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ABSTRACT

Introduction: PD-1 inhibitors have been approved for the treatment of dMMR patients with metastatic
colorectal cancer, but the efficacy of neoadjuvant treatment with PD-1 in dMMR locally advanced rectal
cancer (LARC) patients has not yet been defined.

Patients and methods: Two patients with LARC received Nivolumab as neoadjuvant treatment in
July 2017. Whole-exome sequencing (WES) and multiplex immunofluorescence analysis were performed.
Results: Of the two patients, one achieved pathological complete response after six cycles of nivolumab
followed by surgery. The other patient was confirmed to be clinical complete response after six cycles of
nivolumab. “Watch and wait” strategy was performed for anal preservation. WES showed high tumor
mutation burden. Multiplex immunofluorescence analysis showed immune microenvironment alterna-
tion between pretreatment specimen and post-treatment specimen.

Conclusion: Neoadjuvant nivolumab induced complete response in both of the two patients with LARC.
Immunotherapy might be an alternative strategy for neoadjuvant treatment for dMMR/MSI rectal cancer.
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Introduction participants provided written informed consent for the treat-

. . . ment and biomarker study.
Neoadjuvant chemoradiotherapy was still the standard treatment 4

for locally advanced rectal cancer. However, due to the low inci-
dence, we do not have much data to evaluate the efficacy of
neoadjuvant treatment in rectal cancer patients with mismatch
repair gene deficiency (AMMR) or microsatellite instability (MSI).
PD-1 blockade in tumors with dMMR metastatic colorectal cancer
showed tremendous efficacy." The response rate was 30-40% in
previously treated patients.”> And the checkpoint inhibitors, both
pembrolizumab and nivolumab, had been recommended as sal-
vage treatment for metastatic colorectal cancer patients with
dMMR/MSI-H. Even in first-line treatment, checkpoint inhibitor
was also an option for dIMMR/MSI-H population who is not
appropriate for intensive therapy. However, there is no study to
support neoadjuvant treatment with pembrolizumab or nivolu-
mab in locally advanced rectal cancer due to low incidence of
dMMR or MSI-H in rectal cancer.’

To our knowledge, there is no prior report describing neoad-
juvant with PD-1 antibody in LARC. Here, we report two local
advanced rectal cancer patients with MSI-H who had a complete
response to treatment with single-agent nivolumab.

Results

Two patients with locally advanced rectal cancer were con-
firmed to be dMMR and lynch syndrome. Two cases received
PD-1 antibody (nivolumab) as neoadjuvant treatment, which
had not been previously reported in detail. The clinicopatho-
logic characteristic of the two patients is listed in Table 1.

Cases

Patient 1, a 27-year-old man, was diagnosed as having locally
advanced rectal cancer. The clinical stage was cT4bN2 with
MRI examination. Left seminal vesicle gland and the posterior
wall of the bladder were invaded by the large mass in the
middle part of the rectum, with positive mesorectal fascia
(MRF). The distance from the inferior margin of tumor to
the anal verge was 6.4 cm and the longitudinal diameter was
8.0 cm (Figure 1A). Multiple enlarged lymph nodes was
observed next to the mesorectal and superior rectal artery.
No distant metastasis was found with chest abdomen and
pelvic enhanced CT scan. The pathology examination was
moderate differentiated adenocarcinoma. And the immuno-
histochemistry for protein of mismatch repair gene showed
deficiency of MSH2 and MSH6, which was dMMR. The blood
tumor markers were all normal. The patient was diagnosed

Methods

This is a retrospective study and received institutional review
board approval from The Sixth Affiliated Hospital of Sun Yat-
sen University (Guangzhou, China). Both of the two
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Table 1. The clinicopathologic and characteristic of the two patients.

