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Key Messages
•	 Some adult patients with microsatellite instability-high (MSI-H)/mismatch repair deficient 

(dMMR) small bowel adenocarcinoma might benefit from pembrolizumab in controlling 
the disease (i.e., some patients achieved a partial or complete response after treatment). 
These findings are based on 2 single-arm studies (i.e., no comparator) with fewer than 20 
patients in each study, which limits the certainty of the findings. The longer-term benefit 
of pembrolizumab is unclear, as some outcomes (e.g., progression-free survival, overall 
survival) were not reached at the time of data analysis.

•	 The safety of pembrolizumab in patients with MSI-H/dMMR small bowel adenocarcinoma 
is unknown (no evidence was found for this population).

•	 No evidence was identified regarding the clinical effectiveness of pembrolizumab 
monotherapy for patients with MSI-H/dMMR appendiceal adenocarcinoma.

•	 No evidence was identified regarding the cost-effectiveness of pembrolizumab 
monotherapy for patients with MSI-H/dMMR small bowel adenocarcinoma or appendiceal 
adenocarcinoma.

•	 No evidence-based guidelines were identified regarding pembrolizumab monotherapy for 
patients with MSI-H/dMMR appendiceal adenocarcinoma.

•	 One guideline was identified that recommends pembrolizumab as an option for initial or 
subsequent therapy in patients with advanced or metastatic MSI-H/dMMR small bowel 
adenocarcinoma.

Context and Policy Issues
Mismatch repair is an essential DNA repair mechanism that corrects errors that occur during 
DNA replication.1,2 Deficiency in mismatch repair can lead to increased mutations in the 
microsatellite regions of DNA, resulting in a phenotype termed microsatellite instability.3,4 
The microsatellite instability-high (MSI-H)/mismatch repair deficient (dMMR) phenotype is 
seen in a variety of cancer types including small intestine and colorectal cancer.2 The MSI-H/
dMMR phenotype can occur sporadically or result from Lynch syndrome, which is caused by 
a germline mutation (a mutation that occurs in the reproductive cells [eggs or sperm]) in 1 of 
the DNA mismatch repair genes.2 MSI-H/dMMR tumours are more likely to be susceptible to 
immunotherapy.5

In 2016, 850 people were diagnosed with small bowel cancer in Canada6 and approximately 
40% of small bowel cancers are adenocarcinomas.7 The frequency of the MSI-H/dMMR 
phenotype in small bowel adenocarcinoma has been estimated to range from 5% to 
35%.7 The 5-year overall survival for small bowel adenocarcinoma ranges from 14% to 
33%.7 Appendiceal cancer has an estimated incidence of 1 to 2 per million, per year,8 and 
approximately 60% of appendiceal cancers are adenocarcinomas.9 The prevalence of the 
MSI-H/dMMR phenotype in appendiceal carcinomas is estimated to be 2.8%.10 The 5-year 
survival for appendiceal carcinoma ranges from 20% to 60%.10

Current standard of care for the treatment of small bowel adenocarcinoma is chemotherapy 
with fluorouracil-leucovorin-oxaliplatin (known as FOLFOX) or capecitabine-oxaliplatin (known 
as CAPOX).5 Anti-epidermal growth factor receptor therapy (e.g., cetuximab, panitumumab) 
and anti-vascular endothelial growth factor receptor therapy (e.g., bevacizumab) have been 
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studied in small bowel adenocarcinoma. However, their place in therapy is uncertain.5 Current 
treatment options for appendiceal adenocarcinoma include surgery (e.g., appendectomy) and 
chemotherapy.11

Checkpoint inhibitors are immunotherapy drugs that reverse the immunosuppressive 
mechanisms elicited by tumour cells.2 Pembrolizumab, a humanized immunoglobulin G4 
monoclonal antibody, is a checkpoint inhibitor that targets programmed cell death-1 receptor 
and has significant activity in MSI-H/dMMR tumours.2 Pembrolizumab has been studied in 
multiple types of cancer including MSI-H/dMMR colorectal cancer.4,12 Most of the adverse 
events associated with the use of pembrolizumab are thought to be immune-related and 
can occur in any organ.13 Severe adverse events (Grade 3 to 4) occur in up to 5% of patients 
treated with pembrolizumab.13 Pembrolizumab may have a role in treating a variety of MSI-H/
dMMR cancers including small bowel adenocarcinoma and appendiceal adenocarcinoma.

The CADTH pan-Canadian Expert Review Committee (pERC) issued a final reimbursement 
recommendation for pembrolizumab as monotherapy for MSI-H/dMMR colorectal cancer 
if certain conditions are met.14 A Health Canada Notice of Compliance does not yet exist 
for pembrolizumab as monotherapy for MSI-H/dMMR small bowel adenocarcinoma and 
appendiceal adenocarcinoma. Furthermore, CADTH has not assessed any drugs through 
the reimbursement review process for small bowel adenocarcinoma and appendiceal 
adenocarcinoma.

The aim of this report is to summarize the evidence regarding the clinical effectiveness 
and cost-effectiveness, and evidence-based guidelines, of pembrolizumab monotherapy in 
patients with MSI-H/dMMR small bowel adenocarcinoma or appendiceal adenocarcinoma.

