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Since the initial development of 5-fluorouracil and mitomycin as a standard of care platform
for definitive anal cancer chemoradiotherapy, multiple studies have evaluated the optimal
chemotherapy regimen, and radiotherapy technique. Refinements in treatment technique
have taken place during an era of improved diagnostic imaging, including incorporation of
FDG-PET, with implications for a possible stage migration effect. This has introduced an
opportunity to develop stage-specific recommendations for primary tumor, involved nodal,
and elective nodal irradiation dose. Elective nodal irradiation remains standard given the
low rates of elective nodal failure with current practice, although may be subject to evolving
controversy for patients with early stage disease. In this review, development of the current
standard of care for anal cancer chemoradiotherapy is reviewed in the context of modern
staging and dose-painted radiotherapy treatment techniques.
Semin Radiat Oncol 29:137−143 � 2019 Elsevier Inc. All rights reserved.
Background

Since initial implementation in the 1970s, variations of a reg-
imen consisting of 5-fluorouracil (5-FU), mitomycin, and

radiotherapy, which came to be known as the Nigro protocol,
have proven to be quite effective and enduring as the standard-
of-care therapy for anal canal cancer. Due to the efficacy of this
regimen, a primary surgical based treatment approach has been
supplanted by definitive chemoradiotherapy. Derivatives of 5-
FU and mitomycin continue to be the chemotherapy agents of
choice due to unsurpassed outcomes. However, in an effort to
increase efficacy and decrease radiotherapy toxicity, treatment
techniques have continued to evolve as new imaging and treat-
ment modalities have developed. This article provides an over-
view of diagnostic and therapeutic changes in anal cancer
chemoradiotherapy, in the context of the requirement for, and
techniques of regional nodal irradiation.
Development of 5-FU and
Mitomycin As a Standard of Care

Prior to the implementation of chemoradiotherapy, a surgi-
cal approach was considered standard treatment for anal
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cancer, with wide-local excisions for very limited early stage
disease and abdominoperineal resection (APR) recom-
mended for more advanced disease. In comparison to prior
reports of radiation alone, surgical outcomes were relatively
good, particularly in early stage disease that was amenable to
wide-local excisions1−4 (Table 1). However, there were high
levels of both locoregional and distant recurrence, even in
the setting of APR. This relatively high recurrence rate
despite patients undergoing an extensive surgery, was
hypothesized to be partially attributable to pelvic or inguinal
nodal involvement that was not addressed by surgery or
radiotherapy given treatment technique often directed at the
primary tumor alone. It was therefore essential to develop a
more regional treatment to reduce recurrence risk while
maintaining acceptable toxicity.
Nigro Protocol As Current
Standard of Care

The protocol consisting of 5-FU, mitomycin, and radiation
was first investigated in a small case series by Nigro et al in
1971.5 The study described the treatment of 3 patients with
30 Gy given in 2 Gy fractions over 3 weeks, 25 mg/kg 5-FU
infused over 5 days starting on the first day of radiation, and
0.5 mg/kg of mitomycin infused as a bolus on the first day of
radiation. Two of these patients underwent APR 6 weeks
after completion of chemoradiotherapy with dissection of
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Table 1Outcomes of Surgical Management of Anal Carcinoma

Treatment Received (%) 5-Year Survival (%) Recurrence Following APR (%)

WLE APR Radiation Other WLE APR Radiation Local Inguinal Distant

Hardcastle
(n = 127)

6.3 65.4 15.0 13.3 75.0 48.2 31.6 27.9 24.6

Boman
(n = 188)

10.1 62.8 6.4 20.7 72.2 N/A 27.1 12.7 9.3

Beahrs et al
(n = 177)

14.4 54.8 8.9 21.9 83.3 60.7 18.2 19.7 N/A N/A

Golden et al
(n = 1060)

12.6 45.9 7.3 34.2 65.0 47.6 26.0 N/A N/A N/A

Abbreviations: APR, abdominoperineal resection; WLE, wide-local excision.
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affected inguinal lymph nodes. A pathologic complete
response was observed in both patients, and at 14-month
follow-up, there was no evidence of recurrence in the patient
who did not undergo surgery.

