic region that 
performs LT, like the number of patients on the waiting 
list, available donors, and their quality. Thus, the decision 
on whether to expand the HCC transplantation criteria 
should probably be made at a regional level after ana
lyzing the impact of all these items. 

Dichotomous vs continuous selection criteria
Despite the success of the MC in LT for HCC, one of the 
questions that has arisen is whether a dichotomous yes/

no criteria is the best strategy to decide which patients 
should benefit from the transplant. Even inside the MC, 
there is a 10%-15% risk of recurrence after LT[48] and, 
as discussed above, several expanded criteria of LT are 
associated with OS and recurrence rates comparable 
to those of MC[10,27,28,32]. So, it is clear that not all the 
patients accepted for LT have a good prognosis and not 
all the patients discarded for LT based on MC have a 
dismal one.

In 2009, Mazzaferro et al[10] proposed a prognostic 
model, based on posttransplant estimation of survival 
probabilities related to the histological stage. This model, 
known as the “Metroticket”, was recently validated by 
Raj et al[49]. In that retrospective analysis of a group of 
patients with a known 5-year OS of 74%, the model 
estimated a survival of 70%, statistically not different 
from the real one. By offering individualized survival 
predictions, the Metroticket could play a role in the re
gional organ allocation process. As described, if the ex
pected survival of an individual is similar to that offered 
to transplanted Milan-in patients, then the LT could 
be justified depending on the characteristics of each 
individual region. 

However, there are authors who have criticized that 
both dichotomous and continuous selection models 
only predict the posttransplant outcome, without taking 
into account the patient´s survival perspectives without 
transplantation, geographical differences in terms of 
donation or waiting list times, or the proportion of pa
tients with and without HCC on the waiting list[50,51]. 

LDLT for expansion beyond MC
The strategy of LDLT in the context of HCC is different 
from the LT with deceased donor grafts because of, at 
least, two reasons. First of all, LDLT does not affect the 
conventional waiting list, therefore an expansion of the 
MC could be planned in this context without the fear of 
affecting other patients waiting for an organ. Second of 
all, LDLT is a complex procedure that involves not only 
the recipient, but also a living donor who is a healthy 
person submitted to a major surgery without a direct 
benefit. For this reason, the benefit of the recipient 
should always be evaluated in the context of the risk to 
the donor, a concept known as “double equipoise”[52].

The majority of LDLT studies regarding CHC expan
sion criteria have come from Asia, where, for cultural and 
religious reasons, the cadaveric donation is infrequent 
(see Tables 1 and 2).

The University of Tokyo published the “5-5 rule 
criteria” (see Table 1). Using these criteria, 5-year DFS 
was found to be 94%, while in the patients beyond Tokyo  
it was only 50%[53]. Two years ago, that same group 
published the results of their series after a large follow-
up. The 5-year recurrence rates were 8% for Milan-
out Tokyo-in patients and 6% for Milan-in patients. The 
OS and DFS rates were comparable between the two 
groups[54].

The group from Kyoto included dex-gamma-
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carboxi prothrobine (DCP) in the criteria for LT (see 
Table 1)[55]. Applying these criteria, the 5-year OS and 
recurrence rates were 80% and 7%, respectively, when 
all the patients (Milan-out Kyoto-in and Milan-in) were 
considered[56]. The criteria of the University of Kyushu 
also took into account the DCP, but did not impose a limit 
on tumor number[57]. By using the Kyushu criteria, the 3- 
and 5-year DFS was 80%. In a multivariate analysis that 
considered UCSF, up-to-seven, Tokyo and Kyoto criteria, 
the Kyushu criteria was the only one statistically related 
to the DFS.

Another LDLT expanded criteria is the one of Asan 
Medical Center. The survival and recurrence rates of 
patients within these criteria were comparable with MC 
and UCSF survival rates, with the advantage that the 
Asan criteria can select more patients that can benefit 
from the transplant[58]. 

Kim et al[59] defined a set of expanded criteria based 
on reviewing the explant histology of 180 patients, the 
major portion of this population being submitted to LDLT. 
The results showed a DFS benefit when the number of 
tumors was lower than 7, the maximum diameter was 
smaller than 6 cm, and the AFP was less than or equal to 
1000 ng/mL.

Our group also published, this year, the results of a 
prospective study of 22 patients with BCLC expanded 
criteria who had submitted to LDLT[14]. The criteria were 
related to the size and number of the tumors but also to 
the successful downstaging after locoregional therapies. 
The results were remarkable, with a 5-year OS of more 
than 80%. One of the factors that influenced the OS 
was a “Milan-in” status before the transplant and after 
performing locoregional therapies as downstaging or 
bridging therapy (see Table 1). As remarked by other 
authors, the results of this study seem to favor down
staging over expansion in the context of LDLT, even 
though the sample size is small[60]. 

All these studies demonstrate that the expansion 
of the MC in the context of LDLT does not necessarily 
associate with worse results. However, the majority 
of these articles are retrospective analyses of patients 
selected by the means of explant histological characte
ristics. Furthermore, some of them analyzed the survival 
and recurrence rates in Milan-in patients and with ex
panded criteria all together, which could have biased the 
results.

The report from the Vancouver Forum on the Care 
of the Living Donor from 2005 established that LDLT 
should be performed only if it offers an advantage to the 
recipient when compared to the alternative of waiting 
for a deceased donor graft and if the risk of the donor is 
justified by the expectation of an acceptable outcome of 
the recipient[61]. 

One of the main issues in LDLT is the safety of the 
donor. Clavien’s group[62] analyzed the results of several 
important transplant centers throughout the world 
and published benchmark values related to acceptable 
complication rates for donors. That study described 
acceptable complication rates at discharge values below 

26.9% for any complication and 6% for major com
plications (≥ ⅢA of Clavien-Dindo classification)[63]. 
Today, the reported donor mortality after LDLT is 
0.15%-0.20%[52]. In the particular scenario of LDLT for 
HCC beyond MC, the concept of double-equipoise should 
be taken into account, it being unacceptable that a 
donor should take any risk if the benefit to the recipient 
is expected to be very low[52]. However, the living donor 
studies presented above report survival rates comparable 
to those of LT for MC and lead to optimism regarding the 
possibility of using LDLT for expanding HCC criteria.

The other important issue related to LDLT for HCC 
involves the reports of higher rates of recurrence than 
are related to the conventional LT[23,64]. One possible 
explanation of these results could be related to the 
reduced waiting time before LDLT compared with the 
usual waiting list time for conventional LT. It is possible 
that this reduced time did not permit drop-out of patients 
with aggressive HCC[64]. Theoretically, this concept can 
also apply to the expansion beyond MC. However, a 
meta-analysis published in 2012 by the group from 
Guangzhou, China showed no statistical differences 
between living and cadaveric LT in terms of 5-year OS 
or recurrence[65]. Of note, in our experience with the ap
plication of BCLC expanded criteria for LDLT, the 5-year 
recurrence rate was approximately 20%, but the OS rate 
was comparable to that published for Milan-in patients 
with cadaveric donors[3,4,14]. 

We believe that as long as the results in terms of 
survival of selected HCC patients beyond MC (i.e. up-to-
seven, UCSF, extended criteria BCLC) submitted to LDLT 
are comparable to those obtained after conventional LT 
for HCC Milan-in, the utilization of LDLT in this context 
could be justified.

FUTURE DIRECTIONS
DAA treatment for HCV is one of the most important 
medical breakthroughs of the last decade. Its impact is 
already apparent on the United States’ liver waiting list, 
where HCV is no longer the first indication for LT[44]. The 
liver grafts that are no longer needed for HCV patients 
could be used to explore the expansion beyond MC. On 
the other hand, since the association between HCV and 
HCC is well documented, the DAA treatment is expected 
to have an impact on the incidence of HCC as well[51]. 
However, further information is needed in order to 
explore these scenarios.

Some of the most intriguing future directions of 
research of HCC treatment are the molecular and ge
netic analyses and investigations into the relationship 
of tumor biology and recurrence (see Table 4). It is 
known today that complex genetic and epigenetic alte
rations, chromosomal mutations and changes in mole
cular pathways lead to HCC development[66-71]. Even 
though these insights have shown much promise in 
improving HCC treatments, one of their main issues is 
the retrospective character of the results themselves. In 
fact, the vast majority of the related studies analyzed 
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the molecular and genetic characteristics in tumor sam
ples of explanted tissues, which makes any kind of 
pretransplant selection of these patients based on the 
tumor biology virtually impossible. However, identification 
and measurement of genetic markers in serum before 
LT, like of microRNAs, could be a future direction of 
investigation[69]. However, more studies are necessary in 
order to confirm these results.

CONCLUSION
The current medical literature seems to support that 
modest expansions of HCC LT criteria beyond Milan 
offer results comparable to those of MC. However, these 
proposals require further prospective validation using 
radiological findings collected before LT as a selection 
tool. As summary, the three important questions cited 
at the beginning of this article will be addressed in the 
concluding remarks.

First of all, the effect of possible MC expansion on the 
waiting list is a variable depending not only on the stage 
of the HCC patients but also on regional characteristics 
of the waiting list itself and donors. Thus, we believe 
that the expansion of MC is a decision that will have 
to be analyzed carefully in each transplant region and 
according to the principle of survival benefit for all of the 
patients on the waiting list.

Second of all, in the Metroticket era, the use of 
a threshold of acceptable survival, rather than strict 
dichotomous yes/no criteria, could offer a flexibility to 
the HCC criteria and may help to expand LT indications 
beyond the MC in regions where the waiting list pressure 
permits.

Finally, in the real-life context of cadaveric donor shor
tage, the use of LDLT is generally accepted. As long as 
the expansion beyond MC in the context of LDLT offers 
survival rates comparable to those of accepted indications 
for LT, its use seems justified.
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Abstract
The vascular diseases including aneurysm, occlusion, and 
thromboses in the mesenteric lesions could cause severe 
symptoms and appropriate diagnosis and treatment are 
essential for managing patients. With the development 
and improvement of imaging modalities, diagnostic fre
quency of these vascular diseases in abdominal lesions 
is increasing even with the small changes in the vascu
latures. Among various vascular diseases, fibromuscular 
dysplasia (FMD) and segmental arterial mediolysis (SAM) 
are noninflammatory, nonatherosclerotic arterial diseases 
which need to be diagnosed urgently because these 
diseases could affect various organs and be lethal if 
the appropriate management is not provided. However, 
because FMD and SAM are rare, the cause, prevalence, 
clinical characteristics including the symptoms, findings in 
the imaging studies, pathological findings, management, 
and prognoses have not been systematically summarized. 
Therefore, there have been neither standard diagnostic 
criteria nor therapeutic methodologies established, to 
date. To systematically summarize the information and to 
compare these disease entities, we have summarized the 
characteristics of FMD and SAM in the gastroenterological 
regions by reviewing the cases reported thus far. The 
information summarized will be helpful for physicians 
treating these patients in an emergency care unit and for 
the differential diagnosis of other diseases showing severe 
abdominal pain. 
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Core tip: The vascular diseases in the abdominal lesions 
needs to be appropriately diagnosed and treated 
as it could be lethal if the appropriate management 
is not provided. Mesenteric ischemia caused by the 
atherosclerotic changes is rather famous however, fibro­
muscular dysplasia (FMD) and segmental arterial medio
lysis (SAM) which are noninflammatory, nonatherosclerotic 
arterial diseases are rare and the cause, prevalence, 
clinical characteristics including the symptoms, findings in 
the imaging studies, pathological findings, management, 
and prognoses have not been systematically summarized. 
Therefore, we have summarized the characteristics of 
FMD and SAM in the gastroenterological regions and 
review the cases reported thus far. The information sum
marized will be helpful for physicians treating these pa
tients in an emergency care unit and for the differential 
diagnosis of other diseases showing severe abdominal 
pain. 

