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ABSTRACT

Background Recent trials suggest that programmed cell
death 1 (PD-1)-directed immunotherapy may be beneficial
for some patients with anal squamous cell carcinoma and
biomarkers predictive of response are greatly needed.
Methods This multicenter phase Il clinical trial
(NCT02919969) enrolled patients with metastatic or
locally advanced incurable anal squamous cell carcinoma
(n=32). Patients received pembrolizumab 200 mg

every 3weeks. The primary endpoint of the trial was
objective response rate (ORR). Exploratory objectives
included analysis of potential predictive biomarkers
including assessment of tumor-associated immune cell
populations with multichannel immunofluorescence and
analysis of circulating tumor tissue modified viral-human
papillomavirus DNA (TTMV-HPV DNA) using serially
collected blood samples. To characterize the clinical
features of long-term responders, we combined data from
our prospective trial with a retrospective cohort of patients
with anal cancer treated with anti-PD-1 immunotherapy
(n=18).

Results In the phase Il study, the ORR to pembrolizumab
monotherapy was 9.4% and the median progression-free
survival was 2.2 months. Despite the high level of HPV
positivity observed with circulating TTMV-HPV DNA testing,
the majority of patients had low levels of tumor-associated
CD8+PD-1+ T cells on pretreatment biopsy. Patients who
benefited from pembrolizumab had decreasing TTMV-
HPV DNA scores and a complete responder’s TTMV-HPV
DNA became undetectable. Long-term pembrolizumab
responses were observed in one patient from the trial

(5.3 years) and three patients (2.5, 6, and 8 years) from
the retrospective cohort. Long-term responders had HPV-
positive tumors, lacked liver metastases, and achieved a
radiological complete response.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Programmed cell death 1 (PD-1) inhibitor mono-
therapy can be beneficial in some patients with
advanced anal cancer. Biomarkers of response are
greatly needed.

WHAT THIS STUDY ADDS

= Most patients with advanced anal cancer had resis-
tance to pembrolizumab, and the response rate was
9.4%. Multichannel immunofluorescence revealed
that the majority of trial patients had a low level of
tumor-associated CD8+PD-1+ T cells, perhaps sug-
gestive of the resistance mechanism. Biomarkers
associated with clinical benefit to pembrolizumab
included human papillomavirus (HPV) and pro-
grammed cell death ligand 1 positive tumors, no liv-
er metastases, and low baseline HPV cell-free DNA.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= While a rare subset of patients with advanced anal
cancer have durable responses to pembrolizumab,
therapeutic strategies that increase T-cell tumor-
infiltration are needed to overcome the resistance to
PD-1-directed monotherapy seen in most patients
with advanced anal cancer.

Conclusions Pembrolizumab has durable efficacy in a
rare subset of anal cancers. However, despite persistence
of HPV infection, indicated by circulating HPV DNA, most
advanced anal cancers have low numbers of tumor-
associated CD8+PD-1+ T cells and are resistant to
pembrolizumab.
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INTRODUCTION

The pathogenesis of virally-driven cancers presents
unique opportunities and challenges in the development
of immunotherapy. Anal cancer is a prototypical virally-
driven malignancy in which 80%-90% of cases are caused
by the human papillomavirus (HPV).' * The E6 and E7
HPYV proteins catalyze the oncogenesis of anal cancer by
inhibiting the function of the p53 and retinoblastoma
tumor suppressors.” While viral proteins are antigenic
targets for the immune system, the immunosuppressive
properties of HPV promote their persistence within anal
epithelial cells.”” Mechanisms of HPV-mediated suppres-
sion of the antitumor immune response include inhibi-
tion of the cyclic GMP-AMP synthase (cGAS)-stimulator
of interferon genes (STING) pathway and decreased
antigen presentation by the major histocompatibility
complex (MHC) class I and II systems.89 In addition, HPV
promotes immune evasion by upregulating expression of
the programmed cell death ligand 1 (PD-L1) checkpoint
protein, resulting in PD-L1 being expressed in approxi-
mately 70% of anal cancers.'’ !

Therapeutic targeting of the programmed cell death 1
(PD-1) /programmed cell death-ligand 1 (PD-L1) immune
checkpoint can release T cells from negative inhibition
and is effective therapy in multiple cancers.'*"? Though
not yet approved by the Food and Drug Administration,
PD-1-directed immunotherapy has been recognized as
a potentially beneficial therapy in a subset of patients
with anal cancer, and its use is endorsed by the National
Cancer Comprehensive Network guidelines."" '**' To
date, trials evaluating single agent PD-1-directed therapy
have reported response rates of 11%-24% and a median
progression-free survival (PFS) of 2.0-4.1 months.'* ' 1017
Whether patients can have sustained long-term responses
to PD-1-directed therapy remains unclear. In addition,
identifying patients that could benefit from PD-1-directed
therapy is a major clinical challenge. Correlative studies
have suggested that PD-L1 positivity and biomarkers
indicative of increased intratumoral inflammation, such
as baseline tumor-associated CD8+T cells, may be predic-
tive of response to PD-1-directed therapy.'® !

Cellfree circulating DNA derived from circulating
tumor cells is a predictive biomarker of treatment
response in multiple tumor types.”*® A challenge in the
development of cell-free DNA assays for virally driven
cancers is distinguishing between viral DNA produced by
chronic viral infection and tumor-associated viral DNA.*
Tumor tissue modified viral (TTMV)-HPV DNA is specific
for HPV-associated viral DNA because it is produced
during the fragmentation of integrated and/or episomal
HPV DNA of malignant epithelial cells.”” ** In HPV-
positive squamous cell carcinoma of the head and neck,
changes in TTMV-HPV DNA scores correlate with treat-
ment response, and the persistence of TTMV-HPV DNA
following treatment is a poor prognostic indicator.”**
Similarly, persistence of HPV cell-free DNA is a poor prog-
nostic sign following chemoradiation in locally advanced

anal cancer as well as first-line palliative chemotherapy in
advanced anal cancer.”*

Herein, we report the results of a phase II trial of
pembrolizumab in 32 patients with advanced anal squa-
mous cell carcinoma, along with a 19-patient retro-
spective cohort, in which we examined the efficacy of
pembrolizumab, long-term responders, and biomarkers
of response and resistance.