Due to the promise of this regimen, Nigro’s group treated
10 more patients with the aforementioned regimen. In all
the patients, the size of the lesions decreased by at least 50%
following treatment, with 60% of the tumors disappearing
clinically.6 As per the previous series, nine of the patients
underwent resection, with 6 specimens showing no evidence
of disease on pathologic examination. The patient who did
not undergo resection had no evidence of disease on biopsy.
The study group was therefore expanded, and Nigro
reported 2 more studies, with 28 and 45, patients respec-
tively. These studies produced a disease-free survival (DFS)
of 78.6% and 84.0%.7,8 Proctitis, leukopenia, and neutrope-
nia occurred, but no long-term deficits were associated with
side effects. The success of the protocol was replicated by
Newman and Quan, with similar outcomes and toxicity.9

The phase II RTOG 8314 study further examined definitive
chemoradiotherapy with 5-FU and mitomycin, and reported
overall survival (OS) of 74% and DFS of 61% with favorable
preservation of sphincter and sexual function.10 Given dem-
onstrated efficacy, a sphincter sparing approach was estab-
lished as the standard of care.
Role of Chemotherapy

The requirement for concurrent chemotherapy was subse-
quently studied in 2 major randomized controlled trials, the
UKCCCR Anal Cancer Trial and EORTC trial 22,921. The
UKCCCR trial evaluated the benefit of 5FU and mitomycin
with radiation therapy.11 Despite no significant difference in
OS, with a median follow-up of 42 months, combined radia-
tion and chemotherapy had a 0.54 RR for local failure, and a
0.71 RR for death compared to radiation alone. Although
chemoradiotherapy had higher acute morbidity, there was
no difference in late effects between the arms. Follow-up at
12 years showed a 25.3% decrease in loco-regional recur-
rence (LRF) and a 12.5% decrease in anal cancer-related
death.12

The EORTC trial also showed superiority of chemoradio-
therapy, with DFS of 80% and 54% for chemoradiotherapy
and radiation alone respectively, and an 18% improvement
in locoregional control with a 26% reduction in risk of
death.13 The combined regimen was well tolerated, although
an increased rate of anal ulcers was observed for the chemo-
radiotherapy arm. These data suggest that chemoradiother-
apy leads to superior outcomes with acceptable toxicity,
although there is evidence that suggests the benefits do not
extend as much to patients with early stage disease. Touboul
et al showed a 73.7% 10-year survival rate in patients with
node-negative disease treated with radiation alone, with
overall survival significantly improving when tumors were
smaller than 4 cm.14
Specific Role of Mitomycin
and 5-FU

Due to associated toxicity and in an attempt to reduce the num-
ber of chemotherapy drugs used, the importance ofmitomycin
was examined in RTOG 8704, which compared 5-FU, mito-
mycin, and radiation to 5-FU and radiation.15 This study
demonstrated that mitomycin was essential for maximizing
outcomes. At 4-year follow-up, the arm that includedmitomy-
cin had significantly improved DFS and colostomy-free sur-
vival. As expected, overall toxicity was greater in the arm that
included mitomycin, but given the superior results it pro-
duced, it continued to be included in the standard-of care.

In a further attempt to eliminate theneed formitomycin and
increaseDFS, several subsequent studies investigatedusingcis-
platin in place of mitomycin. Initial results from Doci et al
showed promise, with similar toxicity and efficacy and an
improved locoregional recurrence rate.16 However, the regi-
mens were compared in RTOG 9811 using an induction che-
motherapy technique for the cisplatin arm. At 8-year follow-
up, the mitomycin arm had significantly better DFS as well as
OSandan insignificant improvement in loco-regional failure.17

The ACT II trial further examined replacing mitomycin
with cisplatin in a 2£ 2 design that also assessed the role of
maintenance cisplatin.18 Use of cisplatin, or addition of
maintenance therapy did not yield a significant improvement
in terms of survival and had a similar toxicity profile
(improved grade 3/4 hematologic toxicity but no difference
in neutropenic sepsis). Given additional resources required
for cisplatin administration compared to mitomycin, inclu-
sion of mitomycin remained standard of care and continued
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to be a component of the standard chemotherapy regimen.
In the last decade results have been published from studies
that investigated substituting capecitabine for 5-FU. The
rationale behind the change is largely one of convenience, as
capecitabine is a prodrug of 5-FU that can be administered
orally rather than intravenously.19 Clinical response has
been shown to be equivalent between the 2 regimens, with
no significant difference in LRC and OS, with lower hemato-
logic toxicity suggested for capecitabine.20 A subsequent
study by Goodman et al showed a significant absolute reduc-
tion of grade 3+ hematologic toxicity by 32% and associated
treatment interruptions by 26%.21 As such, capecitabine is
considered a suitable alternative to 5-FU in the chemother-
apy regimen for anal canal cancer and could yield improved
outcomes.
Evolution of Radiation Therapy
Technique

The historical pelvic field for anal cancer was delivered with
an AP-PA technique with a superior border at the L5/S1 and
a cone down after 30.6 Gy bringing the superior border to
the bottom of the SI joints, lateral borders 1.5-2 cm outside
the pelvic brim that included inguinal lymph nodes, and an
inferior border 3 cm below the tumor or anal verge.22