Ko M, Kamimura K, Ogawa K, Tominaga K, Sakamaki 
A, Kamimura H, Abe S, Mizuno K, Terai S. Diagnosis and 
management of fibromuscular dysplasia and segmental arterial 
mediolysis in gastroenterology field: A mini-review. World J 
Gastroenterol 2018; 24(32): 3637-3649  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i32/3637.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i32.3637

INTRODUCTION
A literature search was conducted using PubMed and 
Ovid, with the term “fibromuscular dysplasia” or “seg­
mental arterial mediolysis” and “mesenteric” to extract 
studies published in the last 55 years for fibromuscular 
dysplasia and in the last 21 years for segmental arterial 
mediolysis. We summarized the available information 
on demographics, clinical symptoms, image studies, 
histological findings, treatment, and clinical course. 

FIBROMUSCULAR DYSPLASIA
Clinical characteristics
The detailed clinical and pathological classification of fibro­
muscular dysplasia (FMD) was first reported by Harrison 
and McCormack in 1971[1]. Since then, several studies 
regarding clinical course and histological data have been 
published, and recently, data from the first 447 patients 
from the United States Registry (US Registry) for FMD 
have been reported[1]. FMD is a noninflammatory, non­
atherosclerotic arterial disease of the medium-sized 
arteries throughout the body, which could lead to ar­
terial stenosis, occlusion, aneurysm, and dissection[2]. 

The details of the disease have not yet been clarified; 
however, it is typically found in the renal, extracranial, 
carotid, and vertebral arteries[2].

The disease is rare, with a frequency of 0.02%, 
predominantly occurring in women (91%) with a mean 
age of 55.7 ± 13.1 years especially in the Caucasian 
(95.4%)[2].

The mean patient age at first symptom or sign of 
FMD was 47.2 years (range, 5-83 years)[2]. The mecha­
nisms underlying the pathogenesis of FMD are still poorly 
understood; however, smoking, hormones, HLA-DRw6 
polymorphism, and physiological stimulation have been 
reported to be risk factors[3]. For example, a significant 
dose-response relationship between cigarette smoking 
and the presence of FMD has been reported, with an 
odds ratio of 8.6 when having smoked more than 10 
pack-years of cigarettes[3]. The risk of HLA-DRw6 was 
reported with an odds ratio of 5.0, adjusted for the level 
of smoking[3]. 

FMD can occur in any medium-sized arteries through­
out the body, and dissection and aneurysm have been 
identified in 19.7% and 17.0% of FMD patients, re­
spectively. The three major sites affected with dissection 
are the carotid arteries (14.8% of all patients enrolled), 
followed by renal arteries (4.3%), and vertebral ar­
teries (3.4%)[2,4]. The three major sites affected with 
aneurysm are the renal arteries (5.6% of all patients 
enrolled), followed by carotid arteries (3.6%), and the 
aorta (3.4%)[2]. FMD in abdominal lesions, classified 
as mesenteric FMD, which is caused by the celiac and 
mesenteric arteries, is a rare condition and often presents 
as an incidental diagnosis[2]. On the basis of the US 
Registry data, mesenteric ischemia was reported in only 
1.3% of cases, with aneurysm and dissection in these 
vessels accounting for 6.8% and 22.3% of all cases 
reported, respectively[2].

Symptoms and imaging
The clinical symptoms depend on the vessels involved. 
When the renal arteries are affected, renovascular 
hypertension can be observed. Thus, when the carotid 
arteries are affected, headache, pulsatile tinnitus, and 
dizziness are the major symptoms[2]. Mesenteric FMD 
involves the celiac and mesenteric arteries; therefore, 
mesenteric ischemic symptoms occur, including unspecific 
abdominal pain. We reviewed the literature describing the 
cases and have presented the information in Table 1[5-37]. 
Our literature review summarized a total of 39 cases of 
mesenteric FMD, showing predominance in women, as 
reported, and the median age was 45.2 years (range: 
19-78 years). Regarding the risk factors, four patients 
smoked (10%), two patients had smoking histories (5%), 
and one patient had taken oral contraceptive pills (2.6%). 
The most common presenting symptom was abdominal 
pain (62%), followed by hypertension, diarrhea, nausea 
or vomiting, and headache. Although approximately 80% 
of cases showed symptom improvement, eight patients 
(20%) died because of the severity of the intestinal 
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summary, insufficient information about medications 
was provided; thus, the actual number treated with 
antihypertensive therapy might be lower than 18% 
(Table 1). Anti-coagulation therapy was attempted for 
two patients (5%), including one patient each receiving 
warfarin and aspirin.

Vascular intervention and surgery for revasculari­
zation are considered with the appropriate clinical 
symptoms and are rarely performed other than for the 
renal artery[44]. For the renal artery, endovascular revascu­
larization using the percutaneous transluminal angio­
plasty technique or surgical procedures are considered 
when the patients show hypertension resistant to a 
regimen of three anti-hypertension drugs, including 
diuretics, or in cases of renal artery aneurysm or renal 
artery dissection[2,4,38]. Thus far, no randomized clinical 
trials of revascularization vs medication have been 
conducted. For other arteries, including the carotid artery, 
given that FMD is not an atherosclerotic disease, stenting 
or surgical procedures are not the standard therapy, and 
medication with anti-platelet, anti-coagulant, and anti-
hypertensive agents are the main treatment. However, 
when symptomatic, interventional radiology using the 
percutaneous transluminal angioplasty technique can be 
considered, although it is controversial[38]. In our case 
summary, open surgery was performed on 23 patients 
(59%) and endovascular intervention was performed on 
9 patients (23%). 

Prognosis
Though the prognosis is basically good, when FMD af­
fects the cerebrovascular system, there is a risk of cere­
bral infarction and rupture. A larger number of cases 
are necessary to accumulate the information useful to 
conduct randomized clinical trials. 

SEGMENTAL ARTERIAL MEDIOLYSIS
Clinical characteristics
Segmental arterial mediolysis (SAM) was first reported 
by Slavin and Gonzalez-Vitale in 1976[45] and is a 
rare disease entity for which 50 cases have been 
reported to date. It is defined as a nonatherosclerotic, 
noninflammatory disruption of the arterial medial layer 
of a medium- to large-sized artery. Histologically, it is 
characterized as vacuolization and lysis of the outer 
arterial media[45]. Because of its rarity and difficulty in 
differential diagnosis from the other vascular diseases, 
clinical information is insufficient, and little is known to 
date; however, no significant predominance of sex or 
age has been reported. The mechanisms underlying 
the pathogenesis of SAM that have been reported as 
risk factors are hypoxia, shock, aging, hypertension, 
circulatory disturbance, arteriospasm, and other vaso­
constrictor stimuli[45-47].

Symptoms and imaging
For the abdominal lesion, the most common symptom 

is nonspecific abdominal and flank pain[46]; diarrhea, 
nausea, back pain, headache, hypertension, loss of con­
sciousness, and hemiparesis have also been known to 
be symptoms, although not specific[47]. We reviewed the 
literature describing the cases and have summarized the 
information in Table 2[47-71]. The studies reported a total 
of 26 cases of mesenteric SAM, of which 17 were men 
and 9 were women, with a slight predominance in men. 
The median age was 53 years (range: 25-79 years). 
The most common presenting symptom was abdominal 
pain (78%), followed by various symptoms, including 
shock, diarrhea, nausea, back pain, headache, anorexia, 
hypertension, hemiparesis, and loss of consciousness 
(Table 2). 

With the development of various imaging modalities, 
it has been reported that, in various combinations, SAM 
typically affects splenic, celiac, hepatic, mesenteric, and 
renal arteries in the abdominal lesion[47,72]. Because of the 
involvement of the celiac artery, splenic arterial aneurysm 
is frequently found, and its rupture could affect the 
prognosis. Angiography reveals aneurysms, dissections, 
occlusions, and stenosis; however, the findings could 
overlap with those found in collagen vascular diseases 
and FMD. Therefore, the differential diagnoses between 
the vascular diseases are based on the histopathological 
findings. SAM is difficult to distinguish from FMD, al­
though FMD shows predominance in young women and 
affects renal arteries causing hypertension, whereas 
SAM commonly affects the celiac arteries. In addition, 
the clinical course shows ischemic changes in FMD, 
whereas SAM often causes profuse bleeding from the 
intestinal arteries. However, these findings often overlap 
each other; therefore, accumulation of more detailed 
information is necessary. 

Histology
Although the suspicion of SAM is the basis of clinical and 
radiological features, the gold standard for diagnosis is 
a pathological finding involving injurious and reparative 
phases in the arterial lesions of the surgical specimens. 
These injurious states include mediolysis, separation of 
the outer media, and formation of arterial gaps; key is 
that there is no evidence of inflammation. These changes 
reflect the vascular aneurysms frequently found as 
angiographic features of this condition. Commonly, the 
inflammatory markers are negative and genetic diag­
nosis for collagen vascular disorders shows a normal 
pattern. 

Treatment
The long-term prognosis is unclear, and no standard 
therapeutic strategy has been proposed, to date; how­
ever, given that some SAM cases showed sudden the 
onset of aneurysm rupture, the condition could be 
life threatening. Therefore, SAM treatment includes 
embolization, bypass, and resection of the injured 
arteries. In addition, anti-hypertensive therapy[28] could 
prevent further worsening of the arterial lesions. Anti-
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from the weakened arterial wall[4,46] and is therefore 
symptomatic with acute abdominal and flank pain.

CONCLUSION
Mesenteric vascular diseases are rare compared with 
other disease entities in lesions; therefore, clinical infor­
mation is insufficient and clinical trials to develop the 
standard therapy are lacking. Therefore, an accumulation 
of cases and a summary of the clinical characteristics 
of reported cases are important. For this purpose, 
we have summarized the characteristics of FMD and 
SAM in abdominal lesions. This information could help 
physicians to appropriately diagnose and treat cases, 
including consultation with interventional radiologists and 
surgeons.
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Abstract
AIM
To explore the relationship between dynamic expression 
of high mobility group box-3 (HMGB3) and malignant 
transformation of hepatocytes.

METHODS
Expression of HMGB family proteins were observed in 
rat hepatocarcinogenesis models induced with 2-acety
laminofluorene. Alterations of HMGB3 were analyzed 
at the mRNA level by reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR) and at the protein 
level by immunohistochemistry or Western blotting. 
HMGB3 in human liver cancer tissues were evaluated 
using bioinformatics databases from GEO, TCGA, and 
Oncomine. A specific HMGB3-shRNA was used to knock 
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down HMGB3 expression in order to investigate its effects 
on proliferation and cell cycle in vitro and in vivo .

RESULTS
Elevated HMGB3 levels were first reported in hepato
carcinogenesis, with increasing expression from normal 
liver to cancer. Bioinformatic databases showed that 
HMGB3 expression in hepatocellular carcinoma tissues 
was significantly higher than that in normal liver tissues. 
Higher HMGB3 expression was discovered in liver cancer 
cells compared with LO2 cells in vitro . According to gene 
set enrichment analysis, HMGB3 mRNA levels were 
correlated with cell cycle and DNA replication pathways. 
Knocking down HMGB3 by specific shRNA significantly 
inhibited proliferation of HepG2 cells by cell cycle arrest 
and downregulating DNA replication related genes (cyclin 
B1, FEN1, and PCNA) at the mRNA and protein level. 
Furthermore, silencing HMGB3 significantly inhibited 
xenograft tumor growth (measured by Ki67) in vivo .

CONCLUSION
HMGB3 is involved in malignant transformation of hepato
cytes and could be a useful biomarker for diagnosis and a 
potential target for therapy of liver cancer.

