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KEY POINTS

e Sqguamous cell carcinoma of the anus is generally a localized disease with a relatively low
risk of metastatic disease at presentation; thus, local control is the overriding aim of
treatment.

e Randomized phase lll trials have established the combination of 5-fluorouracil-based chemo-
radiation concurrent with mitomycin C as the standard of care rather than primary surgery.

e The TNM clinical staging system is based on accurate assessment of size (T stage),
regional lymph node involvement, and metastatic spread.

e Assessment and management of anal cancer are best determined by specialist multidis-
ciplinary teams, and treatment should be carried out in specialized centers.

e Future research should attempt to integrate novel biomarker-driven targets, such as anti-
CTLA4, anti-programmed cell death, and programmed cell death-ligand 1, into chemora-
diation schedules.

INTRODUCTION

Squamous cell carcinoma of the anus (SCCA) is an uncommon malignancy represent-
ing approximately 2% of all gastrointestinal malignancies. The incidence has been
increasing over the past decade, probably reflecting more widespread infection with
the main causal factor human papillomavirus (HPV).
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SCCA is generally a localized disease with a low risk of metastatic disease at pre-
sentation. Retrospective studies and randomized trials suggest that locoregional fail-
ure is the predominant pattern of relapse,’™ usually in the radiotherapy high-dose
volume, and often within the first 2 years following completion of chemoradiation
(CRT) treatment. Uncontrolled local recurrence is ultimately responsible for most
cancer-related deaths, making local control the primary aim of treatment.

Surgical resection was the standard treatment in the 1970s, which involved removal
of the anal canal and a permanent stoma. In the past, radiation alone was also often
used to treat SCCA using high doses with split-course schedules and interstitial
brachytherapy. The pioneering work of Nigro and colleagues®® and subsequent
confirmatory studies in the United States highlighted the efficacy of CRT using rela-
tively low doses of fractionated radiotherapy (30-45 Gy) combined with 5-fluorouracil
(5-FU) and mitomycin C (MMC). Subsequently, 2 randomized trials”-® compared a
radiotherapy schedule of 45 Gy boosted with a further 15 to 25 Gy after a gap of
6 weeks against an identical regimen with concurrent 5-FU/MMC. These trials showed
radiation alone could result in local control in approximately 45% to 55% of patients.
However, both trials confirmed chemoradiotherapy significantly improved outcomes
over radiation alone.

Significant toxicity was reported for MMC. So concurrent 5-FU and MMC or 5-FU
alone were randomly compared in the CRT component in the RTOG 8704 trial.® The
addition of MMC significantly improved both disease-free survival (DFS) and
colostomy-free survival (CFS).° Thus, a series of randomized trials”~'" all confirmed
the efficacy of concurrent CRT with 5-FU/MMC and relegated the role of surgery to
salvage of CRT failures. The small Action Clinique Coordonees en Cancerologie
Digestive (ACCORD-03) trial, in contrast, used concurrent 5-FU/cisplatin.'?

The standard of care both in Europe and North America is 5-FU/MMC CRT and is
recommended in guidelines.’®'* This schedule results in complete tumor regression
in 80% to 90%, with a high level of permanent disease control particularly for
cT1/T2 tumors. The 5-year overall survival (OS) reached 78% in the MMC arm of
the RTOG 9811 trial,’”® 71% in the CRT-alone arms without neoadjuvant chemo-
therapy (NACT) in ACCORD-03,'? and 79% in the MMC arm of Anal Cancer Trial Il
(ACT 11).""

Preservation of sphincter function is usually achieved; but with doses of 50 to 60 Gy,
there is a risk of fecal incontinence.'® In more advanced T3/T4 cancers with nodal me-
tastases, it is more difficult to achieve local control'”; a substantial proportion of such
patients will fail within 2 years. In the ACT I, patients with cT3/T4 cancers and nodal
metastases had a 3-year progression-free survival (PFS) of 63%.""

Randomized phase lll trials by RTOG 9811,° the ACCORD-03 phase Il trial,'? and
the ACT Il trial'" failed to show any additional benefit in terms of PFS/DFS by
increasing the radiotherapy boost dose or replacing MMC with cisplatin during
CRT. Additional cisplatin-based chemotherapy given as induction before CRT'%'2
or as maintenance or consolidation after CRT'' has not improved outcomes
(Table 1).

