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BACKGROUND: Colorectal cancer (CRC) is a common malignancy, with mismatch repair deficient (dMMR) CRC comprising
approximately 15% of non-metastatic cases. dMMR tumors generate neoantigens making them highly responsive to immune
checkpoint inhibitors, this became the first-line treatment for metastatic dMMR CRC. Aim of this study is to evaluate the efficacy of
single-agent Pembrolizumab for patients with locally advanced unresectable dMMR intestinal cancers.

METHODS: We retrospectively reviewed patients with locally advanced unresectable dMMR/MSI-H CRC or small intestinal
adenocarcinoma (SIA) who received PD-1 inhibitors between January 2022 and December 2023 at 1 University Medical Center and
3 regional hospitals and analyzed the treatment efficacy and survival outcomes.

RESULTS: Response rate was 78% after at least one cycle of Pembrolizumab with conversion to resection in nearly 40%. Patients
who underwent primary tumor resection had a two-year overall survival (OS) of 100%, whereas those without resection had
significantly lower OS (42%), progression-free survival (PFS; 36%), and cancer-specific survival (CSS; 71%) at two years. In total, 22%

of the patients discontinued the treatment due to toxicity.

DISCUSSION: Although the observed response rates of Pembrolizumab are high, there is still room for improvement. Dual immune
checkpoint inhibitors might be needed for these patients to improve outcomes.
CLINICAL TRIAL REGISTRATION: A selection of patients included in this study were part of the ATAPEMBRO study, a single-centre,

open label, phase 1-2 study (NCT04014530).
BJC Reports; https://doi.org/10.1038/544276-025-00171-0

BACKGROUND

Colorectal cancer (CRQC) is one of the most common malignancies
worldwide, and accounts for 9.6% of all cancer diagnoses [1].
Microsatellite instable (MSI) or mismatch repair deficient (dIMMR)
colorectal cancer accounts for nearly 15% of all non-metastatic
CRCs and even up to 30% in small intestinal carcinoma (SIA). It is
characterized by a defect in DNA mismatch repair proteins
subsequently resulting in microsatellite instability-high (MSI-H)
phenotype, leading to the accumulation of mutations and the
generation of neoantigens. These neoantigens stimulate the anti-
tumor immune response and make these tumors highly sensitive
for immune checkpoint inhibition [2-5].

Immunotherapy has profoundly changed the treatment land-
scape for this patient group, that historically responds poorly to
standard chemotherapy schedules. As shown in the Keynote 177
trial, treatment of dMMR CRC with checkpoint inhibitors resulted
in high response rates with long duration of response. Based on
the survival benefit with an acceptable toxicity profile,

Pembrolizumab is now considered standard first line systemic
treatment in patients with metastatic dMMR CRC. Currently,
multiple ongoing studies are examining the effect of different
treatment protocols for patients with microsatellite instability-high
or mismatch repair-deficient metastatic CRC.

The COMMIT trial (NCT02997228) studied the benefit of the
addition of chemotherapy or CTLA-4 blockade to PD-1 or PD-L1
inhibitors [6], whereas K-1308A-008 (NCT04895722) [7] and the
recently published CheckMate 142 and CheckMate 8HW studied
the effect of immune-checkpoint inhibitor-based combination
immunotherapy in patients with metastatic dMMR CRC [8, 9].

In patients with localized dMMR CRC neo-adjuvant immu-
notherapy is potentially even more effective. The NICHE, NICHE 2
and NICHE 3 studies showed high rates of complete pathological
responses after short treatment with dual checkpoint inhibitors
with an acceptable safety profile, showing that this treatment
strategy has promising results for this patient population [10-12].
However, unresectable and high-risk resectable dMMR CRCs were

'Department of Medical Oncology, Amsterdam UMC, University of Amsterdam, Amsterdam, Netherlands. 2Department of Urology, Amsterdam UMC, University of Amsterdam,
Amsterdam, Netherlands. 3Cancer Center Amsterdam, Amsterdam, Netherlands. “Department of Internal Medicine, Meander Medical Center, Amersfoort, Netherlands.
Department of Medical Oncology, Haaglanden Medical Center, The Hague, Netherlands. ®Department of Medical Oncology, Catharina Hospital, Eindhoven, Netherlands.
"Department Gastrointestial Surgery, Amsterdam UMC, University of Amsterdam, Amsterdam, Netherlands. ®These authors contributed equally: O. J. A. Figaroa, I. T.

