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Abstract: Anal squamous cell carcinoma (SCAC) is a human papillomavirus (HPV) driven malignancy. Given inadequate HPV-
vaccination rates, SCAC will continue to be a public health concern. SCAC is commonly diagnosed in the local or locoregional setting
in which definitive chemoradiation provides the opportunity for cure and has high control rates. A minority of patients will develop
recurrence or present with metastatic SCAC. Given the rarity of this disease, research has lagged compared to many other solid
tumors. Historically, treatment has been based on extrapolating management approaches from more common squamous cell carcinoma
malignancies and/or small case series or case reports. Fortunately, dedicated prospective clinical trial investigation in the advanced
setting has emerged in recent years. Here, we review the current strategies for treatment along with remaining challenges and viable
next steps for the management of metastatic SCAC.
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Introduction

Cancers occurring in the anus, anal canal, or anorectum represent approximately 2.7% of all digestive system cancers."
Alarmingly, the incidence of these tumors has been steadily increasing over the last several decades. In 2021, the United
States’ estimated new cases are reported at 9090 with 1430 estimated deaths. Anal squamous cell carcinoma (SCAC) is
the dominant histology and will be the focus of this review. Other histologies such as anal adenocarcinoma, melanoma,
neuroendocrine, and others will not be discussed due to vastly different treatment paradigms to SCAC.

SCAC is a malignancy associated with the human papillomavirus (HPV), with a reported association of >95% of
cases.' Other risk factors consist of a history of receptive anal intercourse or sexually transmitted disease, history of
other HPV-associated malignancies (ie, cervical, vulvar, or vaginal cancer), chronic immune suppression (ie, solid
organ transplant, human immunodeficiency virus (HIV) infection, certain autoimmune diseases), and smoking. Despite
the availability of the HPV vaccine, vaccine adherence remains a critical issue with a need for significant improvement
and the potential to most substantially reduce SCAC’s burden and occurrence. Recent statistics report only 22% of
those aged 18-26 years are reported to have completed the HPV vaccine series, and only 58.6% of those 13—17 years
old have completed the series.” Chronic immune suppression is an additional risk factor.' With immunomodulator
introduction and increased use for autoimmune disease treatment, this may pose a potential increase in SCAC
incidence. Although correlation with these remains to be determined, other chronic immunosuppression has been
linked to increase in developing SCAC." A contributing challenge to SCAC is the current inadequate screening
modalities and screening guidelines for anal malignancies.* Lacking adequate screening limits the ability for prevention
through early detection. Given these factors, we anticipate the burden of SCAC will remain a relevant healthcare
concern in the future.
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Often patients will present with rectal bleeding, rectal pain, and/or a sensation of a rectal mass.' Given this
symptomatic presentation, most SCAC cases present in a curable stage, with localized or locoregional disease.
Treatment for localized and locoregional disease is with definitive chemoradiation (CRT) with 5-fluorouracil (5-FU) +
mitomycin C or 5-FU + cisplatin as CRT sensitizer regimens. A salvage abdominoperineal resection (APR) is reserved
for patients refractory to definitive CRT. The decision for an APR is made after at least six months post definitive CRT
unless growth is detected sooner. This six-month timeframe allows CRT to reach its full effect. Current survival rates for
those with localized or locoregional disecase show these treatment modalities to be effective with five-year survival at
81.9% and 65.5%, respectively.’

Recurrent and metastatic disease is relatively rare and represents 10-20% of SCAC cases occurring most often as
metachronous disease after primary definitive therapy.' Data from the Surveillance Epidemiology and End Results
(SEER) database collected between 2009 and 2018 showed that only 12.5% of patients with SCAC presented with distant
metastases.” Common metastatic sites are the liver and lungs along with other sites including extra pelvic lymphadeno-
pathy, peritoneum, and bone metastases."” As the incidence of SCAC rises, there is an increasing need for novel
approaches. Given the rarity of metastatic disease, prospective trials have been limited. However, as we show in this
review, when there is an unmet need for a rare tumor, cooperative group trials can be enrolled quickly as seen with
NCI9673.% Here, we discuss current treatment challenges along with potential solutions to advance the management of
recurrent and metastatic SCAC.

Discussion
Current Front-Line Metastatic SCAC Treatment Strategies: Doublet vs Triplet
Therapy

Data supporting advanced SCAC treatment have historically been derived from retrospective studies, case reports, or
case series involving combinations of fluoropyrimidines, platinums, taxanes, and/or anti-epidermal growth factor
receptor (anti-EGFR) therapies.”'> Treatment decisions have historically been extrapolated from more common
SCC malignancies such as head and neck tumors, non-small cell lung cancer (NSCLC), and cervical cancer.
Cisplatin + 5-FU emerged as a standard therapy given activity in a small cohort (n = 19)."* Cisplatin + 5-FU showed
an overall response rate (ORR) of 66%, median overall survival (OS) of 34.5 months, and relative safety (grade 3—4
neutropenia of 13%). Along with cisplatin + 5-FU, carboplatin + paclitaxel was also routinely considered a suitable
regimen given activity in other SCC malignancies and allowed for a non-cisplatin-based therapy for those not suitable
Retrospective data from our institution on these two regimens (n = 42 cisplatin + 5-FU; n = 24 carboplatin + paclitaxel)
were reported by Eng et al'® The authors showed a median progression-free survival (PFS) of 7 months and median OS
of 22 months.