SCCA regresses slowly following radiation or CRT. In early trials a 6 to 8 week
planned gap between the completion of CRT and a radiotherapy boost allowed the
acute toxicity of skin and mucosal surfaces to resolve.”'® During this interval the tumor
would shrink, and permit an interstitial implant to the smallest possible volume - mini-
mizing the risk of radiation induced necrosis. This strategy also allowed selection of
nonresponders for salvage either by dose-escalation of the radiotherapy boost or
by surgical resection. Later trials continued this approach although shortened the in-
terval.'® "2 However this practice defied radiobiological principles, because the gap



Table 1

The more recent phase Ill randomized trials (1998-2008) in squamous cell carcinoma of the anus and their characteristics of the randomized trials comparing
different chemoradiation regimens

(1999-2005)
(Peiffert et al,’?

NACT (5-FU/cisplatin, 2
cycles) vs no NACT

3-wk gap then 15-Gy
boost standard arms;

Number of
Trial Name (Years) Patients  Design RT Dose Comparison 1 Comparison 2 Primary End Point
RTOG 9811 644 NACT cisplatin/5-FU Phase | NACT with 5-FU DFS
(1998-2005) (Ajani Then 5-FU/cisplatin/RT 45 Gy/25# in 5.0-6.5 wk 1000 mg/m? days 1-4,
et al,’® 2008) (ie, 4 courses) vs 5-FU/ T3/T4, N+, or residual 29-32, and cisplatin
MMC/RT T2 boost to 54-59 Gy 75 mg/m? then CRT 5-
FU/cisplatin vs MMC
10 mg/m? days 1 and
29 and 5-FU 1000 mg/
m? days 1-4, 29-32
CRT
ACCORD-03 307 2 x 2 factorial Phase | 45 Gy/25#/33 d NACT with 5-FU Dose escalation of RT  CFS

boost
15-Gy boost standard

800 mg/m? days 1-4,
29-32 and cisplatin

Secondary end points:
local control, OS, and

consolidation 5-FU/
cisplatin vs control

19.8 Gy/11# conformal
Total 50.4 Gy/28#/38 d

no gap

2012) Standard vs high-dose 20 Gy-25 Gy boost 80 g/m? on days 1 arms 20-Gy-25-Gy cancer-specific
boost for responders  (high-dose arms) for and 29; then CRT 5- boost (high-dose survival
responders; 40% FU/cisplatin on days arms) for responders
received as mentioned earlier
brachytherapy boost  with RT
ACT Il (UKCCCR) 940 2 x 2 factorial 5-FU/ Phase | Cisplatin 60 mg/m?d 1 Consolidation 2 courses Relapse-free survival
(2001-2008) (James MMC vs 5-FU 30/6 Gy/17# in 3.5 wk and 29 vs 12 mg/m2 5-FU 1000 mg/m2 and
etal,’’ 2013) cisplatin CRT and then phase II MMC day 1 with 5-FU  cisplatin 60 mg/m?

1000 mg/m? days 1-4,
29-32 CRT

Abbreviations: Cisplatin, cisplatinum; HDRT, high-dose radiotherapy; NS, not significant; OTT, overall treatment time; RT, radiotherapy.
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allows the cancer cells to repopulate toward the end of radiotherapy, which in theory
partly accounts for treatment failure.'®'® The only trial that obeyed these constraints
and mandated a continuous schedule and prohibited a planned interval was the ACT Il
trial.’

Inthis article, the authors discuss the existing evidence basis for the current treatment
regimens. The authors review target delineation, optimized radiotherapy techniques,
dose-escalation with external-beam radiotherapy (EBRT) or brachytherapy, and chemo-
therapy. The authors also speculate on novel approaches in terms of the integration of
biological agents and immunotherapy, which are being developed for SCCA.

STRATEGIES FOR TREATING LOCALIZED ANAL CANAL CANCER
Radical Surgery

Up until the mid1980s, the standard treatment of SCCA involved surgery with a per-
manent colostomy. Local failure rates were reported between 27% and 47% and 5-
year OS rates between 40% and 70% (depending on stage and extent of the disease
at presentation). Although there has never been a randomized trial comparing radical
surgery with radiotherapy or CRT, CRT achieves good local control without the inev-
itability of a permanent stoma.

Neoadjuvant/Induction Chemotherapy

NACT is widely used in cancers of the head and neck (SCC of the head and neck)
before surgery or definitive CRT. In Europe a small pilot study treated SCCA with neo-
adjuvant 5-FU and cisplatin and showed an 82% response rate, with 27% achieving a
complete clinical response (CCR).2° A further study integrated neoadjuvant 5-FU/
cisplatin®' and showed CCR and partial response (PR) rates of 10% and 51% after
NACT, 67% and 28% after CRT, and 93% and 5%, respectively, after all treatment
was completed.

