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INTRODUCTION

Although the small intestine makes up 75% of the entire digestive 
tract and 90% of its mucosal surface area, cancer arising from the 
small bowel is rare, accounting for less than 5% of all malignancies 
in the entire gastrointestinal tract [1,2]. The median age at diagno-
sis of small bowel cancer is in the sixth decade of life and the 5-year 
survival rate is 65.5% in the United States [2]. The duodenum is the 
most frequently involved segment, accounting for 55%–82% of 
cases, followed by the jejunum (11%–25%) and the ileum (7%–
17%) [1,2]. 

Immune checkpoint inhibitors, such as pembrolizumab, nivolum-
ab, atezolizumab, and durvalumab, targeting the regulatory pathway 
of T lymphocytes to enhance anti-tumor immune responses have 
made important clinical advances and provided new weapons 
against cancers [3]. Their mechanism of action is not only to directly 
activate the immune system to attack particular targets on tumor 
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cells, but also to remove inhibitory pathways that effectively block 
anti-tumor T cell responses [4,5]. These agents can induce durable 
clinical responses, but there has been only a small number of patients 
[6]. DNA mismatch repair-deficient (dMMR) cancers are rich in 
lymphocyte infiltration, indicating the presence of an active host im-
mune response [5]. In tumors harboring the dMMR gene occur 
large numbers of mutations, known as microsatellite instability 
(MSI) [5,7]. The dMMR gene has been found in colorectal cancer 
(4%) and reported to achieve high response rates of anti-pro-
grammed cell ceath-1 (PD-1) inhibitors [4]. 

Herein, we report a patient with recurrent and metastatic jejunal 
cancer who had a high tumor mutational burden (TMB) and low 
expression of programmed death-ligand 1 (PD-L1) but dramati-
cally responded to pembrolizumab treatment. This case was ap-
proved by the Institutional Review Board of Seoul St. Mary’s Hos-
pital (IRB No. KC18SESI0440) and received informed consent 
from the patient.

CASE REPORT

In May 2017, a 67-year-old man visited Seoul St. Mary’s Hospital 
due to a stomach ache. Vital signs were stable but direct tenderness 
was observed in right upper quadrant at initial physical examination. 
Abdomen computed tomography (CT) scan and positron emission 
tomography (PET)-CT was done for further evaluation. Small bowel 
tumor with enhancing wall thickening in proximal jejunum and sin-

gle metastatic nodule in the right lobe of liver was observed. For 
pathologic confirmation, segmental resection of the small bowel was 
performed with the laparoscopic technique. The pathologic diagno-
sis was poorly differentiated adenocarcinoma with several regional 
lymph node metastases, thus the final staging was determined to be 
pT3N2M1 (stage IV). After the surgery, tomotherapy (40 Gy/4 fx) 
on the single metastatic lesion at the S6 segment of the liver was giv-
en in June 2017. Adjuvant cytotoxic chemotherapy including intra-
venous irinotecan (180 mg/m2), infusional 5-fluorouracil (5-FU) 
(2,800 mg/m2), and leucovorin (400 mg/m2) was then given on day 
1 and then every 2 weeks. It was repeatedly administered for six cy-
cles from June 2017 to December 2017. 

In March 2018, a follow-up abdomen CT scan and liver mag-
netic resonance imaging revealed the progression of multiple liver 
metastases that were histologically proven as metastatic adenocar-
cinoma. After the positive result of polymerase chain reaction on 
mutations of mismatch repair (MMR) genes, we requested se-
quencing of target genes by next generation sequencing (NGS) 
which was assigned to Foundation Medicine in the United States. 
Meanwhile, he received two cycles of salvage chemotherapy in-
cluding intravenous oxaliplatin (130 mg/m2, day 1) and capecit-
abine (1,500 mg/m2 bid orally, day 1–14) between March and 
April 2018. Follow-up lung and abdomen CT scans showed new 
lung metastases with mediastinal lymphadenopathy and progres-
sion of multiple liver metastases.