Key words: Liver cancer; HMGB-3 ; hepatocarcinogenesis; 
proliferation; tumor growth 
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Core tip: high mobility group box (HMGB) family pro
teins were correlated with hepatocellular carcinoma 
(HCC) development and progression. This current study 
examined the effects of HMGB3 on HCC both in vitro and 
in vivo . Overexpression of HMGB3 was observed in hepatic 
malignant transformation and HCC tissues in bioinformatic 
databases. Knockdown of HMGB3 significantly inhibited 
proliferation, cell cycle, and tumor growth of HCC cells, 
providing a novel insight for HCC research. 

Zheng WJ, Yao M, Fang M, Wang L, Dong ZZ, Yao DF. Abnormal 
expression of HMGB-3 is significantly associated with malignant 
transformation of hepatocytes. World J Gastroenterol 2018; 
24(32): 3650-3662  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i32/3650.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i32.3650

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most 
common and highly aggressive cancers worldwide, 
with the third most common cause of cancer related 
death[1]. Various factors can cause HCC, including cir­
rhosis, infections with Hepatitis B virus (HBV) or HCV, 
nonalcoholic fatty liver disease (NFALD), diabetes, 
aflatoxin B1, tobacco, and excessive alcohol consum­
ption. Among them, chronic infections with HBV and HCV 
account for more than 60% of total HCC cases[2,3]. In 
past decades, although obvious improvement has been 

observed in therapeutic approaches, the prognosis of 
HCC remains poor because of aggressive invasiveness, 
frequent metastasis, and multi-drug resistance (MDR). 
Given that multiple genes and signaling pathways 
play crucial roles in the occurrence and development 
of HCC, target therapy is a promising approach for 
HCC treatment[4]. The Food and Drug Administration 
(FDA) has approved Sorafenib, a multi-kinase inhibitor, 
as a first-line treatment for advanced HCC. However, 
the overall effects are partially unsatisfying due to 
its low response rate and high frequency of adverse 
events[5,6]. Thus, it is of great importance to identify novel 
biomarkers for early diagnosis and potential targets 
against the progression of HCC. 

The high mobility group (HMG)-box (HMGB) family 
belongs to the HMG protein superfamily[7] (HMGA[8], 
HMGB[9], and HMGN[10]). HMGB consists of four mem­
bers (HMGB1, HMGB2, HMGB3, and HMGB4) with 
similar physiology and pathology features. It encodes 
proteins containing one or more DNA-binding motifs 
and participates in multiple cellular processes including 
cell differentiation, migration, and inflammatory-
related activities. The HMGB family plays a complex 
role in carcinogenesis due to its diverse tumorigenic 
bioactivities in tumors. HBV functionally binds to HMG 
protein and activates it[11]. Mitochondrial biogenesis 
mediated by hypoxia promotes HCC growth through 
interaction between HMGB1 and Toll-like receptor 9[12]. 
HMGB1 secretion could be stimulated by HBX protein 
and subsequently enhance HCC metastasis[13]. HMGB1 
signaling is also regulated by specific long noncoding 
RNA[14] or microRNA[15] showing pro- or anti- effects 
on invasion and metastasis of HCC[16]. Moreover, 
overexpression of HMGB2 is associated with aggres­
siveness and prognosis of HCC[17]. However, until now, 
there is rather less known about the HMGB3 or HMGB4 
expression in HCC progression.

HMGB3 is a multifunctional protein with various roles 
in different cellular compartments and localized in the 
nucleus, chromosomes, and cytoplasm. It contributes to 
the balance between self-renewal and differentiation of 
hematopoietic stem cells, and enhances DNA flexibility 
to activate gene promoters[18]. Recently, abnormal 
HMGB3 has been characterized as pro-carcinogenic by 
promoting tumor growth, proliferation, invasion, and 
metastasis in several tumors including gastric[19], lung[20], 
esophageal[21], breast[22], colorectal[23], and urinary 
bladder[24]. However, the current knowledge concerning 
the positive and negative effects of HMGB3 on HCC 
development is not explicit. The aims of this study 
were to investigate the dynamic HMGB3 expression in 
hepatocarcinogenesis, bioinformatics databases, HCC 
cell lines, and a xenograft model, as well as to validate 
HMGB3 as a diagnostic marker or novel target gene for 
HCC.

MATERIALS AND METHODS
Rat hepatocarcinogenesis model
Forty Sprague-Dawley rats (4-6 wk old) were provided 
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by the Experimental Animal Center of Nantong 
University. Living conditions included a clean environ­
ment, 12 h light/dark cycle, and 55% humidity as 
previously described[25]. The control group (n = 10) were 
fed a normal diet, and the hepatocarcinogenesis group (n 
= 30) were fed a diet with 0.05% 2-acetylaminofluorene 
(2-AAF, Sigma, United States). The rats were sacrificed 
at different times depending on their condition. Rat 
livers were used for pathology, RNA extraction, and 
quantitative analysis of HMGB expression. Following 
the determination of morphological changes in the rat 
livers and hematoxylin and eosin (H&E) staining, the 
hepatocarcinogenesis group was divided into three sub-
groups: degeneration (n = 6), precancerous (n = 6), 
and HCC (n = 6). All procedures in vivo were performed 
according to the guidelines of Animal Care and Use 
Committee of Nantong University, China.

Cell culture and transfection
Human HCC cells HepG2, SMMC7721, HCCLM3, Huh7, 
BEL7404 and normal hepatocyte L02 were purchased 
from Cell Bank of Chinese Academy of Science (Shanghai, 
China). All cell lines were maintained in Dulbecco modified 
Eagle medium or RPMI1640 medium supplemented 
with 10% fetal bovine serum and antibiotics at 37 ℃ in 
a humidified incubator with 5% CO2. Three candidate 
shRNAs were designed by Genema (Shanghai, 
China). Cell transfection was conducted according to 
manufacturer’s instructions. Briefly, once cells reached 
80% confluence, plasmids were gently transfected into 
cells using a transfection regent kit. After incubation for 
12 h, cells were treated with fresh complete medium. The 
transfection efficiency was observed using a fluorescence 
microscope after 24 h. shRNA sequences were as fol­
lows: shRNA-1, 5’-GGAAAGTTTGATGGTGCAAAG-3’; 
shRNA-2, 5’-CGATCATATTGTAGTCTCTCA-3’; shRNA-3, 
5’-CCTCCCTATAAATGTGGTAGC-3’; and NC-shRNA,  
5’-GGAAGACGATGTCCGGGAAAG-3’.

Histopathological examination
Sections of the formalin-fixed paraffin-embedded (FFPE) 
tissues were deparaffinized in xylene and rehydrated 
with a series of graded ethanol. After incubation in hema­
toxylin solution for 15 min, sections were counterstained 
in eosin solution using the Hematoxylin and Eosin 
(H&E) Staining Kit (Solarbio, China) according to the 
manufacturer’s instructions. Samples were viewed under 
a light microscope.

Bioinformatics analysis
In order to analyze the mRNA expression of HMGB3 in 
more HCC samples, gene expression profiling data from 
the National Center for Biotechnology Information (NCBI) 
Gene Expression Omnibus (GEO) database (GSE-14520, 
GSE-5364, GSE-77314, and GSE-50579, United States), 
The Cancer Genome Atlas (TCGA) database, and 
Oncomine database (United States) were incorporated 
in this study. All data extracted from bioinformatics 

databases were presented as log2 value. 

Gene set enrichment analysis
Gene set enrichment analysis (GSEA v2.2) was per­
formed to discover the differences in biological processes 
and signaling pathways in transcript levels between high 
and low HMGB3 expression in GSE-14520 and TCGA. 
Gene sets were obtained from the Molecular Signatures 
Database (MSigDB). Enrichment scores (ES) were 
calculated to estimate genes from a pre-defined gene set. 
The positive enrichment score indicated that the gene 
set was considered upregulated while negative score 
meant downregulated. The number of permutations was 
set to 1000, and P < 0.05 was considered significantly 
enriched.

MTT assay
Cell proliferation was detected with the MTT assays. 
HepG2 cells transfected with shRNA-1 and NC-shRNA 
were seeded in the 96-well plate at a concentration of 
3000 cells/well. Then, MTT solution (0.5 mg/ml) was 
added to the appropriate wells for the 1st ,2nd, 3rd, and 4th 
d. Following a four hour incubation, DMSO was added. 
Then, the absorbance was detected at a wavelength of 
490 nm. 

Cell cycle
Cells were collected by trypsin and fixed in 70% meth­
anol for 30 min. Then cells were resuspended in PBS 
containing 50 μg/mL propidium iodide (Invitrogen, 
United States) for one hour at room temperature. After 
that, samples were analyzed by a flow cytometer (BD 
Biosciences, United States). Percentage of each cycle 
phase was calculated by Modfit software.

Immunohistochemistry
Immunohistochemical analysis was performed as pre­
viously described[25]. In brief, tissue samples were fixed 
with formalin, embedded in paraffin, and cut into 4 μm 
thick sections. Following incubation at 70 ℃ for one hour, 
slides were deparaffinized in xylene and rehydrated with 
gradient ethanol. Antigen retrieval was conducted using 
EDTA solution at pH 8.0. After being blocked for one hour, 
slides were incubated with primary antibody overnight at 
4 ℃ and then with the secondary antibody for two hours 
at room temperature. After that, slides were visualized 
by DAB, and counterstained by hematoxylin. 

Western blotting
Total protein was extracted from cell lysates using RIPA 
solution according to the manufacturers’ instructions and 
separated by 10% SDS-PAGE. Then the samples were 
transferred onto a PVDF membrane. After blocking with 
PBS with 5% BSA, the membranes were incubated with 
primary antibodies at 1:1000 dilution (HMGB3, R&D, 
United States; Cyclin B1, FEN1, and PCNA, Abcam, 
United States; GAPDH, CST, United States) at 4 ℃ 
overnight. After secondary antibody incubation, the 
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staining, rats were divided into four groups: normal, 
degeneration, precancerous, and cancerous. The de­
generation group was characterized as the granule-like 
degeneration in the cytoplasm. The precancerous group 
was characterized as dense nuclear chromatin and high 
ratio of nucleus to cytoplasm. The cancerous group 
showed denser nuclear chromatin, upper ratio of nucleus 
to cytoplasm, and loss of hepatic structure (Figure 1A). 
Then expression of the HMGB family (HMGB1, HMGB2, 
HMGB3, and HMGB4) were detected in liver tissues of 
each group above by RT-qPCR. No statistically significant 
changes of HMGB1 (Figure 1B) or HMGB2 (Figure 1C) 
were found among the four groups. Notably, hepatic 
HMGB3 expression had a significant increase during the 
transformation from normal hepatocytes to HCC (Figure 
1D). HMGB4 expression was downregulated through 
the progression to HCC (Figure 1E). The upregulation of 
hepatic HMGB3 at protein level from normal to cancerous 
group (Figure 1F) were confirmed by IHC staining.

Validation of HMGB3 mRNA by bioinformatics databases
To further verify the HMGB3 expression in human HCC 
tissues, data from several bioinformatics databases 
(GEO, TCGA, and Oncomine) of normal livers (n = 359) 
and HCC tissues(n = 765) were analyzed. Compared 
with normal livers, HMGB3 had higher expression in 
HCC tissues according to the GSE14520 (fold change 
= 1.896, t = 11.270, P < 0.001, Figure 2A), GSE5364 
(fold change = 1.720, t = 4.161, P = 0.002, Figure 2B), 
GSE77314 (fold change = 2.204, t = 4.473, P < 0.001, 
Figure 2C), and TCGA database (fold change = 1.709, t 
= 9.125, P < 0.001, Figure 2D). Meanwhile, GSE50597 
presented upregulated HMGB3 expression at advance 
stage of HCC in comparison with that at early stage 
(fold change = 2.054, t = 3.046, P = 0.012, Figure 2E). 
Besides, Oncomine database elucidated that higher 
HMGB3 expression was detected in HCC tissues rather 
than liver cancer precursor (fold change = 1.469, t = 
2.948, P = 0.005) or normal livers (fold change = 1.795, 
t = 3.380, P = 0.003, Figure 2F). Given the observation 

samples were detected using the ECL detection system 
(Bio-Rad, United States). 