Given the use and activity reported with these regimens but a lack of a prospective head-to-head comparison, The
International Rare Cancers Initiative Anal Cancer Working Group devised the InterAACT trial. InterAACT, a Phase 2
trial, randomized patients to cisplatin 60 mg/m? IV on day 1 + 5-FU 1000 mg/m*/day CI on days 1-4 every 21 days or
carboplatin area under the curve (AUC) of 5 on day 1 and paclitaxel 80 mg/m” on days 1, 8, and 15 every 28 days.'’
Forty-two patients were enrolled in each arm over a four-year time period through multiple centers. The ORR was 57%
(95% CI, 39.4% to 73.7%) with cisplatin + 5-FU vs 59% (95% CI, 42.1% to 74.4%) with carboplatin + paclitaxel.
Complete responses (CRs) were seen in 17% and 12.8% of patients, respectively. The median PFS was 5.7 months (95%
CI, 3.3 to 9.0 months) for cisplatin + 5-FU vs 8.1 months (95% CI, 6.6 to 8.8 months) for carboplatin + paclitaxel.
A clinically significant difference in OS favored treatment with carboplatin + paclitaxel (median OS was 12.3 months for
cisplatin + 5-FU (95% CI, 9.2 to 17.7 months) versus 20 months (95% CI, 12.7 to not reached) for carboplatin +
paclitaxel). There were more serious grade 3—4 adverse events associated with treatment with cisplatin + 5-FU (62%
versus 36%, p = 0.016) than with carboplatin + paclitaxel which is not surprising given how dosing was selected for each
regimen. Considering the similarities in ORR and median PFS and clinical improvement in median OS along with a more
favorable safety profile, the authors concluded that carboplatin + paclitaxel would comprise the new standard front-line
regimen for untreated advanced SCAC for clinical trials.
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While the InterAACT study was recruiting, Kim et al performed The Epitopes HPVO02 trial. Epitopes HPV02, a phase
2 trial, examined adding docetaxel to cisplatin + 5-FU.'® The rationale for adding docetaxel originated from the
knowledge that loss of p53 function due to E6 oncoprotein expression from HPV-16 and HPV-18 co-infection may
confer sensitivity to taxane-induced cytotoxicity. This rationale was supported by favorable findings in the initial
retrospective study.'' Epitopes-HPV02 gave standard DCF (docetaxel 75 mg/m? day 1 + cisplatin 75 mg/m? day 1 +
5-FU 750 mg/m*/day on days 1-5, every 21 days) for 6 cycles or modified DCF (docetaxel 40 mg/m? day 1 + cisplatin
40 mg/m?* day 1 + 5-FU 1200 mg/m?/day on days 1-2 every 14 days) for 8 cycles at the discretion of the treating
physician based on clinical status and age.'® Sixty-six patients enrolled in the study over approximately three years. ORR
was 89%, including 45% demonstrating a complete response. Only two patients experienced disease progression at the
first evaluation. The median PFS was 11.0 months (95% CI, 9.3 to 16.4) in the overall population, 10.7 months (95% CI,
8.7 to not reached) in the standard DCF group, and 11.0 months (95% CI, 6.8 to 16.4) in the modified DCF group. The
OS at 12 months for the total population was 83.1% (95% CI, 71.5 to 90.3) and the median OS was not reached (95% ClI,
25.2 to not reached) on the initial report. Patients who received modified DCF maintained a higher dose intensity and had
fewer dose reductions than the standard DCF group. They also experienced less than half fewer serious adverse events.
Notably, a post-hoc exploratory analysis revealed that 21% underwent a localized curative intent approach via surgery or
radiotherapy. Of these 14 patients, nine (64%) achieved 12-month PFS and the median PFS was not reached at the time
of final analysis. Of the 52 patients who did not undergo a localized curative therapy after DCF treatment, 45% achieved
12-month PFS, with a median PFS of 10.1 months (95% CI, 7.56 to 15.34) showing that multidisciplinary care in this
setting can be beneficial like that concluded in Eng et al’s retrospective evaluation at our institution.'® Eng et al reported
those patients that underwent multidisciplinary care had more than double improvement in median PFS and OS (median
PFS of 16 months; median OS of 53 months). We feel advanced SCAC patients warrant a tumor board discussion given
these accounts of a localized multidisciplinary curative intent approach.

