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ABSTRACT

Treatment options for locally advanced rectal cancer have continued
to consist largely of chemotherapy, chemoradiation, and/or surgical
resection. For patients who are unable to undergo these therapeutic
modalities or who do not to experience a response to them, treatment
options are limited. We report 3 cases of mismatch repair–deficient
(dMMR) locally advanced adenocarcinoma of the rectum that showed
significant response with neoadjuvant immunotherapy–based systemic
treatment. The first patient was not eligible for standard therapy
because of a history of radiotherapy to the prostate with concurrent
comorbidities and therefore received single-agent pembrolizumab.
The second patient did not respond to total neoadjuvant chemo-
radiation and subsequently received combined nivolumab and
ipilimumab. The third patient had a known family history of Lynch
syndrome and presented with locally advanced rectal cancer and a
baseline carcinoembryonic antigen level of 1,566 ng/mL. She was
treated using neoadjuvant pembrolizumab and FOLFOX (folinic acid,
fluorouracil, oxaliplatin). In this small series, we suggest that single-agent
and combined-modality neoadjuvant immunotherapy/chemotherapy
appear to be safe and effective treatment options for patients with
(dMMR) locally advanced rectal cancer. Our findings encourage fur-
ther studies to investigate the role of neoadjuvant immunotherapy as
a viable treatment strategy in this population.
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In 2020, 43,340 new cases of rectal cancer were di-
agnosed, most of which were localized or locoregional
disease.1 It is estimated that 10% to 15% of all sporadic
colorectal cancer (CRC) cases aremismatch repair–deficient
(dMMR) or microsatellite instability–high (MSI-H).2,3 The
immune checkpoint inhibitors pembrolizumab, nivolumab,
and combination nivolumab/ipilimumab have been
approved in dMMR or MSI-H metastatic CRC that is
refractory or intolerant to standard therapies.4–7 How-
ever, the standard of care for locally advanced rectal
cancer remains chemoradiation, systemic chemother-
apy, and, commonly, surgical resection. For patients who
are unable to undergo these therapeutic modalities or
who do not to experience a response to them, treat-
ment options remain limited. This report presents 3
patients with dMMR locally advanced adenocarcinoma
of the rectum who experienced significant response to
single-agent immunotherapy or combination neoadjuvant
immuno/chemotherapy, and briefly reviews the litera-
ture on neoadjuvant therapy in locally advanced CRC
and the benefit of immunotherapy in CRC with dMMR.

Case Presentations

Case 1
A man aged 81 years with a history of prostate cancer
(diagnosed 10 years ago, status post definitive brachy-
therapy) presented with rectal bleeding. His workup,
including colonoscopy, revealed 2 large masses in the
rectumwith central ulceration. Pathology was significant
for moderately to poorly differentiated invasive adeno-
carcinoma with loss of MSH2 and MSH6 expression in
both tumors. AnMRI of the pelvis showed a synchronous
T3cN1 tumor in the low rectum and a T1/T2N0 tumor in
the midrectum. The mesorectal fascia was threatened,
and an extramesorectal/left internal iliac lymph node
was suspicious for tumor involvement. Given his history
of radiation for prostate cancer and the presence of base-
lineneuropathy, hewas a poor candidate for neoadjuvant
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chemoradiation or neoadjuvant FOLFOX (folinic acid,
fluorouracil, oxaliplatin). After an in-depth discussion
with regard to risk, benefit, and available data on im-
munotherapy, the patient was started on neoadjuvant
pembrolizumab, 200 mg every 3 weeks.

After completing 3 cycles of pembrolizumab, restaging
MRI showed tumor regression of the low rectal lesion from
5 to 2.5 cm (tumor regression grade 3, .50% fibrosis).
The tumor no longer seemed to involve the inter-
sphincteric fat or external sphincter. In addition, the
tumor had retracted away from the mesorectal margin
with resolution of associated adenopathy. The midrectal
tumor had also resolved with no distinct residual tumor
signal (Figures 1–3).

The patient continued to have partial response on
subsequent imaging, and tolerated, in total, 11 cycles of
pembrolizumab. However, he developed grade 2 fatigue
attributed to immunotherapy, which led to therapy dis-
continuation. The patient was off of pembrolizumab for
6 months without disease progression. He subsequently
underwent biopsy of the low rectal lesion to assess for
residual disease versus necrotic tissue. Pathology evalu-
ation did not show any evidence of active malignancy
supporting complete response to pembrolizumab. At the
time of this report, he has been observed for 17 months
without any evidence of disease recurrence.

