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Abstract: Patients with Lynch Syndrome (LS) are at high risk of developing colorectal cancer 

at an early age. Germline mutations in DNA mismatch repair genes and microsatellite instability 

are clear signatures of this autosomal dominant disorder. Here, we report the clinical history 

of a 38-year-old patient with LS-related metastatic colon cancer treated in Chile with immuno-

therapy (pembrolizumab). The patient exhibited a pathogenic deletion in Epithelial cell Adhesion 

Molecule (EPCAM) and mutS homolog 2 (MSH2) genes, and after diagnosis received 12 cycles 

of FOLFOX. The tumor mass, however, continued to grow, and a new metastatic mucinous 

adenocarcinoma of 13 mm appeared at the level of the 11th right dorsal vertebra. To treat 

these lesions, the patient received immunotherapy scheme with pembrolizumab (200 mg every 

21 days). After only four cycles, the patient’s symptoms improved and the lesions showed less 

metabolic activity. After 12 cycles with pembrolizumab, the patient started palliative radiation 

and systemic second-line treatment with FOLFIRI and Avastin. The immunotherapy scheme 

with pembrolizumab was capable of delaying the second-line treatment for at least 8 months, 

becoming a useful therapeutic option for this patient. Thus, our study highlights the importance 

of implementing immunotherapy treatment programs for LS-colorectal cancer patients in South 

American countries.
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Introduction
Mutations in genes that encode for DNA mismatch repair (MMR) proteins results in 

a systematic accumulation of DNA replication errors. In time, these mutations may 

evolve leading to tumor development. Short repetitive nucleotide sequences, known 

as microsatellite, are susceptible targets for these replication errors, a condition called 

microsatellite instability (MSI).1,2 Loss of MMR protein functions results in hereditary 

nonpolyposis colorectal cancer (HNPCC).3 However, when HNPCC develops as a 

consequence of germline mutations in at least one of the genes that encode proteins 

implicated in the MMR system, the pathology is classified as Lynch syndrome (LS). 

Thus, mutations in mutS homolog 2 (MSH2), mutS homolog 3 (MSH3), mutS homolog 

6 (MSH6), mutL homolog 1 (MLH1), PMS1 homolog 1, mismatch repair system 

component (PMS1, also known as MLH2), and PMS1 homolog 2, mismatch repair 

system component (PMS2, also known as MLH4) are usually involved in LS.3–10 LS 

is considered the most common condition among the inherited colorectal cancers and 

is responsible for 2%–4% of all colorectal carcinomas (CRC).3,4,7,11–13 This syndrome 

corresponds to an autosomal dominant disorder. Therefore, first-degree relatives have 

up to 50% risk of inheriting the mutation, and depending on the mutation penetrance, 
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several members of their family may also be clinically 

affected. Thus, patient’s clinical information is comple-

mented with family history according to the Amsterdam 

criteria and the Bethesda guidelines.14 LS patients are at high 

risk of developing CRC (up to 75%), endometrial cancer 

(32%–45%), stomach cancer (13%–19%), and ovarian cancer 

(9%–14%).3,5,14,15 But, the risk of developing cancer in other 

tissues such as small intestine, pancreas, biliary and urinary 

tract, brain (glioblastomas), skin (keratoacanthomas), and 

sebaceous tissues are also high.3,5,7,9,12,13,16 Furthermore, cancer 

develops at a relatively young age in LS patients, and in the 

case of CRC, the neoplasm progression is rather fast.17

In LS deletions, frameshifts, nonsense, missense, and 

splice mutations are frequent in MSH2 and MLH1 genes, 

whereas mutations in MSH6 and PMS2 represent ,10%.3,7,9 

MSH2 loss of function impairs the recognition of base–base 

mismatch and insertion–deletion loops, which depends on the 

heterodimer formation between MSH2 and MSH6 or MSH2 

and MSH3. Meanwhile, the repair of base–base mismatches 

and insertion–deletion loops depends mainly on MLH1, 

PSM1, and PMS2 proteins.18

Another gene implicated in LS is Epithelial cell Adhe-

sion Molecule (EPCAM; OMIM#185535, previously known 

as TACSTD1), whose deletion produces allele-specific 

methylation of MSH2 (OMIM#609309) gene promoter, pre-

cluding MSH2 expression.3–5,12 Despite the broad spectrum 

and particular frequency of pathogenic MMR variants in 

the Latin America population, only a few cases have been 

described.14

According to FIRE 3 and TRIBE trials, patients with 

metastatic CRC (mCRC) or nonresectable CRC have an 

overall survival of 28.7–37.1 months.19,20 Those patients 

can follow a first-line treatment, which consists of chemo-

therapy (either infused fluoropyrimidine plus oxaliplatin 

or irinotecan) in combination with a biological agent. Both 

chemotherapy regimens have similar efficiency. There-

fore, the selection of either of the chemotherapy regimens 

depends on patient’s differential toxicity profile. Likewise, 

the choice of the biological agent will depend on patient’s 

molecular profile and the absence of contraindications.21 The 

second-line treatment depends on patient’s organ function 

and cytotoxicity tolerance and the first-line therapy choice. 