The authors of the Epitopes-HPVO02 study argue that the addition of docetaxel to cisplatin + 5-FU is largely
responsible for the higher complete response rate (45%) compared to historical retrospective studies.'® Additionally,
there was a higher rate of patients alive and PFS at 12 months in those patients who did not undergo localized curative
intent therapy, compared to cisplatin + 5-FU alone. An updated analysis with longer follow-up time pooled the results of
the Epitopes-HPVO1 and the Epitopes-HPVO02 studies together.'” A pooled analysis (n = 115) showed a median PFS of
12 months (95% CI, 10.6 to 16.0) and median OS of 50.2 months (95% CI, 26.0 to 120.0). The ORR was 87.7%,
comprised of 40.7% CRs. As noted in the earlier analyses, no differences in efficacy were noted between the standard and
modified DCF cohorts. While standard DCF is associated with higher severity of toxicity, the modified DCF regimen
could pose an attractive alternative to carboplatin + paclitaxel to patients who could tolerate a triplet regimen, those in
need of a high response, and those possibly that could be transitioned to a curative multidisciplinary approach. Questions
remain as to whether the use of sequential doublet therapies would fare better than triplet upfront therapy in efficacy and
safety outcomes. Unfortunately, this question will remain unanswered in the current future as competing trial strategies
are underway that are not comparing these regimens head-to-head (DCF vs carboplatin + paclitaxel).

Current Refractory Metastatic SCAC Treatment Strategies: Role of Immunotherapy
and Targeted Therapy

HPV expresses a variety of different proteins. Most notably, the oncoproteins E6 and E7 independently induce
carcinogenesis within the anal canal via inactivation of tumor suppressor p53 proteins and retinoblastoma proteins,
respectively.”’ Programmed death-ligand-1 (PD-L1) expressing tumor cells bind to the inhibitory programmed death-1
(PD-1) receptor to downregulate T-cell activation.® PD-1/PD-L1 inhibition is thought to trigger the appropriate anti-
tumor host immune response through T-cell cytotoxicity.

The NCI9673 trial, a phase 2 trial, utilized the PD-1 inhibitor, nivolumab, in previously treated (median two lines of
therapy) metastatic or surgically unresectable SCAC patients.® Over six months, 37 of 39 screened patients were enrolled
to receive nivolumab 3 mg/kg IV every two weeks. Notably, this study enrolled two patients who were HIV-positive.
ORR was 24% with two CRs and seven partial responses (PRs) per local investigator assessment. At the time of data
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cutoff, six (67%) of the nine responders remained on study with the longest ongoing duration of response of 10.4 months,
demonstrating a durable response to immunotherapy can be achieved. Furthermore, in responders, the median reduction
in target lesions from baseline was 70% (IQR 57% to 90%). Median PFS was 4.1 months (95% CI, 3.0 to 7.9) and the
six-month PFS rate was 38% (95% CI, 24% to 60%). The median OS was 11.5 months (95% CI, 7.1 to not estimable)
and the estimated 1-year OS was 48% (95% CI, 32% to 74%). From a safety perspective, nivolumab monotherapy was
well tolerated as only two patients required corticosteroid intervention for grade 2 pneumonitis and hypothyroidism,
respectively. All patients enrolled in the study tested positive for HPV, but patients showed a low prevalence of somatic
mutations. The authors concluded that HPV, not somatic mutation burden, is the driving force behind immunotherapy
response to nivolumab.

Pembrolizumab, an anti-PD-1 antibody, was also investigated for use in the refractory setting. Based on the results of
the multicohort Phase 1b KEYNOTE-028 study, investigators developed the phase 2 trial giving pembrolizumab in
previously treated metastatic or surgically unresectable SCAC.*" The study enrolled 112 eligible treatment refractory
patients (>70% of whom received two or more prior therapies). Pembrolizumab 200 mg IV was administered every 3
weeks. ORR was 11.6% with five CRs and eight PRs. The median OS was 12.0 months (95% CI, 9.1 to 15.4), and
median PFS was 2.0 months (95% CI, 2.0 to 2.1). Grade 3 or greater adverse events occurred in 21 (18.8%) patients and
four patients discontinued therapy due to treatment-related adverse events. A pooled analysis was also presented included
the patients in the phase Ib KEYNOTE-028 study to the cohort in the KEYNOTE-158 trial, with a longer median follow-
up time of 11.7 months.>* The ORR was 10.9% in the pooled analysis (95% CI, 6.3% to 17.4%). Median PFS was 2.1
months (95% CI, 2.0 to 2.1) and the median OS was 11.7 months (95% CI, 8.8 to 14.5), which was consistent with the
earlier reported results.

Retifanlimab, anti-PD-1 antibody, was also evaluated for use in patients with previously treated advanced SCAC.*?
The POD1UM-202 study, a phase 2 trial, gave retifanlimab 500 mg IV every 4 weeks following disease progression on
standard therapy. Ninety-four patients were enrolled with nine who were HIV-positive. ORR was 13.8% with one CR and
12 PRs. Another 35.1% had stable disease. Response to retifanlimab was observed independent of PD-L1 expression,
liver metastases, or HIV status. Median PFS and median OS were 2.3 months (95% CI, 1.9 to 3.6) and median OS at 10.1
months (95% CI, 7.9 to not estimable), respectively. As seen with other PD-1 inhibitors, patients who demonstrated
response to retifanlimab had durable responses and continued treatment for a median of 9.5 months. Findings from the
safety assessment were as expected for a therapy that inhibits PD-1.