Spaanderman. ®email: oj.figaroa@amsterdamumc.nl

Received: 17 December 2024 Revised: 5 June 2025 Accepted: 27 July 2025

Published online: 22 September 2025


http://crossmark.crossref.org/dialog/?doi=10.1038/s44276-025-00171-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s44276-025-00171-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s44276-025-00171-0&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s44276-025-00171-0&domain=pdf
https://doi.org/10.1038/s44276-025-00171-0
mailto:o.j.figaroa@amsterdamumc.nl

O.J.A. Figaroa et al.

not part of the NICHE trials. Neoadjuvant chemotherapy is hardly
effective in dMMR CRC, as shown in the phase 3 FOXTROT trial in
colon cancer and the trial published by Cercek et al. in rectal
cancer [13, 14]. Defining the optimal induction regime for patients
with locally advanced unresectable dMMR intestinal cancer is an
unmet clinical need.

Here, we describe a multi-center case series of patients with locally
advanced, unresectable dMMR colorectal and small intestinal cancers
(SIAs) that received Pembrolizumab, either as monotherapy or
together with Ataluren as part of a clinical trial (NCT04014530), to
explore the benefit of Pembrolizumab in these cancers.

METHODS

Patients and treatment

We retrospectively reviewed all patients with dMMR/MSI-H CRC who received
PD-1 inhibitors between January 2022 and December 2023 at Amsterdam
UMC, Meander MC, Catharina MC and Haaglanden MC. Patients were eligible
for inclusion if they were at least 18 years of age, known with
histopathological confirmed dMMR/MSI-H CRC or SIA in which the primary
tumor was deemed unresectable or high risk resectable, without distant
metastases and who received at least one dose of Pembrolizumab. High-risk
resectable tumors were defined as tumors with T4 tumors with invasion
through the visceral peritoneum and/or directly invading adjacent organs or
structures and/or presence of extensive lymphnode metastases needing
induction treatment in order to reduce the complication risk of an intentional
operation, as discussed in a multidisciplinary team meeting. The status of
dMMR/MSI-H was determined by immunohistochemical analysis for MLH1,
PMS2, MSH2, and MSH6 proteins, and deficiency was specified as the absence
of staining of one or more proteins. If immunohistochemical analysis was not
available, the status of dAMMR/MSI-H was determined by PCR as per the clinical
routine of the participating centers. The decisions to treat patients with PD-1
inhibitors instead of surgery were made by the primary surgeons of the
participating centers, with the most common reason being to avoid a
multivisceral resection. Patients who were included in the ATAPEMBRO study,
a single-centre, open label, phase 1-2 study, were treated with Pembrolizu-
mab 200mg in 3 weekly cycles in combination with Ataluren, an orally
administered drug that facilitates read-through-translation, continuously three
times a day. Other patients received Pembrolizumab 200 mg in a three week
cycle for three times followed by cycles every 6 weeks with a treatment
evaluation every 3 months.

All patients signed the informed consent form, either through the
ATAPEMBRO trial (NCT04014530) or under the approval of the institutional
review board (IRB) of the Amsterdam UMC (IRB00013752).

This study was performed in accordance with the Declaration of Helsinki
and approved to waive informed patient consent by the Medical Research
Ethics Committee (MREC) of Amsterdam UMC due to the observational and
noninterventional study. Therefore, the Medical Research Involving Human
Subjects Act (WMO) did not apply to this study.

