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Pembrolizumab and other immunotherapies have become central in treating
metastatic colon cancer, particularly effective in patients with mismatch repair
deficiencies. We report a case involving a man who initially underwent radical
surgery for sigmoid colon cancer on April 27, 2011, followed by hepatic tumor
resection on September 21, 2017. Post-surgery, he received eight cycles of
adjuvant chemotherapy with the CAPEOX regimen and was regularly monitored
through CT and MRI scans. On August 24, 2022, liver metastases were detected,
and he was diagnosed with Lynch syndrome (LS) due to germline mutation in the
MSH2 and EPCAM genes. He commenced treatment with 200mg of
pembrolizumab intravenously every three weeks on September 2, 2022, and
demonstrated a sustained response. However, after 17 cycles, he developed a
treatment related adverse event (TRAE) of pancreatic endocrine dysfunction,
leading to type 1 diabetes, managed with subcutaneous insulin injections. After
30 cycles of treatment, no evidence of disease was observed. This case
underscores the significant clinical benefits of first-line pembrolizumab in
managing hepatic metastasis in colonic carcinoma associated with LS, despite
the occurrence of TRAEs. It raises critical questions regarding the optimal
duration of immunotherapy following a complete or partial response and
whether treatment should be discontinued upon the emergency of TRAEs.
Continued research and forthcoming clinical trials with checkpoint inhibitors
are expected to refine treatment protocols for LS-associated carcinoma.
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Introduction

Pembrolizumab is the classic immune checkpoint inhibitor
(ICI) and has various roles in advanced malignancies including
the colon, lung, kidney, and bladder as well as lymphomas and
melanoma. The unexpected response rate accelerates the approval
of pembrolizumab monotherapy by US Food and Drug
Administration (FDA) in 2017 (1).

Mismatch repair deficiencies (AMMRs) are predictive of
response to immunotherapy in metastatic colorectal cancers.
Because of the dMMRs, there are more mutations in DNA to
pass unrepaired during cell division, thereby promoting tumor
growth. The most familiar mismatch repair genes include MLH]I,
MSH2, MSH6, PMS2, or EPCAM (deletions of the epithelial cell
adhesion molecule gene). It is reported that MSH2 or MLHI
accounts for almost 60% to 80% of all Lynch syndrome (LS)-
associated cancers, others are attributed to MSH6 or PMS2,
rarely, to EPCAM (2). A small subset of patients accumulate
transcriptional errors in regions with repetitive nucleotide
sequences throughout the genome (microsatellite instabilities,
MSI). This microsatellite unstable phenotype is termed dMMRs/
microsatellite instability-high (MSI-H).

LS is one of the most prevalent hereditary cancer syndromes
and accounts for some 3% of unselected patients with colorectal or
endometrial cancer and 10-15% of those with DNA mismatch
repair (MMR)-deficient tumors. Extracolonic malignancies are also
common, including endometrial, which is the most common, but
also tumors of the upper gastrointestinal tract, urinary tract,
ovarian, hepatobiliary tract, pancreas, and brain (3). It is
characterized as an autosomal dominant cancer genetic
predisposition syndrome due to a germline mutation in one of
the mismatch repairs mentioned above.

Although dMMRs/MSI-H are new indications for
pembrolizumab, our experience with it and other checkpoint
inhibitors in MMR-deficient tumors is still limited. Herein we
report a case of a patient with hepatic metastasis of colonic
carcinoma and LS due to MSH2 and EPCAM genes mutation
who is enjoying an ongoing, prolonged treatment response of
almost two years to single-agent pembrolizumab, even though he
underwent treatment related adverse event (TRAE) during the
treatment period of monotherapy.

