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ABSTRACT

Background. Patients with colorectal carcinoma and high-
grade microsatellite instability (MSI-H) or deficiency in mis-
match repair (dMMR) exceptionally respond to immune
checkpoint inhibitors (ICIs). ICIs are more active in treat-
ment-naïve patients than in patients with refractory MSI-H/
dMMR metastatic colorectal cancer and even more active
in patients with locally advanced tumors.
Material and Methods. A 33-year-old male patient with
Lynch syndrome was diagnosed with a locally advanced rectal
cancer and refused standard neoadjuvant chemoradiation
because of the potential harm of sexual dysfunction. MMR
and microsatellite instability status were analyzed by

immunohistochemistry and fragment length polymerase chain
reaction followed by capillary electrophoresis.
Results. After MSI-H/dMMR was confirmed, the patient was
treated with ICIs (1 mg/kg ipilimumab at day 1 and 3 mg/kg
nivolumab at day 1 and 15). A complete clinical response was
documented at day 21 after start of treatment. The patient
underwent a total mesorectal excision at day 30. In the extir-
pated tissue, a complete pathological response was confirmed.
Conclusion. In MSI-H/dMMR locally advanced rectal cancer
short-course ICI treatment is highly effective and may be
discussed in patients with dMMR locally advanced rectal
cancer. The Oncologist 2021;26:e2110–e2114

KEY POINTS

• Immune checkpoint inhibitors are more active in treatment-naïve patients than in patients with refractory high-
grade microsatellite instability (MSI-H)/deficiency in mismatch repair (dMMR) colorectal cancer.

• Standard neoadjuvant chemoradiation is less effective in MSI-H/dMMR rectal cancer patients than in patients
with proficient mismatch repair.

• A young patient with Lynch syndrome and MSI-H/dMMR locally advanced rectal cancer refused chemoradiation
in order to preserve his fertility.

• After neoadjuvant treatment with one dose of ipilimumab and two doses of nivolumab a complete clinical and
pathological response was documented.

• Clinical trials are needed to first establish neoadjuvant treatment with immune checkpoint inhibitors in patients with
locally advanced MSI-H/dMMR rectal cancer and thereafter to evaluate organ-preservation strategies.

INTRODUCTION

Colorectal cancer (CRC) with deficiency in mismatch repair
(dMMR) results in a strong mutator phenotype known as
high microsatellite instability (MSI-H) and high mutational
burden [1]. The MSI-H/dMMR phenotype is present in
approximately 15% of all CRCs and is a hallmark of Lynch

syndrome, but it is also distinctive in sporadic CRCs and in
several other tumor types [1, 2]. The vast majority of spo-
radic MSI-H/dMMR CRCs are caused by methylation of the
MLH1 gene promoter, whereas more than two-thirds of
patients with CRC and Lynch syndrome are associated with
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germline mutations in MLH1 or MSH2 [3]. The incidence of
MSI-H/dMMR is 20% in stage II CRC, 11% in stage III, and
3%–4% in metastatic CRC (mCRC) [4].

Because MSI-H/dMMR is an actionable predictive bio-
marker for treatment with immune checkpoint inhibitors
(ICIs), the detection by fragment length polymerase chain
reaction (PCR) analysis and/or immunohistochemistry is rec-
ommended for many advanced tumor types [5]. Just
recently, first-line therapy with the anti-programmed death
receptor 1 (PD-1) antibody pembrolizumab was approved
for first-line therapy in metastatic MSI-H/dMMR CRC. In the
pivotal Keynote-177 study, a superior response rate of
43.8% in MSI-H/dMMR mCRC was demonstrated with first-
line pembrolizumab compared with 33.1% with standard
chemotherapy [6]. Currently, the standard treatment for
locally advanced rectal cancer irrespective of molecular sub-
types is total neoadjuvant treatment (TNT) consisting of
(chemo)radiation followed by chemotherapy or vice versa
before delayed surgery [7]. Currently, several randomized
TNT-based trials are ongoing to establish a potentially
nonoperative management of patients with locally
advanced rectal cancer (e.g., the Organ Preservation in
Rectal Adenocarcinoma trial) [8].

PATIENT STORY
We report a 33-year-old male patient with a family history of
cancer who was referred for colonoscopy because of intermit-
tent rectal bleeding. His grandmother was diagnosed with

CRC, his aunt with urothelial cancer, and his father with pros-
tate cancer. Endoscopy established the diagnosis of a bleed-
ing rectal cancer 7 cm from the anocutaneous line (Fig. 1A).
Histopathology confirmed the diagnosis of a moderately dif-
ferentiated adenocarcinoma with prominent inflammatory
cell infiltrates. Magnetic resonance imaging (MRI) of the pel-
vis and abdomen showed a locally advanced rectal cancer
invading the serosa with enlarged regional lymph nodes and
extramural vascular invasion (EMVI) but without distant
metastases (Fig. 1B). Therefore, the tumor was classified as
Union for International Cancer Control stage III (cT3 cN2
presence of extramural venous invasion (cEMVI+) cM0) and
neoadjuvant chemoradiation was recommended. For a
second-opinion the patient was referred to our institutions.