Research Questions
1.	What is the clinical effectiveness of pembrolizumab monotherapy in patients with 

microsatellite instability-high or mismatch repair deficient (MSI-H/dMMR) small bowel 
adenocarcinoma or appendiceal adenocarcinoma?

2.	What is the cost-effectiveness of pembrolizumab monotherapy in patients with MSI-H/
dMMR small bowel adenocarcinoma or appendiceal adenocarcinoma?

3.	What are the evidence-based guidelines regarding the use of pembrolizumab 
for the treatment of MSI-H/dMMR small bowel adenocarcinoma or appendiceal 
adenocarcinoma?

Methods

Literature Search Methods
A limited literature search was conducted by an information specialist on key resources 
including MEDLINE, Embase, the Cochrane Database of Systematic Reviews, the international 
HTA database, the websites of Canadian and major international health technology agencies, 
as well as a focused internet search. The search strategy comprised both controlled 
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vocabulary, such as the National Library of Medicine’s MeSH (Medical Subject Headings), and 
keywords. The main search concepts were pembrolizumab and small bowel or appendiceal 
cancer. No filters were applied to limit the retrieval by study type. Where possible, retrieval was 
limited to the human population. The search was also limited to English-language documents 
published between January 1, 2016 and August 23, 2021.

Selection Criteria and Methods
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
inclusion. The final selection of full-text articles was based on the inclusion criteria presented 
in Table 1.

Exclusion Criteria
Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were 
duplicate publications, or they were published before 2016. Systematic reviews in which 
all relevant studies were captured in other more recent or more comprehensive systematic 
reviews were excluded. Primary studies retrieved by the search were excluded if they were 
captured in 1 or more included systematic reviews. Guidelines with unclear methodology 
were also excluded.

Critical Appraisal of Individual Studies
The included publications were critically appraised by 1 reviewer using the following tools as a 
guide: A MeaSurement Tool to Assess Systematic Reviews 2 (or AMSTAR 2)15 for systematic 
reviews, the Downs and Black checklist16 for non-randomized studies, and the Appraisal of 
Guidelines for Research and Evaluation (or AGREE) II instrument17 for guidelines. Summary 
scores were not calculated for the included studies; rather, the strengths and limitations of 
each included publication were described narratively.

Table 1: Selection Criteria

Criteria Description

Population Adult patients with MSI-H/dMMR small bowel adenocarcinoma or appendiceal adenocarcinoma

Intervention Q1 to Q3: Pembrolizumab monotherapy

Comparator Q1 and Q2: Chemotherapy, chemotherapy with or without bevacizumab, panitumumab OR cetuximab, 
no treatment, no comparator

Q3: Not applicable

Outcomes Q1: Clinical effectiveness (progression-free survival, overall survival, response rate, duration of 
response, quality of life, safety [i.e., adverse events of ≥ Grade 3 and Grade 4, deaths])

Q2: Cost-effectiveness (e.g., cost per quality-adjusted life-years gained, incremental cost-effectiveness 
ratios)

Q3: Recommendations regarding the use of pembrolizumab for MSI-H/dMMR small bowel 
adenocarcinoma or appendiceal adenocarcinoma

Study designs Health technology assessments, systematic reviews, randomized controlled trials, non-randomized 
studies, guidelines, economic evaluations

dMMR = mismatch repair deficient; MSI-H = microsatellite instability-high; Q = question.
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Summary of Evidence

Quantity of Research Available
A total of 152 citations were identified in the literature search. Following the screening of 
titles and abstracts, 137 citations were excluded and 15 potentially relevant reports from 
the electronic search were retrieved for full-text review. Two potentially relevant publications 
were retrieved from the grey literature search for full-text review. Of these potentially relevant 
articles, 13 publications were excluded for various reasons and 4 publications met the 
inclusion criteria and were included in this report. These comprised 1 systematic review, 2 
non-randomized studies, and 1 evidence-based guideline. Appendix 1 presents the PRISMA18 
flow chart of the study selection.

All included publications were specific to MSI-H/dMMR small bowel adenocarcinoma. No 
publications related to patients with MSI-H/dMMR appendiceal adenocarcinoma were 
identified. No economic evaluations that assessed the cost-effectiveness of pembrolizumab 
monotherapy in patients with MSI-H/dMMR small bowel adenocarcinoma or appendiceal 
adenocarcinoma were identified.

Additional references of potential interest are provided in Appendix 5.

Summary of Study Characteristics
The included systematic review19 had broader inclusion criteria than the present report. 
Specifically, studies of any checkpoint-based immunotherapy in patients with any Lynch 
syndrome–associated cancer were eligible. The systematic review did not include any 
primary studies relevant to the present report (i.e., studies in patients with MSI-H/dMMR small 
bowel adenocarcinoma or appendiceal adenocarcinoma).