A third-line treatment considers cetuximab or panitumumab 

for RAS and BRAF wild-type patients and EGFR antibody 

for patients who have not used that antibody previously. 

Regorafenib (multikinase inhibitor) or Trifluridine/tipiracil is 

recommended for RAS wild-type patients treated with EGFR 

antibodies and in patients pretreated with fluoropyrimidines, 

oxaliplatin, irinotecan, and bevacizumab.22

Patients with LS show flat tumors located in the proximity 

of splenic flexure with poor differentiation and lymphocytic 

infiltration.19 Likewise, these tumors present a microenviron-

ment populated by myeloid cells expressing the programmed 

death ligand 1 (PD-L1), which impair the function of the 

infiltrated CD8+ T and T-helper 1 cells. The immunological 

blockade can be bypassed, however, by using monoclonal 

antibodies against PD-1. The usage of PD-1 antibodies has 

shown promising results in other cancers such as melanoma 

and non-small cell lung cancer.23–27 Surprisingly, in the case 

of CRC patients, anti-PD-1 immunotherapy shows different 

outcomes. Thus, patients whose tumors exhibit mismatch 

repair-deficiencies are more likely to respond than those 

whose tumors lack mutations in mismatch repair genes.28,29 

This finding opened a new therapeutic door to treat LS 

patients based on the molecular signature rather than the type 

of tumor.30 In this study, we report a male with LS-related 

colon cancer, who exhibits pathogenic deletion involving 

both EPCAM and MSH2. The patient, treated in Chile, 

received an immunotherapy scheme with pembrolizumab 

(Keytruda) that delayed the second-line treatment with 

FOLFIRI and Avastin for at least 8 months. This emphasizes 

the importance of including LS-colorectal cancer patients in 

immunotherapy treatment programs in Latin America.

Case report
The patient gave written informed consent to publish this 

case report and associated images. The clinical history of 

the following report corresponds to a patient aged 38 years, 

at the time of diagnosis. He had a car accident in 2004, 

which resulted in secondary transient erythroblastopenia 

with recovered hemiparesis. In January 2015, he underwent 

surgery to remove his appendix due to acute appendicitis. A 

biopsy was performed detecting an adenocarcinoma includ-

ing serous tissue. An analysis of the family history revealed 

that his father had been diagnosed with colon cancer and skin 

carcinoma. At the end of March, the patient was referred to 

Instituto Oncologico Fundación Arturo López Pérez in Chile 

for further analysis. A blood test revealed an elevated level of 

the carcinoembryonic antigen (CEA of 237), and an explor-

atory laparotomy found tumors in the ascending colon and 

retroperitoneal space. An R0 surgery was planned, and to that 

end, positron emission tomography-computed tomography 

(PET/CT) scan was used to define the surgery area to the right 

side of the colon. The R0 surgery removed the parietal perito-

neum including tumor masses from the retroperitoneum.

The analysis of the biopsy showed a poorly differentiated 

mucinous adenocarcinoma of 10 cm in the cecum and a second 

poorly differentiated tubular adenocarcinoma in the appendix 
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implantation base with an increased lymphatic vessel perme-

ability and infiltration until adventitia. A third 2 cm tumor 

mass was found in the ileocecal valve corresponding to a 

poorly differentiated mucinous adenocarcinoma with 21/31 

positive lymph nodes. Likewise, the retroperitoneal mass was 

with a poorly differentiated mucinous adenocarcinoma.

An immunohistochemistry (IHC) analysis performed in 

April showed lack of MSH2 and EPCAM expression and the 

wild-type expression of KRAS-NRAS. To analyze the pres-

ence of MSI, a fluorescent PCR-based assay was performed 

(Promega MSI Analysis System). To this end, DNA samples 

were obtained from patient’s formalin-fixed paraffin-embedded 

tissue. Unfortunately, quality of the extracted DNA was insuf-

ficient for the assay. Although MMR proteins screening by IHC 

and microsatellite genotyping have similar effectiveness,7,31 

MSI and IHC analysis are considered complementary to one 

another.32 To characterize the lack of MMR protein expression, 

further genomic sequencing and deletion/duplication studies 

were conducted. The patient’s DNA sample was enriched 

for targeted regions using hybridization-based protocol, and 

sequencing was performed by using illumine technology (tar-

geted regions were sequenced with $50× depth).

