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Abstract
Phase II study explored efﬁcacy of the PD-L1 antibody avelumab in small bowel adenocarcinomas (SBAs).
Two patients (2/7; 29%) experienced partial responses and disease-control rate was 71%. Despite the observed
beneﬁt, accrual was slower than expected and the study was closed early due to feasibility. Disease rarity and
off-label use of immunotherapy were likely drivers of insufﬁcient accrual.
Introduction: Small bowel adenocarcinomas (SBAs) are rare and frequently treated like large intestinal adenocarcinomas. However, SBAs have a very different microenvironment and could respond differently to the same therapies.
Our previous data suggested that SBAs might beneﬁt from targeting the PD-1/PD-L1 axis based on PD-L1 staining
in almost 50% of SBA tissue samples tested. Thus, we designed a phase 2 study to explore safety and efﬁcacy of
avelumab in SBA. Patients and Methods: Patients with advanced or metastatic disease were enrolled; ampullary
tumors were considered part of the duodenum and allowed. Prior PD-1/PD-L1 inhibition was not allowed. Avelumab
(10 mg/kg) was given every 2 weeks, and imaging was performed every 8 weeks. Primary endpoint was response
rate. Results: Eight patients (n = 5, small intestine; n = 3, ampullary) were enrolled, with a majority (88%) being male
and a median age of 61 years. Of 7 efﬁcacy-evaluable patients, 2 (29%) experienced partial responses; stable disease
occurred in 3 additional patients (71%). Median progression-free survival was 3.35 months. Most frequent, related
toxicities were anemia, fatigue, and infusion-related reaction (25% each), mostly grade ≤2; grade 3 hypokalemia and
hyponatremia occurred in one patient, and another reported grade 4 diabetic ketoacidosis. Conclusions: Despite the
observed beneﬁt, accrual was slower than expected and the study was closed early due to feasibility. A general clinic
observation was that patients were receiving immunotherapy off-label as the availability of these agents increased.
Off-label availability and disease rarity were likely drivers of insufﬁcient accrual.
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Introduction
Although the small intestine makes up about 75% of the length
of the digestive tract and 90% of its mucosal surface area, cancer
of the small intestine is rare, representing only 5% of all gastrointestinal cancers.1 Despite being rare, small intestine cancers are
on the rise, with age-adjusted rates for new cases increased on

Abbreviations: CIs, confidence intervals; CPS, combined positive score; SBA, small
bowel adenocarcinoma.
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average 2.2% each year over 2008-2017.2 Small bowel adenocarcinoma (SBA) represents approximately one-third of all small intestinal cancers, and it is estimated that approximately 11,390 new cases
would be diagnosed in the United States in 2021.3 Due to the
rarity of the disease, few prospective studies have been conducted
in SBAs and guidelines such as the National Comprehensive Cancer
Network Guidelines recommend treating like large intestinal adenocarcinomas. However, small intestinal cancers have a very different
microenvironment and, most likely, will respond differently to the
same therapies. Additionally, given the non-specificity of symptoms
at presentation, a majority of patients are diagnosed with advanced
disease, where 5-year survival drops from 65% at stage I to 4% for
stage IV.4 Moreover, patients initially treated with primary tumor
resection will experience recurrent disease at a median time to recurrence of 1.3 years with a majority having distant metastases.5
No approved therapies exist as large-scale phase III studies are
problematic due to the rarity of the disease. However, systemic
chemotherapy is regarded as the standard treatment option for
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patients with metastatic or recurrent disease despite the lack of
prospective, randomized trials evaluating the role of palliative
chemotherapy. A combined analysis of several retrospective studies
observed a median overall survival of 13 months for patients receiving systemic chemotherapy, versus four months for patients treated
with best-supportive care alone.6 Therefore, exploring novel treatment strategies is vital to improve outcomes for patients with SBA.
We previously published data suggesting that inhibition of
programmed death-ligand 1 (PD-L1) might be an attractive treatment option in SBA.7 Analysis of PD-L1 and PD-1 expression on
archived tissue samples demonstrated PD-L1 expression in 18 of
the 42 cases (46%) that was mainly localized to the macrophages
around the tumor invasive front and in some of the tumor cells
adjacent to the macrophages. All tumor samples with PD-L1
expression also had PD-1 expressing tumor infiltrating lymphocytes (TILs), PD-1 positive lymphocytes, and lymphoid aggregates
surrounding the tumor. These data were consistent with a previous study that also reported robust PD-L1 staining in 50% of
SBAs.8 Based on these data, we designed this study to evaluate
safety and efficacy of avelumab in patients with SBA. Avelumab
is a fully human IgG1 antibody that binds with high affinity (0.7
nM) to PD-L1 and blocks the interaction between PD-L1 and its
receptor PD-1. Avelumab is approved as monotherapy for patients
with metastatic Merkel Cell carcinoma9 , 10 and locally advanced
or metastatic urothelial carcinoma,11 , 12 and in combination with
axitinib for first-line treatment of renal cell carcinoma.13 Immunohistochemistry (IHC) staining using archival tissue was performed
to determine the association between microsatellite instability (MSI)
status and PD-L1 expression with tumor response.