The 2 included non-randomized studies also had broader inclusion criteria than the present 
report. The Pedersen et al. (2021)20 study included patients with small bowel adenocarcinoma 
and the Marabelle et al. (2020)21 study included patients with non-colorectal solid tumours. 
Only the characteristics and results specific to patients with MSI-H/dMMR small bowel 
adenocarcinoma will be discussed in this report.

One evidence-based guideline that included recommendations around the use of 
pembrolizumab in patients with MSI-H/dMMR small bowel adenocarcinoma was included in 
this report.22

Additional details regarding the characteristics of included publications are provided 
in Appendix 2.

Study Design
Therkildsen et al. (2021)19 conducted their search on November 3, 2020. Restrictions based 
on date of publication were not specified. In total, 31 studies were included in the systematic 
review; however, none of them were relevant to the current report.

Two phase II, open label, single-arm, prospective cohort studies that evaluated 
pembrolizumab in patients with MSI-H/dMMR small bowel adenocarcinoma were 
identified.20,21,23,24
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One guideline was identified that was developed by the National Comprehensive Cancer 
Network (NCCN) and published in 2021.22 A search of the PubMed database was performed 
to identify relevant non-randomized studies, randomized controlled trials, systematic reviews, 
guidelines, and validation studies. A multidisciplinary panel reviewed and discussed the 
evidence and developed the recommendations by voting. The recommendations were 
assigned categories based on both the level of clinical evidence and the degree of consensus 
within the guidelines panel. The categories ranged from 1 (highest) to 3 (lowest).

Country of Origin
The systematic review was authored by a researcher in Denmark.19

The single-arm study by Pedersen et al. (2021)20 was authored by a researcher in the US and 
the study sites were in the US. The single-arm study by Marabelle et al. (2020)21 was authored 
by a researcher in France.

The NCCN guideline22 was conducted by authors in the US.

Patient Population
Therkildsen et al. (2021)19 included patients with any Lynch syndrome‒associated cancer. 
None of the included primary studies included patients with MSI-H/dMMR small bowel 
adenocarcinoma or appendiceal adenocarcinoma.

Pedersen et al. (2021)20 included 4 adults with MSI-H/dMMR small bowel adenocarcinoma 
with 1 or more prior line of systemic chemotherapy for unresectable or metastatic disease. 
The study by Marabelle et al. (2020)21 included 19 adults with advanced unresectable and/or 
metastatic-incurable MSI-H/dMMR small bowel adenocarcinoma with disease progression on 
or intolerance to prior standard therapy.

The intended users of the NCCN guideline22 include all individuals who impact decision-
making in cancer care including physicians, nurses, pharmacists, payers, and patients 
and their families. The target population for the guideline is patients with small bowel 
adenocarcinoma.

Interventions and Comparators
The eligible interventions in Therkildsen et al. (2021)19 were checkpoint-based 
immunotherapies including pembrolizumab and others.

The intervention in both single-arm studies was IV pembrolizumab 200 mg administered once 
every 3 weeks for 35 cycles or until treatment intolerance or disease progression.20,21 Both 
single-arm studies were single-arm trials and did not include a control group.

The NCCN guideline22 considered interventions and practices that address diagnosis, 
pathologic staging, surgical management, perioperative treatment, patient surveillance, 
management of recurrent and metastatic disease, and survivorship.

Outcomes
The outcomes included in the systematic review by Therkildsen et al. (2021)19 were objective 
response rate, progression-free survival, and overall survival.
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The primary and secondary outcomes in both single-arm studies applied to the whole study 
population,20,23 which was broader than the subset of the population relevant to this report. 
The primary outcome in Pedersen et al. (2021)20,23 was overall response rate. However, in the 
population relevant to this report, the overall response rate was not calculated; rather, the 
number of patients who achieved a complete response or a partial response to treatment 
was reported. The secondary outcomes were progression-free survival, overall survival, and 
adverse events.23 Adverse events were not reported separately for the population relevant 
to this report. Pedersen et al. (2021)20,23 also reported on duration of response; however, this 
outcome does not appear to have been pre-specified. The primary outcome in Marabelle et al. 
(2020)21,24 was objective response rate. The secondary outcomes were duration of response, 
progression-free survival, and overall survival.24

Both single-arm studies assessed objective (or overall) response rate as per the Response 
Evaluation Criteria in Solid Tumors (or RECIST) version 1.1 criteria.20,21 In Marabelle et al. 
(2020),21 the objective response rate was defined as the proportion of patients with a 
confirmed complete or partial response by an independent central radiographic review. In 
Pedersen et al. (2021),20,23 the overall response rate was defined as the percent of patients 
whose best response was complete response or partial response. In Pedersen et al. (2021),20 
the scanning interval was every 12 weeks; and in Marabelle et al. (2020),21 the scanning 
interval was every 9 weeks in year 1 and every 12 weeks thereafter. In Pedersen et al. (2021),20 
the overall response rate was confirmed by a second scan at least 4 weeks after the initial 
scan showing a response. Both studies assessed progression-free survival and overall 
survival. Progression-free survival was defined as the time from study registration20 or first 
dose of study medication21 to the first of either progressive disease or death. Overall survival 
was defined as the time from study registration20 or first dose of study medication21 to death 
from any cause. Both studies assessed duration of response. Marabelle et al. (2020)21 defined 
duration of response as the time from first documented evidence of complete or partial 
response until the first of either disease progression or death from any cause. Pedersen et al. 
(2021)20 did not provide a definition for duration of response. Both studies also assessed 
adverse events; however, they were not reported separately for the population of interest to 
this report (i.e., patients with MSI-H/dMMR small bowel adenocarcinoma).