Data collection and statistic analysis
Demographic and clinicopathological data of patients were collected from the
electronic patient files, including tumor staging, tumor location, MMR/MSI
status, RAS/BRAF mutation status, serum CEA levels at baseline, tumor
radiological response, pathological response, progression free survival (PFS)
and overall survival (OS). Treatment characteristics were collected, including
the number of cycles, treatment interruption and whether or not the tumor
was resected. When resected, the pathological tumor response was recorded.
Follow-up data were collected until June 2024, or until patient was lost to
follow-up. Details on treatment toxicity were collected and classified using the
Common Terminology Criteria for Adverse Events (CTCAE) score [15].
Descriptive statistics were used to analyze the demographic and
clinicopathological data, using IBM SPSS statistics (version 28). A Kaplan-
Meier plot was used to analyze the PFS and OS at 1 and 2 years. A
swimmers-plot was made to graphicly illustrate the treatment response of
all patients, using R studio (version 4.2.1).

RESULTS

Patient characteristics

In total, 14 patients with locally advanced unresectable dMMR CRC
and 4 patients with SIA (three duodenal and one jejunal) were

identified. Of those patients, 10 received Pembrolizumab and
ataluren combination therapy. Baseline characteristics are
reported in Table 1. The included patients had a median age of
67 years and were predominantly female (61%). One of the
patients was diagnosed with Lynch Syndrome. Two patients
received systemic treatment consisting of CAPOX prior to
treatment with Pembrolizumab. The median follow-up period
was 14 months (IQR 5-34). All individual characteristics can be
found in Table 1.

Treatment and outcome

All 18 patients received at least one cycle of Pembrolizumab, with a
mean of 9 cycles (range 2-34) and a median duration of 8.5 months
(IQR 4-14). In total, ten patients received Pembrolizumab and
ataluren combination therapy. The radiological response was
available in 16 patients, one patient died before radiological response
was measured. In total, 4 patients (22%) showed complete
radiological response, 9 patients (50%) showed partial response,
one patient (5.6%) showed stable disease and progressive diseases
was observed in two (11%) of the patients (Fig. 1). Eight patients
(44%) received a tumor resection after a mean of 10 cycles (range
6-36). A complete pathological response (pCR; ypTONO) was found in
5 patients (63%), one patient (13%) had a complete pathological
response of the primary tumor but had one tumor deposit
(ypTON1c), and two patients (25%) had a major pathological
response (defined as < 10% residual tumor cells) and were classified
as ypT3NO and ypT4NO respectively. In total, five of the 17 patients
(29%) with clinical benefit (response or stable disease) showed
disease progression after a median of 14.5 months, of which three
during treatment with Pembrolizumab and one after the resection.
Three of these patients received additional treatment after progres-
sion. One patient was treated with radiotherapy on the primary
tumor, one patient restarted nivolumab after progressive disease
after Pembrolizumab with again a radiological response and one
patient started chemotherapy consisting of FOLFOXIRI-B with also
again a radiological response. The PFS of patients who underwent a
resection was 100% at one year and 80% at two years. PFS in
patients who did not undergo a primary tumor resection was 67%
and 36% at one and two years, respectively. The overall survival (OS)
in patients who underwent a resection was 100% at two years. The
OS in patients who did not undergo a resection was 80% and 42% at
one and two years, respectively. The cancer specific survival (CSS) in
patients who did not undergo resection was 89% and 71% at one
and two years, respectively (Fig. 2).

Treatment toxicity
Immune-related adverse events of any grade were observed in six
patients (33%). Four (22%) patients experienced toxicity and had
to discontinue treatment early (after a maximum of 5 cycli). All
four patients experienced hepatoxicity (100%) of which three
experienced CTCAE grade 3 toxicity and one grade 4, two
dermatitis (50%) both grade 2, two nephritis (50%) of which one
grade 3 and one grade 4, and one encephalitis and myocarditis
(25%) grade 4. All grade 4 toxicities were present in the same
patient after two cycles of Pembrolizumab. This patient eventually
experienced myasthenia gravis (grade 5). Despite treatment with
prednisone, CellCept and Intravenous immunoglobulin (IVIG) the
patient died after 10 days as a results of Pembrolizumab toxicity.
In total, ten patients received ataluren during treatment in the
context of the ATAPMEBRO study. Of those ten patients, six
patients (60%) observed Ataluren related adverse events. Four
observed diarrhea (three CTCAE grade 2 and one grade 3) and
three patients observed nausea (CTCAE grade 2).