Case 2
The second patient was a man aged 55 years with a
history of stage II, right-sided colon cancer diagnosed in
1993. Shortly after diagnosis, his course was complicated
by perforation and he underwent a hemicolectomy
followed by adjuvant 5-FU. In September 2018, he

presented with rectal pain and underwent diagnostic
flexible sigmoidoscopy. This revealed a 2.5-cm rectalmass
proximal to the anal verge. Pathology findings from a
biopsy were significant for infiltrating colonic adenocar-
cinoma with loss of nuclear expression of PMS2. The
combined positive score for PD-L1 expression was 10%.
Next-generation sequencing showed a tumor mutational
burden of 21.3mutations per megabase. Additional next-
generation sequencing identified potentially actionable
mutations in SETD2, APC, FBXW7, MSH3, ATM, and
BRCA1. Other biologically relevant mutations were also
seen in TCF7L2, KMT2C, CTCF, MEN1, NBN, MSH6,
PMS2, PAX5, and GRIN2A. A staging MRI of the pelvis
showed a 3.0-cm lower rectal mass, T3cN1, with threat-
ened mesorectal fascia. A CT of the chest, abdomen, and
pelvis did not reveal evidence of metastatic disease. The
patient was started on total neoadjuvant therapy and re-
ceived 8 cycles of FOLFOX followed by concurrent che-
moradiation with oral capecitabine at 1,650 mg twice a day.
He tolerated this therapy well with the exception of grade 2
neuropathy. Unfortunately, a restaging MRI 6 weeks after
completion of concurrent chemoradiation revealed a per-
sistent 3-cm rectal tumorwith threatenedmesorectal fascia.
This tumor was essentially unchanged in size when com-
pared with pretreatment imaging. He was evaluated for
colorectal surgery and considered a poor candidate due to
inability to safely achieve a good surgical margin.

Given the lack of response to total neoadjuvant therapy
and ongoing threatened mesorectal margin, the patient
was started on neoadjuvant immunotherapy with nivolu-
mab at 3 mg/kg and ipilimumab at 1 mg/kg intravenously
every 3 weeks. The patient tolerated treatment well,
experiencing only minor grade 1 fatigue and rash.

A B

Figure 1. Baseline imaging for Case 1. (A) Sagittal and (B) coronal T2-weighted images through rectum after administration of rectal gel show a
5.3-cm mass along the lower rectum, T3cN0. Mesorectal fascia is threatened (not seen here).
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A restaging MRI after 3 cycles of treatment showed
dense fibrosis with grade 2 tumor regression and no
obvious residual tumor. The mesorectal fascia was no
longer threatened, and there was resolution of the
adenopathy (Figures 4 and 5). Colonoscopy showed a
1-cm friable ulcer at the anal verge. Extensive biopsies
were performed of this section, and pathology showed
ulceration with acute inflammation and granulation
tissue, with no evidence of residual tumor. The patient
decided to forgo definitive surgery and continue main-
tenance nivolumab therapy along with close surveillance.
After completing 7 cycles of maintenance nivolumab,

follow-up imaging in January 2020 showed a 3.1-cm
low rectal tumor. However, repeat biopsy of this mass
again showed necrosis and inflammation, confirming a
sustained complete response (CR) for 12months as of the
current writing.

Case 3
The third patient was a woman aged 38 years with a
known family history of Lynch syndrome. She initially
presented with bright red blood per rectum over several
months without associated pain or change in bowel
habits. She underwent colonoscopy, which showed a

A B

Figure 2. Case 1 after 6 cycles of pembrolizumab. (A) Sagittal and (B) coronal T2-weighted images through rectum after administration of rectal
gel after treatment showing interval reduction in tumor size when compared with prior examination. Although not seen in its entirety on these
representative images, the mass had .50% fibrosis, compatible with tumor regression grade 3.

A B

Figure 3. (A) Baseline axial T2-weighted image after administration of rectal gel in Case 1, with a polypoid mass seen at approximately 8:00.
(B) After 6 cycles of pembrolizumab, axial T2-weighted image after administration of rectal gel at the level of previously seen polypoid mass
shows no residual mass, compatible with tumor regression grade 1.
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fungating, partially obstructing tumor at 10 to 14 cm from
the anal verge. Pathology findings were consistent with
invasive moderately differentiated adenocarcinoma with
mucinous features. Immunohistochemistry staining for
MMR proteins showed loss of expression of MSH2
but intact expression of MLH1, PMS2, and MSH6. MRI
staging showed a diffuse, lobulated, and mucinous-
seeming tumor involving the midrectum, 10.3 cm
from the anal verge. The tumor straddled the ante-
rior peritoneal reflection and invaded the mesorectal
fat; no sphincter involvement was seen. The meso-
rectal fascia was involved with tumor within 1 mm. A
CT of the chest and abdomen did not show any
metastases. However, her CEA level was elevated at
1,566.2 ng/mL before treatment. Thus the patient was
staged as having clinical T3N2M0, or stage IIIB, rectal
cancer.