MATERIALS AND METHODS

Patient population and trial design

This was a multicenter, open label, single arm phase II
clinical trial of pembrolizumab in advanced anal cancer
(ClinicalTrials.gov identifier: NCT02919969). Eligible
patients had an incurable locally advanced or metastatic
anal squamous cell carcinoma. Patients who received
previous treatment or who had newly diagnosed incur-
able disease were eligible for protocol therapy. Additional
eligibility requirements included age 18 years, measurable
disease according to Response Evaluation Criteria in Solid
Tumors, V.1.1 (RECIST V.1.1) criteria, and an Eastern
Cooperative Oncology Group performance status of 0
or 1. Key exclusion criteria included active autoimmune
disease requiring systemic immunosuppressive treat-
ment, known active central nervous system metastases,
and prior PD-1/PD-L1-directed immunotherapy. Patients
with medically controlled hepatitis B virus or hepatitis C
virus were eligible. HIV-positive patients were eligible if
their CD4+ count 2300 cells/pL, if they had undetectable
viral load, and were receiving highly active antiretroviral
therapy. The study protocol and all amendments were
approved by the participating sites’ institutional review
board (IRB) (online supplemental file 2). All patients
provided written informed consent. This investigator-
initiated trial was funded by Merck, who approved the
final manuscript.

A separate cohort of patients with advanced anal cancer
treated with PD-1-directed therapy at Dana-Farber Cancer
Institute (DFCI), who consented to an IRB-approved
biobanking protocol from 2017 to 2022, were retrospec-
tively identified and their clinical features and outcomes
were recorded by chart review.

Treatment and assessments

Pembrolizumab was administered intravenously at
200mg once every 3 weeks for up to 2 years. Response was
assessed every 9 weeks (three cycles) until cycle 7. After
cycle 12, restaging scans were performed every 3—4 cycles
at the discretion of the treating investigator. Toxicity was
assessed with the Common Toxicity Criteria for Adverse
Events, V.4.0.

Outcomes

The primary endpoint was objective response rate (ORR),
based on the RECIST V.1.1 criteria. Enrollment of 32
patients provided 90% power to differentiate between an
unacceptable 5% ORR and a desirable ORR of 20% at
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a one-sided 10% alpha error rate. Secondary endpoints
included PFS and overall survival (OS) in an intention-
to-treat analysis. OS was calculated as the time from treat-
ment initiation until death, and PFS was calculated as the
time from treatment initiation until disease progression
or death. The Kaplan-Meier method was used to estimate
PES and OS. The clinical benefit rate (CBR) was defined
as the percentage of patients with a complete response
(CR), partial response (PR) (confirmed and uncon-
firmed), or stable disease (SD) for at least 6 months’
duration. Wilcoxon and Mann-Whitney tests were used
for statistical comparisons and the Spearman coefficient
was used to analyze correlation of continuous variables
using Prism V.8 (GraphPad), Stata, or R software.

Correlative analysis
Exploratory objectives include analysis of potential
predictive biomarkers on pretreatment tumor biopsies
and serial blood samples. Samples were collected every
cycle for the first three cycles and then every other cycle
thereafter until disease progression or treatment discon-
tinuation. Plasma samples were analyzed with a commer-
cially available assay (NavDx, Naveris) for circulating
TTMV-HPV DNA.%?" Samples were assessed for overall
DNA integrity, as well as for interpretation of TTMV-HPV
DNA score. An indeterminate result indicated consis-
tently low values of TTMV-HPV DNA below the positive
threshold value of 5. The PFS landmark time point for
TTMV-HPV DNA score change was set at the date of the
second blood draw used to calculate the score change.
Multichannel immunofluorescence with an institutional
platform (DFCI ImmunoProfile) was used to analyze the
tumor microenvironment.”**® FFPE tumor samples were
stained and analyzed with cytokeratin (AE1/AE3), CDS,
PD-L1 (E1L3N), PD-1, and FOXP3. Regions of interest
(ROIs, minimum five per case) were defined for each
image as the regions with the greatest immune cell infil-
trates. Within each ROI, InForm Image Analysis software
(PerkinElmer/Akoya) was run to phenotype and score
cells based on each biomarker expression. Each ROI was
divided into one of two defined regions: intratumoral,
which was defined as the region of the slide consisting
of tumor beyond the tumor-stroma interface; tumor-
stroma interface, which was defined as the region within
40 microns to either side of the defined border between
tumor and stroma. The total number of tumor-associated
cells included cells in the intratumoral space or tumor-
stroma interface. Cell count was calculated per ROI and
averaged (unweighted) across ROIs, reported as count
per millimeter squared+SE. Methodological descriptions
of multicolor flow cytometry, ELISA of E6 HPV antibody
plasma levels, and central laboratory assessment of PD-L1
immunohistochemistry are included in the online supple-
mental methods.”