The NCCN guideline22 considered objective response rate, progression-free survival, and 
adverse events.

Summary of Critical Appraisal
Additional details regarding the strengths and limitations of included publications are 
provided in Appendix 3.

Systematic Review
The systematic review by Therkildsen et al. (2021)19 had a clear research objective. The 
authors did not include a statement that the review methods were established a priori. This 
has the potential to introduce bias if methods were adjusted after the review had begun. The 
authors used a comprehensive literature search strategy. The study eligibility criteria were 
clearly defined, the search was conducted in multiple databases, and the search date and 
keywords used were provided. Providing details on these elements of the search strategy 
increases its reproducibility. Study selection was performed in duplicate and discrepancies 
were resolved by involving a third reviewer. A list of excluded studies and justifications was 
not provided. Unjustified exclusion of studies could bias the results of the review. The authors 
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state that the funding sources for the included studies were reviewed to assess any conflicts 
of interest. Potential conflicts of interest of the authors were disclosed.

Non-Randomized Studies
In both studies,20,21 the objective, outcomes, patient characteristics, interventions, and 
main findings were clearly described. Both studies used a single-arm study design, where 
outcomes were examined in a single group of patients who received pembrolizumab, and 
neither study included a control group of patients who did not receive pembrolizumab. 
Therefore, these studies are both susceptible to multiple forms of bias that threaten both 
internal and external validity. Without a control group, it is unclear whether the results 
observed in these studies should be attributed to pembrolizumab alone, as there are many 
uncontrolled factors that could have impacted the results. Because both studies had single-
arm designs, blinding of patients or study personnel was not possible. The main outcome 
measures used in the studies were objective measures (e.g., survival, objective response) 
that are unlikely to be influenced by blinding. Pedersen et al. (2021)20,23 reported on duration 
of response; however, this outcome does not appear to have been prespecified. Reporting 
results from outcomes that were not prespecified suggests that a study may be at risk of 
reporting bias (selective reporting). Neither of the studies discussed potential confounders; 
however, the authors of Pedersen et al. (2021)20 state that participants were excluded if 
they had confounding comorbidities. Only 1 patient was lost to follow-up in Marabelle et al. 
(2020).21 An overview of patient disposition was not provided in Pedersen et al. (2021);20 
however, the authors state that all patients were evaluated for secondary survival end 
points. Details on the recruitment method for participants were not provided in either 
study. Therefore, it is unclear whether the study samples were representative of the source 
populations. Both studies were industry-funded and disclosed potential conflicts of interest.

Guideline
The NCCN guideline22,25 clearly described the overall objective, health questions covered 
by the guideline, the target population, and the target users. The guideline development 
group included individuals from all relevant professional groups. It is unclear whether the 
views and preferences of the target population were sought. External review of the guideline 
was not discussed. However, a patient advocate was included on the guidelines panel. 
There were some limitations to the methods used to search for evidence. Only 1 database 
(PubMed) was searched; it is unclear whether screening was done in duplicate and the full 
inclusion and exclusion criteria were not provided. The recommendations in the guideline 
were assigned categories based on the level of evidence supporting the recommendation. 
However, strengths and limitations of the body of evidence were not described. The methods 
for formulating the recommendations were clearly described. There is an explicit link 
between evidence and recommendations; however, the recommendation of pembrolizumab 
as a first-line option is not described in the discussion section. The guideline states that 
an update to the discussion section is currently in progress. External parties can make 
submissions requesting changes to NCCN guidelines and these submissions are reviewed by 
the guidelines panel. The recommendations are specific and unambiguous, and are outlined 
in treatment algorithms at the beginning of the guideline. The development of the guideline 
was solely funded by NCCN and conflict of interests of panel members were disclosed. The 
guideline procedures state that panel members are removed from deliberations and/or votes 
when there is a meaningful conflict.
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Summary of Findings
Appendix 4 presents the main study findings.

Clinical Effectiveness of Pembrolizumab
No relevant evidence regarding the clinical effectiveness of pembrolizumab monotherapy 
in patients with MSI-H/dMMR appendiceal adenocarcinoma was identified. However, a 
summary of the evidence in patients with MSI-H/dMMR small bowel adenocarcinoma 
is provided.

Response Rate: In the single-arm study by Pedersen et al. (2021),20 2 patients (50%) with 
MSI-H/dMMR small bowel adenocarcinoma achieved a confirmed partial response after 
treatment with pembrolizumab and no patients achieved a complete response. In the single-
arm study by Marabelle et al. (2020),21 the objective response rate was 42.1% in patients 
treated with pembrolizumab, with 3 of 19 patients achieving a complete response and 5 of 19 
achieving a partial response.