DISCUSSION
Immunotherapy plays a crucial role in treatment of patients with
dMMR/MSI-high metastatic CRC, with first line Pembrolizumab as
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Fig. 1 Overview of treatment response. CR Complete response, MR Missing Response data, PD Progressive Disease, PR Partial Response,
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standard of care in metastatic disease [16]. Additionally very high
response rates were shown with a short course of dual therapy
with checkpoint inhibition in localized disease [10-12].

In this case series, we also showed high response rates of 78%
after at least one cycle of Pembrolizumab in locally advanced
unresectable dMMR intestinal cancers (SIAs and CRC), with
conversion to resection in nearly 40% of the patients. However,
also non-responders (11%) were observed and disease progres-
sion occurred in two patients during a median follow-up period of
14 months. Similar to the study by Morton et al, which
investigated a neoadjuvant chemotherapy strategy in resectable
locally advanced colon cancers, our study highlights the
importance of systemic therapy in locally advanced tumors, with
the potential of immunotherapy [13]. Pathological complete
response (pCR) rates observed in immunotherapy studies in
locally advanced dMMR CRC, such as the PICC trial including 34
patients with clinical T3 or T4 disease and randomized between
neo-adjuvant toripalimab (anti-PD1) with or without celecoxib for
a duration of 6 months [17], are higher than those reported in the
study by Morton et al. with chemotherapy, the differences in
treatment modality and tumor characteristics (resectable versus
unresectable) underscore the potential complementary role of
immunotherapy in this specific subgroup of patients with locally
advanced dMMR intestinal cancer [17].

Our data are in line with two previous reports on immunother-
apy in this setting. A phase Il single-center trial on Pembrolizumab
in localized unresectable or high-risk resectable dMMR gastro-
intestinal cancers (27 out of 35 were CRC patients) found an ORR
of 82% and a pCR rate of 65% after 6 months of treatment [18]. In
a retrospective analysis of 73 patients with locally advanced
disease, including T4a (26.0%) and T4b (39.7%) tumors, a
radiological ORR of 84.9% and a pCR rate of 57.1% was seen
after treatment with various PD-1 inhibitors. However, 21.5% of

these patients also received other treatment modalities, such as
radiotherapy, chemotherapy and targeted agents [19].

A phase Il single-center study on 12 patients with stage II/Ill
dMMR rectal cancer treated with dostarlimab reported a 100%
complete radiological response after 6 months treatment, allow-
ing for a watch-and-wait strategy [20]. Additionally, results with
the outcomes of studies consisting of locally advanced tumors in
the Niche trials, show similar high response rates [10-12].

Although the response rates observed in our study in patients
with locally advanced dMMR intestinal cancers are encouraging,
they do not reach the high response levels reported in studies
involving resectable cases [10]. This discrepancy gives rise to a
number of questions regarding the optimal management of
locally advanced unresectable dMMR intestinal cancers. One
potential explanation for the observed discrepancy in response
rates is the level of resistance to immunotherapywhich seems
higher in advanced cancer stages. as known from patients with
liver metastases effectiveness of immunotherapy can be reduced
due to macrophage-mediated, intratumoral T-cell elimination
[21-23]. Furthermore, preclinical research suggests that liver
metastases may impede the efficacy of immunotherapy by
redirecting activated CD8 + T-cells away from the systemic
circulation. Resistance to immune checkpoint inhibitors (ICls) has
been observed in patients with liver metastases across various
cancer types, such as melanoma, kidney and urothelial carcino-
mas, and non-small cell lung cancer [21]. While these findings
have not yet been investigated in patients with locally advanced
disease, they may offer insights into the lower efficacy of immune
therapy in locally advanced cancers compared to earlier stages.
Further research is needed to investigate whether T-cell elimina-
tion is driving these variations in therapeutic outcomes or
other, yet unknown, mechanisms are underlying these lower
responses.

