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Abstract 

Cancer immunotherapy is at dawn of the Renaissance after the Medieval Dark Ages. Recent 
advances of understanding tumor immunology and molecular drug development are leading us to 
the epoch of cancer immunotherapy. Some types of immunotherapy have shown to provide 
survival benefit for patients with solid tumors such as malignant melanoma, renal cell carcinoma, or 
non-small cell lung cancer. Several studies have suggested that immune checkpoint inhibition might 
be effective in some patients with gastrointestinal cancers. However, the era of cancer 
immunotherapy in gastrointestinal cancers is still in an inchoate stage. Here we briefly review the 
current status and perspective of immunotherapeutic approaches in patients with gastrointestinal 
cancers. 
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Introduction 
Gastrointestinal cancers are still a leading cause 

of death worldwide. Gastric cancer (GC) and 
colorectal cancer (CRC) have ranked third and fourth 
among the most common causes of cancer death, 
despite advances of surgical resection, chemotherapy, 
and molecular targeted therapy [1,2]. Although 
application of molecular targeted agents such as 
cetuximab, bevacizumab, trastuzumab, and 
ramucirumab led to meaningful improvement in the 
prognosis of patients with gastrointestinal cancer, 
overall survival outcomes remain poor. Thus, 
gastrointestinal cancers still need a novel approaches. 
The recent expansion of our understanding of 
anti-tumor immunity and increasing clinical 
experience of new cancer immunotherapy have raised 
hope that we can treat cancer effectively with 
immunotherapeutic approaches. 

The category of cancer immunotherapy includes 
broad strategies to utilize the immune system of 
patients to fight cancer. Early approaches usually 
transfused certain types of immune cells or cytokines, 

such as cytotoxic T lymphocytes [3], high dose 
interleukin (IL)-2 [4], or interferon (IFN)-α [5], directly 
into patients. Most studies failed to elicit meaningful 
response, which was probably attributed to 
immunosuppressive tumor environment or heavy 
toxicity induced by activated autoimmune reaction 
[3-5]. However, recent advances of understanding 
tumor immunology and molecular drug development 
are leading us to the epoch of cancer immunotherapy.  

Immunotherapy targeting cancer has been 
assumed to be beneficial mainly in tumors with high 
immunogenicity by nature [4,6]. However, some 
approaches to circumvent immunosuppression 
including programmed death-1 (PD-1)/programmed 
death ligand-1 (PD-L1) blockade were successful to 
achieve significant responses in cancers which hardly 
retain immunogenic nature [7]. Clinical trials of 
anticancer immunotherapy are being expanded to 
various types of cancer. Accordingly, clinical 
oncologists treating patients with gastrointestinal 
cancers should also consider immunotherapy as a 
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therapeutic option.  
Here we briefly review the current status and 

perspective of various immunotherapeutic 
approaches including adoptive cellular therapy, 
cancer vaccines, and immune checkpoint inhibitors, 
mainly in patients with gastrointestinal cancers.  

Adoptive cellular therapy  
Adoptive cellular therapy is to collect T cells 

from cancer patients and cultivate them in the 
laboratory and give back to the patients for anticancer 
effects. Its rationale is based on the extensive studies 
showing that tumor-infiltrating T lymphocytes were a 
better prognostic factor for survival [8]. 
Unfortunately, none of adoptive cellular therapy has 
been approved for cancer patients. The major obstacle 
interfering with adoptive cellular therapy is an 
immunosuppressive environment surrounding 
tumor. As we can see from the recent PD-1/PD-L1 
studies, moreover, immunosuppressive mechanisms 
in cancer patients vary according to individuals. To 
elicit anti-tumor effects, therefore, this type of 
treatment should overcome the intrinsic 
immunosuppressive mechanisms surrounding 
tumors.  