In the United States, the Cancer and Leukemia Group B (CALGB 9281) phase Il
study, for patients with larger, more advanced SCCA (cT3/T4) or with lymph node
involvement (cN2/N3), evaluated induction chemotherapy using 5-FU (1000 mg/m?
days 1-4 and 29-32) and cisplatin (100 mg/m? on days 1 and 29)?? before CRT. The
results showed 8 patients (18%) with CCR and 21 with PR in the 44 evaluable patients,
and only a single patient had disease progression. After 4 years of follow-up, 27 of 44
(61%) were disease free.

Two randomized studies (RTOG 9811 and ACCORD-03) examined NACT based on
the success of these results. Both incorporated split-course CRT. Additionally RTOG
9811 used 5-FU/cisplatin as the radio-sensitization for the CRT part of the treatment in
place of MMC."?"” The results were virtually identical for the CALGB 9281 trial and the
RTOG 9811 trial; but in the RTOG 9811 trial, only 26% of patients had tumors greater
than 5 cm and positive nodes. Neither of the randomized trials documented the clinical
response rates to NACT and whether responding patients had better locoregional
control, disease-free survival, and OS.

It remains unclear from the reports of the RTOG 9811 trial whether total dose and/
or planning target volumes were modified if patients achieved CCR or near CCR with
NACT. There are no specific instructions in protocol. Hence, this may have intro-
duced bias in the different arms, as the authors do not know whether the total
dose of radiotherapy differed between induction and the MMC control arm. The
studies also fail to report whether the gross target volume and clinical target volume
were substantially different between arms or whether the pattern of relapse in the in-
duction arm was different to the MMC control arm.
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RADIOTHERAPY
External Beam Radiation Alone

EBRT was originally used as a single modality without chemotherapy. A control rate at
the primary site of 75%2° and OS rates at 5 years of 61% were reported. In a series of
270 patients,* local control was 90% for tumors less than 4 cm at 10 years but only
65% at 10 years for tumors greater than 4 cm. An early pooled analysis did not show a
benefit for 5-FU/MMC in T1 tumors.?® Some units, therefore, continue to treat small T1
tumors with radiation alone, although the ACT | trial suggested CRT is more effective,
even for T1 tumors,?® with a hazard ratio in favor of CRT similar to T2 and T3 cancers.

Retrospective studies suggest most recurrences occur locally at the primary site’-2:°
often with involvement of adjacent structures and within the high-dose area.” Others
have reported higher rates of regional recurrence when lower elective nodal doses are
used, that is, inguinal failure (40%), common iliac (20%), external iliac (10%), internal
iliac (10%), and presacral region (15%).2 Nigro® reported that tumors greater than 4 cm
in size were more difficult to control. Patients with lesions less than 3 cm in diameter
and those treated strictly according to the protocol did significantly better than those
with larger lesions and those whose treatment did not comply with the protocol.?”

The optimal radiotherapy dose and fractionation for each clinical stage remains un-
known. The data from the trials are muddied by limited information on the actual doses
received, the overall treatment time (OTT), and the pattern of failure (local, locore-
gional, or distant). There are no data capturing the sites of locoregional failure in terms
of the field size and target delineation, that is, within, marginal to, or outside of the pre-
scribed dose for that radiotherapy field.

Preliminary data from the ACT Il trial also suggest failure is usually in-field* and that
locoregional failure in the elective nodal volume treated with 30.6 Gy was unusual,
suggesting insufficient radiation dose or intrinsic radioresistance rather than inade-
quate clinical target volumes. Recently, a prospective phase Il study evaluating
intensity-modulated radiotherapy (IMRT) (RTOG 0529)?® suggested a reduction in
acute toxicity compared with the RTOG 9811 trial using 2-dimensional and 3-dimen-
sional techniques. IMRT may reduce the need for treatment breaks, which impact
adversely on local control and allow dose-escalation in patients at high risk of local
recurrence (T4NO and T3-4N+). A national IMRT protocol for anal cancer has been
developed in the UK (http://www.analimrtguidance.co.uk/analimrtguidance.pdf).