Item Patient 1 Patient 2
Gender Male Female

Age (years) 27 62

ECOG PS 0 1

cTNM stage cT4bN2MO cT4bN2MO
MRF Positive negative
EMVI Positive Positive
DTAV (cm) 6.4 1.0
Tumor length (cm) 8.0 5.0

MMR MSH2(-), MSH6(-) MSH2(-), MSH6(-)
MSI (NGS) MSI-H MSI-H
KRAS Wild type Mutation (p.G12D)
BRAF Wild type Wild type
Previous treatment None FOLFOXIRI
ypTNM pCR ccR

Abbreviation: ECOG PS, ECOG performance status; MRF, Mesorectal fascia; EMVI, Extramural vascular invasion; DTAV, Distance from anal verge; MMR, mismatch repair
gene; MSI, microsatellite instability; pCR, pathological complete response; cCR, clinical complete response

with ascending colon cancer 5 years ago. He had undergone intestinal stent was placed first. Since dMMR was confirmed,
operation once and the pathologic result proved to be stage III  we gave him anti-PD-1 antibody as neoadjuvant treatment
mucinous carcinoma. He refused adjuvant chemotherapy and (nivolumab 3mg/kg, every 2 weeks) with the approval of
regular and surveillance after surgery. And about the family institutional review board and written informed consent of
history, the patient’s mother was diagnosed with rectal cancer the patient. No significant adverse event was observed except
and endometrial carcinoma, and the uncle on the mother’s grade 2 fatigue. After six cycles of treatment, tremendous
side was also diagnosed with colon cancer. According to effect was observed on MRI evaluation (Figure 1A). And
Amsterdam criteria, the patient was diagnosed as Lynch syn-  then, total mesorectal excision was performed. The pathologic
drome. For this patient, the standard treatment should be result showed complete response. After surveillance for more
chemoradiotherapy. However, the young patient refused che- than 1 year, no recurrence was found.

motherapy and radiotherapy. Besides, he wanted to preserve Patient 2, a 62-year-old woman, received Dixon surgery 20
the fertility function. To relieve incomplete obstruction, years ago after diagnosis with rectal cancer, and underwent
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Figure 1. Radiologic and pathological response to neoadjuvant treatment with nivolumab.

Panel A shows pelvic MRI of patient 1 with stage cT4bN2MO rectal cancer before and after the administration of nivolumab. In the upper row, the pretreatment scan
shows a large mass in the upper middle of rectum was adhered to left seminal vesicle gland, the posterior wall of the bladder and the presacral space (arrow). The
distance from inferior margin of tumor to the anal verge was 6.4 cm and the tumor length was 8.0 cm. A scan performed before surgery shows greatly shrinkage of
the tumor. In the lower row, shown are representative sections of tumor specimens obtained from patient 1 before the administration of nivolumab (left) and after
the administration (right) (hematoxylin and eosin staining). This patient had 100% pathological regression of the primary tumor. Panel B shows Pelvic MRI of patient
2 with stage cT4bN2MO rectal cancer, who received six cycles of nivolumab as neoadjuvant treatment. In the upper row, before the infusion of nivolumab (left), the
tumor grows out of intestine and invaded the vaginal inferior wall, the perineal shallow area, the posterior wall of the vaginal vestibule, the anal canal, and the right
levator ani muscle (arrow). After six cycles of nivolumab, no extraluminal infiltration was observed. The lesion was significantly shrunk and scarring. In the lower row,
shown are representative sections of tumor specimens from patient 2 before the administration of nivolumab (left) and after administration (right) (hematoxylin and
eosin staining). Tumor cells are present throughout the pretreatment specimen, whereas in the post-treatment biopsy specimen, there were no viable cancer cells.
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Figure 2. Pathological assessment of response to neoadjuvant blockade of PD-1.
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Multiplex immunofluorescence staining was performed on specimens obtained from patient 1 (upper row) and patient 2 (lower row) before (left) and after (right)
neoadjuvant administration of nivolumab. With this staining technique, visible structures include cytokeratin (CK) positive tumor cells (magenta), DAPI positive cells
(dark blue), CD68+ macrophages (green), FoxP3+ regulatory T cells (light-blue), CD8 + T cells (purple), PD-1 + cells (yellow-green), and PD-L1 + cells (orange). In the
pretreatment specimen, PD-L1 positive and CD68+ macrophages abutting PD-1 positive, CD8 + T cells. There are multiple foci where PD-L1 and PD-1 are expressed
in close proximity to each other. After administration of nivolumab, CD8+ and PD-1+ immune cells infiltration was observed. PD-L1 expression was observed on

macrophages and other infiltrating immune cells.