The case was presented and discussed in a multi-
disciplinary tumor board and total neoadjuvant treatment
according to the lately published RAPIDO trial was offered
to the patient []. Because of the patient’s young age,
dMMR testing was recommended.

MOLECULAR TUMOR BOARD

Immunohistochemistry and Genotyping
After written informed consent the tumor biopsies were
further analyzed by immunohistochemical staining of the
MMR proteins MLH1 (clone BS29), MSH2 (clone G219–
1129), MSH6 (clone SP93), and PMS2 (clone EP51) using the
OMNIS (Agilent) automated advanced staining technique.

A B
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Figure 1. Complete clinical response in a patient with locally advanced high-grade microsatellite instability/deficiency in mismatch
repair rectal adenocarcinoma after short-course ipilimumab and nivolumab. (A): Endoscopic imaging, showing a bleeding rectal can-
cer 9 cm from the anal verge in a 33-year-old male patient with Lynch syndrome. (B): Magnetic resonance imaging (MRI) staging
demonstrated a locally advanced rectal cancer (cT3 cN2 cM0). (C): Endoscopy and (D) MRI demonstrating a complete clinical
response after short-course treatment with ipilimumab and nivolumab.
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Slides were assessed by an experienced pathologist. A loss of
expression of MSH2 and MSH6 was seen, whereas MLH1 and
PMS2 were regularly expressed (Fig. 2A–D). Subsequently,
paraffin-embedded tissue sections were macrodissected from
tumor and individual normal tissue for DNA-based fragment
analysis. Microsatellite analysis was conducted using a fluo-
rescent multiplex PCR-based method followed by capillary
electrophoresis (Genetic Analyzer, ABI 3130xl). According to
recommendations of distinct guidelines seven microsatellite
loci (BAT25, D2S123, D5S346, D10S197, NR21, NR24 and
MYCL1) were used for microsatellite instability testing. Seven
out of seven tested microsatellite markers showed instability
(MSI-H) fitting to the immunohistochemical results of dMMR.
Therefore, the tumor was classified as locally advanced MSI-
H/dMMR rectal cancer.

After genetic counseling genomic DNA was extracted
from whole blood and the entire coding exons and intron-
exon junctions of MSH2 and MSH6 were amplified by PCR
and directly sequenced. Large deletions and duplications of
MSH2 and MSH6 were ruled out by multiplex ligation-
dependent probe amplification (MRC Holland). The
suspected diagnosis of Lynch syndrome was molecularly
confirmed by detection of a heterozygous, pathogenic
MSH2 germline mutation [NM_000251.2(MSH2):c.187del
(p.Gly62_Val63insTer)].

Potential Strategies to Target the Pathway and
Implications for Clinical Practice
Major bowel, urogenital, and sexual dysfunctions are expe-
rienced in a large proportion of surviving patients after

Figure 2. Immunohistochemistry and microsatellite polymerase chain reaction (PCR) analysis. (A–D): Immunohistochemistry of the
proteins MLH1 (A), MSH2 (B), PMS2 (C), and MSH6 (D). MLH1 and PMS2 are expressed, whereas MSH2 and MSH6 are lacking. (E):
Multiplex PCR-microsatellite analysis (BAT25, D2S123, D5S346, D10S197, NR21, NR24 and MYCL1) showed instability in all markers
(high-grade microsatellite instability [MSI-H]). Accordingly, the tumor was classified as MSI-H/ deficiency in mismatch repair rectal
cancer.
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sphincter-preserving surgery (SPS). Disturbance of bowel
function, also known as low anterior resection syndrome,
has been reported in 30%–80% of patients and commonly
occurs within one month after SPS [10]. Furthermore, ejac-
ulatory problems and impotence in men and vaginal dry-
ness and dyspareunia in women, occurs in more than 50%
of these patients. Specifically radiotherapy seems to affect
the development of sexual dysfunction without affecting
urinary function [11].