RADIOTHERAPY DOSE

In general, larger, more advanced cancers are more difficult to control than smaller ones
and require higher doses of radiation, which in turn causes more morbidity. Identification
ofthe optimal radiotherapy dose either with RT alone or CRT has been a challenge. Nigro®
originally used a low dose of radiation, 30 Gy, in the CRT schedule as a preoperative neo-
adjuvant treatment before surgical resection. RTOG 8314°7 delivered 40.08 Gy in 4.5 to
5.0 weeks to the pelvis and perineum. Other prospective series increased the dose to 40
to 45 Gy delivered in 1.8 t0 2.0 Gy per fraction®® and achieved a complete response rate
of 86%. Studies in older frail adults have also used lower doses for small tumors.%-%"
Traditionally, a boost to the tumor with an interval after 45 Gy EBRT with or without
chemotherapy has been used to achieve local control in high-risk patients. Most early
trials used this schedule.”® The ACCORD-03 trial, randomized eligible patients be-
tween standard (15 Gy) and higher boost doses (20-25 Gy), but also allowed the use
of a higher radiotherapy boost dose if a poor clinical response was observed. The pro-
tocol allowed a 3-week gap between CRT and the boost, which will have diluted the ef-
fect of the higher dose. In addition, some trials introduced bias by allowing or even
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encouraging the investigator to boost with higher total doses if a lack of response in the
primary was observed. The RTOG 9811 trial seems to recommend a minimum total
dose of 45 Gy for good responders in T1/T2 cancers and higher doses for more
advanced tumors or poor responders. The ACT Il trial is the only trial that mandated a
standard dose of 50.4 Gy to the primary tumor for all stages over 28 daily fractions using
a 2-phase technique irrespective of response, with no gap between the phases."”

RTOG 9208 assessed an escalation of the radiotherapy dose to 59.6 Gy over
8.5 weeks with a mandatory 2-week gap. This schedule did not seem to improve local
control but showed an increased 1- to 2-year colostomy rate compared with the RTOG
8704 outcomes whereby patients received a dose of only 45.0 to 50.4 Gy in 1.8 Gy per
fraction.3? A further 20 patient cohort was recruited with the same dose without treat-
ment breaks, also showed no statistical significant difference in local relapse rate.®®

Higher radiation doses using IMRT are proposed to improve these results, although
there are concerns that the function of the sphincter mechanism will be compromised
with greater than 54 to 56 Gy leading to fecal incontinence, poor function, and the
eventual need for a defunctioning colostomy.** Long-term fecal incontinence in pros-
tate cancer seems to correlate with the mean dose to the anal-sphincter region, with a
cutoff when doses of greater than 40 Gy confer more risk.>® Recent studies suggest
that poor sphincter control correlates with doses of 53 Gy or greater received by
the lateral extent of the anal sphincter region.>®

Late complications of treatment represented 14.5% of the reasons for having a co-
lostomy in the ACCORD-03 trial, that is, 9 of 307 (3%) of the overall population.’® The
RTOG 9811 trial reported severe long-term toxic effects in both arms of 11% and
10%, and 5% of patients required a colostomy for late effects.’® In ACT Il, 14 of
112 (12.5%) patients requiring a posttreatment colostomy needed this because of
morbidity, that is, 14 of 940 (1.5%) overall.®”

In general, adverse late effects reflect the total radiation dose rather than the type or
dose of chemotherapy. With the exception of ACT II, total radiation doses have not
been clearly documented in reports of the randomized trials. Sadly ACT Il has not re-
ported late toxicity, so a dose response model is, therefore, difficult to calculate.

ELECTIVE DOSE

The appropriate dose to elective nodal areas is also controversial. RTOG 8704 and
RTOG 9811 prescribed doses of 30.6 Gy, 36 Gy, and 45 Gy to different areas of clin-
ically negative nodes depending on their anatomic location. However, both the initial
United Kingdom Coordinating Committee on Cancer Research (UKCCCR) and Euro-
pean Organization for Research and Treatment of Cancer (EORTC) trials used doses
of 45 Gy to elective nodal stations. The RTOG 0529 prescribed 42 to 45 Gy to elective
areas that appeared uninvolved on imaging and 50.4 Gy to inguino-pelvic lymph
nodes less than 3 cm in size. Lymph nodes larger than 3 cm in size were treated to
the same dose as the primary tumor, that is, 54 Gy. The elective nodal dose in ACT
Il was only 30.6 Gy in 17 daily fractions with large parallel, opposed fields.!" Others
have documented that CRT to elective nodal volumes (inguinal area and whole pelvis)
over 4 weeks using a dose of 36 Gy achieved excellent nodal control.®® Hence, a total
of 30 Gy may be sufficient to treat microscopic nodal deposits and small-volume
(<2 cm) macroscopic disease.