Currently, improved culture technology and 
more detailed approach are in use to inspire tumor 
specificity of T cells and surmount immune escape 
mechanisms. In one trial, CD4+ T helper 1 (Th1) cells 
acquired from sentinel lymph nodes were clonally 
expanded and administered to CRC patients [9]. The 
results were encouraging to induce complete tumor 
regression in four out of nine patients with stage IV 
CRC. However, the complicated process to collect 
sentinel lymph nodes surgically and yield efficient T 
cells remains as a major hurdle. Cytokines can be used 
as a tool to separate effective T cells from the blood of 
cancer patients. Jiang et al. isolated cytokine-induced 
killer (CIK) cells from their peripheral blood 
mononuclear cells of patients with advanced GC and 
cultured them with IL-1α and anti-CD3 monoclonal 
antibody (mAb) [10]. The CIK cells were transfused 
into patients in combination with oxaliplatin and 
5-fluorouracil/leucovorin (FOLFOX) chemotherapy. 
The patients treated with CIK cells and FOLFOX 
chemotherapy showed higher overall response rate, 
compared to those treated with FOLFOX alone (56.3% 
vs. 48%, P < 0.05). 

Cancer vaccines 
Vaccines as a tool for treating cancer have been 

studied to augment and maintain anticancer immune 
response in patients with cancer. Cancer vaccines 
have been tried preferentially in highly immunogenic 
type of cancers, such as renal clear cell carcinoma 

(RCC) [11], malignant melanoma [12], or non-small 
cell lung cancer (NSCLC) [13]. Peptide, protein, whole 
tumor cells or dendritic cell (DC)-based vaccines have 
been also tried in gastrointestinal cancers [14]. Peptide 
vaccines are the simplest form of anticancer 
vaccination. Early trials of peptide vaccination for 
CRC targeted carcinoembryonic antigen (CEA) and 
mainly aimed to manipulate immune activity of 
patients. However, clinical trials failed to draw 
significant CEA-specific antibody responses [15]. 
Vaccination with autologous tumor-derived heat 
shock protein peptide complex Gp 96 showed 
encouraging results in some patients with metastatic 
CRC: disease-free survival and overall survival (OS) 
at 2 years of immune responding patients were 
prolonged, compared to those of non-responding 
patients (51% vs. 8%, P = 0.0001, 100% vs. 50%, P = 
0.001) [16]. 

DCs are the most potent antigen-presenting cells 
which activate T cells and express immune 
stimulatory molecules. To enhance antitumor 
immune response, tumor lysate-pulsed DCs have 
been tried in patients with various cancers including 
malignant melanoma, CRC, NSCLC, prostate cancer, 
RCC [11], and brain tumor [17]. The positive results 
with survival benefit were reported by a phase III 
IMPACT trial with sipuleucel-T, an autologous DC 
therapeutic vaccine designed to enhance the immune 
T cell response to prostatic acid phosphatase in 
patients with metastatic castration-resistant prostate 
cancer [18]. In patients with GC, however, DCs pulsed 
with Her-2/neuropeptides and DCs pulsed with 
MAGE-3 peptides have been tried to show no 
significant effect [19,20].  

DC as a therapeutic option to defeat cancer has 
some shortcomings because it has a short life and its 
immune activity mainly depends on cellular maturity. 
Some researchers adopted IFN-γ and 
lipopolysaccharide (LPS) to develop high 
IL-12p70-producing DCs. However, DCs matured 
with IFN-γ and LPS were problematic because of the 
narrow temporal window for IL-12p70 production 
[21]. Kim et al. produced DCs in which the PI3K/AKT 
pathway was activated by downregulating 
phosphatase and tensin homolog with small 
interfering RNA (siRNA) and observed increased 
survival of DCs from the apoptotic death in mice [22]. 
Preventive removal of regulatory T cells may be 
helpful to promote tumor-directed T-cell response in 
DC vaccination [23]. Morse et al. reported promising 
clinical data of DCs for gastrointestinal cancer [24]. 
CRC patients whose metastatic lesion had been 
resected were immunized with autologous DCs 
modified with poxyvectors encoding CEA and 
Mucin-1 (MUC1) or with the same poxyvectors plus 
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granulocyte-macrophage colony stimulating factor 
(GM-CSF). Relapse-free survival (RFS) at 2 years 
showed no significant difference between two 
immunized groups (47% vs. 55%, respectively), but as 
one group, OS of vaccinated patients were 
significantly better than those of contemporary, 
unvaccinated control patients (not reached vs. 44.1 
months, respectively, P < 0.0001). A randomized trial 
conducted by Barth et al. vaccinated patients with 
resected metastatic CRC with DCs which were either 
activated or not activated by CD40L ex vivo [25]. 
There was also a significant difference of RFS between 
responders and non-responders (63% vs. 18%, P = 
0.037). Recently, clinical outcomes of DC vaccination 
combined with CIK therapy in hepatobiliary and 
pancreatic cancer were reported [26]. Median OS of 
the immunotherapy group was significantly longer 
than that of the non-immunotherapy group (134 days 
vs. 115 days, P = 0.014). Sixty-one percent of patients 
who received immunotherapy experienced a positive, 
delayed-type hypersensitivity response, but adverse 
effects were generally manageable.  