RESULTS

Patient population and trial design

The demographic and disease characteristics of the
patients at baseline are reported in table 1. Between
October 12, 2016 and July 9, 2021, 32 eligible patients
at three institutions were enrolled (online supplemental
figure S1). All registered patients (n=32) received at least
one infusion of pembrolizumab and were included in both
the safety and efficacy analysis. Patients on the trial were
treated for a median of 2 months (range: 0-23 months).
The median age was 61 years (range: 36-83 years), 66%
of patients were women (n=21), and most patients were
white (n=29 (91%)). Most patients (91%) had received
prior anticancer therapy with a median number of lines
of treatment of 1 (range: 0-3); three patients were treat-
ment naive. Baseline liver metastases were present in 41%
of patients (n=13). As of the data cut-off (September 7,
2022), all 32 patients had discontinued study treatment.
The most common reason for removal from the trial was
progressive disease (69%). The median follow-up period
was 12.6 months (range=0.6-51.6 months).

Pembrolizumab efficacy

The ORR was 9.4% (95% CI: 2.0% to 25.0%), thus the
primary endpoint was not met (figure 1A,B and online
supplemental table 1). The ORR in patients whose tumors
expressed PD-L1 with a combined positive score (CPS) of
1 or greater was 13.0% (95% CI: 2.8% to 33.6%). The
CBR was 21.9% (95% CI: 9.3% to 40.0%). The median
OSwas 13.6months (95% CI: 6.5 to 17.7) (figure 1C). The
6-month OS rate was 71.6% (95% CI: 52.5% to 84.1%),
and the 12-month OS rate was 55.3% (95% CI: 36.5% to
70.7%). The median PFS was 2.2months (95% CI: 1.9 to
4.1) (figure 1D). The 6-month PFS rate was 25.0% (95%
CI: 11.8% to 40.7%), and the 12-month PFS rate was
12.5% (95% CI: 3.9% to 26.2%). In HPV-positive patients,
the median PFS was 2.2 months (95% CI: 1.9 to 4.3), and
the median OS was 13.8months (95% CI: 9.7 to 21.3).
None of the patients with HPV-negative anal squamous
cell carcinoma (n=3) benefited from pembrolizumab as
all these patients discontinued the study within 2 months.
Patients with liver metastases had significantly shorter PFS
than patients who did not have liver metastases (median
PFS 1.8 months vs 4.1 months, log-rank p=0.0006), along
with significantly shorter OS (median OS 6.5 months vs
17.7months, log-rank p=0.0309).

Safety

The main reason for pembrolizumab discontinuation was
progressive disease. Pembrolizumab was generally well
tolerated, and its toxicity profile was similar to what has
been reported in other malignancies.'”"*** * A total of
78% of patients experienced at least one grade >1 adverse
event (table 2). Two patients (6%) experienced grade 3
toxicity attributable to pembrolizumab, including hypo-
thyroidism, hyperthyroidism, and rash. No grade 4 or
5 adverse events related to trial therapy were observed.
Notably, in agreement with prior reports, the one patient
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Table 1 Demographic and clinical characteristics of
patients who started protocol treatment

Basic demographics

Age (years)
(median; range)
Sex (n, %)
Female
Male
Race (n, %)
Asian
White
Other
Ethnicity (n, %)
Hispanic
Non-Hispanic
Unknown
ECOG (n, %)
0
1
HIV status (n, %)
Positive
Negative
HPV status (n, %)
Positive
Negative
Unknown
T stage at diagnosis (n, %)
T
T2
T3
T4
Unknown
N stage at diagnosis (n, %)
NO
N1
N2
N3
Unknown
M stage at diagnosis (n, %)
MO
M1
Unknown

Tumor mutational burden (median

mut/Mb, range)

Mismatch repair status
Proficient
Indeterminate
Unknown

61 (36-83)

(n=32)
21 (66)
11 (34)
(n=32)
1)
29 (91)
2 (6)
(n=32)
1)
27 (84)
4 (13)
(n=32)
13 (41)
19 (59)
(n=32)
1@
31 (97)
(n=32)
27 (84)
39

2 (6)
(n=32)
4 (13)
12 (38)
7 (22)
4 (13)
5 (16)
(n=32)
8 (25)
14 (44)
1(3)
309

6 (19)
(n=32)
15 (47)
16 (50)
1)
6.083 (3.042-14.45)

(n=32)
11 (34)
1)

20 (63)

Continued

Table 1 Continued

Basic demographics

PD-L1 combined positive score (n=27)
<1 4 (15)
>1 23 (85)

Metastases (n=32)
Liver 13 (41)
Lungs 17 (563)
Lymph nodes 25 (78)
Bone 2 (6)

Prior treatment (n=32)

Radiation (n, %) 25 (78)

Systemic therapy
Yes (n, %) 29 (91)
No (n, %) 3(9

Therapy type (n=29)
Capecitabine 3 (10)
Carboplatin/paclitaxel 2(7)
Fluoropyrimidine/cisplatin 14 (48)
Fluoropyrimidine/mitomycin C 21 (72)
FOLFIRI 1)
FOLFOX 1@

ECOG, Eastern Cooperative Oncology Group; FOLFIRI,
5-fluorouracil, folinic acid, and irinotecan; FOLFOX, 5-fluorouracil,
folinic acid, and oxaliplatin; HPV, human papillomavirus; mut/Mb,
mutations/megabase; PD-L1, programmed cell death ligand 1.

with HIV positive enrolled in the study, who had a CD4
count of 205cells/microliter at study initiation, toler-
ated the pembrolizumab well and showed no grade >3
toxicities.™