Reverse transcription-quantitative polymerase chain 
reaction
Total RNA was extracted from tissues using Trizol (Invi­
trogen) according to the manufacturer’s instructions. 
cDNA was synthesized by using a reverse transcription 
kit (Invitrogen, CA, United States). Quantitative poly­
merase chain reaction (qPCR) was conducted by using 
SYBR Premix Ex Taq kit (Takara, Japan) according to 
the manufacturer’s instructions. The relative mRNA 
expression (normalized to GAPDH) was assessed using 
the 2-ΔΔCt (ΔΔCt=ΔCt[target gene]-ΔCt[GAPDH]) analysis method. 
The primers in this study were presented in Table 1.  

Xenograft assay
Male BALB/c nude mice (4-6 wk old) were subcuta­
neously injected with 2 × 106 HepG2 cells transfected 
with shRNA-1 or NC-shRNA. Tumor size was measured 
every four days and calculated according to the formula 
(Volume= length × width2 × 1/2). Mice were sacrificed 
at the 30th d after injection. Tumors were weighed and 
fixed for further immunohistochemistry of HMGB3 and 
Ki67 (1:50, Abcam, United States). All procedures 
were approved by Animal care committee of Nantong 
University.

Statistics
The data in this study are presented as means ± 
standard deviation (SD) of at least three experiments. 
Comparisons between groups were performed using 
Two-tailed Student’s t-test. P values less than 0.05 were 
considered statistically significant.

RESULTS
Upregulating expression of HMGB3 in 
hepatocarcinogenesis
According to the morphological alteration and H&E 

Gene symbol Species Primer sequence (5’-3’) Location

HMGB1 Rat F: GCTGACAAGGCTCGTTATGAA   186-205
R: CCTTTGATTTTGGGGCGGTA   381-361

HMGB2 Rat F: CGGGGCAAAATGTCCTCGTA   28-47
R: ATGGTCTTCCATCTCTCGGAG   155-135

HMGB3 Rat F: AGGTGACCCCAAGAAACCAAA     9-29
R: TCAGCAAAATTGACGGGAACC 119-99

HMGB4 Rat F: AGACCAGCTAAGGCCCAAG   12-30
R: CCTTTTCGTGCTTTGAGATGGAT   172-150

HMGB3 Human F: CCAAAGGGCAAGATGTCCG   25-43
R: TTGACAGGGACCTCTGGGTTT 110-90

CCNB1 Human F: AATAAGGCGAAGATCAACATGGC   43-65
R: TTTGTTACCAATGTCCCCAAGAG   153-131

FEN1 Human F: ATGACATCAAGAGCTACTTTGGC   62-84
R: GGCGAACAGCAATCAGGAACT   142-122

PCNA Human F: CCTGCTGGGATATTAGCTCCA   77-97
R: CAGCGGTAGGTGTCGAAGC   185-167

Table 1  Primers for real-time polymerase chain reaction

HMGB: High mobility group box; FEN1: Flap structure-specific endonuclease 1; PCNA: Proliferating cell nuclear antigen; F: Forward primer; R: Reverse 
primer.
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Figure 1  Dynamic upregulation of HMGB3 in rat hepatocarcinogenesis. Rat hepatocarcinogenesis models were successfully made by consistent 2-AAF intake. 
A: The dynamic alterations of liver morphology (upper panel) and H&E staining (lower panel) of liver tissues in rat hepatocarcinogenesis. The livers of the rat model, 
according to the results of rat liver H&E staining, were divided into normal, degeneration, precancerous, and HCC group. B-E: the dynamic alterations of the HMGB 
family at the mRNA level in models were detected by RT-qPCR. B: HMGB1 mRNA. C: HMGB2 mRNA. D: HMGB3 mRNA. E: HMGB4 mRNA. Each band was 
presented as a relative value normalized to normal controls (n = 6). F: the immunohistochemical staining of rat HMGB3 expression in different groups. aP < 0.05. 2-AAF: 
2-acetylaminofluorene; H&E: Hematoxylin and eosin; HMGB: High mobility group-box; RT-qPCR: Reverse transcription-quantitative polymerase chain reaction.
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above, the data suggested that the upregulation of 
liver HMGB3 mRNA expression might be related to HCC 
progression.

Knockdown of HMGB3 in HCC cell lines
To further determine the role of HMGB3 in HCC progres­
sion, HMGB3 expression was detected and silenced in 
HCC cell lines. In contrast to normal hepatocyte L02, 
HMGB3 was overexpressed in HCC cell lines Huh7, 
HepG2, HCCLM3, SMMC7721, and BEL7404 (Figure 3A 
and 3B). HepG2 had the highest expression of HMGB3 
and was chosen to conduct RNAi using three specific 
shRNAs with GFP labeling (Figure 3C). Compared with 
the control and NC-shRNA group, HMGB3 expression was 
significantly (P < 0.001) downregulated with shRNA-1 at 

the mRNA (Figure 3D) and protein levels (Figure 3E and 
F).

Silencing HMGB3 inhibited proliferation and regulated 
cell cycle of HCC cells
Gene set enrichment analysis was performed to sort the 
pathways enriched in distinct phenotype labels according 
to HMGB3 levels. In both of GSE14520 and TCGA, high 
expression of HMGB3 was correlated with cell cycle 
and DNA replication (Figure 4A). Thus, the proliferation 
activity and cell cycle were studied in HMGB3-knockdown 
HepG2 cells. As shown in Figure 4B, knockdown of 
HMGB3 using shRNA-1 significantly inhibited the prolif­
eration of HepG2 cells. Furthermore, silencing HMGB3 
could lead to an obvious arrest of HepG2 cells in the G1 
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Figure 2  HMGB3 mRNA expression related to hepatocellular carcinoma by bioinformatic databases. Comparative analysis of human normal livers (n = 359) 
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phase (Figure 4C and G). In addition, consistent with the 
results of GSEA, HMGB3 knockdown also inhibited the 
expression of cell cycle and DNA replication related genes 
Cyclin B1, proliferating cell nuclear antigen (PCNA) and 
flap structure-specific endonuclease 1 (FEN1), indicating 
that HMGB3 might promote the proliferation of HCC cells 
by regulating cell cycle and DNA replication pathway 
(Figure 4D-F). 

Silencing HMGB3 inhibited tumor growth
Compared with the NC-shRNA group, significantly de­
creased tumor volume and weight (P < 0.001) was 
observed in the shRNA-1 group at the 30th d after 
subcutaneous injection (Figure 5A and C). In addition, 
silencing HMGB3 by shRNA-1 significantly impeded the 
growth of xenograft tumors according to the growth 
curves (Figure 5B). Furthermore, IHC results showed 
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that Ki67 expression in tumor tissues of the shRNA-1 
group was significantly lower (P < 0.01) than that of 
the NC-shRNA group, indicating that HMGB3 might 
contribute to the proliferation of HCC cells in vivo (Figure 
5D). 

DISCUSSION
The HMGB family has been recognized as an important 
regulator in tumor progression[18]. Although the HMGB 
family with various physiological and pathological func­
tions was previously associated with liver cancer, neither 
HMGB1 nor HMGB2 was reported to exhibit dynamic 
expression in tumorigenesis[26]. In this study, the rat 
hepatocarcinogenesis model was conducted to analyze 
the expression characteristics from HMGB1, HMGB2, 
HMGB3, and HMGB4. No statistical differences in 
HMGB1 or HMGB2 expression were observed. However, 

HMGB3 and HMGB4 expression were upregulated and 
downregulated, respectively through the malignant trans­
formation in vivo. To further verify the HMGB3 expression 
in HCC, several HCC-related bioinformatics databases 
were assessed. Interestingly, consistent with the results 
of HCC model, analyses of normalized log2 transformed 
microarray expression data sets clearly confirmed the 
significant upregulation of HMGB3 mRNA in human 
HCC tissues, and especially in advanced HCC tissues, 
indicating that HMGB3 might be an oncogenic protein 
involved in the malignant transformation of hepatocytes.

HMGB proteins can assist in either activating or 
repressing transcription[27]. In adult vertebrates, HMGB1 
is found in all cell types, whereas HMGB3 mRNA was 
reported to be absent in most adult tissues[7,28]. Indeed, 
overexpression of HMGB3 has been discovered in 
several cancer types and correlated with clinical features 
of cancer patients, including advanced tumor-node-
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metastasis (TNM) stage, serosal invasion, and overall 
survival[23,28]. The rat hepatocarcinogenesis model also 
indicated the potential role of HMGB3 in HCC progression. 
However, the expression features of HMGB3 and its 
roles in HCC are still unclear. Thus, the current study 

further investigated HMGB3 expression in HCC cell lines. 
Interestingly, overexpression of HMGB3 was observed 
in HCC cells rather than normal hepatocytes, which was 
consistent with the hepatocarcinogenesis model and 
bioinformatic analysis.
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HMGB3 has been reported to play crucial roles in 
tumor progression by contributing to malignant behaviors 
and regulating oncogenic pathways. For instance, HMGB3 
could enhance the migration and growth of gastric cancer 
cells via activation of the Wnt pathway[23]. It also could 
increase the proliferation and invasion of breast cancer 
cells as a target gene of miRNA-205[29]. However, for 
HCC, the malignant behaviors and mechanism mediated 
by HMGB3 still remain unclear. Thus, bioinformatic 
analysis was conducted to explore the underlying 
roles. Notably, GSEA based on GEO database and 
TCGA jointly indicated that overexpression of HMGB3 
might be associated with cell cycle and DNA replication 
pathways. As expected, corresponding in vitro studies 
showed that silencing HMGB3 could significantly inhibit 
proliferation and induce cell cycle arrest in HCC cells. To 
further confirm potential mechanisms responsible for 
the anti-proliferation effects, we explored expression 
of Cyclin B1, PCNA, and FEN1, which were cell cycle 
and DNA replication related genes highly enriched in 
high-HMGB3-mediated pathways in GSEA. Consistent 
with this prediction, knockdown of HMGB3 obviously 
downregulated the three genes at the mRNA and protein 
levels, which have been reported to promote tumor pro­
gression[30-32]. Collectively, HMGB3 might promote pro­
liferation of HCC cells by regulating cell cycle and DNA 
replication pathways.

Although HMGB3 has been correlated with prolife­
ration, chemoresistance, and migration of cancer cells in 
previous studies[23,33,34], as far as we know, there was no 
xenograft assays to evaluate HMGB3 as a regulator of 
tumor growth in vivo. Given the interesting results from 
the rat model and in vitro study, our current study further 
evaluated HMGB3 as an important regulator of tumor 
growth in vivo. Xenograft tumors derived from HMGB3-
silenced HCC cells grew slower than the control tumors, 
with an obvious reduction in the proliferation marker 
Ki67. It suggested that HMGB3 might contribute to the 
tumor growth in vivo via regulating proliferation of HCC 
cells.

