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Introduction

Colorectal cancer is the third most commonly diagnosed
malignancy and second leading cause of cancer-related
mortality globally with a 5-year survival rate of <15%
among patients with metastatic disease [1]. Immune
checkpoint inhibitors (ICls) targeting co-inhibitory path-
ways such as programmed death-1/programmed death
ligand-1 (PD-1/PD-L1) and cytotoxic T lymphocyte anti-
gen-4 (CTLA-4) have shown improved outcomes in various
advanced cancers [2] and represent a novel therapeutic
strategy in colorectal cancer. ICls are effective against
mismatch repair-deficient (dMMR)/microsatellite instabil-
ity-high (MSI-H) colorectal tumours, which comprise
approximately 15% of all and 5% of metastatic colorectal
cancers [3], and show poor response against mismatch
repair-proficient (pMMR) colorectal carcinomas [4]. This
has been attributed to the increased tumour mutational
burden (TMB) of dMMR tumours resulting in the expres-
sion of greater quantities of immunogenic neoantigens by
tumour cells [5].

Pembrolizumab, a humanised anti-PD-1 monoclonal
antibody, was first approved by the United States Food
and Drug Administration (US FDA) for chemotherapy-refrac-
tory dMMR/MSI-H metastatic colorectal cancer [6-8]. Most
recently, pembrolizumab has been approved by both US
FDA [9] and European Commission [10] as first-line treat-
ment in unresectable and/or metastatic dMMR/MSI-H colo-
rectal cancer. This is based on KEYNOTE-177, a phase 3
randomised clinical trial which evaluated treatment-naive,
dMMR/MSI-H metastatic colorectal cancer patients and
found an objective response rate of 43.8%, increased pro-
gression-free survival, improved long-term quality of life
and fewer adverse events compared to standard of care
chemotherapy [11,12]. Thus far, in assessing treatment
response to pembrolizumab, most case reports and clinical
trials such as KEYNOTE-177 employ a clinical-radio-
logic assessment.

In addition to pembrolizumab, the US FDA has also
approved nivolumab in 2017 and the combination of nivolu-
mab and ipilimumab in 2018 for the treatment of dMMR/
MSI-H metastatic colorectal cancer that has progressed fol-
lowing treatment with fluoropyrimidine, oxaliplatin and irino-
tecan, based on results from the CheckMate 142 trial
[13-15]. In the NICHE study, 12 out of 20 patients with non-
metastatic dMMR colorectal cancer treated with the neoadju-
vant combination of nivolumab and ipilimumab showed a
complete pathologic response (pCR) in the primary tumour
resection [4]. Similar results of pCR were achieved with com-
bination nivolumab and ipilimumab in treatment-naive
locally advanced rectal cancer [16]. Nivolumab monotherapy
was also successful in achieving pCR in several other cases of
locally advanced and metastatic dMMR colorectal can-
cer [17,18].

To our knowledge, there have been no published reports
of pCR in the primary tumour site following surgical resec-
tion in patients with colorectal carcinoma treated with first-
line pembrolizumab monotherapy apart from preliminary
results presented at the European Society for Medical
Oncology Congress 2021 of a phase 2 open-label, single
centre trial of MSI-H/dMMR non-metastatic solid tumours
with localised unresectable or high risk resectable with meas-
urable disease by Ludford et al. [19]. Among the 8 of 35
patients (27 colorectal cancer and 8 non-colorectal cancer)
who underwent surgery, pCR was noted in 4. In addition,
detailed histologic descriptions of the primary tumour site
post-pembrolizumab treatment are lacking. Here, we present
a case of pCR in a 79-year-old female with locally-advanced
dMMR transverse colonic cancer treated with first-line pem-
brolizumab monotherapy, detail its histologic treatment
effect and review the existing literature.

Case presentation

A 79-year-old Chinese woman with a history of diverticu-
losis and endometrial hyperplasia without atypia was
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referred for significant weight loss of 10kg over two
months. Initial blood investigations showed microcytic
hypochromic anaemia. Colonoscopy revealed a circumfer-
ential, stenosing mass in the transverse colon and the
biopsy a dMMR (MLH-1 and PMS-2-deficient) moderately-
differentiated adenocarcinoma (Figure 1(A)). Staging CT-
scan showed a 7.4 cm transverse colon mass invading into
small bowel and multiple enlarged mesocolic lymph
nodes (Figure 1(B)) without distant metastases
(cT4N + MO, stage lll). Given the tumour’s large size and
dMMR status, the patient underwent a transverse loop
colostomy creation followed by neoadjuvant treatment
with pembrolizumab prior to surgical resection. Five
cycles of intravenous pembrolizumab (200 mg/cycle) were
administered at monthly intervals with no significant
adverse effects (Figure 1(C)). Serum carcinoembryonic
antigen (CEA) normalised from a pre-treatment level of
875ug/L to 3.78ug/L after 3 cycles of pembrolizumab
(Figure 1(D)). Interval CT-scans showed a reduction in
mesocolic nodal size and the tumour downsized to 4cm
after 2 cycles with no further reduction subsequently
(Figure 1(E,F)). A week after completion of neoadjuvant
therapy, she underwent an extended right hemicolectomy
with en-bloc small bowel resection. Macroscopically, the
proximal transverse colon (tumour site), omentum and
two small bowel segments were caked together in gelat-
inous mucin. Apart from a small amount of luminal mucin
and erosion, no tumour mass or scar was grossly evident.
The entire tumour bed, including adherent structures and
mucin was examined which revealed transmural confluent
lakes of acellular mucin extending into the omentum and
adherent small bowel wall (Figure 1(G,H)). Acellular mucin
was also found in 3 of 76 lymph nodes (Figure 1(l)). No
fibrosis, necrosis, significant inflammation or viable
tumour cells were identified (Figure 1(E) inset), consistent
with pCR. The patient recovered well post-operatively.