These phase 2 explorations showed activity of anti-PD-1 inhibitor monotherapy (12-24% ORR) but additionally
highlighted a need for improvement as there is clear intrinsic resistance and acquired resistance with checkpoint
monotherapy and predictive biomarkers for checkpoint resistance have not been identified.**'** In October 2018,
NCI9673 expanded to randomize newly enrolled patients to receive nivolumab =+ ipilimumab, an anti-cytotoxic
T-lymphocyte associated antigen 4 inhibitor.>* In this new expansion, patients would receive nivolumab 480 mg IV
every 4 weeks with either placebo or ipilimumab 1 mg/kg every 8 weeks. The updated primary endpoint was PFS
comparing nivolumab versus nivolumab with ipilimumab. Currently, enrollment is ongoing.

To try and enhance checkpoint inhibitor therapy in SCAC, vascular endothelial growth factor (VEGF) signaling
pathway has been identified as a possible immunotherapy resistance mechanism and VEGF inhibitors have shown
activity in other SCC malignancies.”> %’ Morris et al reported on 20 patients with unresectable SCAC treated with
atezolizumab, anti-PD-L1, + bevacizumab, anti-VEGF monoclonal antibody (mAb).?* Most patients (60%) had received
at least one prior therapy. Patients were from the NCT03074513 basket trial of HPV-driven malignancies treated with this
combination. ORR was 10% with 55% showing stable disease. Median PFS was 4.1 months with median OS of 11.6
months. One patient had a bowel perforation and grade 3 or 4 adverse events with hypertension, hyponatremia, and
infection being most common were seen in 35% of patients. Given safety concerns and no added benefit to checkpoint
monotherapy, this combination regimen will likely not be further investigated.

EGFR inhibition has been used in various capacities for the treatment of SCAC.'*'® Prior research showed that tissue
SCAC characteristically universally overexpress EGFR.?® As other investigators have previously discussed, this is in line
with other SCC malignancies. Genomic profiling of patients with metastatic SCAC has additionally revealed a low
incidence of resistant mutations along the MAPK pathway, including low to no incidence of KRAS, NRAS, and BRAF.”
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The largest retrospective analysis of the role of cetuximab or panitumumab, anti-EGFR mAbs, in metastatic SCAC
patients was by our institution.'* Most patients received anti-EGFR mAbs in combination with chemotherapy, the
reported median PFS for all patients was 4.3 months (95% CI, 2.63 to 5.86), with a median OS of 16.1 months (95%
CI, 13.01 to 19.19). Furthermore, seven patients de-escalated to maintenance therapy with cetuximab monotherapy with
a median PFS of 13.8 months (95% CI, 7.24 to 20.25) and median OS of 31.4 months (95% CI, 21.73 to 40.98). Despite

prior studies of anti-EGFR mAbs with CRT in the localized setting showing untoward toxicities,**"

the current analysis
showed no grade 3 or 4 adverse events attributable to anti-EGFR therapy.'*

Recently, investigators sought to combine anti-PD-1 with avelumab in combination with cetuximab, anti-EGFR mAb, in
patients with previously treated metastatic SCAC.>* Given that prior studies described earlier demonstrate clinical activity and
durable responses for those that do respond, it is rational to combine it with an anti-EGFR mAb in the setting of high EGFR
expression and low KRAS, NRAS, and BRAF mutations within the metastatic SCAC population. The phase 2 CARACAS
trial recruited advanced SCAC patients who had received at least one prior line of treatment for metastatic disease. Patients
were randomized 1:1 to receive avelumab alone or avelumab with cetuximab. Despite randomization, endpoints were
analyzed in parallel. Over approximately 10 months, 30 patients were enrolled in each arm. Notably, there were three patients
enrolled in the study with an ECOG performance status of 2. As with other SCAC trials, HIV-positive patients were enrolled
but made up a small percent of the population. ORR was 10% for avelumab alone and 17% in the combination arm. Disease
control rate was 50% for avelumab alone and 57% for the combination. The median duration of disease control was
approximately 4 months for both arms. The median PFS was 2.0 months (95% CI, 1.8 to 4.0) with anti-PD-1 monotherapy
and 3.9 months (95% CI, 2.1 to 5.6) with the combination. Median OS was 13.9 months (95% CI 7.7 to 19.4) with avelumab
alone and 7.8 months (95% CI 6.2 to 11.2) with combination. Adverse effects were similar to what has been described with
each agent alone. As this study was designed with a “pick the winner” approach, the combination arm met the prespecified
threshold for ORR to warrant further investigation in future trials. While the observed OS findings for each arm were not
consistent with the ORR or median PFS findings, the authors suggested that the shorter OS in the combination regimen could
be attributable to an unbalanced burden of disease or the number of lines of prior treatments. Unfortunately, these phase 2
results did not prove to be of much benefit. We believe a combination approach with chemotherapy is warranted along with
more translational research to determine the role of anti-EGFR + anti-PD-1/PD-L1 therapy in SCAC.