BJC Reports
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Fig. 2 Survival outcomes for patients with or without resection after treatment with Pembrolizumab. A Progression Free Survival (PFS);

B Overall Survival (OS); € Cancer Specific Survival (CSS).

Nevertheless, this study calls for a reassessment of the current
treatment protocols in locally advanced intestinal cancer. In
particular, there is a need to investigate whether dual checkpoint
inhibition might result in superior response rates, thereby
increasing the likelihood of achieving response and thereby
resectability. Previous studies have indicated that combining
checkpoint inhibitors can enhance anti-tumour immune
responses, and this approach merits further investigation in the
context of locally advanced unresectable disease, recognizing the
possibility of elevated toxicity.

An additional factor to be taken into account is the treatment
duration. In resectable CRC short course neoadjuvant dual
immunotherapy was highly effective [10-12]. In contrast, patients
with locally advanced unresectable disease may require longer
treatment durations to achieve comparable pathological response.
However, while prolonging the duration of therapy could
potentially enhance the primary response to immunotherapy, it
concomitantly elevates the probability of treatment-related
toxicities. In our study, 22% of patients discontinued Pembrolizu-
mab due to severe adverse events, including hepatotoxicity,
dermatitis, nephritis, encephalitis, and myocarditis. One patient
ultimately deceased due to treatment-related toxicity. None-
theless, these patients experienced toxicity in an early stage of the
treatment, after a maximum of 5 cycles, and the grade 5 toxicity
was observed after only two cylces of pembrolizumab.In the
Keynote 177 study, a study analysing patients with advanced CRC
receiving Pembrolizumab for a median period of 11.1 months, a

BJC Reports

lower rate percentage of patients discontinued the study
treatment (14%) [16]. The difference in outcomes could be due
to the retrospective nature of the study, the small sample size, the
mix of patients with CRC and SIAs, or could be an effect of the
addition of ataluren in x% of the cases. Either way, these findings
underscore the necessity for a delicate balance between
maximizing therapeutic efficacy and minimizing adverse effects,
emphasizing the need for personalized treatment strategies that
account for individual patient tolerability and risk profiles.

The principal strength of our study is the provision of real-world
evidence to support the use of Pembrolizumab in a specific and
challenging subset of patients with locally advanced dMMR CRC or
SIA. The multicentre nature of the study enhances the generalisa-
bility of the findings, as the data were collected from a variety of
institutions. Moreover, the comprehensive collection and analysis of
clinicopathological data provide valuable insights into patient
outcomes. Despite the study’s limited sample size, its findings align
with existing literature, underscoring its potential to contribute
valuable insights to the field of treatment with checkpoint
inhibitor.Pembrolizumab in treatment of dMMR SIA and CRC

Nevertheless, it is important to acknowledge the limitations of
our study. The retrospective design of the study restricts the ability
to establish causality and introduces the potential for selection
bias. Furthermore, some patients received Ataluren in combina-
tion with Pembrolizumab as part of a clinical trial, which may
introduce difficulties in the interpretation of Pembrolizumab's
efficacy and safety profile as monotherapy. The relatively modest
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sample size further constrains the statistical power of our analyses
and the robustness of our conclusions. It is recommended that
future prospective studies with larger cohorts will be conducted in
order to validate the findings of this study and to refine treatment
protocols. Currently, the role of Pembrolizumab is further
investigated in primary resectable (NCT05197322) [24] and
unresectable non-metastatic disease (NCT05131919).

Despite the study limitations it remains highly important to
report these outcomes to evaluate the role of immune checkpoint
inhibitors for locally advanced dMMR intestinal cancers, as it is still
not generally accessible for this indication.

CONCLUSION

Our study supports the use of single-agent Pembrolizumab as an
effective induction therapy for patients with locally advanced
unresectable dMMR intestinal cancers, offering a viable alternative
to traditional chemotherapy. Although the observed response
rates are high and better than generally observed with
chemotherapy, there is still room for improvement. It is essential
to weigh the potential risks of increased toxicity with increase
efficiency, especially when considering dual therapy.

DATA AVAILABILITY
The datasets generated during and/or analysed during the current study are available
from the corresponding author on reasonable request.
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