hysterectomy and bilateral oophorectomy 9 years ago after
diagnosis with endometrial carcinoma. Now the patient was
diagnosed as recurrence locally advanced low-lying rectal
cancer with anal pain and bloody stool. The tumor located
below the rectal anastomosis, and the lesion was involved in
the vaginal inferior wall, the posterior wall of the vaginal
vestibule, the anal canal, and the right levator ani muscle.
The clinical stage was cT4bN2MO with the pelvic MRI
(Figure 1B) and chest abdomen and pelvic CT evaluation.
The pathology examination was adenocarcinoma. And the
immunohistochemistry showed CDX2 positive, deficiency of
MSH?2 and MSH6, which was dMMR. According to the family
history, lynch syndrome was also diagnosed. In order to
shrink the primary tumor and relieve the pain as soon as
possible, mFOLFOXIRI regimen was performed as neoadju-
vant chemotherapy for four cycles. The main adverse event
was grade 3 fatigue and grade 3 neutropenia. The MRI eva-
luation showed stable disease after four cycles of treatment.
The patients refused further chemotherapy and radiotherapy.
Given the dMMR status, anti-PD-1 antibody (nivolumab
3 mg/kg, every 2 weeks) was administered to the patient. No
grade 3/4 adverse event was observed. After six cycles of
treatment, the tumor shrank greatly and clinical complete
response (cCR) was considered. On MRI evaluation, only
scarring was observed without obvious infiltration in the

perineal area (Figure 1B). The pathological assessment of
the biopsy was also negative. For anal sphincter preservation,
the patient refused miles surgery. Hence, watch and wait
strategy was chosen. With 1-year follow-up, endoscopic exam-
ination and pelvic MRI every 3 months, the patient was still
disease free.

Genomic analysis

In order to examine the landscape of genomic alterations,
predicted neoantigens, tumor mutation burden and their
association with treatment response, whole-exome sequen-
cing (WES) was performed for these two patients with
pretreatment biopsy tissue. Of the two patients, 2143 and
2793 somatic mutations per tumor were detected. In
patient 1, MSH2 and MSH6 mutation were detected, and
MSI-high was also confirmed. Besides, POLD1 mutation
was detected in this patient, which plays a critical role in
DNA replication and repair and contributed to the high
tumor mutation burden. ATR, PMRMI, ARID2 and
SMARCA4 mutation were noted, which were all positive
predictor for immunotherapy. In patient 2, the mismatch
repair gene MLH1 mutation was found. And the positive
biomarker for immunotherapy included BRCA1, ATR,
ATM, BRIP1, ARID2, SMARCA4. In addition, no
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immune-related negative predictor was observed. There
were some other driver genes with a mutation of unknown
significance in WES.

Multiplex immunofluorescence analysis

Both of the two patients achieved complete response after
neoadjuvant administration of nivolumab. One patient had
underwent total mesorectal excision and the pathological
result showed no residual viable tumor cells. The other
patient showed clinical complete response in imaging eva-
luation and no tumor cells was observed in post-treatment
biopsy. To explore the alternation of microenvironment in
the tumor, multiplex immunofluorescence staining was per-
formed for the two patients with pre- and post-treatment
specimen (Figure 2). The pre-treatment specimen contained
PD-L1 positive tumor cells, CD68+ macrophages abutting
PD-1 positive, CD8 + T cells. And the post-treatment speci-
men contained an influx of CD8 + T cells and high expres-
sion of PD-L1 on immune cells, which was consistent with
an adaptive PD-L1 up-regulation mechanism.

Discussion

We observed that neoadjuvant administration of nivolumab
in dAMMR/MSI patients with LARC was associated with few
adverse events and led to complete response in both of the
two patients, with one pathologic complete response and one
clinical complete response. Most importantly, the one who
achieved clinical complete response avoided miles’ surgery
and preserved the anal function. This is the first report with
anti-PD-1 antibody monotherapy as neoadjuvant treatment in
dMMR rectal cancer.

In LARC, there was about 6% of patients with dMMR or
MSL>* Most of the patients were young. The standard treatment
for LARC was fluoropyrimidine with concurrent radiotherapy
followed by total mesorectal excision (TME) surgery.” But for
this small population, the efficacy of neoadjuvant treatment with
5FU-based chemoradiotherapy was unknown. In our previous
study,” the pCR rate with 5FU-based chemoradiotherapy was
only about 10% in this subgroup of patients, while performing
neoadjuvant chemotherapy alone, the pCR rate was 0. Another
concern about chemoradiotherapy was the toxicities caused by
radiation, such as higher rates of incontinence, sexual dysfunc-
tion, and fertility dysfunction.>” New treatment strategy was
warranted for this kind of patients, especially in young patients.