Materials and Methods
Study Design
We conducted a phase II clinical trial at an academic medical
center (clinicaltrials.gov identifier: NCT03000179). Study was
approved by the Institutional Review Board, and written informed
consent was obtained for all patients. This was a non-randomized,
open-label, single arm study conducted in patients with advanced or
metastatic SBA. The primary objective was to evaluate response rate
(RR). Secondary objectives included evaluation of disease-control
rate (DCR), progression-free survival (PFS), overall survival (OS),
toxicity, and correlative analysis of PD-L1 staining and microsatellite instability (MSI) status.

Eligibility Criteria
Eligible patients had histologically confirmed SBA that was
advanced or metastatic. Ampullary tumors were considered a part
of the duodenum and included. Other inclusion criterial were: at
least one measurable lesion as defined by Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 criteria14 , ≥18 years of
age, Eastern Cooperative Oncology Group (ECOG) performance
status of 0 or 1, adequate organ (hematologic, renal, and hepatic)
function, and ventricular ejection fraction (≥55%). Patients who
received adjuvant or neoadjuvant therapy were also eligible if they
had progressed within 6 months of completing therapy and had not
received a metastatic regimen, or if they progressed >6 months after
completing therapy and have received 1 or 2 lines of therapy for

2

[mNS;April 16, 2022;14:50]

metastatic disease. Patients were excluded if they had prior antiPD-1/PD-L1 therapy. Additional inclusion and exclusion criteria
are listed in the Appendix.

Study Treatment
All patients were treated with 10 mg/kg avelumab administered
as 1-hour intravenous infusion every 2 weeks in 14-day treatment
cycles until disease progression, unacceptable toxicity, or patient
withdrawal. Dose reductions were not allowed, however, treatment
delays of up to 4 weeks were allowed for the management of
treatment-related toxicities.

Study Assessments
Patient demographics and medical history were recorded at
baseline. Adverse events (AEs) were assessed at baseline and biweekly during treatment, and toxicity was graded using National
Cancer Institute Common Terminology Criteria for Adverse Events
version 4.03. Imaging was performed every 8 weeks, and tumor
responses were categorized per RECIST v1.1.

Statistical Analysis
Considering the published data15 , 16 regarding the responses to
standard-of-care chemotherapy at the time this study was designed,
we proposed that observing the same or better outcomes with
avelumab monotherapy would warrant further therapeutic study in
patients with advanced or metastatic SBA. Assuming, a one-sided
type I error rate of 5% (one-sample binomial test), 25 patients
provided 80% power to reject the null hypothesis of 5% if the true
RR of this regimen was 21% or greater. This regimen was considered
sufficiently active to warrant further study in more definitive trials
if four or more patients among 25 treated experienced an objective
response.
Demographic, baseline patient characteristics, and study
outcomes were summarized numerically. Categorical variables, (eg,
adverse events) were reported as frequencies and 95% confidence
intervals (CIs) were reported. The distributions of PFS and OS
were estimated using the Kaplan-Meier (product-limit) method
with standard errors based on Greenwood’s formula.

Immunohistochemistry
Formalin-fixed paraffin embedded tissue sections were stained
with PD-L1 (1:200 dilution) (Cell Signaling #13684). For those
patients with unknown clinical MSI status, tissue sections were
stained with MLH1 (1:500 dilution) (BD Bioscience #554073,
MSH2 (1:250 dilution) (Oncogene Research #NA27T-10UG)
antibodies, MSH6 (1:200 dilution) (Abcam #ab92471), or PMS2
(1:100 dilution) (Abcam #ab110638), or for 60 minutes at room
temperature. Prior to staining, antigen retrieval was performed in
citrate buffer (pH 6.0) for PD-L1, MSH3, PMS2, and MLH1
at 105°C for 15 minutes or in EDTA (pH 9.0) at 97°C for
15 minutes for MSH6. Detection was performed using the Dako
Envision + System HRP Labeled Polymer (Dako) with DAB. For
PD-L1 expression, combined positive scores (CPS) were calculated
by dividing the total number of PD-L1–positive cells (including
tumor cells and immune cells) by the total number of viable tumor
cells in the entire tumor area. A CPS score of 1% or higher was
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Figure 1

CONSORT diagram depicting the number of patients that were consented, received study therapy, and evaluable for
response. This figure also depicts the number of samples that were analyzed with the correlative analysis, as well as
the subsequent results. ANC, absolute neutrophil count.

considered positive. Loss of nuclear expression of one or more of the
four mismatch repair proteins was considered evidence of an MSI-H
phenotype.