The analysis of genomic and deletion/duplication studies 

revealed a pathogenic heterozygous deletion involving both 

the EPCAM and MSH2 genes, which are located on the short 

(p) arm of chromosome 2 at position 21. All of the EPCAM’s 

nine exons were deleted (EX1–EX9del), whereas neighbor-

ing gene MSH2 had a deletion comprising exons 1–6 (EX1–

EX6del). Since deletion of both genes is known to cause 

LS, the mutations were considered pathogenic. Other related 

genes, such as MLH1, MSH6, and PMS2, were screened; 

however, the results were negative. Likewise, no mutation 

was found in KRAS (KRAS/BRAF Mutation Analysis Panel 

Kit for Real-Time PCR, exons 2, 3, and 4 of KRAS and 

V600E of BRAF; EntroGen; Woodland Hills, CA, USA) 

or NRAS (NRAS Mutation Detection Kit, EntroGen). The 

patient received adjuvant treatment with 12 cycles of FOL-

FOX (leucovorin, fluorouracil [5FU], and oxaliplatin) until 

November 29, 2015. After finishing the cycles of FOLFOX, 

the patient exhibited a reduction in CEA levels (from 237 in 

March 2015 to 27.9 in March 2016, not shown). However, a 

more detail analysis using PET/CT 18F-FDG scan revealed 

tumor lesions at two different locations: the intercostal nodule 

at the level of the 12th right rib (Figure 1A–C) and a retrocru-

ral adenopathy at the level of the 11th right dorsal vertebra 

(Figure 2A–C). The first PET/CT 18F-FDG scan after the 12 

cycles of FOLFOX, conducted in April 2016, showed that 

the tumor mass at the intercostal nodule had reached 24 mm 

(Figure 1A) and revealed a retrocrural adenopathy of 13 mm 

at the level of the 11th right dorsal vertebra (Figure 2A).

The biopsy confirmed that this new lesion corresponded 

to a metastatic mucinous adenocarcinoma. To treat these 

painful intercostal lesions, a new treatment scheme to block 

PD-1 with pembrolizumab (200 mg every 21 days) was imple-

mented on June 23, 2016. After four cycles, the CEA levels 

were normalized (not shown), and the patient’s symptoms 

improved. We observed a slight size increase of the retrocrural 

adenopathy (at the 11th right dorsal vertebra) from 13 to 

Figure 1 peT/CT 18F-FDG scan of tumor mass at the intercostal nodule at the level of the 12th right rib. 
Notes:  CT and the corresponding peT image obtained in april, 2016; the arrow indicates metabolic activity of the lesion (sUV[max] value of 5.3) (A). CT and the 
corresponding peT image obtained in august (B) and in December (C).
Abbreviations: peT/CT, positron emission tomography-computed tomography; sUV, standardized uptake value.
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16 mm and the intercostal nodule (at the level of the 12th 

right rib) from 24 to 26 mm. However, both lesions showed 

less metabolic activity according to the PET/CT Standardized 

Uptake Value (SUV) (SUV[max] values of 4 and 3.2 instead 

of the previous 5.2 and 5.3, respectively; Figures 1A and B 

and 2A and B). These promising results led to six more cycles. 

In December, a new medical evaluation showed that the 

hypodense retrocrural nodule at the 11th right dorsal vertebra 

increased in size from 16 to 22 mm. Despite this, the metabolic 

activity from the previous SUV(max) value decreased from 4 

to 3.5 (Figure 2B and C). Similarly, the intercostal nodule at 

the level of the 12th right rib experimented a slight increase 

from 26 to 28 mm; however, its metabolic activity rose from 

an SUV(max) value of 3.2 to 4.1 (Figure 1B and C). The 

patient followed two more cycles of pembrolizumab until 

February 2017, thus completing 12 cycles. In April 2017, 

he underwent palliative radiation and systemic therapy with 

FOLFIRI (Leucovorin Calcium, Fluorouracil and Irinotecan 

Hydrochloride) and Avastin, which continues until today.