BCA101, a bifunctional EGFR/TGFB fusion protein, was studied by Janku et al in patients with EGFR-driven
advanced malignancies.*® Patients received BCA101 at escalating doses from 64 mg to 1000 mg intravenously weekly
across 6 dose levels using a 3+3 design to determine dose limiting toxicities, maximum tolerated dose, and/or
recommended dose. Twenty-one patients received single agent BCA101 at 64 (n = 3), 240 (n = 7), 500 (n = 2), 750
(n = 3), 800 (n = 3) or 1000 (n = 3) mg IV weekly. One patient had SCAC. Patients had a median of 4 prior lines of
therapy. Grade 3 toxicity was reported in one patient. Best response was stable disease in 30% evaluable patients, with 1
patient on drug >4 months. Given the tolerability, BCA101 is now being studied in combination with pembrolizumab in
patients with SCC head and neck cancer and SCAC.** We look forward to these results. Additionally, cetuximab has been
reported in combination with IL-15 agonist, NKTR-255, to try and enhance activation of NK cells.** Early activity has
been seen and this combination is now underway in phase 1/2 exploration in SCC head and neck patients, colorectal
cancer with expansion to SCAC patients.>® We anticipate further EGFR exploration in SCAC and hope strategies
elucidate clear roles for these agents in anal cancer.

Metastatic SCAC Vaccine Strategy Results: Inconsistent Activity

Axalimogene filolisbac (ADXS11-001), a live, irreversibly attenuated and nonpathogenic strain of the intracellular
bacterium Listeria monocytogenes bioengineered to secrete an antigen-adjuvant fusion protein between Listeriolysin
O and the HPV-16 E7 oncoprotein, was studied by Eng et al in a phase 2 trial in patients with persistent/recurrent, loco-
regional or metastatic SCAC.>” Patients received ADXS11-001, 1x10° colony-forming units IV every 3 weeks. Thirty-six
patients were treated with 29 patients evaluable for response. One patient had a prolonged PR (3.4% ORR) with
a 6-month PFS rate was 15.5%. Grade 3 adverse event (mostly cytokine-release symptoms) was noted in 10 patients.
Unfortunately, ADXS11-001 monotherapy failed to make a clinically significant advancement in SCAC treatment,
though perhaps a solution is to examine this therapy in combination with other agents to help improve the efficacy.
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Glisson et al conducted a phase 2 trial of ISA 101, a synthetic long-peptide HPV-16 vaccine, in combination with
nivolumab in patients with incurable HPV-16+ cancer.®® ISA101 100 mcgs/peptide was given Days 1, 22, 50 +
nivolumab 3 mg/kg was given iv every 2 weeks beginning day 8 for up to one year. Twenty-four patients enrolled
with 22 with oropharynx cancer and 1 patient each with anal and cervical cancer. ORR was 33% with 13% showing
stable disease. Median duration of response was greater than 30 weeks. Of the eight patients who achieved a PR, five
continued to have response. Median PFS was 2.7 months and median OS was not reached with median follow up time
among censored pts 8.6 months. PFS rate at 6 months was 33% and OS rate at 6 months was 74%. Grades 3 and 4
toxicity was infrequent. This combination met its primary endpoint and warrants further evaluation in SCAC.

MEDI0457, a DNA vaccine containing plasmids for E6 and E7 oncogenes for HPV-16/18 and IL-12 adjuvant was
tested in combination with durvalumab, anti-PD-L1 by Morris et al in a phase 2 trial of recurrent or metastatic HPV-
associated cancers.>’ Patients received 7 mg of MEDI0457 intramuscularly (weeks 1, 3, 7, 12, and every 8 weeks
thereafter) and durvalumab 1500 mg intravenously every 4 weeks starting at week 4. Twenty-one patients (12 cervical, 7
anal, 2 penile) were treated with most having SCC (n = 17). ORR was 21% with disease control rate of 42% (95% CI,
20-67%). All responses were noted among SCCs with two SCAC patients. Median duration of response among
responders was 16 months, median PFS was 3.7 months, and median OS was 13.5 months (95% CI, 10.1-NA) revealing
some activity.

Metastatic SCAC: Future Steps

NCI9673 recognized that SCAC is not a cancer that is commonly associated with a high somatic mutation burden in
tumor cells unlike other solid tumor malignancies.® The current standard doublet chemotherapy with a taxane and
platinum agent has formed the framework for chemotherapy in the advanced SCAC setting. With immunotherapy activity
shown in the later line settings, combination of platinum- and taxane-based regimen with the addition of PD-1/PD-L-1
checkpoint inhibition is the next strategy underway.*®*

Exploratory analyses suggest that taxanes can also deplete immunosuppressive cells to sustain the potential restora-
tion of effective tumor immunity. While taxane-based therapies may synergize with immune checkpoint inhibitors to
drive anti-tumor immune responses, it is possible that “cold” tumors like SCCA may require a combined modality
approach to overcome primary resistance to immunotherapy.*' Current combination evaluations are underway such as
with the InterAACT2/POD1UM-303 is a Phase 3 front-line trial of carboplatin + paclitaxel + retifanlimab with an
expected completion date in 2024.*° After six months, patients in the retifanlimab arm receive retfanlimab for one year.
Similarly, EA2176, a phase 3 trial, is evaluating the nivolumab to conventional carboplatin + paclitaxel chemotherapy.*?
After six cycles of carboplatin + paclitaxel, patients in the nivolumab arm will be placed on nivolumab for two years. The
study is currently enrolling, with an expected completion date in 2023. Additionally, the SCARCE trial, phase 2 trial, is
evaluating the addition of atezolizumab to the modified DCF regimen for eight cycles.* Patients in the atezolizumab arm
would subsequently complete 1 year of atezolizumab monotherapy.