Results
Patient Characteristics and Treatment
Between March 2017 and August 2019, 10 patients were
consented and 8 patients were enrolled (Figure 1). Demographics
and baseline disease characteristics are summarized in Table 1. The
median age was 61 years (50-67), and 88% were male. Five patients
(63%) had disease in the small intestine, while 3 patients (37%)
had ampullary tumors. Seven patients had received at least 1 prior
therapy that contained 5-FU and either oxaliplatin (FOLFOX) or
irinotecan (FOLFIRI). Unfortunately, due to slow enrollment, the
study was closed early and did not enroll the planned 25 patients.

Efficacy
In the efficacy-evaluable patients (n = 7), 2 had a partial response
for a RR of 29% (95% CIs: 8%-64%). Three additional patients
had stable disease for a DCR of 71% (95% CIs: 36%-92%). One
patient was not evaluable for response as they experienced clinical

progression prior to the first post-baseline imaging assessment. The
median PFS (Figure 2, solid line) and OS (Figure 2, dashed line)
was 3.35 months (95% CIs: 2.99-Not Applicable [NA]) and 6.37
months (95% CIs: 3.75-NA), respectively.
In the patients achieving at least stable disease, the median
duration of disease control was 4.1 months. One patient with MSIH small intestinal disease was on treatment and responding for 18.8
months; although this patient didn’t meet the criteria for RECISTdefined progression, the treating physician felt the primary tumor
was showing slow progression and decided to switch patient to a
different therapy. This long responder was also treatment naïve for
metastatic disease. This patient is still alive as of the data cutoff date
(January 29, 2021; 25.3 months since treatment initiation). The
best change in the sum of lesions sizes from baseline is presented
in Figure 3. The median percent change was −1.6% (−77.1% to
34.5%). Four patients experienced some tumor regression, with one
of these patients having an ampullary tumor.

Safety
Seven of the 8 patients (88%) experienced at least one drugrelated AE, most frequent (all grades) was anemia (25%), fatigue
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Figure 2

Kaplan-Meier estimates of progression-free survival (solid line) and overall survival (dashed line). The median
progression-free survival was 3.35 months (95% confidence interval, 2.99 to Not Applicable). The median overall
survival was 6.37 months (95% confidence interval, 3.75 to Not Applicable).

Figure 3

Best percentage change from baseline in sum of target lesions is presented for each patient that was evaluable for
response. Dashed lines are RECIST v1.1 criteria for partial response and progression disease. Two responses were
observed in small intestinal tumors, one with high microsatellite instability (MSI-High); the other responder was
microsatellite stable (MSS). Three additional patients had disease control, one of which had an ampullary tumor.

(25%), and infusion-related reaction (25%). All treatment-related
AEs are listed in Table 2, with the highest grade recorded per patient.
One patient experienced two Grade 3 events of hypokalemia
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and hyponatremia and another patient reported Grade 4 diabetic
ketoacidosis, which were all attributed to avelumab. No patient
withdrew from the study due to toxicity.
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Table 1

Baseline Patient Characteristics (n = 8)

Table 3

Microsatellite Status and PD-L1 CPS in SBA
Samples

Gender – No. (%)
Male

7 (88)

Female

1 (12)

Median age – No. (interquartile range)

61 (54-66)

Race and ethnicity – No. (%)
White

8 (100)

Non-Hispanic or Latino

5 (63)

Ethnicity not reported / unknown

3 (37)

Site of disease – No. (%)
Small intestine

5 (63)

Ampullary

3 (37)

Number of prior therapies – No. (%)
0

1 (12.5)

1

6 (75)

2

1 (12.5)

Patient #

Microsatellite
Status

PD-L1 CPS
(%)

Tumor
Response

01-101

MSSa

0

PR

01-102

MSS

0

SD

01-103

MSS

1

SD

01-104

MSS

20

PD

01-105

MSSa

0

NE

01-106

MSSa

1

SD

01-107

MSS

0

PD

01-108

MSI-High

5

PR

PD-L1: programmed death-ligand 1; SBA: small bowel adenocarcinoma; CPS: combined
positive score; MSS: microsatellite stable; MSI-High: microsatellite instability high; PR: partial
response; SD: stable disease; PD: progressive disease; NE: not evaluable.
a
Microsatellite Status from clinical pathology report.