As is known, anti-PD-1 antibody has been approved in
metastatic dMMR/MSI solid tumor as salvage treatment."”
However, the incidence of dMMR or MSI was only about
5% in metastatic colorectal cancer.'” Whether immunother-
apy is effective in another 10% of early dMMR/MSI color-
ectal cancer patients has not yet been fully evaluated.
NICHE study had showed that neoadjuvant treatment with
short-term ipilimumab plus nivolumab resulted in major
pathological responses in 100% of dMMR tumors and did
not compromise surgery.'' Besides, in patients with resect-
able lung cancer, neoadjuvant nivolumab also induced

a major pathological response in 45% of resected tumors.'”
In our study, the two patients had complete response to the
neoadjuvant immunotherapy with nivolumab alone. One of
the patients avoided radiotherapy and protected the fertility
function. The other patient avoided miles’ surgery and pre-
served anal function. Hence, exploring the efficacy of
neoadjuvant immunotherapy in LARC with dMMR is
necessary and meaningful.

Another issue that needs to be concerned was the
duration and efficacy evaluation of neoadjuvant
immunotherapy.”” In resectable melanoma, a single dose
of neoadjuvant PD-1 blockade led to complete or major
pathologic response in 30% of the patients.'* While in
early stage colon cancer, one dose of ipilimumab and two
dose of nivolumab resulted major pathological responses
in 100% of dMMR tumors.'' Due to the large size of the
primary tumor of the two patients in our study, we gave
six cycles of nivolumab and achieved complete response.
The duration of neoadjuvant immunotherapy has not yet
been determined. Distinguished from chemotherapy, the
radiological evaluation is more complicated with immu-
notherapy. A heterogeneity of responses might appear in
patients receiving checkpoint blockade, including pseudo-
progression or hyperprogression.'” In resectable lung can-
cer with neoadjuvant PD-1 blockade, some of the patients
with tumor increasing in size were found to have minimal
or no residual tumor in resected specimen.'” This process
occurs because of immune-cell infiltration into the tumor
rather than true tumor growth.'® We have to avoid either
premature withdrawal of the treatment or prolonging
ineffective treatment. In the contrast, the potential risk
of hyperprogression might turn resectable tumor into
unresectable, for whom beginning the treatment should
be obviated. However, the predictive biomarkers of hyper-
progression have been largely unknown in colorectal can-
cer. Further genomic analysis was necessary.

We performed WES in these two patients. High tumor
mutation burden (TMB) was detected, which was in accor-
dance with the MSI-high status. Besides, we also found other
gene mutation that might contribute to the high TMB, such as
POLDI1, ATR, ATM, PMRM1, and ARID2 mutation. The
potential risk with immunotherapy was hyperprogression,
a phenomenon reflecting a very rapid tumor progression
following immunotherapy, which had been reported in lung
cancer.'’-" Fortunately, no immune-resistance-related gene
were detected in these two patients. Furthermore, with multi-
plex immunofluorescence staining, we observed the microen-
vironment alternation after administration of PD-1 antibody.
PD-1 blockade worked directly unleash intratumoral T-cell
killing, which might enhance the systemic priming of anti-
tumor T cells, thereby potentially eliminating micrometastatic
cancer that otherwise might cause relapse.”® This concept had
been underpinned in preclinical study.*'

The limitations of our study include the small number of
patients enrolled and the short postoperative follow-up per-
iod. Further studies are needed to compare the efficacy of
neoadjuvant treatment with PD-1 blockade versus standard



chemoradiotherapy in LARC patients with dMMR. And the
most effective duration of neoadjuvant therapy has to be
determined.

Conclusions

Neoadjuvant immunotherapy in dMMR or MSI LARC
patients led to complete response, which protect the fertility
function and preserved the anal function. Further, larger
studies are needed to determine the best predictive biomar-
kers of response and the most effective duration of neoadju-
vant therapy and to correlate the pathological response
resulting from neoadjuvant immunotherapy with overall sur-
vival. Long-term follow-up was also necessary to define the
efficacy of PD-1 blockade in reducing recurrence in LARC.
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