Tumors subject to radiation can induce single point mutations and double strand breaks in DNA to increase the
prevalence of tumor-related antigens and the tumor mutation burden to augment anti-tumor immunity. Combined with
anti-PD-1 therapy, this combined approach formed the basis of the SPARTANA study, a phase 2 trial.*' SPARTANA
additionally will help to evaluate locoregional treatment for oligometastatic disease sites. As seen with Eng et al,
retrospective evaluation median PFS and OS can be greatly improved when multidisciplinary care is feasible (median
PFS of 16 months and median OS of 53 months). SPARTANA is being conducted in four sequential phases for enrolled
patients. The phase 1 portion entails the administration of eight Gy radiotherapy to target lesions. During Phase 2, mDCF
is administered for 8 cycles and concurrently given with spartalizumab, an anti-PD-1 antibody, given every 4 weeks for 4
doses. Phase 3 involves ablative treatment of the metastatic sites of disease and CRT for the primary site of disease. In
the final phase, patients are continued on spartalizumab maintenance for the remainder of 1 year of therapy. This study is
ongoing with an expected completion date of November 2025. SPARTANA will help to prospectively analyze how to
incorporate local therapy into recurrent/metastatic SCAC therapy. Challenges remain on how should undergo multi-
disciplinary care, what multidisciplinary care is best for that patient, and what sequence of therapy is best. We hope
future trial design in this area will help elucidate these issues. Checkpoint inhibitor therapy is also being studied in SCAC
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early-stage disease as seen with the CORINTH, RADIANCE, and EA2165.***® CORINTH is a phase 1b/2 trial
evaluating pembrolizumab with radiation in stage II/IV patients.* RADIANCE is a phase 2 trial investigating
durvalumab with chemoradiation for those with stage II/III patients, and EA2165 is a phase 3 trial looking at nivolumab
vs observation in those with stage III anal cancer who underwent chemoradiation.***® This may present a challenge when
patients have recurrence disease as checkpoint resistance and re-challenge will need to be determined and established.

There is still a need for more discoveries particularly in the refractory setting. Given the lack of somatic mutation
burden seen with SCAC, investigation into the few mutations that have been seen warrant further exploration.
Phosphatidylinositol-3-kinase catalytic subunit alpha (PIK3CA) mutations have been reported in metastatic SCAC
with a frequency of approximately 20-30%.%>*7*’ Additionally, PIK3CA mutations in SCAC have been identified as
a potential poor prognostic feature.*® Agents like alpelisib, a PI3K inhibitor, are being studied in other SCC cancers alone
or in combination.’* % Additionally, mTOR inhibitors such as everolimus might be an area of potential activity for those
with a PIK3CA mutation.*”>? These mutations additionally have presented a potential resistance pathway in other tumors
for anti-EGFR mAbs representing an area to investigate as EGFR inhibition continues to be explored.® As molecular
analyses continue to mature, targetable mutations hope to be identified in SCAC.

Exciting immunotherapy-driven concepts via therapeutic vaccines are underway for advanced HPV-driven malignancies
of which recurrent/metastatic SCAC is included. Vaccine combination strategies are underway in HPV associated cancers such
as in the phase 1/2 PRGN-2009, an adenovirus HPV vaccine, alone or in combination with bifunctional anti-PD-L1/TGF-f3
(M7824).>* TGF-B is overexpressed in HPV positive malignancies and is thought to help these tumors evade immune
surveillance.>® Data from phase 1 and phase 2 exploration have shown a 30.5% ORR in M7824 in checkpoint naive HPV
associated tumor patients.’® To add onto combination strategies with M7824, a phase 1/2 trial is underway evaluating
PDS0101, a short-peptide-based HPV vaccine, in combination with M7824 and NHS-IL12, interleukin-12.>" A phase 2
looking at MEDI0457 as mentioned earlier is examining its role as a combination of plasmid encoding human interleukin 12 to
enhance the pro-inflammatory response to HPV antigens encoded in VGX-3100 in combination with durvalumab in advanced
HPV malignancies.”® UCPVax, a peptide vaccine, is being evaluated with atezolizumab in phase 2 trial in immunotherapy
naive HPV malignancies.” Another phase 1 trial is evaluating MG1-E6E7, an adenovirus, with Ad-E6E7 and atezolizumab.*
SQZ-PBMC-HPYV, a CART therapy, is being evaluated via phase 1 as monotherapy and in combination with atezolizumab or
other immune checkpoint inhibitors in HLA-A*02+ patients with recurrent, locally advanced or metastatic HPV16+ solid
tumors.®’ We await results of these novel strategies.