PS (ECOG) – No. (%)
0

3 (37)

Discussion

1

5 (63)

Immune checkpoint inhibitors, specifically agents that target
the PD-1/PD-L1, have revolutionized anticancer therapy and
improved clinical outcomes of multiple tumor types during the
past decade.17-23 Recently, pembrolizumab and nivolumab were
approved for patients with colorectal cancer whose tumors are DNA
mismatch repair deficient and MSI-H.24 , 25 Small intestinal cancers
are often treated similarly to colorectal cancers, yet no approved
therapies exist for these patients as large phase II/III trials are logistically challenging due to the rarity of the disease. Our preliminary
data,7 along with a study from another group,8 demonstrated that
approximately 50% of small intestinal tumors overexpressed PD-L1
and also had PD-1 expressing TILs. Based on these data, we hypothesized that small intestinal cancers may benefit from the PD-1/PDL1 inhibitors. Thus, we designed this pilot study to evaluate safety
and efficacy of the PD-L1 agent avelumab.
Avelumab was generally well tolerated in this study. Most
treatment-related adverse events were Grade ≤2. One patient
experienced two Grade 3 events of hypokalemia and hyponatremia
and another patient reported Grade 4 diabetic ketoacidosis that
were attributed to avelumab, all of which are rare but known side
effects to immune checkpoint inhibitors.26-32 The primary endpoint
of this study was RR, with a target response of >21% across 25
patients. Among the seven efficacy-evaluable patients enrolled to the
study, the RR and DCR were 29% (2/7) and 71% (5/7), respectively. Similar to our previous study, 50% of our cohort was PD-L1
positive; albeit a small cohort, PD-L1 positivity did not appear to
correlate with response (Table 3).
One of the responding patients was MSI-H with Lynch
syndrome, both of which result in genetic hypermutability especially
in genes that govern DNA mismatch repair.33 MSI is a known
biomarker for PD-1 blockade and mismatch repair deficiency has
been shown to predict response to these agents.33 , 34 Le et al.34
performed a study investigating pembrolizumab in patients with
mismatch-repair deficient non-colorectal cancers (NCT01876511);
of the five patients with SBA, the RR was 80%, with 2 complete
responses and 2 partial responses. Keynote-158 (NCT02628067)
evaluated pembrolizumab in patients with MSI-H or mismatch-

Abbreviations: ECOG = Eastern Cooperative Oncology Group; PS = performance status.

Table 2

Highlighted Treatment-Related Adverse Eventsa

Adverse Event

a
b

Grade Grade Grade Grade
1
2
3
4b

Anemia

2

0

0

Fatigue

1

1

0

0
0

Infusion related reaction

0

2

0

0

Alanine aminotransferase increased

1

0

0

0

Alkaline phosphatase increased

1

0

0

0

Anorexia

0

1

0

0

Blood bilirubin increased

1

0

0

0

Diarrhea

1

0

0

0

Diabetic ketoacidosis

0

0

0

1

Back pain

1

0

0

0

Diverticulitis per upper GI series

0

1

0

0

Hypokalemia

0

0

1

0

Hyponatremia

0

0

1

0

Nausea

0

1

0

0

Rash maculo-papular

1

0

0

0

Urticaria

1

0

0

0

Highest grade per patient listed.
No treatment-related Grade 5 events.

MSI and PD-L1 Status
MSI and PD-L1 status as a function of response is listed in
Table 3. Seven of the 8 patient tumors (87.5%) were microsatellite
stable (MSS) and one of the 8 patient tumors (12.5%) was MSIhigh due to a MLH1 mutation (c.676C>T; assessed clinically). The
MSI-High patient had a durable response. Four of the 8 tumors
(50%) were considered PD-L1 positive with CPS of ≥1%. The
remaining 4 tumors were PD-L1 negative (Figure 4).
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Figure 4