In conclusion, to the best of our knowledge, this is the 
first report to investigate HMGB3 expression and indicate 
that it may be a novel diagnostic marker or therapeutic 
target for HCC. Here, the findings are promising, and 
the initial evidence confirmed that HMGB3 is one of 
the key molecules in HCC progression. Future studies 
should clarify the molecular mechanisms of the upregu­
lation of HMGB3 expression and its important role in 
hepatocarcinogenesis to elucidate how HMGB3 might 
promote proliferation of HCC cells and tumor growth by 
regulating cell cycle and DNA replication pathways. 

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common and fatal 
malignancies worldwide with a multi-factorial, multistep, complex process, 
and poor prognosis. Early diagnosis of HCC at an early stage is of the utmost 
importance. This found a new molecular biomarker to monitor the malignant 

transformation of hepatocytes.

Research motivation
Although serum alpha fetoprotein (AFP) level is a useful tumor marker for the 
detection and monitoring of HCC, the false-negative rate with AFP level alone 
may be as high as 40% for patients with early stage HCC. Even in patients with 
advanced HCC, the AFP levels may remain normal in 15%-30% of the patients. 
New specific markers, such as circulating HS-GGT, HS-AFP or AFP-L3, miRNA, 

GPC-3, and GP73, have been developed to improve the sensitivity, specificity, 
early detection, and prediction of prognosis. However, the overall results have 
been unsatisfactory. 

Research objectives
The most urgent needs are to find sensitive markers for early diagnosis or 
monitor postoperative recurrence, and to give adequate treatment for HCC. 
It has many characteristics, such as fast infiltrating growth, metastasis in 
early stage, high-grade malignancy, and poorly therapeutic efficacy, thus the 
prognosis is poor and early detection is of the utmost importance. The present 
study focused on exploring the relationship between dynamic expression of 
HMGB-3 and malignant transformation of hepatocytes.

Research methods
Dynamic models of rat hepatocarcinogenesis were made to investigate the 
expression of the high mobility group box (HMGB) family. HMGB3 expression 
was measured at the protein level by immunohistochemistry or Western blotting 
and at the mRNA level by real time PCR. Human HMGB3 expression was 
evaluated using bioinformatics databases and its mechanisms were analyzed in 
vitro. Xenograft growth was also measured.

Research results
HMGB3 expression was upregulated through the malignant transformation of 
liver cells in vivo.

Research conclusions
The upregulation of liver HMGB3 expression was found by dynamic model 
of hepatocytes malignant transformation with the alterations of rat liver 
histopathology. This was confirmed by mining HMGB3 expression in human 
HCC tissues in bioinformatic databases. Further studies elucidating the role 
HMGB3 plays in regulating HCC progression, suggests that HMGB3 could be a 
novel marker for early diagnosis or a molecular therapy target. 

Research perspectives
HMGB3 has been confirmed as one of the key molecules in the HMGB 
family with HCC development. However, the molecular mechanisms 
of the upregulation of HMGB3 expression and its important role in 
hepatocarcinogenesis should be clarified in promoting proliferation of HCC cells 
and tumor growth and regulating cell cycle and DNA replication pathways in the 
future. 
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Abstract
AIM
To determine whether fasting C-peptide is an independent 
predictor for non-alcoholic fatty liver disease (NAFLD) in 
United States population.

METHODS
Using the National Health and Nutrition Examination 
Survey (NHANES) 1988-1994, NAFLD participants aged 
20 or greater without any other liver diseases were 
included in this study. Excessive alcohol intake is defined 
as > 2 drinks per day for males and > 1 drink per day 
for females. C-peptide and 27 other factors known to be 
associated with NAFLD (e.g. , age, gender, body mass 
index, waist circumference, race/ethnicity, liver che
mistries, and other diabetes tests) were tested in both 
univariate and multivariate level using logistic regression 
with a P-value 0.05.

RESULTS
Of 18825 participants aged ≥ 20, 3235 participants (n 
= 3235) met inclusion criteria. There were 23 factors 
associated with NAFLD by univariate analysis. 9 factors, 
ranked by the highest change in pseudo R2, were found 
to be significant predictors of NAFLD in multivariate 
model: waist circumference, fasting C-peptide, natural log 
of alanine aminotransferase (ALT), total protein, being 
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Mexican American, natural log of glycated hemoglobin, 
triglyceride level, being non-Hispanic white, and ferritin 
level. 

CONCLUSION
Together with waist circumference and ALT, fasting 
C-peptide is among three most important predictors of 
NAFLD in United States population in the NHANES data 
set. Further study is needed to validate the clinical utility 
of fasting C-peptide in diagnosis or monitoring insulin 
resistance in NAFLD patients.

Key words: Insulin resistance; Fatty liver; Hepatosteatosis; 
Metabolic syndrome; C-peptide

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Non-alcoholic fatty liver disease (NAFLD) is 
a growing global epidemic and associated with many 
conditions and factors, including insulin resistance. How
ever, C-peptide has not been used in practice to assess 
insulin resistance in NAFLD patients. Using a large national 
dataset, we demonstrated that three most important 
risk factors for NAFLD are waist circumference, fasting 
C-peptide, and alanine aminotransferase, respectively. 
Such results revealed that C-peptide superior to measure
ment of fasting insulin levels and can potentially be 
used for screening or monitoring the degree of insulin 
resistance in NAFLD.

Atsawarungruangkit A, Chenbhanich J, Dickstein G. C-peptide 
as a key risk factor for non-alcoholic fatty liver disease in 
the United States population. World J Gastroenterol 2018; 
24(32): 3663-3670  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i32/3663.htm  DOI: http://dx.doi.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a condition in 
which hepatic steatosis exists in the absence of excessive 
alcohol consumption. NAFLD is the most common 
cause of chronic liver disease in the United States with 
estimated prevalence around 30%-40%[1-3]. Given the 
epidemic of obesity, NAFLD is increasingly prevalent and 
challenging[4,5]. NAFLD can progress to more severe liver 
diseases, such as non-alcoholic steatohepatitis (NASH), 
cirrhosis, and hepatocellular carcinoma.

Obesity and insulin resistance are among important 
risk factors for NAFLD[6,7]. Many studies found that 
indicators of obesity [i.e., body mass index (BMI) 
and waist circumference] and insulin resistance [i.e., 
glycated hemoglobin (HbA1c), insulin level, fasting 
glucose, and diabetes mellitus] are independently asso
ciated with NAFLD and/or severity of liver fibrosis in 
NAFLD[8-11]. C-peptide levels can be used to measure 
insulin secretion[12]. However, there is limited evidence 

of the association between NAFLD and C-peptide at the 
multivariate level[13,14].

Both C-peptide and insulin are produced and released 
in equimolar amounts. C-peptide can therefore be used 
to assess endogenous insulin secretion. However, the 
level of C-peptide and insulin level in blood are typically 
different deriving from the differences in clearance mecha
nisms and half-life[15]. In addition to diabetes and insulin 
resistance, C-peptide has been associated with many risk 
factors for NAFLD including cardiovascular diseases and 
metabolic syndrome[16-18]. 

Therefore, our primary objective was to determine if 
fasting C-peptide is independently associated with NAFLD 
using multivariate analysis in the United States general 
population.

MATERIALS AND METHODS
Study population and study design
The Third National Health and Nutrition Examination 
Survey (NHANES Ⅲ) is a probability sample of 39695 
persons aged 2 mo and older representing the United 
States population and conducted by the National Cen
ter for Health Statistics (NCHS) to evaluate health 
and nutritional status[19]. The survey collected multiple 
data sets, including demographic, interviews, physical 
examinations, and laboratory testing of biologic samples. 
NHANES Ⅲ was conducted from 1988 to 1994. The 
NHANES protocol was approved by the NCHS Research 
Ethics Review Board.

There were 18825 persons aged 20 years or 
older in NHANES Ⅲ that met inclusion criteria for this 
study. The exclusion criteria included: (1) Ungradable 
or missing ultrasound results for hepatic steatosis, 
(2) excessive alcohol consumption, (3) hepatitis B or 
hepatitis C infection (4) fasting period outside of 8-24 h 
(5) incomplete or missing data on physical examination 
and laboratory testing. Participants were divided into 
two groups: NAFLD participants (study group) and non-
NAFLD participants (control group). 

As presented in Table 1, we included 28 factors 
associated with NAFLD as independent variables in this 
study: Demographic (i.e., age , gender, race/ethnicity), 
body measurement (i.e., BMI and waist circumference), 
general biochemistry tests [i.e., iron, total iron-binding 
capacity (TIBC), transferrin saturation, ferritin, cholesterol, 
triglyceride, HDL cholesterol, C-reactive protein, and 
uric acid], liver chemistry [aspartate aminotransferase 
(AST), Alanine aminotransferase (ALT), gamma glutamyl 
transferase (GGT), alkaline phosphatase (ALP), total 
bilirubin, total protein, and albumin], and diabetes testing 
profile [i.e., HbA1c, fasting plasma glucose (FPG), fasting 
C-peptide, and fasting insulin]. Besides demographic 
variables, the above variables were selected as the risk 
factors based on the usage in clinical practice and the 
supporting evidence that demonstrated the association 
with NAFLD or its commonly accepted risk factors (i.e., 
obesity, insulin resistance, and liver fibrosis).
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Definitions
In this study, NAFLD is defined as: (1) Diagnosed with 
moderate to severe hepatic steatosis on ultrasound; (2) 
no history of excessive alcohol intake in the past 12 mo; 
(3) not infected with hepatitis B or hepatitis C.

To evaluate the presence and extent of hepatic 
steatosis, readers used five main criteria: (1) Paren
chymal brightness, (2) liver to kidney contrast, (3) deep 
beam attenuation, (4) bright vessel walls, and (5) gall
bladder wall definition. Based on the presence or absence 
of these five criteria, a main finding was categorized as 
normal, mild, moderate or severe[20]. It is worth nothing 
that participants aged above 74 were not eligible for 
ultrasound study in NHANES Ⅲ For this reason, patients 
age above 74 were excluded from this study. 

Excessive alcohol intake is defined as more than 2 
drinks per day for men or 1 drink per day for women in 
the past 12 mo, in which one drink of alcoholic beverage 
is equivalent to a 12 oz beer, a 5 oz glass of wine, or 
1.5 oz of liquor. The average number of drinks per day 
is calculated from number of drinking days × number 
of drinks on drinking day/365 d. To qualify as hepatitis 
viral infection, participants must have tested positive for 
serum hepatitis B surface antigen or serum hepatitis C 

antibody HCP (anti-HCV). 

Statistical analysis
Statistical analyses were performed using STATA Release 
14 (StataCorp LP, TX, United States). Numbers are 
presented in mean ± SD or number (%). All continuous 
factors were first tested for skewness; if the distributions 
were extremely skewed to the right (herein defined as 
skewness > 3), the factors were log transformed before 
using them as predictors in regression models. Since 
the response variable is dichotomous variable (NAFLD 
or non-NAFLD), logistic model is an appropriate model 
for determining if predictors are significantly associated 
with the response variable. As a result, logistic regression 
was used to determine if NAFLD is associated with any 
predictor in univariate level. Then, the significant factors 
from univariate analysis were included as predictors in 
step-wise logistic regression to determine the significant 
predictors in multivariate level. The significance level is 
0.05.