Duration of Response: The average duration of response in Pedersen et al. (2021)20 was 
28.5 months. The median duration of response in Marabelle et al. (2020)21 was not reached. 
However, the range for having no progressive disease by the time of last disease assessment 
was 4.3 to 31.3 months.

Progression-Free Survival: In the single-arm study by Pedersen et al. (2021),20 the median 
progression-free survival was not reached in patients with MSI-H/dMMR small bowel 
adenocarcinoma treated with pembrolizumab but the lower boundary of the 95% confidence 
interval for the estimate was 2.5 months.

In the single-arm study by Marabelle et al. (2020),21 the median progression-free survival was 
9.2 months and the upper boundary of the 95% confidence interval had not been reached at 
the time of analysis.

Overall Survival: The median overall survival was not reached in either study, but the lower 
boundary of the 95% confidence interval for the estimate of overall survival was 2.5 months in 
Pedersen et al. (2021)20 and 10.6 months in Marabelle et al. (2020).21

Cost-Effectiveness of Pembrolizumab
No relevant evidence regarding the cost-effectiveness of pembrolizumab monotherapy in 
patients with MSI-H/dMMR small bowel adenocarcinoma or appendiceal adenocarcinoma 
was identified. Therefore, no summary can be provided.

Guidelines
No evidence-based guidelines regarding the use of pembrolizumab for the treatment of 
MSI-H/dMMR appendiceal adenocarcinoma were identified. A summary of 1 evidence-based 
guideline regarding the use of pembrolizumab for the treatment of MSI-H/dMMR small bowel 
adenocarcinoma is provided.

The NCCN guideline22 recommends pembrolizumab as an option for initial or subsequent 
therapy in patients with advanced or metastatic MSI-H/dMMR small bowel adenocarcinoma 
who have not received previous treatment with a checkpoint inhibitor. The guideline also 
recommends pembrolizumab as an option for initial therapy in patients with advanced or 
metastatic MSI-H/dMMR small bowel adenocarcinoma with prior oxaliplatin exposure in 
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the adjuvant setting or contraindication who have not received previous treatment with a 
checkpoint inhibitor. Both recommendations are based on lower-level evidence and there is 
uniform NCCN consensus that the intervention is appropriate.

Limitations
This report is limited by the small number of relevant publications. No relevant evidence 
regarding pembrolizumab in patients with MSI-H/dMMR appendiceal adenocarcinoma 
was identified. Additionally, no relevant evidence regarding the cost-effectiveness of 
pembrolizumab monotherapy in patients with MSI-H/dMMR small bowel adenocarcinoma 
was identified. The included systematic review19 did not include any relevant studies and no 
studies were identified that compared the clinical effectiveness of pembrolizumab to other 
standards of care in patients with MSI-H/dMMR small bowel adenocarcinoma.

The 2 non-randomized studies included in this report were single-arm studies that included 
4 and 19 relevant patients and no control group.20,21 The results of these studies should 
be interpreted with caution. Neither of the included studies assessed quality of life.20,21 
Additionally, adverse events were not reported separately for patients with MSI-H/dMMR 
small bowel adenocarcinoma in either study.20,21

The evidence that informed the relevant recommendations in the guideline22 was also 
limited to 2 single-arm studies (1 of which is included in this report and included 4 relevant 
patients).20

One of the single-arm studies was conducted in the US20 and the other study did not specify 
the locations of the study sites.21 The NCCN guideline is meant to apply in the US. Therefore, it 
is unclear whether the results summarized in this report are generalizable to Canada.

Conclusions and Implications for Decision- or 
Policy-Making
This report comprised 1 systematic review19 that did not include any relevant studies, 2 
single-arm studies,20,21 and 1 evidence-based guideline22 on the use of pembrolizumab in 
patients with MSI-H/dMMR small bowel adenocarcinoma. No relevant evidence in patients 
with MSI-H/dMMR appendiceal adenocarcinoma was identified. Additionally, no relevant 
evidence on the cost-effectiveness of pembrolizumab in patients with MSI-H/dMMR small 
bowel adenocarcinoma or appendiceal adenocarcinoma was identified.

The findings from the 2 single-arm studies suggest that pembrolizumab may provide 
some clinical benefit in patients with MSI-H/dMMR small bowel adenocarcinoma.20,21 
Neither of the studies reported on adverse events separately for patients with MSI-H/
dMMR adenocarcinoma, so the safety in this population is unknown.20,21 In Pedersen et al. 
(2021),20 2 patients (50%) with MSI-H/dMMR small bowel adenocarcinoma achieved a 
partial response after treatment with pembrolizumab and no patients achieved a complete 
response to treatment. The average duration of response was 28.5 months.20 The median 
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progression-free survival and overall survival were not reached. However, the lower boundary 
of the 95% confidence interval was 2.5 months for both outcomes.20 In Marabelle et al. 
(2020),21 the objective response rate was 42.1% in the 19 patients with MSI-H/dMMR small 
bowel adenocarcinoma treated with pembrolizumab and 50% of the patients treated with 
pembrolizumab survived without disease progression for at least 9 months.21 The median 
overall survival was not reached; however, the lower boundary of the 95% confidence interval 
was 10.6 months.21 Both studies used a single-arm design and did not use a control group 
to compare the clinical effectiveness of pembrolizumab to other standard treatments or to 
patients who did not receive any treatment for MSI-H/dMMR small bowel adenocarcinoma, 
which limits the interpretation of the findings.