Analysis of the tumor immune microenvironment

To understand the sensitivity and resistance of anal
cancer to pembrolizumab, we examined the tumor
immune microenvironment in patients (n=24) enrolled
in the prospective clinical trial using pre-enrollment
biopsy samples (n=8) or archival samples (n=16). These
biopsy samples were obtained from either the primary
anal tumor (n=5) or a metastatic site (n=19). We used
the DFCI ImmunoProfile multichannel immunofluores-
cence assay, which has been used to profile over 1000
patient tumors of more than 20 cancer types, to char-
acterize T-cell infiltration in the biopsy samples.g4 ' To
perform this analysis, we examined the total number
of tumor-associated cells located intratumorally and at
the tumor-stroma interface. Compared with the median
number of tumor-associated PD-1+ andCD8+PD-1+
cells observed in the pancancer cohort of 1152 patients
assayed by ImmunoProfile (online supplemental table
2), there were significantly fewer tumor-associated PD-1+-
cells (p=0.0005) and CDS8+PD-1+ cells (p=0.0475) in
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Response to pembrolizumab in patients with anal cancer. (A) Waterfall plot of best radiological response to

pembrolizumab. Best overall response in the 27 radiologically evaluable patients treated with pembrolizumab. *Signifies that
a new lesion developed. (B) Spider plot of radiological response to pembrolizumab stratified by best radiological response.
(C,D) Kaplan-Meier estimates of overall survival (C) and progression-free survival (D). NO, number.

biopsies obtained from patients with anal cancer on the
prospective trial (n=24) (figure 2A-C). When compared
with a cohort of patients with melanoma (n=69) assayed
by ImmunoProfile, patients with anal cancer in the trial
cohort (n=24) also had a significantly lower number of
mean tumor-associated PD-1+cells (345 cells/ mm? s
844 cells/ me, p<0.0001, Kruskal-Wallis test) and median
tumor-associated CD8+PD-1+ cells (441 cells/ mm? s
916cells/rnm2, p<0.0001, Kruskal-Wallis test).

Given the relatively small number of patients in this
clinical trial, we were unable to discern any differences in
the tumor immune microenvironment between patients
with versus without clinical benefit (online supplemental
figure 2A-E). Notably, the tumor-associated CD8+T cells
and CD8+PD-1+ T cells were substantially higher in the
patient (trial patient #12) who had a long-term CR.
Compared with the median staining levels observed in
the entire clinical trial, the long-term responder had 2.7-
fold greater CD8+cells, 9-fold greater CD8+PD-1+ cells,
and 3.8-fold greater FOXP3+cells (figure 2D-G, online
supplemental figure S3).

PD-L1, tumor mutational burden, and circulating immune cells
as biomarkers of pembrolizumab response

Because PD-L1 staining and tumor mutational burden
(TMB) are predictive biomarkers of PD-l-directed
therapy in other malignancies, we analyzed whether these
biomarkers correlated with objective response and clin-
ical benefit to pembrolizumab in anal cancer.”™* *** [n
the prospective trial, 12 of the 32 patients had genomic
sequencing data that included TMB. The median TMB
was 6.083 mutations/Mb (range: 3.042-14.448). We did
not observe any significant differences in the TMB on the
basis of response or clinical benefit (online supplemental
figure S4A, B). Similar to other studies, we observed that
85% of anal cancers (n=22/26) from patients enrolled on
the trial had tumors that expressed PD-L1 with a CPS of
1 or greater.10 " The four patients with PD-L1 negative
tumors all rapidly progressed on pembrolizumab (median
PES for PD-L1 negative cancers was 0.85months; range:
0.59-4.27). All patients who derived clinical benefit (n=7),
defined as CR, PR, or SD for at least 6 months’ duration,
had PD-L1 positive tumors. Among PD-L1I positive tumors
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Table 2 Adverse events (possibly, probably, definitely)

Any-grade adverse events occurring in >2patients, n (%)
N=25

Anemia 2(8)
Anorexia 2(8)
Arthralgia 4 (16)
Cough 2(8)
Creatinine increase 2(8)
Diarrhea 4 (16)
Dyspnea 28
Edema 3(12)
Fatigue 12 (48)
Hypothyroidism 4 (16)
Liver function test* 11 (44)
Alanine aminotransferase 2(8)
Alkaline phosphatase 2(8)
Aspartate aminotransferase 6 (24)
Bilirubin 14)
Myalgia 2 (8)
Nausea 3(12)
Pruritus 5 (20)
Rash 5 (20)
Grade 3-4 adverse events occurring in >1 patient, n (%)
Rash 2(8)
Hypothyroidism 14)
Hyperthyroidism 14)
Headache 1(4)

*Liver function test includes aspartate aminotransferase, alanine
aminotransferase, bilirubin, and alkaline phosphatase elevations.

(n=22), the median CPS was 30 (range: 1-100). We did
not observe an association between higher CPS and the
ORR or the clinical benefit rate.

To understand whether pembrolizumab-induced
changes in the peripheral circulating immune cell popu-
lations were associated with treatment response, we
performed flow cytometry on peripheral blood mono-
nuclear cells obtained from patients on the clinical trial
at pretreatment and 6weeks after pembrolizumab initia-
tion. The decrease in PD-1 mean fluorescence intensity
indicated target engagement by pembrolizumab, which
binds to an epitope that overlaps with the anti-PD-1 anti-
body used for detection by flow cytometry (p=0.0001)
(online supplemental figure S4C). Response to PD-1
blockade is associated with reinvigoration of antigen-
specific CD8+T cells in peripheral blood.** Six weeks after
pembrolizumab initiation, we observed an expansion of
CD8+CD45RO+HLA-DR+ CD38+ Tcells (p=0.0058), in
agreement with findings from previous studies showing
that this population expands in patients with non small
cell lung cancer (NSCLC) treated with PD-1 blockade

(online supplemental figure S4D).** These changes in
PD-1 accessibility and expansion of HLA-DR+CD38+
CDS8T cells were observed across all patients exposed to
pembrolizumab. No differences in circulating quantities
of T cells were associated with clinical benefit, including
CD4+T cells, peripheral helper T cells, CD8+T cells, and
CD8+CX3CR1+Tcells (online supplemental figures S5—
S7). No significant differences in circulating quantities
of B cells were associated with clinical benefit, including
naive B cells, antibody secreting B cells, or activated B
cells (online supplemental figures S5-S7).