RESULTS
Out of 18825 participants aged ≥ 20, there were 3235 
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NAFLD, n  = 817 Controls, n  = 2418

Demographic
Age (yr)   48.47 ± 15.75   44.36 ± 16.20
Gender (male) 368 (45.04) 1004 (41.52)
Race/ethnicity
   White (non-Hispanic) 308 (37.70) 1046 (43.13)
   Black (non-Hispanic) 193 (23.62)    705 (29.16)
   Mexican American 280 (34.27)    550 (22.75)
   Others 36 (4.41)  120 (4.96)
Body measurement
   Body mass index (kg/m2) 30.38 ± 6.95 26.56 ± 5.42
   Waist circumference (cm) 101.73 ± 16.32   90.84 ± 13.45
Biochemistry tests
   Iron (μg/dL)   75.35 ± 29.71   77.71 ± 32.75
   TIBC (μg/dL) 364.79 ± 58.05 359.86 ± 56.59
   Transferrin saturation (%) 21.13 ± 8.73 22.09 ± 9.65
   Ferritin (ng/mL)   161.75 ± 152.55   110.16 ± 114.71
   Cholesterol (mg/dL) 212.23 ± 44.95 202.73 ± 42.19
   Triglyceride (mg/dL)   202.91 ± 137.97 136.58 ± 95.79
   HDL cholesterol (mg/dL)   46.72 ± 16.80   52.10 ± 15.61
   C-reactive protein (mg/dL)1   0.56 ± 0.80   0.45 ± 0.65
   Uric acid (mg/dL)   5.62 ± 1.52   5.04 ± 1.42
Liver chemistry
   AST (U/L)1   24.76 ± 19.62   20.72 ± 14.71
   ALT(U/L)1   22.78 ± 17.86   15.96 ± 12.14
   GGT (U/L)1   42.87 ± 66.68   28.14 ± 41.69
   ALP (U/L)1   93.72 ± 33.61   86.04 ± 36.29
   Total bilirubin (mg/dL) 0.55 ± 0.30   0.54 ± 0.28
   Total protein (g/dL)   7.49 ± 0.46   7.37 ± 0.45
   Albumin (g/dL)   4.11 ± 0.35   4.12 ± 0.36
Diabetes testing profile
   HbA1c (%)1   6.02 ± 1.62   5.50 ± 1.09
   FPG (mg/dL)1 114.50 ± 65.84   97.85 ± 35.68
   Fasting C-peptide (pmol/mL)   1.11 ± 0.68   0.69 ± 0.53
   Fasting insulin (μU/mL)1   21.85 ± 27.82   12.76 ± 19.24

Table 1  Baseline characteristics of participants with non-alcoholic fatty liver disease and controls n  (%)

1The distribution is positively skewed with skewness > 3. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; 
FPG: Fasting plasma glucose; GGT: Gamma glutamyl transferase; HbA1c: Glycated hemoglobin; TIBC: Total iron-binding capacity. 
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factor for NAFLD in the United States population.
Insulin resistance is another well-known condition 

commonly found in NAFLD patients[28,29]. Indeed, all dia
betes test profiles were positively correlated with NAFLD 
by univariate analysis. In fact, type 2 diabetes can be 
diagnosed directly from HbA1c level (≥ 6.5%) or FPG 
(≥ 126 mg/dL)[30], while C-peptide and insulin are not 
routinely used in clinical practice to diagnose type 2 
diabetes. While there are situations where C-peptide or 
insulin levels are useful-the diagnosis of insulinoma[31], 
surreptitious use of insulin[32], the diagnosis of type 2 
diabetes in the young[33], and the diagnosis of latent 
autoimmune diabetes in adults[34], direct measurement 
of insulin levels and not of C-peptide has been used 
to assess insulin resistance. Previous studies often 
found that C-peptide levels are raised in patients with 
NASH[35-37]. However, the application of C-peptide as a 
biomarker for interventions designed to improve insulin 
sensitivity remains to be determined. In case of NAFLD, 
there is only limited evidence; C-peptide was found to be 
associated with NAFLD in specific groups of population 
(i.e., obese adolescents and adults, latent autoimmune 
diabetes, and diabetes patients)[13,14,38]. Our results are 
the first to show that C-peptide has a role not only as 
an independent risk factor for NAFLD but can also be 
useful for screening or monitoring the degree of insulin 
resistance in NAFLD in the general population. Based on 
∆R2, we conclude that insulin resistance, as indicated by 
fasting C-peptide, is the second most important condition 
leading to NAFLD, second only to obesity as diagnosed 
by waist circumference, and is superior to measurement 
of fasting insulin levels.

Liver chemistries are used as an indicator of liver 
inflammation or liver cell damage. Commonly used 
liver chemistries include AST, ALT, ALP, GGT, total bili
rubin, total protein, and albumin. For example, pre
dominance of AST and ALT indicates hepatocellular 
injury; predominance of ALP and total bilirubin indicates 
cholestatic injury; an elevated ALP of hepatic origin may 
be confirmed GGT[39-41]. As shown in Table 2, total protein 
and the natural log of AST, ALT, ALP, and GGT were 
positively associated with NAFLD in univariate analysis. 
However, only total protein and natural log of ALT were 
positively correlated with NAFLD in multivariate level. 
AST and ALT are the most widely used liver chemistries. 
The fact that ALT is included in multivariate model is not 
unexpected since ALT is generally higher than AST level 
in NAFLD[40]. On the other hand, total protein is a non-
specific marker of health, nutrition and liver synthetic 
capacity. Due to the fact that total protein consists 
of albumin and multiple subtypes of globulin, further 
investigation into the association between NAFLD and 
each subtype of globulin may provide a clearer expla
nation of our findings.

Ferritin is a protein that mainly stores iron in the body 
and serum ferritin level is the most accurate blood test 
to diagnose iron deficiency anemia[42]. Recently, the role 
of ferritin as a biomarker in inflammatory diseases has 
been increasingly recognized[43-45]. As an acute phase 

participants (n = 3235) that passed the exclusion criteria 
as shown in Figure 1. Based on ultrasound findings, 817 
(25.26%) participants were classified as NAFLD. Baseline 
characteristics of participants in study group and control 
group are summarized in Table 1.

For continuous variables, there were 8 factors having 
skewness greater than 3. Subsequently, the log transfor
mation was applied to these factors, including C-reactive 
protein, AST, ALT, GGT, alkaline phosphatase, glycated 
hemoglobin, plasma glucose, and insulin. As shown in 
Table 2, there are 24 variables significantly associated 
with NAFLD in univariate level; the P-value of these 
significant factors mostly below 0.001.

As presented in Table 3, the number of significant 
factors reduced from 24 to 9 in multivariate analysis. The 
top three factors ranked by the highest change in pseudo 
R2 (ΔR2) are waist circumference (OR = 1.03, ΔR2 = 
2.13%, P < 0.001), C-peptide level (OR = 1.82, ΔR2 = 
1.33%, P < 0.001), and loge of ALT (OR = 1.76, ΔR2 = 
1.16%, P < 0.001). The pseudo R2 of the multivariate 
model is 16.68%.

DISCUSSION
The most significant NAFLD risk factor in both univariate 
and multivariate levels is waist circumference. Since waist 
circumference and BMI are highly interrelated surrogate 
markers of obesity[21], it is not surprising to see one factor 
eliminated in multivariate level. Waist circumference-a 
measure of excess abdominal adiposity-has been identi
fied as an independent risk factor for many obesity-
related conditions, such as cardiovascular disease, type 
2 diabetes, dyslipidemia, and hypertension, metabolic 
syndrome, polycystic ovary syndrome[22-27]. The results 
from this study support that waist circumference is also 
an independent and probably the most important risk 

18825 Participants
with age 20+

13856 participants with gradable
ultrasound results

12590 participants with gradable
ultrasound results

12262 participants with gradable
ultrasound results

3235 participants with gradable
ultrasound results

817 participants
with NAFLD

4969 participants had incomplete
ultrasound results

1266 participants excessively drank
alcohol or had missing data in

alcohol drinking

328 participants had hepatitis B or
hepatitis C

8989 participants had incomplete
examination or lab results

2418 participants
without NAFLD

Figure 1  Study design and study population.
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response protein, ferritin concentrations increase during 
inflammation and may not reflect the size of total body 

iron stores[44]. Moreover, ferritin was found be associated 
with histologic severity and advanced fibrosis in patients 

Beta Standard error Odds ratio P  value

Demographic
Age (yr)    0.0157 0.0025 1.02 < 0.001a

Gender (male)    0.1435 0.0815 1.15 0.078
Race/ethnicity
   White (non-Hispanic) -0.226 0.0831 0.80  0.007a

   Black (non-Hispanic)   -0.2857 0.0937 0.75  0.002a

   Mexican American    0.5715 0.0882 1.77 < 0.001a

   Others   -0.1248 0.1945 0.88 0.521
Body measurement
   Body mass index (kg/m2)    0.1004 0.0069 1.11 < 0.001a

   Waist circumference (cm)    0.0506 0.003 1.05 < 0.001a

Biochemistry tests
   Iron (μg/dL)   -0.0024 0.0013 1.00 0.069
   TIBC (μg/dL)    0.0015 0.0007 1.00  0.032a

   Transferrin saturation (%)   -0.0111 0.0044 0.99  0.012a

   Ferritin (ng/mL)    0.0029 0.0003 1.00 < 0.001a

   Cholesterol (mg/dL)  0.005 0.0009 1.01 < 0.001a

   Triglyceride (mg/dL)    0.0049 0.0004 1.00 < 0.001a

   HDL cholesterol (mg/dL)   -0.0261 0.0031 0.97 < 0.001a

   C-reactive protein (mg/dL)1    0.3398 0.0534 1.40 < 0.001a

   Uric acid (mg/dL)    0.2649 0.0277 1.30 < 0.001a

Liver chemistry
   AST (U/L)1   1.004 0.1153 1.02 < 0.001a

   ALT (U/L)1     1.0274 0.0777 1.04 < 0.001a

   GGT (U/L)1    0.7441 0.0612 1.01 < 0.001a

   ALP (U/L)1    0.9011 0.1303 1.01 < 0.001a

   Total bilirubin (mg/dL)    0.0914 0.1395 1.09 0.512
   Total protein (g/dL)  0.581 0.0896 1.79 < 0.001a

   Albumin (g/dL)   -0.0871 0.1141 0.92 0.445
Diabetes testing profile
   HbA1c (%)1    2.2201 0.2184 1.34 < 0.001a

   FPG (mg/dL)1   1.3125 0.1428 1.01 < 0.001a

   Fasting C-peptide (pmol/mL)    1.1976 0.0753 3.31 < 0.001a

   Fasting insulin (μU/mL)1    0.9646 0.059 1.02 < 0.001a

Table 2  Univariate analysis for predictors of non-alcoholic fatty liver disease

1Log transformation was applied to this factor before including in regression model. aP < 0.05. ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; 
AST: Aspartate aminotransferase; FPG: Fasting plasma glucose; GGT: Gamma glutamyl transferase; HbA1c: Glycated hemoglobin; TIBC: Total iron-binding 
capacity. aP < 0.05.

Beta Standard error Odds ratio Change in pseudo R2 P  value

Demographic
Race/ethnicity
   White (non-Hispanic) 0.2969 0.1162 1.35 0.18% 0.011
   Mexican American 0.5495 0.1207 1.73 0.57% 0.020
Body measurement
   Waist circumference (cm) 0.0308 0.0035 1.03 2.13% < 0.001
Biochemistry tests
   Ferritin (ng/mL) 0.0013 0.0004 1.00 0.15% < 0.001
   Triglyceride (mg/dL) 0.0008 0.0004 1.00 0.32% < 0.001
Liver chemistry
   ALT (U/L)1 0.5658 0.0875 1.76 1.16% < 0.001
   Total protein (g/dL) 0.5319 0.1045 1.70 0.72% < 0.001
Diabetes testing profile
   HbA1c (%)1 0.9266 0.2492 2.53 0.38% < 0.001
   Fasting C-peptide (pmol/mL) 0.6009 0.0877 1.82 1.33% < 0.001

Table 3  Risk factors of non-alcoholic fatty liver disease from step-wise logistic regression

1Log transformation was applied to this factor before including in regression model. Note: Pseudo R2 = 16.68%; constant (Y-intercept) = 0.0000153; change 
in Pseudo R2 is an incremental increase in Pseudo R2 resulting from adding variable to model last. ALT: Alanine aminotransferase; HbA1c: Glycated 
hemoglobin.
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with NAFLD[46-48]. 
Other factors significantly associated with NAFLD 

include race/ethnicity (non-Hispanic white and Mexican 
American), and triglyceride level. Race/ethnicity were 
often found associated with obesity-related diseases in 
United States based population[49,50] Triglyceride is an 
important biomarker of cardiovascular disease risk[51], 
another condition highly interrelated with NAFLD.