BRACHYTHERAPY

Brachytherapy is a highly conformal treatment that can deliver a high dose to the pri-
mary tumor, sparing surrounding normal tissues and the contralateral mucosa and
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sphincter. Implantation requires local or general anesthesia and demands skill and
experience from the operator. Brachytherapy as a single modality is not recommended
but may prove useful as a high-dose boost following response to CRT. Often a dose of
45 to 50 Gy using CRT is followed by a 15- to 20-Gy boost, delivered using interstitial
brachytherapy. To avoid the risk of necrosis and/or treatment failure, the technique is
probably best restricted to tumors that extend less than 50% of the circumference of
the anal canal, are less than 5 to 10 mm in thickness, and are less than 5 cm in length.>°
Brachytherapy is a potentially useful technique both for the definitive and recurrent/
salvage settings, but there is no consensus on the optimal fractionation schedule.*°
Double-plane or volume implants may be necessary, depending on the extent of the tu-
mor. There is a risk of late necrosis and ongoing radiation proctitis. Recent reports of
multiparametric MRI/computed tomography (CT) image adapted brachytherapy
show the technique allows excellent dose distribution, but the expertise is limited.*’

MAINTENANCE/CONSOLIDATION CHEMOTHERAPY FOLLOWING CHEMORADIATION

In SCCA a small retrospective study of advanced SCCA (61% were node positive and
43% T3/T4) suggested benefit for consolidation chemotherapy using 8 courses of
chemotherapy with 5-FU/cisplatin following definitive CRT.*? The ACT Il trial in the
United Kingdom randomly allocated 930 patients to 2 courses of maintenance/consol-
idation chemotherapy following CRT (5-FU 750 mg/m? for 4 days and cisplatin 60 mg/
m? on day 1) versus control. This additional chemotherapy did not increase the CCR
rate, the speed with which the tumor responded, or any long-term oncological out-
comes, such as PFS or 0S.""43

THE OVERALL TREATMENT TIME

The interval between the different phases of radiation used in many trials may dilute
the biological effects of a small boost of 5 to 10 Gy. Taking into account a repopulation
constant with a presumed value of approximately 0.6 Gy/day** means only an addi-
tional 2.4 Gy may have been added by the boost in the ACT | trial, although with a
25-Gy boost this would have been closer to 12 Gy.” From these data and considering
that local relapse remains the main site of failure, especially in locally advanced dis-
ease, a dose escalation might still be feasible and reasonable if IMRT is used and
no planned gap is allowed, thus, optimizing the CRT component.

FIELD SIZE

Early trials used generous field sizes applied with parallel opposed beams to avoid a
geometric miss, using the pelvic bones as reference points for the position of the pel-
vic nodes, based on data from lymphangiograms, CT scans and the histopathologic
data from early radical surgical series.

Variations in field size exist between studies, particularly in the superior extent. In-
clusion of the common iliac nodes, and full coverage of the entire internal iliac nodal
system, by setting the upper CTV border at or above the sacral promontory’-? remains
controversial. In ACT |l the superior aspect of the initial anterior-posterior/posterior-
anterior field was defined as 2 cm above the inferior aspect of the sacroiliac (Sl) joints,
usually at the S1/S2 interface; with beam divergence, the estimated dose to the com-
mon iliac nodes was small.*® Very few isolated recurrences are observed above this
field in the ACT Il dataset.* In the RTOG’s recommendations, common iliac nodes
up to the fifth lumbar vertebra were included in the elective nodal volume to a dose
of 45 Gy.*®**” In the Norwegian National Population Cohort,” the recommended
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superior border was at the level of the lower border of the Sl joints. Only if the primary
cancer extended into rectal mucosa or the pelvic nodes were considered involved on
imaging did the field extend up to the sacral promontory. Despite the fact that approx-
imately 50% of patients had a field only extending to the lower end of the SI joint, no
recurrences were observed above this treatment field. Hence, inclusion routinely of
common iliac lymph nodes within the radiotherapy field may not be justified.

TARGET DELINEATION

CT planning relies on the contrast in tissue density between different organs. In SCCA,
structures around the anal canal blend with indistinct organ borders. MRI can be cor-
egistered to CT scans, offering better spatial resolution than either modality alone and
defining tumor size, local extent and spread, invasion of adjacent organs, and nodal
involvement.*® Most anal carcinomas are also [18F] fluorodeoxyglucose avid, so
metabolically active sites in both the primary tumor and normal-sized regional nodes
can be identified with superior sensitivity compared with CT alone; but unlike MRI, im-
ages are not sharply delineated.