In the adjuvant setting, patients with high-risk stage II
CRC do not benefit from 5-fluorouracil–based adjuvant che-
motherapy [12]. In the metastatic setting, MSI-H/dMMR
CRCs are less responsive to conventional chemotherapy, as
shown in the pivotal Keynote-177 study [6]. Moreover, first-
line combination treatment with the ICIs ipilimumab (anti-
CTLA4 antibody) and nivolumab (anti-PD-1 antibody) in the
CheckMate-142 study resulted in an even higher response
rate of 69% compared with 43.8% with first-line mon-
otherapy with pembrolizumab [6, 13]. These data therefore
support that ICIs are more active in treatment-naive than in
patients with refractory MSI-H/dMMR mCRC [6, 13–15].
Moreover, the combination of short-course ipilimumab
(1 mg/kg intravenous [IV] day 1) and nivolumab (3 mg/kg IV
day 1 and 15) before resection is highly effective in locally
advanced colon cancer. In the recently published NICHE
trial, a complete pathological response (pCR) of 60% was
demonstrated in 20 MSI-H/dMMR patients [16]. For locally
advanced MSI-H/dMMR rectal cancer, response data with
chemoradiation are more conflicting. Based on the US
National Cancer Database registry a MSI-H/dMMR pheno-
type is a negative predictive marker for pCR after standard
chemoradiation (5.9% vs. 8.9% in microsatellite stable
[MSS]/proficient in mismatch repair [pMMR] tumors) [17].
In contrast, the response rate with upfront chemoradiation
seems not to be influenced by MSI-H/dMMR phenotype in
a retrospective cohort study from Memorial Sloan Kettering
Cancer Center (pCR 13% vs. 17% in MSS/pMMR tumors)
[18]. Of note, upfront chemotherapy in this series resulted
in disease progression in 6 out of 21 (29%) patients with
MSI-H/dMMR rectal cancer. With a lack of prospective ran-
domized data, neoadjuvant chemoradiation followed by re-
section still remains the standard treatment in stage II and
III MSI-H/dMMR rectal cancer, although TNT consisting of
short-course radiotherapy followed by chemotherapy
before delayed surgery is a new option [8, 9].

To date, only data from five further patients with MSI-H/
dMMR rectal cancer treated with ICIs in the neoadjuvant set-
ting have been published [19, 20]. Two patients with Lynch
syndrome received six cycles of nivolumab (3 mg/kg IV every
2 weeks), resulting in a complete response [19]. In the second
case series, three patients from the U.S. were reported [20].
One of those patients with relevant comorbidities was not a
candidate for neoadjuvant chemoradiation and was therefore
treated with pembrolizumab (200 mg IV every 3 weeks). After
11 cycles, a complete clinical response was documented.
Another patient, who was not responding to neoadjuvant
chemoradiation, was thereafter treated with three cycles of
ipilimumab (1 mg/kg IV) and nivolumab (3 mg/kg IV) every
3 weeks, resulting in a complete clinical response. A patient
with Lynch syndrome, who was likely stage IV at the time of

first diagnosis, was treated with seven cycles of FOLFOX with
concurrent pembrolizumab and also achieved a pCR [19]. The
discussion in the multidisciplinary molecular tumor board was
guided by the exceptional high pCR rate in the NICHE trial [11]
and the above mentioned five patients with MSI-H/dMMR
rectal cancer [19, 20]. We therefore suggested a neoadjuvant
treatment according to the NICHE trial.

PATIENT UPDATE

After informed consent and written off-label approval of
the health care provider, the patient was treated
according to the NICHE trial with ipilimumab (1 mg/kg IV
day 1) and nivolumab (3 mg/kg IV day 1 and 15) [9]. No
significant adverse events were observed, and at day
21 after the start of treatment, endoscopy (Fig. 1C) with
extensive biopsies and MRI (Fig. 1D) demonstrated a com-
plete clinical response with minimal residual thickening of
the rectal wall and small perirectal lymph nodes. The
patient underwent robotic-assisted total mesorectal exci-
sion at day 30. Intraoperatively, the tissue did not show
any of the typical changes after neoadjuvant
chemoradiation and the operating conditions were very
good. Histopathologically, a complete response was con-
firmed and the final tumor stage was pyT0 pyN0 (0/16).
He was discharged 7 days later without any sexual or uro-
genital dysfunction. Postoperative wound healing was
unremarkable and no acute toxicity related to the neo-
adjuvant ICI treatment was reported.

The presented patient indicates that short-course ICI
treatment is highly effective and might carry a much lower
harm of postoperative dysfunctions than standard TNT.
Furthermore, in the presented patients as well as the other
ICI-treated patients with published data [19, 20], there is a
striking concordance between clinical and pathological com-
plete response. This challenges the need for rectal surgery
for selected patients with locally advanced MSI-H/dMMR
rectal cancer achieving a complete clinical response after
ICI treatment, particularly for those patients with lower rec-
tal cancer and sphincter involvement. Nevertheless, further
evidence by clinical trials is needed to first establish neo-
adjuvant treatment with ICIs in patients with locally
advanced MSI-H/dMMR rectal cancer and thereafter to
evaluate organ-preservation strategies. Currently, a National
Cancer Institute sponsored phase II study is assessing pCR
as primary endpoint in such patients following treatment with
neoadjuvant nivolumab plus ipilimumab combined with short-
course radiation (ClinicalTrials.gov Identifier: NCT04751370).
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