There are several limitations in this study. First, the 
diagnosis of NAFLD in this study is based on the hepatic 
ultrasound results although liver biopsy remains the 
gold standard for the diagnosis of NAFLD. Second, the 
statistical analysis used is logistic regression. Since the 
relationship among these factors are complex, inter
related, and non-linear, linearity assumptions embedded 
in logistic regression may not be able to address all 
aspects of NAFLD. Furthermore, given a pseudo R2 of 
16.68%, only 16.68% of variation can be explained by 
multivariate model in Table 3.

In conclusion, NAFLD is associated with many con
ditions and factors. Three most important factors from 
multivariate model in this study are waist circumference, 
fasting C-peptide, and ALT. Further study is needed to 
validate the clinical utility of C-peptide in diagnosis or 
monitoring insulin resistance in NAFLD patients.

ARTICLE HIGHLIGHTS
Research background
Non-alcoholic fatty liver disease (NAFLD) is the most common cause of 
chronic liver disease in the United States. Additionally, NAFLD can progress 
to more severe liver diseases, such as non-alcoholic steatohepatitis, cirrhosis, 
and hepatocellular carcinoma. Many factors were found to be independently 
associated with NAFLD and/or severity of liver fibrosis in NAFLD. Nevertheless, 
there is limited evidence of the association between NAFLD and C-peptide.

Research motivation
Among many risk factors that are associated with NAFLD, obesity and insulin 
resistance are probably the most well-known ones. C-peptide levels can be 
used to measure insulin secretion and a surrogate marker of insulin resistance. 
However, C-peptide is not routinely used in clinical practice to diagnose type 2 
diabetes or monitor insulin resistance status in NAFLD.

Research objectives 
The objective of this study was to determine if fasting C-peptide is 
independently associated with NAFLD using multivariate analysis in the United 
States general population.

Research methods
Using the National Health and Nutrition Examination Survey 1988-1994, NAFLD 
participants aged 20 or greater without any other liver diseases were included 
in this study. The participants with excessive alcohol intake (> 2 drinks per 
day for males and > 1 drink per day for female) were excluded from the study. 
C-peptide and 27 other factors known to be associated with NAFLD (e.g., age, 
gender, body mass index, waist circumference, race/ethnicity, liver chemistries, 
and other diabetes tests) were selected as predictors in regression model. 
Univariate logistic regression and multivariate step-wise logistic regression 
were used to determine if the significant predictors of NAFLD, respectively. 

Research results
There were 3235 participants (n = 3235) that passed the exclusion criteria. 
Based on ultrasound findings, 817 (25.26%) participants were classified as 

NAFLD. Twenty-four variables were significantly associated with NAFLD in 
univariate level; the P-value of these significant factors mostly below 0.001. 
Using multivariate analysis, we found 9 out of 24 factors to be significantly 
associated with NAFLD. Ranked by ΔR2, the top three factors ranked are waist 
circumference (OR = 1.03, ΔR2 = 2.13%, P < 0.001), C-peptide level (OR = 1.82, 
ΔR2 = 1.33%, P < 0.001), and loge of ALT (OR = 1.76, ΔR2 = 1.16%, P < 0.001). 
The pseudo R2 of the multivariate model is 16.68%.

Research conclusions
C-peptide is the second most important predictor of NAFLD in United States 
population after waist circumference.

Research perspectives
Further prospective research is needed to validate the clinical utility of fasting 
C-peptide in diagnosis or monitoring insulin resistance in NAFLD patients. 
Moreover, C-peptide should be considered as a potential factor for calculative 
liver scores to evaluate the fibrosis level.
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Abstract
AIM
To investigate the vascular anatomy of inferior mesenteric 
artery (IMA) in laparoscopic radical resection with the 
preservation of left colic artery (LCA) for rectal cancer. 

METHODS
A total of 110 patients with rectal cancer who underwent 
laparoscopic surgical resection with preservation of the 
LCA were retrospectively reviewed. A 3D vascular recon
struction was performed before each surgical procedure 
to assess the branches of the IMA. During surgery, the 
relationship among the IMA, LCA, sigmoid artery (SA) and 
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superior rectal artery (SRA) was evaluated, and the length 
from the origin of the IMA to the point of branching into 
the LCA or common trunk of LCA and SA was measured. 
The relationship between inferior mesenteric vein (IMV) 
and LCA was also evaluated.

RESULTS
Three vascular types were identified in this study. In type 
A, LCA arose independently from IMA (46.4%, n = 51); 
in type B, LCA and SA branched from a common trunk 
of the IMA (23.6%, n = 26); and in type C, LCA, SA, and 
SRA branched at the same location (30.0%, n = 33). The 
difference in the length from the origin of IMA to LCA was 
not statistically significant among the three types. LCA 
was located under the IMV in 61 cases and above the IMV 
in 49 cases.  

CONCLUSION
The vascular anatomy of the IMA and IMV is essential for 
laparoscopic radical resection with preservation of the LCA 
for rectal cancer. To recognize different branches of the 
IMA is necessary for the resection of lymph nodes and 
dissection of vessels.

Key words: Inferior mesenteric artery; Left colic artery; 
Rectal cancer; Laparoscopic

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: one hundred and ten patients who underwent 
laparoscopic surgical resection with preservation of left 
colic artery (LCA) for rectal cancer were retrospectively 
reviewed. The 3D reconstruction of the vasculature was 
performed before surgical procedures. The types of 
branch vessels of inferior mesenteric artery (IMA) were 
classified. Furthermore, in the operations, relationships 
between the IMA, sigmoid artery (SA), LCA and superior 
rectal artery (SRA) were evaluated. The relationship 
between LCA and inferior mesenteric vein (IMV) was also 
evaluated. To recognize different branches of the IMA is 
necessary for the resection of lymph nodes and dissection 
of vessels during laparoscopic radical resection of rectal 
cancer.

Wang KX, Cheng ZQ, Liu Z, Wang XY, Bi DS. Vascular anatomy 
of inferior mesenteric artery in laparoscopic radical resection 
with the preservation of left colic artery for rectal cancer. World 
J Gastroenterol 2018; 24(32): 3671-3676  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i32/3671.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i32.3671

INTRODUCTION
In laparoscopic radical resection for rectal cancer, high-
tie of the inferior mesenteric artery (IMA) at its origin 
is essential for en bloc lymph node dissection. Some 
researchers have demonstrated the clinical significance 

of lymph node dissection from the origin of the IMA for 
postoperative staging and prognosis[1]. However, high tie 
at the origin of the IMA may lead to postoperative poor 
anastomotic perfusion, which increases the incidence of 
anastomotic leakage[2,3]. Many surgeons prefer a low-
tie technique, which ligates the IMA while preserving the 
left colic artery (LCA) after lymph nodes around the IMA 
were dissected[4,5]. A clear understanding of the vascular 
anatomy of the IMA and inferior mesenteric vein (IMV) 
is essential for this low-tie procedure. However, there 
are multiple types of branch vessels originating from the 
IMA that makes this surgical procedure technically de
manding[6]. We studied the vascular anatomy of the IMA 
to safely and effectively dissect the lymph nodes around 
the IMA while preserving the LCA in a laparoscopic pro
cedure for rectal cancer.

MATERIALS AND METHODS
Patient data
Following approval of the Ethics Committee on Scientific 
Research of our hospital, the records of 110 patients, 
who underwent laparoscopic surgical resection with pre
servation of the LCA for rectal cancer from March 2016 
to November 2017 were retrospectively analyzed. The 
research participants were recruited from the Department 
of General Surgery of Qilu Hospital, a teaching hospital 
of Shandong University in Shandong, China. The data of 
patient age, sex ratio, BMI, and histopathological stage 
were observed and compared.

Preoperative assessment of vascular anatomy by 3D 
reconstruction 
The 3D reconstruction of the vascular anatomy was per
formed in all cases before surgery. The types of branch 
vessels of the IMA as well as the length from the origin of 
the IMA to the LCA were determined.

Surgical procedure 
Laparoscopic surgery was performed by a single ope
rating team consisting of two senior surgeons and 
three staff surgeons. During the operation, the pa
tients were placed in lithotomy position. Multi-incision 
laparoscopic surgery was performed. That was, we 
placed five ports including the optical port. There were 
the first 10 mm trocar in the umbilicus as the optical 
port, another 12-mm trocar, and three 5-mm trocars. 
We established pneumoperitoneum and maintained 
abdominal pneumoperitoneum pressure at 12 mmHg. 
Sharp dissections were performed using a laparoscopic 
ultrasound knife. First, the small intestine was pulled 
on its cephalic side to allow for sufficient surgical space. 
Second, the sigmoid colon mesentery was mobilized 
with medial to lateral approach up to the origin of the 
IMA. Lymphous and adipic tissues were resected along 
the IMA down to the point of branching into the LCA 
or common trunk of LCA and sigmoid artery (SA). The 
dissection was then conducted from the LCA until the 
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IMV could be identified. The IMV was exposed to the 
plane of the origin of the IMA. After the dissection, the 
vessels were ligated and cut with the preservation of the 
LCA. The superior hypogastric nerve and left ureter were 
carefully preserved during the procedure.

During surgery, the relationship among the IMA, 
LCA, SA, and superior rectal artery (SRA) was evaluated, 
and the length from the origin of the IMA to the point of 
branching into the LCA or common trunk of LCA and SA 
was measured. In addition, the relationship between LCA 
and IMV was also evaluated. The number of resected 

lymph nodes and the incidence of metastasis to station 
253 nodes were recorded. Furthermore, the incidence of 
anastomotic bleeding and anastomotic leakage, and the 
length of postoperative hospital stay were investigated.

Statistical analysis
All experimental data were analyzed using the SPSS 
software version 17.0 (SPSS Inc., Chicago, IL, United 
States). There were three groups of samples in this 
study. The three groups were compared by single factor 
analysis of variance (single factor ANOVA) and homo
geneity of variance. The comparison between the two 
groups was used on the LSD method. The count data 
were represented by the value/percentage (%), and the 
three groups were compared with the chi square test and 
Fisher accurate test. When the theoretical number T < 
5, the Fisher test value was used, if not, the Pearson chi 
square test was used. 

RESULTS
Clinical characteristics of the patients
The data of patient age, sex ratio, BMI, and histo
pathological stage are shown in Table 1. There were no 
statistically significant differences among the three types.

Vascular study
IMA, LCA, SA, and SRA were studied in 110 cases by 
preoperative 3D reconstruction of the vascular anatomy 
(Figure 1A-C) and laparoscopic surgery (Figure 2A-C). 
Three vascular types were identified in the study: type 
A (Figures 1A, 2A, and 3A), LCA arose independently 
from the IMA (46.4%, n = 51); type B (Figures 1B, 2B, 
and 3B), LCA and SA branched from a common trunk 
of the IMA (23.6%, n = 26); and type C (Figures 1C, 
2C, and 3C), LCA, SA, and SRA branched at the same 
location (30.0%, n = 33). The length from the origin of 
the IMA to the LCA is displayed in Table 2. There was no 
statistically significant difference among the three types.