Circulating TTMV-HPV DNA is a biomarker of response to
pembrolizumab

Given the strong association of HPV with anal cancer, we
explored whether the presence of circulating anti-E6 anti-
body, as determined by ELISA, could be used as a blood-
based biomarker.* However, results from our ELISA
assay did not correlate with the presence of HPV-positive
tumors or therapy-related tumor volume changes (online
supplemental figure S8).

Since anti-E6 antibody titers were not an adequate
biomarker of cancer detection or pembrolizumab
response, we investigated whether the TTMV-HPV DNA
score could be used as a biomarker in patients on the
prospective trial using serial plasma samples. Twenty-
nine of the 32 trial patients had a baseline plasma sample
available, of which 26 had HPV-positive anal cancer and
three patients had HPV-negative anal cancer, on the basis
of p16 immunohistochemistry (IHC) and/or HPV geno-
typing (online supplemental table 3). Of the 26 patients
with HPV-positive anal cancer, 24 were TTMV-HPV DNA
positive and 1 was TTMV-HPV DNA indeterminate (later
TTMV-HPV DNA positive). There was one anal cancer
that was pl6-positive, but serial plasma samples were
TTMV-HPV DNA negative despite progressive disease,
consistent with literature showing that p16 is not 100%
specific for HPV.! Compared with tumors identified as
HPV-positive by p16 and/or HPV genotyping, the sensi-
tivity of the pretreatment TTMV HPV-DNA score was
95% and the specificity was 100%. Twenty-seven patients
had a positive TTMV-HPV DNA score at any time point
during the trial, all of whom had the HPV-16 genotype,
which is consistent with epidemiological studies indi-
cating that HPV-16 is the most implicated genotype in
anal cancer.! ®* At baseline, lower TTMV-HPV DNA
scores were associated with clinical benefit (best response
as CR, PR, or SD=6 months) (p=0.003) (figure 3A). The
median baseline TTMV-HPV DNA score was 376 versus
35,046 in patients who had clinical benefit compared with
those without benefit. Baseline TTMV-HPV DNA scores
are positively correlated with greater tumor burden,
according to baseline RECIST measurements (Spearman
coefficient, p=0.72, p<0.0001) (figure 3B). Notably, on
multivariate analysis controlling for site of metastatic
disease, PD-L1 CPS, and circulating immune cell ratios,
baseline TTMV-HPV DNA score was not independently
associated with an improvement in PFS.

6 Huffman BM, et al. J Immunother Cancer 2024;12:¢008436. doi:10.1136/jitc-2023-008436


https://dx.doi.org/10.1136/jitc-2023-008436
https://dx.doi.org/10.1136/jitc-2023-008436
https://dx.doi.org/10.1136/jitc-2023-008436
https://dx.doi.org/10.1136/jitc-2023-008436
https://dx.doi.org/10.1136/jitc-2023-008436
https://dx.doi.org/10.1136/jitc-2023-008436
https://dx.doi.org/10.1136/jitc-2023-008436
https://dx.doi.org/10.1136/jitc-2023-008436

A B

All Cancers

666650 < d

Melanoma

Anal Cancer* Anal Cancer*

All Cancers H

Melanoma-| —t }
H—

All Cancers: H

y
S700=d

50000=d
10000> d

Melanoma-

Anal Cancer*{H——1

0 200 400 H 100

CD8+ Cells/mm?

PD1+ Cells/mm?

200 300 400 0 50 100 150
CD8+PD1+ Cells/mm?

CD8+ cells/mm?
N S
o (=3
o o (=]
PD1+ cells/mm?
- N w S
2 B g8 3
o o o =] o

& ({Jz‘ &F
S 2 &L Sid
L R & &
& & < ©
) \s o
58 & .
Q\Q‘ &° & &
oo& RS ® \3‘

)
I

80 500
% N
400
E 60 £
2 )
@ = 300
o o
+ 40 s
=) & 200
[ %
+
20
@ @ 100
o
0 0
Y Y ¢ o
F & & &
o & o &
& ,b\(’ Q_e"Q 2
& @ ¥
& & &
Oo@ & (,06\ &

Figure 2 Tumor immune microenvironment of anal cancer. (A,B,C) Multichannel immunofluorescence (mIF) measurement of
median CD8+T cells (A) median PD-1+cells (B) and median CD8+PD-1+ cells (C) in all cancers tested, melanoma, and anal
cancer (95% CI). (D) Tumor immune microenvironment by mIF (20x magnification) for patient 12 who experienced a complete
response to pembrolizumab. Blue, DAPI; white, CD8; orange, PD-1; pink, cytokeratin; yellow, FOXP3; green, PD-L1;. (E, F, G,
H) Median number of tumor-associated cells in the patient with a complete response compared with median number of cells
tumor-associated cells in all other patients with anal cancer enrolled on the trial. (E) CD8+tumor-associated T cells (394.5
cells/mm? vs 146.1 cells/mm?), (F) PD-1+tumor-associated cells (238 cells/mm? vs 20.3 cells/mm?), (G) CD8+PD-1+ tumor-
associated cells (55.1 cells/mm? vs 5.9 cells/mm?), (H) FOXP3+cells (330.7 cells/mm? vs 87.0 cells/mm?). DAPI, 4',6-diamidino-
2-phenylindole; PD-1, programmed cell death 1; PD-L1, programmed cell death ligand 1.