Case description

A 60-year-old Asian man with a 15-year of hypertension and no
other past medical history, initially presented in April, 2011. He had
bright red blood per rectum (BRBPR) for months initially attributed
to hemorrhoids and about 5kg weight loss during the past half a
year. His family history was positive for colon cancer in his mother
(diagnosed in the 50s) and one sister died of colon cancer in her 20s.
He underwent a colonoscopy examination and was diagnosed with
sigmoid carcinoma. He was surgically staged as Stage IIA
(T3NOMO, with no metastatic disease on subsequent computed
tomography (CT) imaging). The postoperative pathological
assessment revealed mucinous adenocarcinoma localized to the

Frontiers in Immunology

10.3389/fimmu.2024.1455907

sigmoid colon. He received a course of adjuvant chemotherapy
with eight cycles of adjuvant chemotherapy following the CAPEOX
regimen, involving Oxaliplatin (130 mg/m* IV on day 1) and
Capecitabine (1000 mg/m” PO twice daily for 14 days every three
weeks), which was complete in October 2011. Despite a family
history suggestive of colorectal cancer predisposition, genetic
testing for AMMR and MSI-H was not performed at the time of
the initial diagnosis. This was partly due to the limited availability
and awareness of genetic testing for LS in China in 2011.

In the intervening years, he underwent routine surveillance
follow-ups with no evidence of disease on annual clean
colonoscopies every year and magnetic resonance imaging (MRI)
until October 2016.

In September, 2017, he was diagnosed with hepatic tumor and
underwent hepatic tumor resection, disclosing postoperative pathology
indicative of metastatic adenocarcinoma. Immunohistochemistry
demonstrated deficient mismatch repair proteins, with loss of
both MSH2, MLH, and MSH6. In the aftermath of the surgical
intervention, an additional eight cycles of CAPEOX regimen were
administered (Figure 1).

Unfortunately, in August 2022, he was diagnosed with liver
metastasis with abdominal MRI on routine physical examination,
which unveiled a spectrum of intrahepatic complexities, including
multiple metastatic lesions, intrahepatic bile duct dilation,
metastasis to the porta hepatis lymph nodes, and a potential
tumor thrombus in the left branch of the portal vein (Figures 2A,
B). Physical examination was unremarkable. Laboratory results
showed an evidently increase of carbohydrate antigen 19-9
(CA19-9) and carcinoembryonic antigen (CEA) (Figure 3), which
were 17288U/ml (0-39) and 42.37ug/L (0-5), respectively. The alpha
fetal protein (AFP) was normal with 2.7ug/L (0-20). Further
information revealed that one of his brothers developed
carcinoma of the bladder in his mid-50s and died of glioblastoma.
Another brother developed colon cancer in his 60s. His niece also
developed colon cancer and papillary thyroid carcinoma in the past
5 years. Ultimately, he was diagnosed with LS based on germline
testing done on peripheral blood DNA which showed mutation in
MSH?2 and EPCAM, with a TMB of 35.8 mutations/megabase, with
no alterations in KRAS or BRAF identified. And microsatellite
instability testing was positive.

Because of the known tumor MMR deficiency, he subsequently
underwent immunotherapy of anti-programmed death 1 (PD-1)
antibodies pembrolizumab at a dose of 200 mg intravenously every
three weeks. Only after 3 cycles of treatment of pembrolizumab, the
laboratory results and clinical status of the patient improved
tremendously (Figure 3). However, after 17 cycles of treatment,
he attended our clinic because of diabetic ketoacidosis. His data at
onset, including extremely low serum C-peptide (0.08 ng/mL),
fulfilled the diagnostic criteria for fulminant type 1 diabetes.
Using multiple daily insulin injection therapy, his glycemic
control has been maintained.

He continued pembrolizumab treatment and aside from
immunotherapy-induced type 1 diabetes, he tolerated treatment
well. He received a total of 30 cycles of pembrolizumab. CA19-9 and
CEA remained within normal limits (Figure 3) and surveillance
radiographic changes in May, 2024 showed no evidence of
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FIGURE 1

Timeline in case presentation.

metastatic disease, indicating a remarkable response when
compared to the MRI before the initiation of immunotherapy
(Figures 2C, D). He was also being followed with yearly flex
sigmoidoscopy, upper endoscopy every year, and oncology clinic
visits with laboratory test index every nine weeks. Immunotherapy
was optimally tolerated and the patient reported an active life and
returned to his full-time employment.