The RTOG, European Society for Radiotherapy and Oncology, and Australasian
Gastro-Intestinal Trials Group have produced atlases for target delineation and prophy-
lactic nodal irradiation“®“® and also pelvic normal tissue contouring guidelines.®® A
recent UK initiative has also developed IMRT anal cancer guidance.®’

RATIONALE FOR CHEMORADIOTHERAPY

The randomized trials in SCCA have only examined 3 cytotoxic agents as partners of
radiotherapy (5-FU, MMC, and cisplatin). Although the schedules are similar (often
days 1-5 and days 29-33), the doses, regimens, and OTT have not been consistent
(Table 2). The strategy of continuous radio-sensitization throughout the radiotherapy
currently accepted in rectal cancer (ie, prolonged venous infusion or oral capecitabine)
has infrequently been exploited in anal cancer.2%°

Trials have never directly compared 1 or 2 doses of MMC, and so it remains unclear
whether a second dose of MMC as used in some randomized trials®'® adds to effi-
cacy. In Europe, several studies integrated concurrent cisplatin.?’*45% Various
cisplatin doses have been explored in these different studies of CRT,>*°%%" between
60 and 80 mg/m? on days 1 and 29, without an obvious advantage to the higher dose.
An Eastern Cooperative Oncology Group (ECOG) phase Il study (E4292) combined 2
courses of cisplatin 75 mg/m? on day 1 and 43 with a high dose of concurrent radio-
therapy (59.4 Gy in 33 fractions), with a 2-week break after 36 Gy.°® In total, 37% of
patients experienced grade 4/5 toxicity. A second cohort received the same treatment
without the planned treatment break and showed even more grade 4 toxicities.*®

Cisplatin has only been explored in a weekly schedule in a single phase Il study
combined with MMC rather than 5-FU.5®> The EORTC 22011-40014 was initially
planned as a randomized phase II/lll trial designed to assess the response rate in
the phase Il component. The study compared 5-FU and MMC in combination with ra-
diation versus MMC and cisplatin concurrent with radiation. The response rate of the
MMC/cisplatin arm was 91.9%, satisfying the condition for phase Il testing; but the
investigators thought this regimen was not deliverable in a wider setting. Treatment
with MMC has a lower median toxic dose (TD5p) and a more steeply increasing normal
tissue complication probability curve compared with treatment with cisplatin.®°

A combination of all 3 drugs in CRT (ie, 5-FU, MMC, and cisplatin) was investigated
in a pilot study in the United Kingdom with a regimen using MMC at 10 mg/m? on day 1



Table 2
Outcomes of the more recent (1998-2008) phase Il randomized trials in squamous cell carcinoma of the anus, the different chemoradiation regimens and
outcomes
Number of Median
Studies (Authors) Patients Follow-up CCR Local Failure Rate DFS/RFS Colostomy Rate/CFS OS
RTOG 9811 (Ajani 644 25y No data on clinical 25% with 5-FU, MMC DFS 60% with 5-FU, Colostomy rate: 10% 75% with 5-FU, MMC
et al,’® 2008) response provided  vs 33% with 5-FU, MMC vs 54% 5-FU,  with 5-FU, MMC vs  vs 70% with 5-FU,
cisplatin cisplatin at 5y; NS 19% with 5-FU, cisplatin; P = .1 at
P=.17 cisplatin; P=.02at 5y
5y
ACCORD-03 (Peiffert 307 50 mo Overall 79% Tumor-free survival  5-y CFS 5-y specific survival
et al,'? 2012) complete clinical Arm A 28% Arm A 64% Arm A 70% Arm A77%
response at2 mo Arm B 12% Arm B 78% Arm B 82% Arm B 89%
after boost Arm C 16% Arm C 67% Arm C77% Arm C 81%
Arm D 22% Arm D 62% Arm D 73% Arm D 76%
Overall 19% at5y
UKCCCR ACT II 940 36 mo 94.5% 5-FU/IMMC/RT 11% with MMC, 13% RFS 75% in both arms Colostomy rate: same 85% with
(James et al,"" vs 95% 5-FU/Cis/RT  with cisplatin at3y in both arms (5% maintenance at 3y
2013) at 18 wk (ie, 12 wk with maintenance 84% without, NS
before) vs 4% without)

Abbreviations: Cis, Cisplatinum; HDRT, high-dose radiotherapy; NS, not significant; RFS, relapse-free survival; RT, radiotherapy.
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and cisplatin 60 mg/m? on days 1 and 29,°" but it was not taken forward because of
concerns regarding acute toxicity and poor compliance.

ORAL FLUOROPYRIMIDINES

Capecitabine was successfully substituted for infusional 5-FU in a phase Il study using
825 mg/m? twice a day on radiation days and MMC on day 1.52 A more recent phase |
study confirmed that 825 mg/m? twice a day orally is tolerable and seems effective.®®
Other phase Il studies® and retrospective series®®® have confirmed this dosage as
tolerable and effective (Table 3).