We next analyzed whether dynamic changes in serial
TTMV-HPV DNA scores correlated with tumor response
to pembrolizumab. No patient had stable TTMV-HPV
DNA scores; all either increased or decreased. Decreasing
TTMV-HPV DNA scores correlated with clinical outcomes
as well; a decrease in TTMV-HPV DNA score from base-
line to cycle 2 (3 weeks) was significantly associated with

clinical benefit (median 58% decrease vs 54% increase,
p=0.008) (figure 3D; online supplemental figure S9).
Moreover, a decrease in TTMV-HPV DNA score from
baseline to cycle 3 (6 weeks) was also significantly associ-
ated with clinical benefit from pembrolizumab (median
72% decrease vs 72% increase, p=0.01) (figure 3E). All
patients with an objective response (CR or PR) had a

Huffman BM, et al. J Immunother Cancer 2024;12:¢008436. doi:10.1136/jitc-2023-008436 7


https://dx.doi.org/10.1136/jitc-2023-008436

B Cinical sencric
A . P =0.0030 B 8- Il Vo Ciinical Benefit

E B . .
% ® -56_ * L . °
5 4 5 ‘. :" . ©
@ § 4 . .
g (et
a 2 s ° .
> k3
: i
2 |
E° . p<0.0001; p =0.72
22— 0 T T T T 1
& & o 80 100, 200 20
& &
N N
&> &P
& IS
> (&)
V\o
C D .
o
2 1200 2 1200
b P =0.0081 e P=0.0131
I 1000 I 1000
2 s
E 800 E 800
2 2
‘s 600 s 600
@ @
g 400 g 400
2 &=
s 200 o 200
g
g ‘5: (o)) (O W S
€ § -200
° K & &
a )
& &
AN ,z}%
O\\Q o\\o‘

® [l Ciinical Benefit s
[ o Cinical Benefit

TTMV-HPY DNA scors (Log10 scak)
\
TTMV-HPY DNA scors (Log10 scale)

-
o
o
o

-
- o
- o o

Progression Free Survival (%)

©
o

8 10
Months

Proportion change from baseline

o
o
e

Figure 3 Analysis of TTMV-HPV DNA and correlation with treatment outcome. (A) Baseline TTMV-HPV DNA score in patients
with clinical benefit (patients with best response as complete response, partial response, or stable disease >6 months) versus
patients with no clinical benefit (patients with best tumor response as stable disease <6 months, progressive disease, or
inevaluable). (B) Correlation between baseline TTMV-HPV DNA score and tumor diameter measurement by Response Evaluation
Criteria in Solid Tumors (p<0.0001, p=0.72, Spearman coefficient). Each patient is represented by a colored dot that is based

on clinical benefit and detailed in the upper-right. (C) TTMV-HPV DNA score per cent change from baseline after cycle 1 (range:
2-4 weeks after first dose of pembrolizumab) by clinical benefit. (D) TTMV-HPV DNA score percent change from baseline to
cycle 2 (range: 5-7 weeks after first dose of pembrolizumab) by clinical benefit. (E) Changes in TTMV-HPV DNA score of trial
participants over time (weeks). Red line indicates clinical benefit. Black line indicates no clinical benefit. (F) TTMV-HPV DNA
score proportional change plotted in descending order, color coded by best objective response. X axis, bars represent individual
patient data; Y axis, TTMV-HPV DNA score proportional change 6 weeks after start of pembrolizumab. (G) Patient progression-
free survival segregated by proportional TTMV-HPV DNA score change 6 weeks after start of pembrolizumab (increasing

vs decreasing TTMV-HPV DNA score). X axis, time from second plasma draw in months; Y axis, per cent of patients with
progression-free survival. TTMV-HPV, tumor tissue modified viral-human papillomavirus.
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of the trial patient (patient 12) with a complete response (top of the figure). The bottom of the figure graphs the complete
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after start of treatment. Black arrows correspond to time points when the CT scans were obtained. TTMV-HPV, tumor tissue

modified viral-human papillomavirus.

decreasing TTMV-HPV DNA score at cycle 3 (6 weeks)
(figure 3F). Furthermore, patients who had a decreasing
TTMV-HPV DNA score at 6weeks had a median PFS of
3.0months (95% CI: 0.66 to 11.9), which was significantly
higher than the 0.7months median PFS (95% CI: 0.6 to
2.5) seen in patients with an increasing TTMV-HPV DNA
score at 6weeks (HR: 0.37; 95% CI: 0.14 to 0.99, log-rank
p=0.04) (figure 3G). Notably, the patient (trial patient
#12) who achieved a radiological CR at week 45, had
undetectable TTMV-HPV DNA at 18weeks (figure 4).

Long-term response to PD-1-directed immunotherapy in anal
cancer

On the prospective clinical trial, the patient with a CR
(trial patient #12) had durable benefit to pembrolizumab
with no evidence of cancer recurrence 5.3 years after
starting treatment with pembrolizumab. The clinical char-
acteristics of patients with advanced anal cancer who have
a long-term response to PD-I1-directed therapy is poorly
understood. To further examine this question, we also
analyzed a retrospective cohort of patients with advanced
anal cancer (n=18) who enrolled in an institutional
biobanking protocol and were treated with anti-PD-1/
PD-L1 therapy. The clinical and demographic character-
istics of this cohort are listed in online supplemental table
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4. Over half of the patients (11/18, 61%) in this retro-
spective cohort presented with locally advanced disease
and were treated with chemoradiation. The other 39% of
patients (7/18) in this cohort presented with metastatic
disease and all of these patients received first-line cyto-
toxic chemotherapy (7/7), with four patients receiving
palliative radiation as well. The median number of prior
systemic therapies (including chemoradiation) prior to
anti-PD-1 immunotherapy for this cohort was 1 (range:
1-4).