In laparoscopic surgery, the relationship between 
the location of LCA and IMV was observed. The LCA was 
located under the IMV in 61 cases and above the IMV 
in 49 cases. The ratio regarding the location of the LCA 
under the IMV in the three types was similar (Table 2).

Surgical outcome
As shown in Table 3, the data of operating time, blood 
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Factors Type A (n  = 51) Type B (n  = 26) Type C (n  = 33) Statistical value P  value

Age (yr, mean ± SD) 58.6 ± 14.1 60.4 ± 15.0 62.3 ± 12.9 F = 2.881 0.06
Male, n (%) 31 (60.8) 15 (57.7) 18 (54.5) Pearson χ 2 = 0.324 0.85
BMI (kg/m2) 25.3 ± 5.4 24.8 ± 4.9 25.1 ± 4.6 F = 0.331 0.72
Stage (UICC 8th) Fisher = 1.510 0.84
Ⅰ   7   5   6
Ⅱ 26 10 16
Ⅲ 18 11 11

Table 1  Patient characteristic data

P < 0.05. BMI: Body mass index; UICC: Union for International Cancer Control.

IMA
IMA IMA

LCALCA
LCA

SRA

SRA SRA
SA

SA

SA

A B C

Figure 1  Preoperative 3D reconstruction of inferior mesenteric artery, left 
colic artery, sigmoid artery and superior rectal artery. A: Type A, LCA arose 
independently from IMA. B: type B, LCA and SA branched from a common 
trunk from IMA. C: type C, LCA, SA, and SRA branched off at the same point. 
IMA: Inferior mesenteric artery; LCA: Left colic artery; SA: Sigmoid artery; SRA: 
Superior rectal artery.

IMA

LCA

SRA
SA

IMA
LCA

SRA

SA

IMA

LCA

SRA

SA

Figure 2  Inferior mesenteric artery, left colic artery, sigmoid artery and 
superior rectal artery in laparoscopic operation. A: Type A, LCA arose 
independently from IMA. B: type B, LCA and SA branched from a common 
trunk from IMA. C: type C, LCA, SA, and SRA branched off at the same point. 
IMA: Inferior mesenteric artery; LCA: Left colic artery; SA: Sigmoid artery; SRA: 
Superior rectal artery. 
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the high-tie of the IMA[3]. Consequently, postoperative 
poor anastomotic perfusion increased the incidence of 
anastomotic leakage[10,11]. LCA can increase the blood 
supply of anastomotic and proximal colorectum. The 
Riolan artery arch is an anastomotic branch between 
ascending branches of the LCA and the left branches of 
the middle colonic artery. It is vital to the blood supply 
of the anastomotic and proximal colorectum. The Riolan 
arch exists in about 7.6% of the Chinese population[12]. In 
patients with absence of the Riolan arch, left hemicolon 
relies on blood supply from the IMA, and the high-
tie technique causes ischemic changes of anastomotic 
stoma easily. Some Chinese surgeons have found that 
the absence of the Riolan arch is an independent risk 
factor for anastomotic leakage after laparoscopic radical 
resection of rectal cancer[13]. So the low-tie technique 
with preservation of the LCA to maintain the blood supply 
is recommended[14,15]. Furthermore, more and more re
search has indicated that the preservation of the LCA de
creases the rate of anastomotic leakage[2,14,15].

A clear understanding of the vascular anatomy of 
the IMA and IMV is the essential knowledge required to 
conduct this surgical procedure. There are multiple types 
of branch vessels of the IMA that makes this surgery 
technically demanding. In our study, the branching pat
terns of the IMA can be divided into three groups by pre
operative 3D vascular reconstruction and laparoscopic 
surgery (Figures 1 and 2). However, in other studies, 
there is a fourth pattern with the absence of the LCA[6,16]. 
Similarly, the relationship between the LCA and IMV was 
also observed. In 61 of the 110 cases, the LCA ran under 
the IMV. In these cases, during dissection of the LCA, 
extreme caution should be taken, and ligation of the 
SMV was performed first in order to avoid any damage 
to the IMV. Although there is still uncertainty with regard 
to the technical difficulty of the procedure, Sekimoto 
et al[17] have demonstrated that compared to the high-
tie technique, the low-tie procedure did not prolong the 

loss, and the length of postoperative hospital stay were 
not statistically significant among the three groups. Addi­
tionally, there were no statistically significant differences 
in the dissected lymph node numbers. The incidence of 
metastasis to station 253 nodes was 4.5% (5 of 110). 
The postoperative complications included anastomotic 
bleeding in two cases and anastomotic leakage in two 
cases. No statistically significant difference was observed 
among the three groups.

DISCUSSION
In laparoscopic radical resection for rectal cancer, ac
cording to the location of the tie of the IMA, it is divided 
into the high-tie of the IMA at its origin and the low-tie of 
the IMA below the branch into the LCA with preservation 
of the LCA. Currently, there is still controversy regarding 
the indications for high-tie or low-tie approaches[7-9]. 
In traditional rectal cancer surgery, a high tie of the 
IMA is preferred. However, some anatomical studies 
suggest that anastomotic perfusion is diminished after 

Factors Type A (n  = 51) Type B (n  = 26) Type C (n  = 33) Statistical value P  value

Length from the IMA to the LCA (mm) (mean ± SD) 35.2 ± 8.7 37.8 ± 9.4 41.3 ± 11.5 F = 1.976 0.144
No. of LCA under IMV 27 (52.9%) 14 (53.8%) 20 (60.6%) Pearson χ 2 = 0.512 0.802

Table 2  Results of vascular anatomy

P < 0.05. IMA: Inferior mesenteric artery; IMV: Inferior mesenteric vein; LCA: Left colic artery.

Type A (n  = 51) Type B (n  = 26) Type C (n  = 33) Statistical value P  value

Operation time (min) 153.4 ± 26.8 168.7 ± 31.6 161.4 ± 25.8 F = 1.618 0.20
Blood loss (g)   37.5 ± 18.4   42.1 ± 17.7   39.6 ± 20.1 F = 1.383 0.26
Lymph node numbers (n, mean ± SD) 15.7 ± 8.3 17.2 ± 8.1 16.8 ± 9.0 F = 0.620 0.54
Metastasis to station 253 lymph nodes (n) 2 1 1 Fisher = 0.368 1.00
Anastomotic bleeding 1 1 Fisher = 0.930 0.10
Anastomotic leakage 1 1 Fisher = 1.407 0.72
Postoperative hospitalized days 9 (7-21) 9 (6-18) 9 (7-13) χ 2 = 0.863 0.65

Table 3  Surgical outcome of patients

P < 0.05.

IMA

LCA

SA

SRAAA

A B

SRAAA

IMA

C

LCA

IMA

SA
SRAAA

Figure 3  Vascular schematic diagram of inferior mesenteric artery, left 
colic artery, sigmoid artery and superior rectal artery. A: Type A, LCA arose 
independently from IMA. B: type B, LCA and SA branched from a common 
trunk from IMA. C: type C, LCA, SA, and SRA branched off at the same point. 
AA: Abdominal aorta; IMA: Inferior mesenteric artery; LCA: Left colic artery; SA: 
Sigmoid artery; SRA: Superior rectal artery. 
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operating time and did not increase the amount of intra
operative bleeding. In the present study, compared with 
other previous studies on high ligation, the operating 
time was not prolonged significantly[17,18]. In addition, the 
incidence of postoperative complications was relatively 
low owing to the familiarity with anatomy and meticulous 
operation. According to our results, low-tie of the IMA 
with preservation of the LCA was safe and feasible.

Lymph node metastasis plays a crucial role in the 
prognosis of rectal cancer[18]. It was demonstrated that 
lymph node dissection around the IMA prolonged the 
survival of patients with lymph node metastasis. Low-tie 
of the IMA with preservation of the LCA was suspected to 
hinder the lymph nodes resection surrounding the IMA. 
A prospective study showed that the low-tie group had 
a similar number of lymph nodes dissected compared 
to the high-tie group[19]. Other studies compared the 
prognosis between high-tie and low-tie, and found that 
the overall survival (OS) and recurrence free survival 
(RFS) were similar between the two treatments, even 
in those with lymph node metastases[5]. In the present 
study, the number of lymph nodes dissected with the 
low-tie technique for rectal cancer (Table 1) was similar to 
other studies[1,6]. Nonetheless, our study did not include 
a high-tie control group, which is a major limitation to 
the results and prevents an effective discussion to be 
established to address these problems.

In conclusion, knowledge of the anatomy of the 
branch vessels originating from the IMA and the relation
ship between the IMA and IMV are essential in order to 
conduct a laparoscopic radical resection with preservation 
of the LCA for rectal cancer. To recognize the different 
branches of the IMA is necessary for the resection of 
lymph nodes and dissection of vessels.

ARTICLE HIGHLIGHTS
Research background
In laparoscopic radical resection for rectal cancer, according to the location of 
the tie of the inferior mesenteric artery (IMA), it is divided into the high-tie of the 
IMA at its origin and the low-tie of the IMA below the branch into the left colic 
artery (LCA) with preservation of the LCA. Currently, there is still controversy 
regarding the indications for high-tie or low-tie approaches.  

Research motivation
In laparoscopic radical resection for rectal cancer, high-tie of the IMA at its 
origin is essential for en bloc lymph node dissection. We studied the vascular 
anatomy of the IMA to safely and effectively dissect the lymph nodes around 
the IMA while preserving the LCA in a laparoscopic procedure for rectal cancer.

Research objectives
We aimed to investigate the vascular anatomy of IMA in laparoscopic radical 
resection with the preservation of LCA for rectal cancer.

Research methods
The records of 110 patients, who underwent laparoscopic surgical resection 
with preservation of the LCA for rectal cancer from March 2016 to November 
2017 were retrospectively analyzed. The research participants were recruited 
from the Department of General Surgery of Qilu Hospital, a teaching hospital 
of Shandong University in Shandong, China. A 3D vascular reconstruction was 
performed before each surgical procedure to assess the branches of the IMA. 

During surgery, the relationship among the IMA, LCA, sigmoid artery (SA) and 
superior rectal artery (SRA) was evaluated. 

Research results
IMA, LCA, SA, and SRA were studied in 110 cases by preoperative 3D 
reconstruction of the vascular anatomy and laparoscopic surgery. Three 
vascular types were identified in the study: type A, LCA arose independently 
from the IMA (46.4%, n = 51); type B, LCA and SA branched from a common 
trunk of the IMA (23.6%, n = 26); and type C, LCA, SA, and SRA branched 
at the same location (30.0%, n = 33). There was no statistically significant 
difference in the length from the origin of the IMA to the LCA among the three 
types. In laparoscopic surgery, the LCA was located under the IMV in 61 
cases and above the IMV in 49 cases. The ratio regarding the location of the 
LCA under the IMV in the three types was similar. The data of operating time, 
blood loss, and the length of postoperative hospital stay were not statistically 
significant among the three types. Additionally, there were no statistically 
significant differences in the dissected lymph node numbers. The incidence 
of metastasis to station 253 nodes was 4.5% (5 of 110). The postoperative 
complications included anastomotic bleeding in two cases and anastomotic 
leakage in two cases. 

Research conclusions
Knowledge of the anatomy of the branch vessels originating from the IMA and 
the relationship between the IMA and IMV are essential in order to conduct a 
laparoscopic radical resection with preservation of the LCA for rectal cancer. 
To recognize the different branches of the IMA is necessary for the resection of 
lymph nodes and dissection of vessels.

Research perspectives
We studied the vascular anatomy of the IMA to safely and effectively dissect 
the lymph nodes around the IMA while preserving the LCA in a laparoscopic 
procedure for rectal cancer. However, in the light of the limited evidence, the 
clinical benefit needs more high-quality RCT studies.
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