With careful interpretation of the NGS data, we decided to treat 
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Fig. 1. Time flow regarding his treatment history and response evaluation. All metastatic lesions at liver and lung were decreased by 30% 
after three cycles of immunotherapy. FU, follow-up; NGS, next generation sequencing; MSI-high, microsatellite instability high; TMB, tumor 
mutational burden; mFOLFIRI, modified 5-fluorouracil+irinotecan+leucovorin; PD, progressive disease; CTx, chemotherapy; PR, partial re-
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(Leica Biosystems, Newcastle, UK).
To estimate the T cell composition, we analyzed the expression 

of CD4, CD8, FoxP3, CD45RO, and PD-L1 with panel A. To eval-
uate the density of NK cell, dendritic cell, and macrophage, which 
is other immune cells, we examined the degree of penetration of 
CD56, CD11c, CD68, and CD206 with panel B. The expressions 
of TIM3, LAG3, and PD-1, the co-inhibitory signal of PD-1/PD-
L1, were also examined using panels C, D (Fig. 3).

We found that staining was lining along the peripheral margin 
of the tumor, except for the stroma. We divided the whole area of 
tumor tissue into multiple sections and analyzed them in detail. 
The PD-L1 expression in the stroma was seen only in its marginal 
area, though too low overall (Fig. 4).

DISCUSSION 

We report a metastatic jejunal cancer patient who had a favorable 
response to pembrolizumab that consisted of dMMR, MSI-H, and 
TMB-H tumor.

PD-L1 expression has been widely used as a predictive biomark-
er for the efficacy of PD-1/PD-L1 blockades. This case provides an 
intriguing paradox where PD-L1 expression in surgically resected 
tumor tissue is very low (2%); it was therefore difficult to under-
stand why this patient displayed a fairly good response despite low 
PD-L1 expression. There are several possible explanations for this 
fairly good response to pembrolizumab despite low PD-L1 expres-
sion. First, PD-L1 expression is not a prerequisite for anti-PD-1/
PD-L1 inhibitors due to its variability. Second, neoantigens arising 
from somatic mutations may directly elicit tumor-specific immune 
responses. The more mutated the tumor, the more likely it will 
trigger a response by preexisting T cells, thus evoking anti-tumor 
effect by anti-PD-1 blockers [8]. On the contrary, even PD-L1-pos-
itive tumors would not respond to anti-PD-1/PD-L1 therapy if it 
does not contain T cells. It is one of the possible reasons why low 
PD-L1 expression should not be interpreted as an unfavorable 
predictor for response to anti-PD-1 inhibitors. Hellmann et al. [9] 
have reported that PD-L1 expression levels are not correlated with 
the clinical outcome of anti-PD-1 blockades. Third, we should 
consider several limitations of IHC staining. For example, non 
-specific unstained and intra-tumoral heterogeneity of PD-L1 ex-
pression might be obstacles for precise assessment.

One possible explanation is that PD-1 blockade has potent an-
ti-tumor activity for MMR-deficient cancer patients. DNA dMMR 
cancers are rich in lymphocyte infiltration, indicating the presence 
of an active host immune response [4,5]. A proposed explanation 
for the activity of immune checkpoint inhibitor in tumors is that it 
can boost T cell reactivity against “neoantigens,” i.e., T cell epi-

with pembrolizumab (3 mg/kg intravenously every 3 weeks) in 
May 2018. After the three cycles of pembrolizumab, metastatic le-
sions of the liver and lung were markedly decreased in size by more 
than 30%, indicating partial response (Fig. 1). 