Because the patient had an MSI-H tumor (he-
reditary nonpolyposis CRC) and high-risk disease

(significantly elevated CEA level and N2 disease), she
was offered pembrolizumab in addition to standard
chemotherapy with FOLFOX. This decision was made
in light of data from stage IV disease showing a higher
likelihood of durable response with the addition of
immunotherapy.8

With the exception of a minor grade 1 rash, the patient
tolerated 7 cycles of FOLFOX with concurrent pem-
brolizumab well. Given this excellent response, she opted
out of chemoradiation. the available posttreatment imag-
ing was performed at an outside facility and was of poor
quality. Given the limitations regarding radiographic data,
her overall response to therapy was assessed based on
surgical pathology. She underwent a robotic-assisted lap-
aroscopic low anterior resection with transvaginal extrac-
tion and side-to-end colorectal anastomosis, hysterectomy,
and oophorectomy. All submitted pathologic specimens,
including 16 lymph nodes, were negative for carcinoma,
hence showing a pathologic CR (pCR; ypT0pN0). At the

A B

Figure 4. Baseline imaging for Case 2 showing circumferential 3.0-cm (A; craniocaudal, purple arrow) and 4.1-cm mass (B; mediolateral, green
arrow) located 4.5 cm from anal verge. Mesorectal fascia is threatened. Tumor is T3cN1 (not seen here).

A B

Figure 5. (A) After treatment with total neoadjuvant therapy, sagittal T2-weighted image of rectum after administration of rectal gel shows
rectal mass seen along anterior rectal wall in Case 2. Not entirely seen here, however, is that overall imaging showed stable disease—a 3-cm
low rectal tumor after total neoadjuvant therapy, T3cN1 with a threatened mesorectal fascia. (B) After 3 cycles of nivolumab and ipilimumab,
sagittal T2-weighted image of rectum after administration of rectal gel shows interval reduction in size of previously seen tumor. No obvious
residual tumor, T0N0 with mesorectal fascia that is no longer threatened (not seen here).
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time of writing, this patient had been observed for 10
months without disease recurrence.

Discussion
Rectal cancers with dMMR or MSI-H have been linked to a
poorer prognosis and resistance to conventional therapies.9

Cytotoxic chemotherapy including fluoropyrimidine-based
regimens is widely used in CRC.10 However, current
evidence supports that tumors with dMMR or MSI-H are
resistant to conventional chemotherapy, mainly because
of the inability of the cells to detect mismatched and un-
pairedbases.10–12 This leads to tolerance ofDNAdamage and
allows cells to defer apoptosis.11 For locally advanced rectal
cancer, combined modality therapy with concurrent che-
moradiation and surgery is the mainstay of treatment.13,14

However, a recent retrospective study using the National
Cancer Database showed that microsatellite instability was
independently associated with a reduction in pCR after
completion of neoadjuvant chemoradiation in patientswith
locally advanced rectal cancer.2 In the study, all patients
were treated using definitive chemoradiation (median dose
of 50.4 Gy) followed by resection. The overall pCR rate
was 8.6%, including 8.9% for mismatch repair–proficient
(pMMR) tumors and 5.9% for dMMR tumors.2 Notably,most
patients had T3 (85%) or node-positive (59%) disease. In
another recent study, total neoadjuvant therapy showedpCR
in 43 of 235 patients (18%) who received total neoadjuvant
therapy followed by surgery; no data were reported on the
response rate in patients with dMMR/MSI-H tumors.15

In the chemorefractory patient population, immuno-
therapy has afforded promising and durable responses.7

Le et al16 initially evaluated the role of PD-1 blockade
(pembrolizumab) across 11 tumor types with dMMR in

KEYNOTE-016. In the study, patients with refractory met-
astatic dMMR CRCs had an immune-related objective
response rate of 40% compared with 0% in pMMR CRCs.
This led to the first tissue-agnostic FDA approval in 2017
for pembrolizumab. A subsequent multicohort phase II
trial (CheckMate-142)6 evaluated nivolumab or nivolumab
combinations in recurrent and metastatic MSI-H and
non–MSI-H colon cancer. In the single-agent nivolumab
cohort, 23 of 74 patients with heavily pretreated
dMMR/MSI-H CRC achieved an investigator-assessed
objective response of 31.1% after treatment with nivo-
lumab. Fifty-one patients (69%) had disease control for
$12 weeks. Durable response lasting $12 months was
seen in 8 of the 23 patients, and median duration of
response was not yet reached at the time of publication of
CheckMate-142.6 The nivolumab and ipilimumab cohort
of CheckMate-142 also revealed an investigator-assessed
overall response rate of 55% at a median follow-up of 13.4
months in previously treated patients; surprisingly, 3% of
patients achieved CR.7 The 12-month progression-free and
overall survival rates were 71% and 85%, respectively, and
median duration of response was not reached.7 Notably,
a recent update revealed that the CR rate increased from
3% to 6% with long-term follow-up.17 New data from a
report out of the third cohort of CheckMate-142 showed
an objective response rate of 60% and a 7% CR in 45 pa-
tients with no prior treatment of MSI-H metastatic CRC.8