Cancer vaccines have not been validated in 
patients with gastrointestinal cancers. However, this 
type of treatment holds the potential to produce the 
persistent or even permanent anticancer effect in 
some patients. Different clinical outcomes between 
sipuleucel-T for prostate cancer and peptide 
vaccination targeting CEA for CRC suggest that it is 
crucial to define specific tumor antigens.  

Immune checkpoint inhibitors 
Immune checkpoint blockade is the most 

spotlighted cancer treatment at present. Current great 
attention on anticancer immunotherapy mainly 
depends on latest advance in this area. Immune 
checkpoint pathways have roles as inhibitors of T cell 
function by molecular signaling between T cells and 
antigen-presenting cells. The major approaches to 
harnessing anticancer immunity have come from the 
development of the inhibitory antibodies which block 
immune checkpoints, such as cytotoxic 
T-lymphocyte-associated antigen 4 (CTLA-4), PD-1, 
and PD-L1. 

Ipilimumab is a mAb to block CTLA-4 receptor. 
Ipilimumab reinforced immune function of T cells 
against tumor and improved overall survival for 
patients with metastatic malignant melanoma [27]. 
Food and Drug Administration (FDA) approved 
ipilimumab as the first immunotherapeutic agent for 
patients with advanced malignant melanoma. In a 
pilot study, however, ipilimumab showed no 
response in three patients with CRC [28]. In addition, 
phase II trials with tremelimumab, a fully humanized 
anti–CTLA-4 mAb, drew meaningful response in 

neither GC nor CRC [29,30].  
Other promising targets are PD-1 and PD-L1 

which are the members of the CD28 and B7 families. 
Communication between PD-1 expressed on activated 
CD8+ T cells and PD-L1 expressed on tumor cells is 
noted to suppress antitumor T cell immune activity 
[31]. PD-1/PD-L1 blocking treatment has been shown 
to enhance survival benefit for patients with 
metastatic melanoma [32] and NSCLC [33,34]. In 2015, 
FDA approved nivolumab, a PD-1 checkpoint 
inhibitor, for the treatment of advanced NSCLC, and 
pembrolizumab, another PD-1 inhibitor, for NSCLC 
patients with PD-L1 expression in their tumor cells.  

Now investigators are trying to expand its 
indication to other type of tumors. Unlike CTLA-4 
blockade, PD-1/PD-L1 pathway inhibitors seem to be 
promising because they achieved significant response 
in tumors which are regarded as not highly 
immunogenic. Inferring from the observation that 
immense toxicity by systemic autoimmune reaction 
rarely occurred, in addition, PD-1/PD-L1 blockade 
treatment appears to be more tumor-specific than 
CTLA-4 blockade [32,35]. Recently, several clinical 
trials have been conducted to evaluate the efficacy of 
PD-1 blockade in CRC. Llosa et al. demonstrated that 
defect in mismatch repair (MMR) resulting in 
microsatellite instability (MSI) is associated with high 
CD8+ cytotoxic T cell and Th1-type cell infiltration 
around the tumor [36]. Increased mutation burden in 
such tumor is responsible for immune reaction and 
patient with increased mutation burden may be a 
good candidate for immune checkpoint inhibitor. In 
2015, Le DT et al. reported the efficacy of 
pembrolizumab in MMR-deficient CRC [37]. They 
conducted a phase II study to evaluate the activity of 
pembrolizumab in 41 patients with refractory 
metastatic cancer with or without MMR-deficiency: 11 
patients had MMR-deficient CRC and 21 had 
MMR-proficient CRC. Pembrolizumab showed 
considerable efficacy with MMR-deficient CRC but 
didn’t with MMR-proficient CRC. The 
immune-related objective response rate was 40% in 
MMR-deficient CRC and 0% in MMR-proficient CRC 
and the progression-free survival (PFS) rate was 78% 
in MMR-deficient CRC and 11% in MMR-proficient 
CRC. In ECCO 2015, preliminary results from 
KEYNOTE-028 reported that overall response rate 
(ORR) and disease control rate of pembrolizumab in 
patients with PD-L1 positive advanced CRC were 
4.3% and 21.7%, respectively [38]. Only one responder 
was the sole patient who had microsatellite instability 
high (MSI-H) tumor. MSI-H tumors are more 
immunogenic [39] and have a significantly higher 
number of infiltrating FOXP3+ cells compared with 
microsatellite stable (MSS) tumors [40]. A high level of 