Genetic analysis and immune cell composition by multiplex 
immunohistochemistry
The tumor tissue obtained from small bowel resection was utilized 
for molecular genetic study. Comprehensive genomic profiling 
analysis using a targeted NGS panel (FoundationOne test; Foun-
dation Medicine, Cambridge, MA, USA) identified 50 genomic 
findings and 140 mutations/Mb, which means MSI-high (MSI-H) 
and TMB high (TMB-H). We identified innumerable frame-shift 
mutations in various oncogenes and tumor suppressor genes 
which can produce entirely foreign peptide sequences that might 
be immunogenic. Immunohistochemistry (IHC) staining revealed 
positive for MLH1, negative for MSH2, and weak membrane 
staining with PD-L1 (clone 22C3) in 2% of tumor cells (Fig. 2). 

We used a quantitative multispectral imaging method using 
Opal Multiplex IHC kit (PerkinElmer, Waltham, MA, USA) and 
Vectra automated quantitative pathology imaging system (Perkin-
Elmer) to examine the microenvironment of tumor tissue ob-
tained by the surgical specimen. The multiplex IHC staining of 
several immune cells, co-inhibitory signal, and PD-1/PD-L1 mol-
ecules were performed using a Leica Bond Rx Automated Stainer 
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Fig. 2. Morphology and immunohistochemistry of jejunal cancer. (A) 
The tumor is composed of poorly differentiated adenocarcinoma 
(H&E, ×200). Immunohistochemistry shows diffuse strong positive 
expression of MLH1 (B, ×200) and complete loss of MSH2 expres-
sion (C, ×200) in the tumor cell. (D) Programmed death-ligand 1 
(PD-L1) testing using the clone 22C3 pharmDX shows weak mem-
brane staining in some tumor cells (arrows; ×200).
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topes that are newly formed as a consequence of tumor-specific 
mutations [3]. In the absence of functional MMR, original DNA 
strand slippage goes unrepaired, producing frame-shift mutations 
resulting in truncated protein containing a mutation associated 
neoantigen [7]. Hence, in tumors harboring the dMMR gene, sev-
eral mutations can occur, such as marking on an answer sheet that 
is serially misplaced. Ultimately, these sequential events bring 
about large numbers of mutations, particularly in regions with re-
petitive DNA sequences, a phenomenon known as MSI [5,7]. Be-

cause dMMR is incapable of preventing proto-oncogenes or tu-
mor suppressor genes from having frame-shift mutation during 
transcription, this aberrant process can lead to MSI-H [4]. This sit-
uation bears a higher rate of nonsynonymous single nucleotide 
polymorphisms, leading to increased numbers of neoepitopes and 
tumor-infiltrating PD-1+ cytotoxic T lymphocytes displaying a 
greater response to immune checkpoint blockades (ICBs) than 
MSI-low or microsatellite stable cancers [4,5]. This is one of the 
possible explanations as to why PD-1 blockade has potent anti-tu-

Fig. 3. Multiplex immune-histological feature of small bowel resection tissue. (A) This technique provides quantitative analysis data through 
multiple biomarker staining, scanning and machine learning. Immunohistochemical staining with cytokeratin, CD4, CD8, CD45RO, FOXP3, 
PD-L1, CD56, CD11c, CD68, CD206, PD-1, CD3, CD20, TIM3, and LAG3 was performed in the same tissue. (B) The tumor tissue of the patient 
was well expressed in co-stimulators that formed tumor-reactive T cells and was able to activate the effector T cell function, and the ex-
pression of the co-inhibitory receptor or immune-suppressive cells was low.
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mor activity for MMR-deficient cancer patients in the aspect of 
molecular genetics.

In recent clinical studies, Le et al. [10] have shown that cancer 
patients harboring dMMR are particularly responsive to ICBs. In a 
phase II study, the remarkable activity of PD-1 blockade was wor-
thy of notice in 20 MMR-deficient colorectal cancer and other 
cancers patients compared with 21 patients with MMR-proficient 
colorectal cancer [10]. Thereafter, large-scale clinical studies have 
also compared the degree of response to ICB for advanced cancer 
patients with dMMR across 12 different tumor types [5]. Good re-
sponses to PD-1 blockades have been achieved in various types of 
dMMR advanced cancers; however, their proportion is not that 
high in real-world clinical practice. 