Three of the patients in the retrospective cohort had
a long-term CR to pembrolizumab (n=3/18). All three
of these patients have ongoing responses that continue
2.5, 6, and 8 years after initiating pembrolizumab.*® Each
of the long-term responders in the retrospective cohort
initially presented with locally advanced disease. Two
of these patients developed metastatic disease within
4months of completing chemoradiation, while the third
patient developed metastatic disease 1.5 years after having
aclinical CR to chemoradiation. Trial patient#12, the one
long-term responder (n=1/32) on the prospective trial,
initially presented with metastatic disease and pembroli-
zumab was the second-line of therapy. Notably, all four of
the complete responders stopped pembrolizumab after
2-3 years and have not needed any additional anticancer
treatments.

To further explore the underlying characteristics of
long-term responders, we examined the clinical features
and molecular biomarkers of each patient’s cancer
(table 3). All long-term responders achieved a complete
radiological response and had tumors that were HPV-
positive, based on P16 positivity as determined by IHC.
Two patients with available HPV genotyping data had HPV
genotype 16. The TMB of the long-term responder cohort
was modest ranging from 6.1 to 12.2 mut/Mb. All tumors
from long-term responders that could be tested (n=3/4)
were PD-LI positive. None of the long-term responding
patients had liver metastases when they started pembroli-
zumab. Two patients had lymph node metastases alone,

another patient had lung metastases alone, and the other
patient had both lymph node and lung metastases.

DISCUSSION

For decades, treatment options for patients with advanced
anal cancer have been limited to cytotoxic chemo-
therapy. Results reported here, and in other studies,
demonstrate that PD-1-directed therapy has efficacy in a
subset of patients with advanced anal cancer.' ' %17 We
observed an ORR of 9.4% and a CBR of 25.9%. These
data are consistent with those from other trials of PD-1
inhibition in previously treated advanced anal squamous
cell carcinoma (SCC) with ORR ranging from 11% to
249%. 10111617 The median PFS (2.2months) and median
OS (13.6 months) herein were also similar to those in the
KEYNOTE-028 (3.0 months PFS and 9.3 months OS) and
KEYNOTE-158 (2.0months PFS and 11.9months OS)
trials.

Although pembrolizumab has activity in only a subset
of patients with anal cancer, in the analysis of our clin-
ical trial and retrospective cohort, we observed durable
long-term responses, of 2.5, 5.3, 6, and 8 years, in a rare
subset of patients treated with PD-1-directed therapy. Our
data indicate that long-term responders shared several
characteristics. All of these patients were HPV-positive,
lacked liver metastases, and achieved a radiological CR.
The tumor microenvironment before pembrolizumab
treatment in one long-term responder had substantially
more tumor-associated CD8+T cells and CD8+PD-1+
T cells than other patients enrolled on the trial. This is
consistent with findings from the NCI9673 trial showing
that anal cancers sensitive to nivolumab had higher levels
of tumor-infiltrating CD8+PD-1+ T cells compared with
anal cancers resistant to nivolumab.'®

While a small number of patients with anal cancer can
have a durable response to pembrolizumab, a critical
question is why most anal cancers are refractory to PD-1-
directed therapy. The 9.4% ORR observed in our trial is

Table 3 Baseline characteristics of long-term responders to pembrolizumab

Sites of Duration of
metastases at pembrolizumab PFS from time of
Age pembrolizumab  prior to treatment HPV MMR PD-L1 pembrolizumab
Patient (yrs) Prior therapies initiation break (months)* status TMB status status initiation (yrs)
DFCI PT #1* 60s  5FU/MMC/RT, Lymph node 24 Positive 10.0 Not Positive 8
FOLFOX reported
DFCI PT #2* 70s  5FU/MMC/RT Lung, lymph node 36 Positive 7.6 MMR Unknown 6
proficient
DFCI PT #3* 60s  5FU/MMC/RT Lymph node 24 Positive 12.2 MMR Positive 2.5
proficient
Trial PT #12  50s  CIS/5FU/RT Lung only 24 Positive 6.1 MMR Positive 5.3
proficient

TMB is measured in mutations/megabase.
*Indicates patients in the retrospective cohort.

CIS, cisplatin; FOLFOX, folinic acid, 5FU, and oxaliplatin; 5FU, 5-fluorouracil; HPV, human papillomavirus; MMC, mitomycin C; MMR, mismatch
repair; PD-L1, programmed cell death ligand 1; PFS, progression-free survival; DFCI PT, Dana-Farber Cancer Institute patient; RT, radiation therapy;

TMB, tumor mutational burden; yrs, years.

10 Huffman BM, et al. J Immunother Cancer 2024;12:2008436. doi:10.1136/jitc-2023-008436


https://dx.doi.org/10.1136/jitc-2023-008436

consistent with the ORR of single-agent PD-1-directed
therapy in other advanced HPV-associated malignancies
such as cervical cancer (12%) and head and neck cancer
(19%).% *” * In addition to upregulating PD-L1, HPV
also inhibits the ¢-GAS/STING pathway and interferes
with antigen presentation by MHC class I and MHC class
II, making it less surprizing that PD-I-directed mono-
therapy is insufficient therapy in most tumors. Both
¢-GAS/STING pathway inhibition and decreased antigen
presentation can result in decreased T-cell infiltration.
We observed low levels of tumor-associated CD8+PD-1+
T cells in patients enrolled on this trial, which contrasts
with malignancies known for PD-Il-inhibitor responsive-
ness like melanoma.* Instead, these findings suggest that
most patients with advanced anal cancer have an “immu-
nologically cold” tumor microenvironment which may
explain the resistance to anti-PD-1 immunotherapy that is
commonly seen in this population. This finding is consis-
tent with other reports which have described low levels of
tumor infiltrating T cells in patients with anal cancer with
chemoradiation-refractory and/or advanced disease.”?
While these data suggest that most patients with advanced
anal cancer have low levels of T-cell infiltration, interest-
ingly high levels of T-cell infiltration portends a positive
prognosis in localized anal cancer suggesting important
biological differences in these two disease subgroups.”” "'