The NCCN guideline22 recommends pembrolizumab as an option for initial or subsequent 
therapy in patients with advanced or metastatic MSI-H/dMMR small bowel adenocarcinoma. 
The guideline also recommends pembrolizumab as an option for initial therapy in patients 
with advanced or metastatic MSI-H/dMMR small bowel adenocarcinoma with prior oxaliplatin 
exposure in the adjuvant setting or contraindication.22

Overall, the body of evidence was limited and gaps in the evidence, as well as methodological 
limitations of the included studies, make it difficult to draw conclusions on the clinical 
effectiveness of pembrolizumab in patients with MSI-H/dMMR small bowel adenocarcinoma. 
Specifically, the single-arm design precludes head-to-head comparisons and does not 
inform the clinical effectiveness of pembrolizumab compared to other interventions. 
Multiple outcomes in the included studies were not reached (i.e., progression-free survival, 
overall survival); therefore, longer-term follow-up is required to understand the benefit of 
pembrolizumab in patients with MSI-H/dMMR small bowel adenocarcinoma. Additional 
high-quality studies that compare the clinical effectiveness, as well as economic evaluations 
investigating the cost-effectiveness of pembrolizumab in patients with MSI-H/dMMR small 
bowel adenocarcinoma or appendiceal adenocarcinoma with other treatment options, would 
help stakeholders in decision-making on the use of pembrolizumab.
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Appendix 1: Selection of Included Studies

Figure 1: Selection of Included Studies
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Appendix 2: Characteristics of Included Publications
Note that this appendix has not been copy-edited.

Table 2: Characteristics of Included Systematic Review

Study citation, 
country, funding 
source

Study designs and 
numbers of primary 

studies included
Population 

characteristics
Intervention and 
comparator(s)

Clinical outcomes, length 
of follow-up

Therkildsen et al. 
(2021)19

Denmark

NR

31 studies in total 
including 7 cohort 
studies and 24 case 
reports.

None of the included 
studies were in patients 
relevant to the current 
report (i.e., patients with 
MSI-H/dMMR small 
bowel adenocarcinoma 
or appendiceal 
adenocarcinoma).

Inclusion criteria: 
Patients with 
Lynch syndrome‒
associated cancer

Eligible interventions: 
FDA- and EMA- approved 
checkpoint-based 
immunotherapies targeting 
CTLA-4 (ipilimumab), 
PD-1 (pembrolizumab 
and nivolumab), or PD-L1 
(atezolizumab, avelumab, 
and durvalumab)

Eligible comparators: not 
specified

Outcomes: objective 
response rate, 
progression-free survival, 
overall survival

Follow-up: NR

CTLA-4 = cytotoxic T lymphocyte antigen 4; dMMR = mismatch repair deficient; EMA = European Medicines Agency; MSI-H = microsatellite instability-high; NR = not 
reported; PD-1 = programmed death-1; PD-L1 = programmed death-ligand 1.

Table 3: Characteristics of Included Non-Randomized Studies

Study citation, country, 
funding source Study design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

Pedersen et al. (2021)20

US

The Merck Investigator 
Studies Program, 
the Kavanagh Family 
Foundation, Kevin T. 
Doner Memorial Fund

Phase II, single-arm, 
open label, prospective 
cohort study

Inclusion criteria: 
Patients aged 18 years 
or older with small bowel 
adenocarcinoma with 
1 or more prior line of 
systemic chemotherapy for 
unresectable or metastatic 
disease.

Relevant population: Four 
patients with MSI-H/
dMMR small bowel 
adenocarcinoma

Population characteristics 
were not reported 
separately for the relevant 
population.

Intervention: IV 
pembrolizumab 200 mg 
once every 3 weeks until 
treatment intolerance, 
disease progression, or 
completion of 35 cycles

Comparator: This 
study did not include a 
control group (i.e., no 
comparator).

Outcomes: 
complete response, 
partial response, 
duration of 
response, toxicity/
safety, progression-
free survival, overall 
survival

Follow-up: 2 years
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Study citation, country, 
funding source Study design Population characteristics

Intervention and 
comparator(s)

Clinical outcomes, 
length of follow-up

Marabelle et al. (2020)21

France

Merck Sharp and 
Dohme Corp., a 
subsidiary of Merck and 
Co., Inc.

Phase II, single-arm, 
open label, prospective 
cohort study

Inclusion criteria: Patients 
aged 18 years or older with 
advanced unresectable 
and/or metastatic incurable 
non-colorectal solid tumour 
with disease progression 
on or intolerance to prior 
standard therapy.

Relevant population: 
Nineteen patients with 
MSI-H/dMMR small bowel 
adenocarcinoma

Population characteristics 
were not reported 
separately for the relevant 
population.