 Journal of Cancer 2016, Vol. 7 

 
http://www.jcancer.org 

1602 

FOXP3+ cells was a favorable prognostic factor in 
advanced CRC [41,42]. These findings suggest that 
MSI status rather than PD-L1 status might be more 
promising predictive marker for immune checkpoint 
inhibitor in CRC.  

In patients with GC, the results of PD-1/PD-1 
blockade are mostly preliminary at present. In 2015 
ASCO gastrointestinal symposium, Muro et al. 
presented the results of the KEYNOTE-012 trial that 
investigated the efficacy of pembrolizumab in 
patients with advanced GC whose tumors had more 
than 1% of PD-L1 expression. Among 39 patients 
enrolled, 22.1% showed objective response, and 
median time to response was 8 weeks, with median 
duration of response of 24 weeks [43]. At 6 month, 
24% of patients showed no signs of disease 
progression, and 69% remained alive. The median PFS 
and OS were 1.9 months and 11.4 months, 
respectively. The common adverse events included 
fatigue (17.9%), decreased appetite (12.8%), 
hypothyroidism (12.8%), and arthralgia (10.3%). 
Severe adverse events (grade 3 or 4) were observed in 
5 patients (12.8%), and one of these patients died for 
treatment-associated pneumonitis.  

In 2016 ASCO gastrointestinal symposium, the 
preliminary results of the CheckMate-032 study of 
nivolumab in advanced and metastatic gastric or 
gastroesophageal junction cancer (GEC) were 
presented [44]. The CheckMate-032 trial is a 
two-phase study being conducted in patients with 
advanced solid tumors in the United States and 
Europe. The first part of the CheckMate-032 study 
focused on evaluating the efficacy of nivolumab in 
patients with advanced cancers that were previously 
treated. Eligible patients could enter the study 
without regard to PD-L1 expression levels in tumor 
samples. All patients received nivolumab 3 mg/kg 
intravenously every 2 weeks until progressive disease 

or intractable toxicity. Of the 59 patients with 
GC/GEC included in the phase I portion of the trial, 
49 (83%) had received at least 2 prior therapeutic 
regimens. In 40 patients, tissues samples were tested 
for PD-L1, and of these, 38% harbored tumors 
categorized as PD-L1 positive (i.e., ≥ 1% membranous 
PD-L1 staining on tumor cells). The ORR was 14%, 
with 1 complete response and 7 partial responses, and 
the median duration of response was 7.1 months. 
With 11 patients with stable disease, the disease 
control rate was 32%. Of interest, the ORR in patients 
with PD-L1–positive and PD-L1–negative tumors was 
27% and 12%, respectively, suggesting that PD-L1 
expression may be tied to higher response rates. The 
Median OS was 5.0 months and 36% of patients 
remained alive at 12 months.  

In the mutational landscape study, molecular 
signature of smoking was predictive of durable 
clinical benefit of pembrolizumab [45]. Tumor tissue 
analytic study of KRAS-mutant lung cancer reported 
that PD-1 expression was more frequently observed in 
smokers and associated with more pack-years [46]. 
These results suggest that immune checkpoint 
inhibitors may show good response in some type of 
gastrointestinal cancers which have causative 
mutagens, such as upper esophageal carcinoma or C. 
sinensis-associated cholangiocarcinoma [47]. In ECCO 
2015, pembrolizumab in heavily-pretreated patients 
with PD-L1 positive adenocarcinoma of the biliary 
tract or gallbladder reported the ORR of 17.4% and 
stable disease of 17.4% [48]. In 2016 ASCO 
gastrointestinal symposium, phase Ib KEYNOTE-028 
study of pembrolizumab for PD-L1 positive advanced 
esophageal carcinoma reported that the ORR was 
30.4% and PFS rate at 12 months was 21.7% [49]. Key 
trials of immune checkpoint inhibitors in patients 
with gastrointestinal cancer are summarized in 
table 1.  