OTHER CYTOTOXIC AGENTS

A recent phase | trial of IMRT and concurrent chemotherapy using paclitaxel, capeci-
tabine, and MMC for SCCA is reported in abstract. The regimen seems feasible in
terms of toxicity, and 18 of 20 patients (90%) had a complete response at 6 months.®’
Based on these results, a phase lll clinical trial is planned comparing the triplet
regimen (paclitaxel, capecitabine, and MMC) combined with IMRT against the stan-
dard doublet of capecitabine and MMC alone (NCT02526953).

EPIDERMAL GROWTH FACTOR RECEPTOR INHIBITION

Epidermal growth factor receptor (EGFR) is overexpressed in up to 90% of SCCA.
EGFR mutations, Kirsten rat sarcoma viral oncogene mutations, or BRAF mutations
have rarely been identified in SCCA,®8° although one study showed PIK3CA was
found to be mutated in 22%.°° Thus, EGFR inhibition is a potential strategy to integrate

Table 3
Showing results of phase I/phase Il and retrospective studies integrating capecitabine into
chemoradiation regimens
Number
of Radiotherapy  Schedule of
Study Patients Dose MMC Capecitabine Local Control
Glynne-Jones 31 50.4 Gy in 28 Single dose of 825 mg/m?bid 90% at 14 m
et al,®? fractions in 2 MMC 12 mg/m?  on
2008 phases max 20 mg radiation
days
Deenen 18 59.4 Gy in 33 Single dose of 825 mg/m? bid 88% at 28 m
et al,®? fractions with  MMC 10 mg/m?  on
2013 simultaneous max 15 mg radiation
integrated days
boost-IMRT
Oliveira 51 Not stated Single dose of 825 mg/m?bid 86% at 6 m
et al,®* MMC 15 mg/m?  on
2016 on day 1 radiation
days
Thind 66 Median dose of Single dose of 825 mg/m? bid 94% at 20 m
et al,®® radiation MMC 12 mg/m?  on
2014 51.9 Gy over radiation
5.5 wk days
Wan 300 50-54 Gy Two doses 825 mg/m? bid DFS (at 1y) 94%
et al,®® But compliance on cape vs 91%
2014 poor if radiation 5-FU
capecitabine days
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into concurrent CRT treatment. In SCCA, several phase | studies investigated the
addition of cetuximab to 5-FU and cisplatin-based CRT.”® A response rate of 95%
was observed, but the study closed early because of toxicity (52% showing severe
grade 3-4 radiation dermatitis and 44% experiencing grade 3-4 diarrhea). The
ACCORD 16 phase | trial also closed early because of unacceptable toxicity’' and
poor oncological outcomes.”? Other phase Il studies (ECOG 3205) for immunocompe-
tent patients and (AIDS Malignancy Consortium Trial [AMCO045]) human immunodefi-
ciency virus (HIV)-positive patients showed acceptable toxicity and clinical
outcomes for patients treated with the combination of cetuximab with 5-FU and
cisplatin concurrently with radiation.”® Other studies have combined cetuximab with
5-FU/MMC-based CRT.”® Toxicity was acceptable, and 10 of 11 patients (91%)
achieved a local complete remission (CR). A phase 2 trial with panitumumab, mito-
mycin-C, 5-FU, and radiotherapy in SCCA, has been developed by the Grupo Espanol
Multidisciplinar en Cancer Digestivo (GEMCAD) - (NCT01285778).7%77 Preliminary re-
sults showed only 55% had CR at 24 weeks (Table 4).