Intervention: IV 
pembrolizumab 200 mg 
once every 3 weeks for 
35 cycles (approximately 
2 years) or until 
disease progression, 
unacceptable toxicity, or 
patient withdrawal

Comparator: This 
study did not include a 
control group (i.e., no 
comparator).

Outcomes: 
objective response 
rate, duration 
of response, 
progression-free 
survival, overall 
survival, safety and 
tolerability

Follow-up: median 
= 13.4 months 
(range, 0.4 to 34.2 
months)

dMMR = mismatch repair deficient; MSI-H = microsatellite instability-high.
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Table 4: Characteristics of Included Guideline

Intended users, 
target population

Intervention 
and practice 
considered

Major 
outcomes 
considered

Evidence 
collection, 

selection, and 
synthesis

Evidence quality 
assessment Recommendations development and evaluation

Guideline 
validation

NCCN (2021)22,25

Intended users: All 
individuals who 
impact decision-
making in cancer 
care including 
physicians, 
nurses, 
pharmacists, 
payers, and 
patients and their 
families.

Target population: 
Patients with 
small bowel 
adenocarcinoma

Interventions 
and practices 
that address 
diagnosis, 
pathologic 
staging, surgical 
management, 
perioperative 
treatment, 
patient 
surveillance, 
management 
of recurrent 
and metastatic 
disease, and 
survivorship.

Objective 
response rate, 
progression-
free survival, 
adverse events

Electronic 
search of 
the PubMed 
database was 
performed to 
identify relevant 
literature.

Quality of data 
(e.g., trial design 
and how the 
results were 
derived) is 
considered during 
the guideline 
development 
panel’s 
deliberation 
process.

A multidisciplinary panel of cancer specialists, clinical 
experts and researchers reviewed and discussed the 
evidence to develop the recommendations. In the 
absence of high-level evidence, recommendations 
were based on expert consensus. The panel members 
deliberated on the interpretation of the clinical 
evidence and voted on how the evidence should be 
incorporated into the guidelines.

The recommendations were assigned categories 
based on both the level of clinical evidence available 
and the degree of consensus within the guidelines 
panel.

NCCN categories:
•	Category 1: Based upon high-level evidence, there 

is uniform NCCN consensus that the intervention is 
appropriate

•	Category 2A: Based upon lower-level evidence, there 
is uniform NCCN consensus that the intervention is 
appropriate

•	Category 2B: Based upon lower-level evidence, 
there is NCCN consensus that the intervention is 
appropriate

•	Category 3: Based upon any level of evidence, there 
is major NCCN disagreement that the intervention is 
appropriate.

External or 
internal review of 
guidelines was 
not discussed 
however, external 
parties can make 
submissions 
requesting 
changes to 
guidelines. These 
submissions are 
reviewed by the 
guidelines panel.

NCCN = National Comprehensive Cancer Network.
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Appendix 3: Critical Appraisal of Included Publications
Note that this appendix has not been copy-edited.

Table 5: Strengths and Limitations of Systematic Review Using AMSTAR 215

Strengths Limitations

Therkildsen et al. (2021)19

Clear objective

Comprehensive literature search strategy and detailed methods 
described

Study selection was performed in duplicate and discrepancies 
were resolved by involving a third reviewer

Authors disclosed potential conflicts of interest

Unclear if review methods were established a priori

List of excluded studies and justifications not provided

AMSTAR 2 = A MeaSurement Tool to Assess systematic Reviews 2.

Table 6: Strengths and Limitations of Non-Randomized Studies Using the Downs and Black 
checklist16

Strengths Limitations

Pedersen et al. (2021)20

Objective, outcomes, patient characteristics, interventions, 
and main findings were clearly described

Main outcomes used were objective measures and 
unlikely to be influenced by blinding (e.g., survival, 
objective response)

A power calculation was conducted a priori to determine 
sample size

Authors disclosed funding source and potential conflicts 
of interest

This study did not include a control group; therefore, the results are 
susceptible to multiple forms of bias that threaten both internal and 
external validity

Potential confounders were not discussed however, the authors 
state that participants were excluded if they had confounding 
comorbidities

Overview of patient disposition was not provided however, authors 
state that all patients were evaluable for secondary survival end 
points

Details on how the study sample was selected were not provided

All study sites were located in the US; therefore, it is unclear whether 
the results are generalizable to patients in Canada

Marabelle et al. (2020)21

Objective, outcomes, patient characteristics, interventions, 
and main findings were clearly described

Adverse events were reported

Only 1 patient was lost to follow-up

Main outcomes used were objective measures and 
unlikely to be influenced by blinding (e.g., survival, 
objective response)

Responses were confirmed by independent central 
radiologic review

Authors disclosed funding source and potential conflicts 
of interest

This study did not include a control group; therefore, the results are 
susceptible to multiple forms of bias that threaten both internal and 
external validity

Potential confounders were not discussed

Details on how the study sample was selected were not provided

It is unclear if the authors conducted a power calculation a priori to 
determine sample size

Multi-centre study however, authors do not specify locations of 
the study sites and therefore, it is unclear whether the results are 
generalizable to patients in Canada
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Table 7: Strengths and Limitations of Guideline Using AGREE II17