Discussion
In this report, we expose the case of a patient with LS, har-

boring a deletion of all exons of EPCAM gene, which com-

promise the exons 1–6 from the neighbor MSH2. Deletion of 

EPCAM is present only in a subgroup of LS patients; however, 

this inactivation usually drives epigenetic silencing of MSH2 

rather than deletion of this gene.33 The EPCAM–MSH2 

inactivation favors the appearance of other malignancies 

such as endometrial cancer.34 Rossi et al showed that in Latin 

America, pathogenic variants of MSH2 are frequent, especially 

in Argentina.14 Usually, these pathogenic variants are due to 

single nucleotide changes that produce frameshifts, missense 

and nonsense mutations. The most affected regions in MSH2 

are exons 3 (17%) and 7 (15%), whereas our patient shows a 

large deletion compromising exons 1–6. Large deletions in 

EPCAM – affecting the 3′ region – are frequent, although, 

its prevalence in the Latin American population is relatively 

low.14 Interestingly, our patient presented a large deletion 

compromising the function of both EPCAM and MSH2 genes. 

This mutation abolished the expression and function of MSH2 

protein leading to the development of LS.

Recently, the therapeutic potential of antibodies to target 

relevant immunologic checkpoints in mismatch repair-

deficient colon cancer patients has been scrutinized.26–28 

Le et al29 evaluated the clinical response to pembrolizumab 

in 41 patients with progressive metastatic carcinoma. The 

study compared between colorectal cancer patients with 

mismatch repair-deficient tumors (cohort A), patients with 

mismatch repair-proficient colorectal adenocarcinomas 

or microsatellite-stable cancers (cohort B), and patients with 

mismatch repair-deficient non-colon cancers (cohort C). 

Patients with mismatch repair-deficient cancers were more 

responsive to PD-1 blockade than those without mismatch 

repair-deficient cancers. In fact, 40% of the patients 

from cohort A had an immune-related objective response 

rate (95% CI, 12–74) according to the RECIST criteria. 
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Figure 2 peT/CT 18F-FDG scan of the retrocrural adenopathy at the level of the 11th right dorsal vertebra.
Notes: CT and the corresponding peT image obtained in april; the arrow indicates metabolic activity of the lesion (sUV[max] value of 5.2) (A). CT and the corresponding 
peT image obtained in august (B) and in December (C).
Abbreviations: peT/CT, positron emission tomography-computed tomography; sUV, standardized uptake value.
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Seventy-one percent of cohort C patients had an immune-

related objective response rate (95% CI, 29–96) and 

responded faster than patients from cohort A (12 weeks vs 

28 weeks). On the contrary, patients from cohort B failed 

to show an immune-related objective response (95% CI, 

0–19) as defined by RECIST. Moreover, the study showed 

that pembrolizumab treatment decreased the levels of CEA 

in patients with mismatch repair-deficient colorectal can-

cers, which was not the case for patients without mismatch 

repair-deficiency.29 Our results support this observation as 

after four cycles with pembrolizumab the CEA levels in our 

patient were normalized.

A more recent study showed that a female patient 

with sporadic mismatch repair-deficient mCRC and bulky 

abdominal disease treated with pembrolizumab had a 

remarkable response.28 Tumors with MMR deficiency 

have an elevated mutational load and, as a consequence, 

significant numbers of tumor-infiltrating lymphocytes in 

the tumor microenvironment.26 Thus, PD-1 expression on 

lymphocytes and PD-L1 on tumor cells and the numbers of 

mutation-associated neoantigens are high in comparison with 

microsatellite-stable tumors.29,35

In this report, we describe the case of an LS-colorectal can-

cer patient, with mutations in EPCAM and MSH2. The patient 

was treated with pembrolizumab according to the molecular 

status of his cancer. This immunotherapy scheme delayed the 

second-line treatment with FOLFIRI and Avastin for at least 

8 months, demonstrating to be an important therapeutic option. 

Although, the responsiveness of LS-colorectal cancer patients 

to pembrolizumab has been well documented, in South 

American countries it is not a standard procedure. Usually after 

diagnosis, LS patients follow a standard mCRC chemotherapy 

scheme as immunotherapy is expensive and not covered by 

public health insurances. Our results highlight the importance 

for South American countries to include LS-colorectal cancer 

patients in immunotherapy treatment programs. Especially, 

considering that a therapeutic scheme with pembrolizumab is 

less toxic than chemotherapy and has the potential to provide a 

durable response. The anti-PD-1 response of mismatch repair-

deficient cancers is not restricted to LS colorectal cancers.27 

Therefore, the identification of MMR-deficient cancers will 

improve diagnostic and treatment strategies.
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