PD-L1 positivity in SBA. (A) H&E-stained slide showing invasive moderately differentiated adenocarcinoma with dense
peritumoral inflammatory cells. (B) Peritumoral inflammatory cells including histiocytes and lymphocytes showing
positive PD-L1 expression with only rare tumor cells expressing PD-L1. Both sections are from patient tumor 01-104.
PD-L1: programmed death-ligand 1; SBA: small bowel adenocarcinoma

repair deficient noncolorectal cancers, including small intestinal,
and reported a 42% (8/19) RR.35 Our data along with evidence
from these trials support the hypothesis that MSI-H or mismatchrepair deficient SBA may respond to PD-1/PD-L1 inhibitors.
Conversely, the other responder in our trial was MSS with negative
PD-L1 staining, suggesting another underlying mechanism was
driving their tumor response.
Although this study demonstrated promising clinical activity with
avelumab in this patient population that is without standard therapies, enrollment was closed early due to slow patient accrual. Low
enrollment was in part due to the rarity of the disease; however,
during the course of the study, it was noted that patients were able
to receive immune checkpoint inhibitors off-label. This study was
designed in 2016 and nivolumab received approval for metastatic
colorectal cancer with two specific genetic features in 2017. The
eligibility criteria of our study excluded patients with prior immune
checkpoint therapy, and we felt that amending this criterion would
alter the hypothesis and overall study design without improving the
potential clinical benefit. At the end of 2019, it was decided to close
the study.
To the best of our knowledge, this was the first study
designed specifically to evaluate safety and efficacy of PD-L1
inhibitors in SBA. However, shortly after our pilot single-center
study opened, the Academic and Community Cancer Research
United (ACCRU) consortium opened a multicenter study of
pembrolizumab (NCT02949219). This study took 2 years to enroll
41 participants across eight centers, thereby highlighting the rarity
of the disease. The primary endpoint of that study was confirmed
RR; out of 40 efficacy-evaluable patients, the RR was 8.0% (95%
CI: 2.0%-20%).36 The PFS and OS were 2.8 months (95% CI:
2.7-5.1) and 6.9 months (95% CI: 5.1, Not Reached), respectively.
MSI status was available for 55% (n = 22) of the patients; of the
18 MSS patients, one confirmed partial response was observed and
the disease-control rate was 50%. Both MSI-H patients achieved a
partial response and were alive without progression at the time of the
publication. Similar to our results, the high number of patients with
MSS contributed to the low RR observed in the study. Therefore,
our data, as well as data from others,34-36 suggest that a companion biomarker, such as MSI-H or DNA mismatch repair deficiency,
should be tested in future clinical trials of PD-1/PD-L1 inhibitors in
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patients with small intestinal cancer. These data also further suggest
that a better understanding of risks and benefits of off-label drug use
is imperative.

Conclusions
This study demonstrated that avelumab was safe for patients with
small intestinal cancers and demonstrated clinical benefit for most
patients, including 2 partial responses. However, patient enrollment
was slow due to the rarity of the disease and the general observation that some patients were able to receive checkpoint inhibitors
off-label. Thus, enrollment was closed early. Nonetheless, avelumab
could be an attractive treatment option for patients with advanced
SBA, especially in patients with MSI-H tumors.

Clinical Practice Points
•

•

•

•

•
•

•

Due to the rarity of SBA, few prospective clinical studies have
been conducted leading guidelines (eg, National Comprehensive
Cancer Network) to recommend treating similar to large intestinal adenocarcinomas.
Based on our previous data (PMID:28821192) and another
study (DOI:10.1200/jco.2015.33.15_suppl.3619) that demonstrated 50% of SBAs had robust PD-L1 staining, we designed a
phase II study to explore safety and efficacy of avelumab.
Most frequent toxicities were anemia, fatigue, and infusionrelated reaction; mostly grade <2. One patient experienced grade
3 hypokalemia and hyponatremia and another patient reported
grade 4 diabetic ketoacidosis, all of which are known side effects
of immunotherapy.
RR was 29% (2/7) and disease-control rate was 71% (5/7). Half
of the tumors were PD-L1 positive yet PD-L1 positivity did not
appear to correlate with response.
One of the responding patients was MSI-High with Lynch
syndrome, both of which result in genetic hypermutability.
Despite the observed benefit, this study was closed early due to
futility. Disease rarity and off-label use of immunotherapy were
likely drivers of low accrual in this single-center study.
A cooperative group (ACCRU) conducted a multicenter study
exploring pembrolizumab in SBA, and reported an 8% (3/40) RR
and conclusion that the high number of MSS patients contributed
to the low RR (PMID:33883178).
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•

The ACCRU study combined with our study provide evidence
that a companion biomarker, such as MSI-H or DNA mismatch
repair deficiency, be tested in future clinical trials of PD-1/PD-L1
inhibitors in patients with SBA.
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