Item NCCN (2021)22,25

Domain 1: Scope and Purpose

	1.	  The overall objective(s) of the guideline is (are) specifically described. Yes

	2.	  The health question(s) covered by the guideline is (are) specifically described. Yes

	3.	  The population (patients, public, etc.) to whom the guideline is meant to apply is specifically 
described. Yes

Domain 2: Stakeholder Involvement

	4.	  The guideline development group includes individuals from all relevant professional groups. Yes

	5.	  The views and preferences of the target population (patients, public, etc.) have been sought. Unclear

	6.	  The target users of the guideline are clearly defined. Yes

Domain 3: Rigour of Development

	7.	  Systematic methods were used to search for evidence. Partially

	8.	  The criteria for selecting the evidence are clearly described. Partially

	9.	  The strengths and limitations of the body of evidence are clearly described. No

	10.	 The methods for formulating the recommendations are clearly described. Yes

	11.	 The health benefits, side effects, and risks have been considered in formulating the 
recommendations. Yes

	12.	 There is an explicit link between the recommendations and the supporting evidence. Yes

	13.	 The guideline has been externally reviewed by experts before its publication. Unclear

	14.	 A procedure for updating the guideline is provided. Yes

Domain 4: Clarity of Presentation

	15.	 The recommendations are specific and unambiguous. Yes

	16.	 The different options for management of the condition or health issue are clearly presented. NA

	17.	 Key recommendations are easily identifiable. Yes

Domain 5: Applicability

18. The guideline describes facilitators and barriers to its application. No

	19.	 The guideline provides advice and/or tools on how the recommendations can be put into 
practice. Partially

	20.	 The potential resource implications of applying the recommendations have been considered. No

	21.	 The guideline presents monitoring and/or auditing criteria. No

Domain 6: Editorial Independence

	22.	 The views of the funding body have not influenced the content of the guideline. Yes

	23.	 Competing interests of guideline development group members have been recorded and 
addressed. Yes

AGREE II = Appraisal of Guidelines for Research and Evaluation II; NA = not applicable; NCCN = National Comprehensive Cancer Network.
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Table 8: Summary of Findings by Outcome — Response and Duration

Study citation and study design Results

Objective response rate

Marabelle et al. (2020)21

Single-arm prospective cohort

42.1% (95% CI, 20.3 to 66.5)

Complete response

Pedersen et al. (2021)20

Single-arm prospective cohort

0%

Marabelle et al. (2020)21

Single-arm prospective cohort

3 of 19 patients (16%)

Partial response

Pedersen et al. (2021)20

Single-arm prospective cohort

2 of 4 patients (50%)

Marabelle et al. (2020)21

Single-arm prospective cohort

5 of 19 patients (26%)

Duration of response

Pedersen et al. (2021)20

Single-arm prospective cohort

Average = 28.5 months (range, 26.5 to 30.5)

Marabelle et al. (2020)21

Single-arm prospective cohort

Median duration of response = not reached

No progressive disease by the time of last disease assessment, 
range = 4.3 to 31.3 months

CI = confidence interval.

Table 9: Summary of Findings by Outcome — Survival

Study citation and study design Results

Progression-free survival

Pedersen et al. (2021)20

Single-arm prospective cohort

Median = not reached (95% CI, 2.5 months to not reached)

Marabelle et al. (2020)21

Single-arm prospective cohort

Median = 9.2 months (95% CI, 2.3 to not reached)

Overall survival

Pedersen et al. (2021)20

Single-arm prospective cohort

Median = not reached (95% CI, 2.5 months to not reached)
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Study citation and study design Results

Marabelle et al. (2020)21

Single-arm prospective cohort

Median = not reached (95% CI, 10.6 months to not reached)

CI = confidence interval.

Table 10: Summary of Recommendations in Included Guideline

Recommendations and supporting evidence Category of evidence

NCCN (2021)22

Recommendations:
•	Pembrolizumab is recommended as an option for initial or 

subsequent therapy in patients with advanced or metastatic 
MSI-H/dMMR small bowel adenocarcinoma who have not 
received previous treatment with a checkpoint inhibitor

•	Pembrolizumab is recommended as an option for initial 
therapy in patients with advanced or metastatic MSI-H/dMMR 
small bowel adenocarcinoma with prior oxaliplatin exposure 
in the adjuvant setting or contraindication who have not 
received previous treatment with a checkpoint inhibitor

Supporting evidence: the recommendations are based on 
results from 2 single-arm prospective cohort studies. One 
single-arm study included a cohort of patients with MSI-H/
dMMR small bowel adenocarcinoma as well as other types 
of non-colorectal cancer and found that treatment with 
pembrolizumab may control the disease in some patients. The 
other single-arm study was the study by Pedersen et al. (2021)20 
included in this report.

Category 2A (based upon lower-level evidence, there is uniform 
NCCN consensus that the intervention is appropriate)

dMMR = mismatch repair deficient; MSI-H = microsatellite instability-high; NCCN = National Comprehensive Cancer Network.
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