Discussion

We present a case of a complete metabolic and serologic
remission in a patient with dMMR/MSI-H metastatic colorectal
cancer (mCRC) and Lynch syndrome under treatment with

pembrolizumab monotherapy after radical surgery for sigmoid
colon cancer on April 27, 2011, and hepatic tumor resection on
September 21, 2017, respectively. Following 8 cycles of adjuvant
chemotherapy with the CAPEOX regimen after each operation.
Up to 30% of CRC are inherited, and known syndromes
account for only 2-5% of all cases. The two most common
syndromes are LS and familial adenomatous polyposis (FAP) (4).
LS is diagnosed using clinical criteria like the Amsterdam Criteria II
and Revised Bethesda Guidelines, tumor testing for MSI and
immunohistochemistry to detect MMR protein deficiencies, and
genetic testing of peripheral blood DNA to identify germline
mutations in MMR genes (MLHI, MSH2, MSH6, PMS2,
EPCAM). Next-generation sequencing (NGS) enhances sensitivity
and specificity. A detailed family history helps identify LS patterns,

FIGURE 2
MRI exam changes before (A, B) and after (C, D) ICI therapy.
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CEA/CA19-9 level changes before and after ICI therapy.

and genetic counseling is recommended (5). LS is characterized by
germline mutations in the MMR genes that cause genomic
instability and therefore tumorigenesis. Due to the loss of
expression of these proteins, mutations in microsatellite regions
(repetitive DNA sequences) accumulate, resulting in MSI and a high
tumor mutational burden (TMB).

Recent advancements have unveiled new diagnostic methods.
Liquid biopsy techniques analyzing circulating tumor DNA
(ctDNA) offer a non-invasive diagnostic and monitoring tool,
detecting MSI and MMR deficiencies from blood samples.
Emerging evidence highlights the role of microRNAs (miRNAs)
in LS pathogenesis, where overexpression of miR-155, miR-21, and
miR-137 may induce MSI or modulate MMR gene expression.
These miRNAs could serve as biomarkers and therapeutic targets,
enhancing precision medicine approaches for LS. Ongoing research
into the miRNAs involvement in LS provides insights into novel
diagnostic and therapeutic strategies, promising to refine the
management of this hereditary cancer syndrome (6).

Treatment of mCRC with dMMR/MSI-H has traditionally been
challenging due to the poor response to conventional
chemotherapeutic therapy, just like in our case (7). However, the
long-term remissions induced by ICIs in many types of cancers
have opened up the possibility of a broader use of immunotherapy
in less immunogenic but genetically heterogeneous tumors. For
mCRC, pembrolizumab has been approved as the preferred option
and nivolumab, alone or in combination with ipilimumab as an
alternative option for patients with dMMR/MSI-H disease,
independently of their eligibility for intensive chemotherapy. The
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KEYNOTE-177 study showed that in patients with dAMMR/MSI-H
mCRC, pembrolizumab significantly improves progression-free
survival (PFS), objective response rate (ORR), and complete
response (CR) rate, doubling median PFS from 8.2 months to
16.5 months, extending ORR from 33.1% to 43.8%, and
increasing CR rate from 3.9% to 11.1%, comparing with the
standard chemotherapy (3). Previous studies about mCRC treated
with pembrolizumab were summarized in Table 1, and most of the
cases got CR or PR (8-17). A clinical study by Le et al. also
highlighted the effectiveness of ICIs in dAMMR/MSI-H colorectal
cancer, corroborating our findings. Additionally, cases reported by
André et al. provided evidence of durable responses and
manageable adverse events of Pembrolizumab in MSI-H CRC,
similar to our patient’s experience (18, 19).

Although the response to ICIs has not yet been fully
understood. One approach to explanation is as follows: the
increased rate of neoantigens can cause an immune response and
an upregulation of PD-1 ligands within the immunogenic tumor
environment (20).

The most recent guidelines from the National Comprehensive
Cancer Network (NCCN) and the European Society for Medical
Oncology (ESMO) recommend the use of pembrolizumab as a first-
line treatment for patients with dMMR/MSI-H metastatic colorectal
cancer (21, 22). These guidelines emphasize the importance of genetic
testing for LS and other mismatch repair deficiencies to guide
immunotherapy decisions. Moreover, the guidelines suggest close
monitoring for treatment-related adverse events and advocate for a
multidisciplinary approach to manage these patients effectively.
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TABLE 1 Characteristics of studies mCRC treated with pembrolizumab.