IMMUNOTHERAPY

Strong data support HPV infection as an early event in SCCA with reports of 84% to
85% HPV prevalence.”®° The two most common genotypes are HPV 16 and HPV 18.
It is postulated that HPV integration at an early stage and loss of heterozygosity at mul-
tiple chromosomal sites may lead to anal carcinogenesis. Therefore, immunotherapy
seems a promising approach and, as such, is being studied in combination with CRT.
Advaxis (ADXS) 11-001 is a bioengineered Listeria monocytogenes-based treat-
ment combining live attenuated Listeria bacteria fused to HPV16E7 causing a cell-
mediated immune response. ADXS 11-001 is being evaluated in a phase I/Il study
of 25 patients in combination with 5-FU and MMC and IMRT for anal cancer; this trial
is currently recruiting (NCT01671488). ADXS 11-001 is also being tested with CRT in
several other HPV-positive cancers, such as head and neck and cervical cancer.
The inhibitory molecules programmed cell death 1 (PD-1) and its ligands, PD-L1 and
PD-L2, are often upregulated and lead to suppression of the antitumor immune
response in many cancers. PDL1 expression has been associated with a worse prog-
nosis; hence, checkpoint inhibition has proved successful in other tumor types. There
is a paucity of data in SCCA, but one study of 41 patients evaluated PDL1 expression
retrospectively using paraffin tissue blocks and identified 62% PDL1-positive in the
late stage and 33% positive in the early stage. Although there were very small
numbers, there was a suggestion of poorer relapse-free survival; but OS was not
different between PDL1 positive and negative groups. Trials combining CRT with
PDL1 blockade for anal cancer are currently being planned but will require cautious
overview because of the potential overlapping gastrointestinal toxicities with CRT.
An evaluation of tumor-infiltrating lymphocytes (TIL) scores after chemoradiother-
apy provides further support for immunotherapy in this setting.®° P16 immunohisto-
chemistry has been used as a surrogate for HPV involvement and demonstrated
poor overall outcomes for HPV/p16-negative patients in several series.®"-%? One plau-
sible explanation has been that the papillomavirus evokes a host immune response
directed against tumor cells. In oropharyngeal cancer HPV 16-E6 and E7-specific
T cells have been found and correlate with improved outcome. Thus, Gilbert and col-
leagues®® assessed TIL to stratify p16-positive cases and demonstrated additional
prognostic value with this approach. TILs remained an independent prognostic score
in a multivariate analysis with relapse-free rates of 92% with high levels of TIL versus
63% in absent/low-level TIL.8° These data support the use of immunotherapy either
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Table 4
Showing preliminary and full results of phase I/phase Il studies integrating cetuximab or panitumumab into chemoradiation regimens
Trial No of Patients IMRT Regimen Toxicity Efficacy
Phase | 21 (stopped because No 5-FU/CP + RT + cetuximab High oK
Olivatto et al,”® Cancer 2013 of DLT)
Phase | 16 (stopped because No 5-FU/CP + RT + cetuximab High Low
ACCORD 16 Deutsch et al,”" Ann of DLT)
Oncol 2013
Levy et al,’? Radiother Oncol 2015
Phase | 28 Some 5-FU/CP + RT + cetuximab G4 toxicity 93% OS at2y
Garg et al,”* ECOG 3205, J Clin Oncol 32%
2012 G5 4%
Garg et al,”* ) Clin Oncol 2016
Phase | 45 Some 5-FU/CP + RT + cetuximab G4 toxicity 89% OSat2y
Garg et al,”* AMCO045, J Clin Oncol 26%
2016 G5 4%
Phase | 13 Yes 5-FU/MMC + RT + cetuximab Low 73% CR at 3 mo
Leon et al,”® 2015
Phase II 58 No 5-FU/MMC + RT + High At 24 wk 55% CR, 6% persistent

Feliu,”” ASCO 2014

36 evaluable

panitumumab

disease; 19% progression

V8
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with concurrent CRT or using adoptive T-cell therapy that is being studied in trials in
the advanced SCCA setting.

The Sonic hedgehog (SHH) glycoprotein is part of a complex signaling cascade that
is regulated by Gli1. Ajani and colleagues®® demonstrated that overexpression of Gli 1
and SHH glycoprotein were potentially predictive for reduced DFS.838* These data
support further interrogation of this pathway, especially as SHH signaling has been
correlated with resistance to CRT in other cancers.

SUMMARY

Current guidelines from the European Society for Medical Oncology and the National
Comprehensive Cancer Network recommend the use of concurrent CRT with 5-FU
and MMC for radical treatment of local and locally advanced SCCA. Yet, we have not
confirmed the optimal dose of radiotherapy or defined the schedules with the optimal
sequence and timing of the available cytotoxic agents (5-FU, MMC, and cisplatin).
Oral capecitabine offers an alternative to 5-FU but has not been directly compared
with intravenous 5-FU in trials. Studies using the targeted agent cetuximab seem to
cause unexpected toxicity, without showing any evidence of increased efficacy.

The response to chemoradiation is heterogeneous and may reflect the tumor envi-
ronment and the immunologic capacity as much as innate radio-sensitivity. Bio-
markers in development (p16, squamous cell carcinoma antigen, PET/CT, Tumor
infiltrating lymphocytes, PD-1 expression, SHH expression) may stratify SCCA
more accurately and guide the individual intensity of treatment required. In the future,
we should integrate new agents, such as taxanes, checkpoint inhibitors, and PD-1,
and molecularly targeted agents into CRT. The greater precision of IMRT can spare
critical normal tissues, thereby reducing acute toxicity and potentially allowing the
safe use of dose escalation. We also need to design trials specifically for patients
with HPV-negative and HPV-positive SCCA both in smokers and nonsmokers,
respectively, according to different TNM staging.
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