In addition to T-cell infiltration, our study examined
other potential predictive biomarkers of pembrolizumab
sensitivity in anal cancer. All responding patients had
PD-L1-positive and HPV-positive tumors. Although the
TMB of responding patients was modest (median=5.703
mut/MB), virally-driven tumors do not require a high
mutational burden to be antigenic. For instance, viral-
associated Merkel cell carcinomas have a relatively
modest TMB while still being sensitive to PD-1 inhibition
likely because viral proteins act as sensitizing antigens.'***

Similar to other malignancies, we observed that liver
metastases were associated with resistance to PD-I-
directed therapy in anal cancer.”* None of the long-term
responders in either cohort had liver metastases. Simi-
larly, in the POD1UM-202 trial, the only patient with a
CR to the anti-PD-1 antibody retifanlimab had lymph
node metastases alone without liver metastases.'” Unfor-
tunately, liver metastases are common in anal cancer and
were present in 40% of patients enrolled on our trial.
Preclinical studies have suggested that liver metastases
promote resistance to immunotherapy by downregu-
lating the function and number of CD8+T cells, perhaps
due to the known upregulation of monocyte-derived
macrophages found in tumor-bearing livers.”***

Since anal cancers have a range of responses to PD-1-
directed therapy, biomarkers that can predict and track
response to therapy are greatly needed. In patients
with anal cancer treated with docetaxel, cisplatin, and
5-fluorouracil, circulating tumor HPV DNA was prog-
nostic of progression if still detectable after completion
of chemotherapy.” ® °7 In our analysis of circulating
tumor cell derived HPV cell-free DNA, patients with lower

baseline circulating TTMV-HPV DNA scores were more
likely to derive clinical benefit from immunotherapy,
similar to reported findings in patients with HPV-positive
head and neck cancer.”® Furthermore, we demonstrated
a strong positive correlation with TTMV-HPV DNA scores
and overall tumor burden.”? ¥ % In our study, patients
with clinical benefit were also significantly more likely
to show a decrease in TTMV-HPV DNA score within the
first 6weeks of therapy than patients who did not show
clinical benefit to pembrolizumab. Notably, circulating
TTMV-HPV DNA became undetectable in a patient with
a CR 6 months before the radiologic CR was achieved.

The presence of circulating TTMV-HPV DNA in all
patients with HPV-positive tumors indicates that viral
antigens are likely still being expressed by these cancers.
Therefore, the low level of T-cell infiltration and the poor
efficacy of immunotherapy in most patients with advanced
anal cancer are unlikely due to lack of antigen and more
likely attributable to other factors. Loss of antigen presen-
tation on MHC class I or blunting of the type I interferon
response are both strategies for HPV-mediated immune
evasion.”® ? Two recent negative randomized trials, the
NCI9673 study (NCT02314169) evaluating nivolumab/
ipilimumab as well as the SCARCE-PRODIGE 60 study
(NCT03519295) evaluating atezolizumab combined with
first-line docetaxel, cisplatin, and 5-fluorouracil chemo-
therapy, highlight the difficulty of designing next gener-
ation PD-l-directed immunotherapy strategies in anal
cancer.”® ® Ongoing anal cancer research to overcome
this immune evasion includes trials that combine PD-1
immunotherapy with carboplatin/paclitaxel chemo-
therapy (NCT04444921) as well as incorporating PD-1
blockade with chemoradiation in patients with high risk
locally advanced disease (NCT03233711). Since HPV is
known to inhibit the cGAS-STING pathway, one rational
combination for future clinical trials would be an anti-
PD-1 antibody combined with a STING agonist.

This study has several limitations. Our correlative anal-
yses were limited by the small number of patients in the
trial. Therefore, correlative analysis of tumor-associated
lymphocytes was limited by power. Given the rarity of
advanced anal cancer and the difficulty identifying long-
term responders to PD-1-directed therapy, we combined
the prospective clinical trial cohort (n=32) and with a
retrospective cohort (n=18). The potential shortcoming
of this approach is that the retrospective cohort might
have introduced a selection bias which may overesti-
mate the number of long-term responders. Additionally,
despite up to 10% of patients with anal cancer having HIV,
our trial only enrolled one patient with HIV.* Consistent
with prior work on PD-1 inhibition being well tolerated
in patients with HIV, our patient tolerated the pembroli-
zumab well and did not experience any grade >3 toxicity.*’
Continued efforts need to be made to ensure that patients
with HIV receive appropriate cancer-directed treatment
and are also enrolled into clinical trials.

In summary, a small subset of anal cancers are respon-
sive to pembrolizumab immunotherapy, including a

Huffman BM, et al. J Immunother Cancer 2024;12:¢008436. doi:10.1136/jitc-2023-008436 1



rare subgroup of patients who achieve a durable, long-
term, CR. While the complete responder in our trial
had a high level of tumor-associated CD8+PD-1+ T cells,
most advanced anal cancers, despite having persistent
HPYV infection and antigen production, have low levels
of tumor-associated CD8+PD-1+ Tcells. The low level
of CD8+PD-1+ T-cell infiltration likely drives resistance
to PD-1 blockade in most patients with advanced anal
cancer, and future immunotherapeutic strategies should
explore ways of increasing CD8+PD-1+ T-cell infiltration.
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