Continuing to understand the underlying biology as well as novel markers of response and resistance in SCAC is needed.
Circulating tumor DNA (ctDNA) offers this potential as repeat biopsies in localized anal cancer are often not available and
invasive. Additionally, HPV ctDNA appears to be a potential predictor for resistance to therapy and prognostic
implications.®* > Considering HPV DNA is found in greater than 90% of patients with SCAC, the use of a novel droplet-
digital PCR (ddPCR) that can detect and quantify tumor-derived HPV DNA sequences in patient blood (HPV ctDNA) with
high sensitivity and specificity represents an attractive tool available to the majority of patients for monitoring and treatment
response.** Cabel et al evaluated the prognostic impact of residual HPV ctDNA in patients treated with chemoradiation.
Furthermore, early detection of molecular relapse is clinically relevant as the current standard of care for local failure or
persistent disease after chemoradiation is an abdominoperineal resection. Of note, the authors reported two notable findings.
First HPV ctDNA can be detected before chemoradiation for nearly 90% of patients and subsequently cleared upon
completion of chemoradiation. Secondly, all patients in the cohort with persistent HPV ctDNA post chemoradiation
experienced disease recurrence highlighting the prognostic impact of HPV c¢tDNA clearance in locally advanced SCAC.**
Lefévre et al showed similar results particularly describing the relationship of ctDNA dynamics in relation to therapeutic
outcomes. Their data revealed patients can be divided into three groups stratifying their specific risk of treatment failure (fast
responders, slow responders, and persistent molecular responders).®> We believe ctDNA will continue to be explored in this
malignancy with key impact on personalization of patient care.

Conclusions

After years of limited prospective research, it is an exciting time for recurrent/metastatic SCAC as many concepts are

being evaluated. We have summarized current findings and future steps in Table 1.52!:23:25:32:34.36-43.57.59°61 o
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Table | Emerging Studies and Novel Approaches to the Treatment of Metastatic Anal Cancer

8,21,23,25,32,34,36-40

Trial Short
Name

NCT
Identifier

Phase

Line of
Therapy

Treatment Arms

Description

NCI 9673, Part A

NCTO02314169

Refractory

Nivolumab 3 mg/kg every two weeks

PD-1 inhibitor with CTLA-4
inhibitor

Primary Endpoint, ORR: 24%
Secondary Endpoints

-Median PFS: 4.1 months (95%
Cl, 3.0 to 7.9)

-Median OS: | 1.5 months (95%
Cl, 7.1 to NE)

NCI 9673, Part B

NCTO02314169

Refractory

Nivolumab 480 mg IV every four weeks
Nivolumab 480 mg IV every 4 weeks +
Ipilimumab | mg/kg IV every 8 weeks

PD-1 inhibitor with CTLA-4
inhibitor

Results pending

KEYNOTE-158

NCT02628067

Refractory

Pembrolizumab 200 mg IV every 3 weeks

PD-1 inhibitor

Primary Endpoint, ORR: | 1.6%
(95% Cl, 6.3 to 19.0)
Secondary Endpoints

-Median PFS: 2.0 months (95%
Cl, 2.0 to 2.1)

-Median OS: 12.0 months (95%
Cl, 9.1 to 15.4)

PODIUM-202

NCT03597295

Refractory

Retifanlimab 500 mg IV every 4 weeks

PD-1 inhibitor

Primary Endpoint, ORR: 13.8%
Secondary Endpoints

-Median PFS: 2.3 months (95%
Cl, 1.9 to 3.6)

-Median OS: 10.1 months (95%
Cl, 7.9 to NE)

NCT03074513

NCT03074513

Refractory

Atezolizumab 1200 mg IV + bevacizumab
15 mg/kg IV every 3 weeks

PD-LI inhibitor with VEGF
inhibitor

Primary Endpoint, ORR: 10%
(95% Cl, 1.2 to 32)

Secondary Endpoints

-Median PFS: 4.1 months (95%
Cl, 2.6 to NE)

-Median OS: | 1.6 months (95%
Cl, 9.5 to 20)

CARACAS

NCT03944252

Refractory

Avelumab 10 mg/kg IV every 2 weeks
Avelumab 10 mg/kg IV + cetuximab 500 mg/

m? IV every 2 weeks

PD-L1 inhibitor + EGFR
inhibitor

Primary Endpoint, ORR: 10%
(95% Cl, 2.1 to 26.5%) vs 17%
(95% Cl, 5.6 to 34.7)
Secondary Endpoints

-Median PFS: 2.0 months (95%
Cl, 1.8 to 4.0) vs 3.9 (95% Cl, 2.1
to 5.6)

-Median OS: 13.9 months (95%
Cl, 7.7 to 19.4) vs 7.8 (95% Cl,
62to 11.2)

(Continued)
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Table | (Continued).