Sex/

Age

EIENENES

Primary
tumor/ Stage

Treatment

Germline
gene patho-
genic variant

Our study = M/60  Liver Colon Pembrolizumab MSH2, EPCAM H High Type 1 diabetes | Achieved cCR within 3 months and has remained

adenocarcinoma/ progression-free until now

stage ITA
Xu M/43  Liver Colon Pembrolizumab after 4 cycles of MSH2 H N/A N Achieved cCR within 2 months
etal. (8) adenocarcinoma/ standard adjuvant chemotherapy

stage I1IB
Keane M/26  Liver Colon Pembrolizumab MSH2 H High Sarcoid- Continue to have durable cancer control as well as
et al. (9) adenocarcinoma like reaction stable SLR 24 months after discontinuation of ICI
Keating M/33  Lung and liver Colon Pembrolizumab MSH2, MSH6 N/A N/A Hypothyroidism | Discontinue ICI after 48 cycles and alive with
et al. (10) adenocarcinoma improved quality of life
Krekeler M/63 Prostate, liver and peritoneal Colon Pembrolizumab for 7 cycles, then MSH6 H N/A N After a total duration of 17 months of ICI, get
etal. (11) adenocarcinoma change to nivolumab in complete remission

combination with ipilimumab
Yang M/64  Retroperitoneal lymph node, inferior Colon Pembrolizumab and radiation MLH1, PMS2 H N/A N Get robust partial remission
et al. (12) vena cava, right ureter, kidney and adenocarcinoma
right renal arteriovenous

Feng M/38  Lung Urothelial Pembrolizumab MSH2 N/A N/A N Sigmoid colon lesion was evaluated as progressive
etal. (13) carcinoma; sigmoid disease; ureteral lesion was assessed as PR

colon

adenocarcinoma
Salman M/38  Rib and dorsal vertebra Mucinous Pembrolizumab MSH2, EPCAM H N/A N This immunotherapy scheme delayed the second-
et al. (14) adenocarcinoma line treatment with FOLFIRI and Avastin for

of cecum 8 months
Patil M/65 Pancreatic, liver and lung Colon Pembrolizumab MLHI H N/A N Partial response and CT showed no evidence of
et al. (15) adenocarcinoma new metastatic disease
Nakase F/41 Glioblastoma Rectal cancer Pembrolizumab and radiation MSH2 H N/A N Died due to glioblastoma progression 19 months
et al. (16) after the initial treatment
Djerroudi | M/50  Perivascular epithelioid cell tumors Colon Pembrolizumab MLH1 H N/A N At the time of the report, the patient has been
etal. (17) adenocarcinoma treated with pembrolizumab for 1 year, without

any evidence of tumor progression

MSI, microsatellite instability; MSI-H, microsatellite instability-high; TMB, tumor mutational burden; cCR, clinical complete response; PR, partial response; ICI, immune checkpoint inhibitor; N/A, not applicable.
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In our case, the patient with LS received PD-1 inhibitor
monotherapy (pembrolizumab) after liver metastases. He achieved
clinical complete response (cCR) until now, while the TRAE also
occurred after 17 cycles of pembrolizumab. A body of studies reported
that the TRAEs are predictive biomarkers for ICI efficacy, including
bystander inflammation of off-target organs due to activated
infiltrating T cells. ICI-associated diabetes could be caused by the
autoreactive CD8+ T-cells, which are infiltrating pancreatic islets and
destroy insulin-producing beta cells (23). Most of the patients present
with diabetic ketoacidosis characterized by absent C-peptide, causing
the decline of the insulin production, as was observed in our patient.
He is still receiving pembrolizumab treatment every 3 weeks as
maintenance therapy under regularly insulin treatment.

Of course, our case also raises a question about the duration of
immunotherapy, especially those with processable TRAEs. In our
case, pembrolizumab was administered for 2 years. The median
duration of treatment with Pembrolizumab is 11.1 months, with
the longest duration reaching 30.6 months; however, the majority of
patients complete their treatment within two years (24). Ongoing
clinical trials with checkpoint inhibitors in IMMR/MSI-H mCRC are
needed to generate more data on treatment outcomes. Meanwhile, we
believe that our observation is informative for clinicians taking care of
patients with mCRC because of their genetic predisposition to LS, and
get a potentially significant clinical benefit of checkpoint inhibitors
used as single agents early in the dMMR/MSI-H hepatic metastasis of
colonic carcinoma and LS.
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