Generally, anti-cancer immunity in humans is categorized into 
three main phenotypes: immune-desert, immune–excluded, and 
inflamed phenotype [9]. We quantitatively measured numbers of 
immune cells, including regulatory T cells, myeloid-derived sup-
pressor cells, tumor-infiltrating lymphocyte (TIL)s, and cancer-as-
sociated macrophages using the multiplex IHC. Based on TIL and 
T cell composition in tumor microenvironment (TME), the im-
mune phenotype of our case was classified into the immune desert 
[11,12]. As a result, the degree of immune cell penetration in the 
tumor did not inflame as expected. Infiltrated and inflamed TME 
with cytotoxic T lymphocytes and tumor-associated macrophages 
in the tumor margin rather than the tumor core were scattered 
only a little. Binnewies et al. [12] have insisted that the lack of T cell 
infiltration corresponds to a “desert”-like immune landscape or 
“cold tumor” which has low immunogenic status. In the present 

case, several possible explanations could be drawn about the favor-
able response to pembrolizumab. First, there may be many possi-
ble candidates as neoantigen to consolidate the reaction with ICB, 
which were produced by dMMR with MSI-H. Second, we paid at-
tention to the loss-of-function of PBRM1 gene in the mutant di-
electrics obtained from NGS. Recently, Miao et al. [13] have pre-
sented that loss-of-function due to somatic mutation of PBRM1 
subunit, a tumor suppressor gene, was present in high frequency 
by analyzing good responders among metastatic renal cell carcino-
ma patients receiving immunotherapy using whole exon sequenc-
ing. They also revealed strong enrichment of immunostimulatory 
genes, including JAK-STAT signaling associated molecules in 
PBRM1-deficient cells. In this case, loss-of-function of PBRM1 
functioning chromatin remodeling may play an important role in 
favorable response to ICB treatment. Third, the induction of tu-
mor-driven or host-driven evolution through ICB administration 
could lead to a favorable response to immunotherapy. Xu-Monette 
et al. [14] have observed a change of PD-1/PD-L1 expression in tu-
mor settings as a marker of T cell activation and driver of T cell 
dysfunction. Through host-driven innate immunogenic pathway, 
antigen-specific CD8+ T cells can secrete interferon-γ (IFN-γ) that 
may turn PD-L1− tumors into PD-L1+ tumors and then infiltrate 
PD-L1+ macrophages, dendritic cells, and T cells [14]. On the oth-
er hand, in tumor-driven evolution, oncogenic PD-L1 expression 
in the tumor might lead to T cell dysfunction. In immunogenic tu-
mors, PD-L1 expression is heterogeneous. IFN-γ, a mediator of 
this pathway, functions oppositely, resulting in T cell exhaustion 
and eventually triggering a vicious cycle of immune suppression.

Fig. 4. Analysis of the whole slide was divided into multiple sections to check the extent of PD-L1 expression. ROI, region of interest; MSI, 
microsatellite instability; PD-L1, programmed death-ligand 1; IHC, immunohistochemistry.
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There are several emerging tissue- and serologic-based predic-
tive biomarkers for tumor response of ICBs beyond PD-L1 expres-
sion. Candidate biomarkers are comprehensive of TMB, cytotoxic 
CD8+ T cells/TILs, immune score by the density of CD8+ T cells 
and CD3+ T cells, multiplex IHC, T cell receptor clonality, im-
mune gene signature, and neutrophil-to-lymphocyte ratio [15]. In 
our case, to make up for inaccurate predictability of PD-L1 expres-
sion, we attempted to apply several potential predictors including 
TMB, immune cell composition in TME with a degree of immune 
cell penetration using multiplex IHC. 

In summary, we experienced an interesting case of a dMMR, 
metastatic small bowel adenocarcinoma patient carrying MSI-H 
and TMB-H with loss-of-function of PBRM1, displaying an excel-
lent response to the anti-PD-l inhibitor.
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