 
 

Table 1. Key trials of immune checkpoint inhibitors in patients with gastrointestinal cancer. 

Ref. no Cancer type Subtype Drug Phase Line N ORR  DoR  PFS OS 
37  Colorectal cancer MMR-deficient Pembrolizumab II > 2 10 40% Not reached 78% at 20 weeks Not reached 
  MMR-proficient Pembrolizumab II > 2 18 0% Not applicable 11% at 20 weeks 5.0 months 

(median) 
38 Colorectal cancer PD-L1 positive Pembrolizumab Ib ≥ 2 23 4% Ongoing Ongoing Ongoing 
43  Gastric cancer PD-L1 positive Pembrolizumab Ib ≥ 1 39 22% 40 weeks (median) 26% at 6 months 42% at 12 months 
44 Gastric cancer Irrespective of 

PD-L1 status 
Nivolumab I/II ≥ 2 59 12% 7.1months (median) Not mentioned 38% at 12 months 

48 Biliary tract 
cancer 

PD-L1 positive Pembrolizumab Ib > 2 24 17% Ongoing Ongoing Ongoing 

49  Esophageal 
cancer 

PD-L1 positive Pembrolizumab Ib > 2 23 30% 40 weeks (median) 30% at 6 months Ongoing 

DoR, duration of response; MMR, mismatch repair; ORR, overall response rate; OS, overall survival; PD-L1, programmed death ligand-1; PFS, progression-free survival. 
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Future perspective 
Current approaches in anticancer 

immunotherapy are shifting to multimodality and 
combination strategies. Multimodality strategy 
implies combining immunotherapy with another 
immunotherapeutics or other type of treatment such 
as conventional cytotoxic chemotherapy, 
radiotherapy, and mAbs directed to various growth 
factor receptors and their ligands. Conventional 
cytotoxic chemotherapy or radiotherapy usually 
destroy tumor cells, and released intracellular 
peptides, RNA, proteins can become useful tumor 
associated antigens. Lesterhuis et al. concurrently 
immunized patients with CRC who were receiving 
adjuvant oxaliplatin and capecitabine with keyhole 
limpet haemocyanin/CEA-pulsed DCs and 
successfully drew CEA-specific T-cell responses [50]. 
As suggested in advanced melanoma [51,52], 
PD-1/PD-L1 blockade may become an attractive 
combination partner with anti-CTLA-4 therapy. Trials 
combining immune checkpoint inhibitors with 
immunostimulatory mAbs, such as CD137-specific 
mAbs, are under investigation. Based on 
immunomodulating properties of vascular 
endothelial growth factor to impede infiltration of 
lymphocytes and DCs into tumor, ipilimumab has 
been combined with bevacizumab for patient with 
metastatic melanoma [53]. Intratumoral blood vessel 
changes in tumor specimens were more obvious in 
patients treated with bevacizumab plus ipilimumab, 
compared to those receiving ipilimumab alone.  

In addition, anticancer vaccination can also be 
studied in combination with immune checkpoint 
blockade. Preliminary results of a trial with 
monocyte-derived DCs combined with PD-L1 
checkpoint blockade for patients with pretreated 
advanced pancreatic cancer were presented in 2016 
ASCO gastrointestinal symposium: median OS was 
reported to reach 18 months after primary diagnosis 
[54].  

Conclusion 
Cancer immunotherapy has shown promising 

results in various types of cancers. Especially immune 
checkpoint inhibitors are leading a recent renaissance 
of immune-mediated anticancer treatments. Early 
studies have suggested that immune checkpoint 
inhibition might also be effective in some patients 
with gastrointestinal cancers. However, the era of 
cancer immunotherapy in gastrointestinal cancers is 
in an inchoate stage. The immune system and 
immunosuppressive mechanisms surrounding GC or 
CRC are still obscure compared to malignant 
melanoma, renal cell carcinoma, or NSCLC. To 

increase efficacy of cancer immunotherapy in 
gastrointestinal cancers, we need to build more 
profound understanding of tumor immune system. 
Knowledge of potential relationships between tumor 
cells and their microenvironment is also essential in 
gastrointestinal malignancies.  
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