Spartalizumab maintenance

Trial Short NCT Phase | Line of Treatment Arms Description
Name Identifier Therapy
BCAI0IXI1101 NCT04429542 I/Ib | Cohort BCAIOI IV weekly + Pembrolizumab 200 mg | EGFR/TGFf bifunctional fusion
Dependent | IV every three weeks antibody + PD-1 inhibitor
Dose escalation and dose
expansion study design
Results pending
NKTR-255 NCT04616196 Ib/2 | Cohort NKTR-255 IV every three weeks + IL-15 agonist with EGFR
Dependent | Cetuximab inhibitor
Results pending
ADXS001-06% NCT02399813 | 2 Refractory | ADXSI1-001 1x10° CFU IV every three Antigen-adjuvant fusion protein
weeks of Lysteriolysin O and HPV-16
E7
Primary Endpoint, ORR: 3.4%
Study failed to meet the primary
endpoint of ORR of 10%
NCI-2015-01004%® | NCT02426892 | 2 Refractory | ISAIOI 100 mcg/peptide SQ every three HPV-16 vaccine with PD-|
weeks x3 doses + Nivolumab 3 mg/kg IV inhibitor
Q2w Anal cancer (n=1)
NCI-2018-00914%° | NCT03439085 | 2 Refractory | MEDI0457 7 mg IM Q2-4W x4 doses then HPV 16/18 vaccine with PD-LI
Q8W + Durvalumab 1500 mg IV Q4W inhibitor
Primary Endpoint, ORR: 21%
(95% Cl, 6 to 46%)
Secondary Endpoints
-Median PFS: 3.7 months (95%
Cl, 2.8 to 9.2)
-Median OS:13.5 months (95%
Cl, 10.1 to NE)
Future Steps
InterAACT2 / NCT04472429 | 3 Front-Line | Carboplatin AUC 5 IV every 4 weeks + PD-I inhibitor or placebo +
POD IUM-303* Paclitaxel 80 mg/m? IV weekly x3 doses + chemotherapy
Placebo (28 day cycles)
Carboplatin+Paclitaxel + Retifanlimab 500 mg
IV every 4 weeks
EA2176% NCT04444921 | 3 Front-Line | Carboplatin AUC 5 IV every 4 weeks + PD-1 inhibitor or placebo +
Paclitaxel 80 mg/m2 IV weekly x3 doses + chemotherapy
Nivolumab 480 mg IV (28 day cycles)
SCARCE*? NCTO03519295 | 2 Front-Line | mDCF Q2W x8 cycles + Placebo x8 cycles PD-LI inhibitor or placebo +
mDCF Q2W x8 cycles + Atezolizumab chemotherapy
800 mg IV Q2W x24 cycles Primary Endpoint, 12-month PFS
rate
Secondary Endpoints: PFS, OS,
response rate, safety
SPARTANA NCT04894370 | 2 Front-Line | Modified DCF + Spartalizumab Multimodality approach involving

ablative therapies, radiotherapy,
and chemoimmunotherapy

(Continued)
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Table | (Continued).

Trial Short NCT Phase | Line of Treatment Arms Description

Name Identifier Therapy

NCI 20-C-0045°7 NCT04287868 | 1/2 Refractory | PDSOIOI | mL SQ every 2 weeks x3, then HPV vaccine with bifunctional
every 4 weeks + M7824 1200 mg IV every 2 | PD-LI/TGF fusion protein with
weeks + NHS-ILI2 SQ every 4 weeks IL-agonist triple therapy

VolATIL®? NCT03946358 | 2 Refractory | UCPVax | mg SQ weekly x6 doses then five | CD#4 helper T-inducer cancer
boosters given every 6-9 weeks + vaccine with PD-L1 inhibitor

Atezolizumab 1200 mg IV every 3 weeks

Ad-MGI-E6E7 NCT03618953 | | Refractory | MGI-E6E7 + Ad-E6E7 + Atezolizumab HPV vaccine with PD-LI

-002%° 1200 mg IV every 3 weeks inhibitor

SQZ-PBMC-HPV NCT04084951 | | Refractory | SQZ-PBMC-HPV alone or with atezolizumab | Selected for HLA-A*02 patients
-101¢' with HPV 16 positive tumors

Abbreviations: PD-I, programmed death-1; CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; ORR, overall response rate; PFS, progression-free survival; OS, overall
survival; NE, not evaluable; PD-LI, programmed death ligand-1; VEGF, vascular endothelial growth factor; EGFR, epidermal growth factor receptor; TGFf, transforming
growth factor beta; IL-15, interleukin-15; HPV, human papillomavirus; mDCF, modified docetaxel + cisplatin + 5-Fluorouracil.

anticipate in the coming years, answers to current questions surrounding the role of checkpoint inhibitor therapy in the
front-line setting as well as the role of dual checkpoint inhibitor therapy in the second-line setting will be elucidated.
Additionally, we expect certain HPV-driven immunotherapy strategies to evolve and potentially play a role in precision
management. Areas that need further investigation include the roles and sequencing of multidisciplinary care and
appropriately identifying patients who will benefit from this strategy. Novel approaches incorporating HPV ctDNA
may better inform patient selection.®*% We anticipate increased utilization of HPV c¢tDNA in subsequent clinical trial
design thereby generating additional data supporting the pivotal role of this blood-based marker in patient care and
surveillance monitoring. Additionally, the area of EGFR inhibition with novel combination strategies are areas with
potential promise in the refractory setting.
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