Discussion

ICls directed against PD-1/PDL-1 and CTLA-4 proteins are
highly effective and have become the standard of care
for patients with metastatic dMMR colorectal cancers.
Pathologic response in primary tumours following neoad-
juvant pembrolizumab treatment has been described in a
total of nine patients from three case series [18,20,21]
and two case reports [22,23] (Table 1). Of these nine
patients, seven showed pCR while two had partial patho-
logic response. Among the patients with pCR, two
patients had received prior chemotherapy [18,23], one
patient prior chemotherapy and concurrent radiotherapy
[22] and three patients had concurrent chemotherapy
with pembrolizumab treatment [20,21]. The only patient
reported in the literature to have demonstrated pCR post
neoadjuvant pembrolizumab, without prior or concurrent
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chemotherapy and/or radiotherapy did not undergo sur-
gical excision of the primary tumour for thorough histo-
logic evaluation but instead had a rectal biopsy
performed [21].

In our case, the normalisation of serum CEA post-treat-
ment correlates well with pCR. However, the discordance
between radiologic tumour size and pathologic response
illustrates the limitation of imaging in assessing treatment
response as abundant acellular mucin post-pembrolizumab
mimics residual disease radiologically. This discordance has
been observed in other reports of patients receiving neoad-
juvant pembrolizumab [18,21-23] and combination of nivolu-
mab and ipilimumab [4,18]. It poses a potential challenge in
selecting patients who may be cured without undergoing
surgery. Alternative modalities of imaging such as PET-CT or
MRI may be superior to CT when assessing neoadjuvant
treatment response [24].

Given the propensity of pembrolizumab to result in a
fibrosis-poor, mucin-rich tumour bed, the specimen
should be thoroughly fixed to preserve the integrity of
the friable mucin-rich tumour bed and adherent struc-
tures. The adherent extra-serosal gelatinous mucin, which
forms part of the tumour bed, should be left intact and
sampled thoroughly to assess for viable tumour cells. The
histologic treatment effect (pCR) of neoadjuvant pembroli-
zumab monotherapy in colorectal adenocarcinomas in the
two microscopically documented cases (including ours)
[22,23] manifests as acellular mucin, which contrasts with
the ‘immune cell-rich’ features described in non-small-cell
lung carcinoma post-anti-PD-1 immunotherapy [25].
Whether the difference in histologic treatment effect is
due to tumour site or anti-PD-1 drug used (pembrolizu-
mab versus nivolumab) requires further investigation. The
basis of most tumour regression grading (TRG) systems is
the Mandard classification [26], described in oesophageal
squamous cell carcinoma, which was modified by Dworak
for rectal cancer [27]. Both classification systems describe
treatment response based on the ratio of residual tumour
cells and extent of fibrosis. Since pembrolizumab appears
to entail a mucin-rich, fibrosis-poor treatment effect
[18,22], the Modified Ryan Scheme [28] may be most
suited for assessment of pathologic response. However,
TRG systems for colorectal cancer were derived based on
neoadjuvant chemoradiotherapy regimens and it is neces-
sary to devise novel immunotherapy-based scor-
ing systems.

In conclusion, this case report details the histologic
appearance of pCR at the resected primary tumour site of
locally-advanced dMMR colonic adenocarcinoma following
first-line pembrolizumab monotherapy. As ICls are expected
to find wider use, pathologists are likely to encounter pri-
mary colorectal resection specimens following neoadjuvant
ICl treatment with greater frequency and should be aware of
their unique gross and microscopic features.
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Figure 1. (A) Biopsy of the treatment-naive transverse colon adenocarcinoma [HE x200], which was deficient in MLH1 and PMS2 by immunohistochemistry (inset,
MLH1, x200). (B) Axial computed tomography (CT) images showing a 7.4 cm transverse colon tumour invading into small bowel. (C) Timeline of events from point
of diagnosis to surgical resection with administration of five cycles of neoadjuvant pembrolizumab at monthly intervals. Between the 2nd and 3rd doses, she was
hospitalised for respiratory compromise secondary to atelectasis and bronchitis which was deemed unrelated to ongoing therapy. (D) Plot of serial serum CEA lev-
els (ng/L) measured before and during neoadjuvant therapy. (E) Plot of interval tumour size (cm) measured on computed tomography (CT) imaging before and dur-
ing neoadjuvant therapy. (F) Axial CT showing downsizing of the primary tumour to 4cm after two cycles of pembrolizumab. (G) Ultra-low power view of
regressed tumour bed with adherent small bowel (colonic tumour site marked with blue arrows, small bowel marked with green arrowheads, omentum with *)
[HE, x0.25], showing copious amounts of acellular mucin (inset, HE x100) extending transmurally into the adherent small bowel. (H) Low magnification of the pri-
mary tumour bed showing luminal erosions and underlying transmural mucin [HE, x1]. (I) Acellular mucin within a lymph node [HE x40]. The post-pembrolizumab
histology corresponded to AJCC 8th edition pathologic stage ypTONOMORO, tumour regression grade (TRG) 0/3.
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