To date, clinical trials have focused on assessing the
benefits of immunotherapy in themetastatic setting only.
Recently, the role of immunotherapy was further ex-
plored in the neoadjuvant setting by Chalabi et al18 in the
NICHE study. They conducted a phase II noncompetitive
study that evaluated a short course of neoadjuvant

Table 1. Response Rates From Selected Trials in Colorectal Cancer

Trial
Cancer Stage/

Line of Treatment n Regimen
pCR
(%)

dMMR ORR
(%)

Bosset et al14 III 1,011 RT alone
vs

ChemoRT

5.3

13.7

—

Cercek et al15 II/III 811 Neoadjuvant chemoRT 1 adjuvant therapy
vs

TNT

17

18

—

Chalabi et al18 I–III 14 Nivolumab 1 ipilimumab 57 (dMMR) —

Lenz et al8 IV

1st line

45 Nivolumab 1 ipilimumab — 60

Le et al16 IV

$2nd line

41 Pembrolizumab — 40

Overman et al7 IV

$2nd line

119 Nivolumab 1 ipilimumab — 55

Overman et al6 IV

$2nd line

74 Nivolumab — 31.1

Abbreviations: chemoRT, chemoradiation; dMMR, mismatch repair–deficient; ORR, overall response rate; pCR, pathologic complete response; RT, radiotherapy;
TNT, total neoadjuvant therapy.
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ipilimumab 1 nivolumab in early-stage dMMR and
pMMR colon cancer. Results showed major pathologic
response (defined as ,5% viable tumor cells) in 100% of
patients with dMMR tumors. Of the 7 patients with
dMMR tumors, 4 achieved pCR; however, none of the
pMMR tumors had major pathologic responses.18

Table 1 summarizes response rates from selected trials in
CRC.

In light of the aforementioned recent data from the
NICHE study,18 our patient in Case 1 received neo-
adjuvant therapy using single-agent pembrolizumab
and showed a robust partial response on imaging. This
patient had not experienced any disease progression
6 months posttreatment, suggesting that the residual
disease seen on imaging likely represented necrotic
tissue. This result was also in line with a recently pub-
lished article by Zhang et al19 showing CR in 2 patients
with locally advanced dMMR/MSI-H rectal cancer after
treatment with neoadjuvant nivolumab. The patient in
Case 2 minimal response to neoadjuvant chemotherapy.
He then underwent neoadjuvant immunotherapy and
subsequently achieved a satisfactory response on MRI
and a biopsy showing pCR. This result is consistent with
those of the recent phase II NICHE study,18 which showed
the efficacy of neoadjuvant immunotherapy with nivo-
lumab 1 ipilimumab in patients with early-stage dMMR
colon cancer. In Case 3, pCR and normalization of tumor
markers was achieved using neoadjuvant concurrent
chemotherapy and immunotherapy in a patient with
known Lynch syndrome; the patient tolerated the com-
bination safely. This case showed that pCR could be
achieved in patients with dMMR rectal cancer without the
use of radiation therapy. Such an opportunity may be
particularly important for female patients with re-
productive potential, as long as follow-up data reveal
comparable risk for local recurrence. This result sup-
ports the literature showing that patients with dMMR
tumors may benefit from first-line treatment using
immunotherapy, either stand-alone or in combination

with chemotherapy.8,18,20 Ongoing phase III studies are
comparing immunotherapy alone with pembrolizumab
versus a combination of immunotherapy and chemother-
apy versus investigator-choice chemotherapy andmodified
FOLFOX/bevacizumab combination chemotherapy with
or without atezolizumab or atezolizumab mono-
therapy in the first-line setting for metastatic dMMR
CRC.21,22

Conclusions
In this small series, treatment of locally advanced dMMR
rectal cancer using immunotherapy either as a single
agent or in combination with chemotherapy led to sig-
nificant response. We showed that neoadjuvant therapy
using a single-agent PD-1 inhibitor, combined PD-1/CTLA-4
inhibitors, or PD-1 inhibitor plus FOLFOX combination
can be a safe and effective treatment option in selected
patients with locally advanced dMMR rectal cancer.
These cases provide encouraging evidence for further
studies to investigate the role of neoadjuvant immuno-
therapy in all patients with locally advanced or meta-
static dMMR rectal cancer.
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