Das et al reported that of the patients who developed loco-
regional recurrence with this technique, 75% of recurrences
were at the anus or rectum, 21% were in the presacral or iliac
area, and 4%were in the inguinal area. All of the patients with
presacral or iliac recurrences were treated with superior bor-
ders at the bottom of the SI joints, which suggested a benefit of
more completely covering the pelvis to decrease the risk of
loco-regional recurrence. A subsequent report by Wright et al
further supported the primary tumor being at the greatest risk
of failure, while highlighting the requirement for inclusion of
all pelvic nodal groups in the radiotherapy field given the pat-
tern of regional failure observed.23 Peiffert et al investigated the
use of dose intensification of the boost, with 45Gy initial treat-
ment and a 15-20 Gy boost to involved areas.24,25 Initially,
there was a 96% complete response rate and at 3-year follow-
up,DFSwas 67%.

These data suggested a benefit to radiation dose escalation
to the primary tumor higher than that given by Nigro et al
and Doci et al. Investigation into optimal radiation dose
found 55 Gy to improve OS and local control rates com-
pared to doses below 52 Gy.26 That conclusion was sup-
ported by Huang et al who showed that patients who receive
at least 54 Gy within 60 days have an LRF rate of 11% vs
58% in those who received lower doses or more prolonged
courses.27 Dose escalation was not associated with increased
toxicity and there was no noticeable difference in preserva-
tion of sphincter function. Further investigation into the util-
ity of higher doses was undertaken with a split-course
regimen, with a total dose of 59.6 Gy given with a 2-week
rest period in the middle in an attempt to mitigate the
increased acute toxicity associated with the higher radiation
dose. This regimen did not offer any improvement in local
control compared to dosages of 50.4 Gy, suggesting if higher
doses were to have any positive impact on outcomes, they
need to be tested when given as a continuous course, with
acceptance of greater acute toxicity.28

Based on 30 years of pooled data from Myerson et al, con-
ventional chemoradiotherapy given in a dose escalated, con-
tinuous, manner was associated with 28.3% and 24.7% of
patients experiencing grade 3 or greater acute and chronic
complications, respectively.29 Specifically, 11.3%, 7.2%, and
2.6% of patients experienced hematologic toxicity, soft-tis-
sue toxicity, and lymphedema or lymphangitis, respectively.
Although favorable treatment efficacy was established, efforts
shifted toward mitigation of the known toxicity risk.
Current Standard of Care for
Anal Irradiation and Elective
Nodal Irradiation

Intensity-modulated radiation therapy (IMRT), a modality
that was able to produce more conformal radiation delivery
came into use at the beginning of the 21st century and has
since become the preferred radiation technique for treating
anal cancer. IMRT can provide similar coverage of planned
target volumes when compared with conventional techni-
ques, with a greater ability to spare organs at risk.30 The clin-
ical utility of IMRT at reducing toxicity was evaluated by
Kachnic et al in the phase II RTOG 0529 study, which estab-
lished IMRT with a simultaneous integrated boost as a cur-
rent standard of care for definitive chemoradiotherapy for
anal cancer.31 This study sought to compare toxicities associ-
ated with IMRT compared to the control arm used in RTOG
9811. Although there was no change in rates of grade 2+ gas-
trointestinal and genitourinary toxicity compared to RTOG
9811, IMRT led to improvements in grade 2+ hematologic,
grade 3+ gastrointestinal, and grade 3+ dermatologic toxic-
ities. Although target delineation was recommended accord-
ing to published RTOG consensus guidelines, the study
highlighted challenges in target delineation and treatment
planning, given that 81% of patients required replanning
based on initial central review.32

Long-term follow-up (median of 7.9 years) of RTOG
0529 showed no significant difference in DFS, LRF, and OS
in RTOG 0529 compared to RTOG 9811.33 However, it
maintained improvements in acute toxicity and similar rates
of late toxicity. On a more specific analysis of data from
RTOG 0529 by Olsen et al, GI toxicities trended toward sta-
tistical significance based on increasing small bowel dose
and anterior pelvic contents dose, and are therefore impor-
tant contributors to planning constraints, which further
attests to the impact of the improvements associated with
IMRT.34

As a result, currentNCCNguidelines for the radiation plan-
ning and treatment of anal cancer are based on RTOG-0529.35

The initial radiation volumes should have a superior border of
at least L5-S1, an inferior border of the anus and tumor with at
least a 2.5 cm margin, and lateral borders including lateral
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inguinal nodes, with an attempt to spare the femoral heads as
much as possible. PET/CT should be considered to aid in treat-
ment planning by helping to identify subclinical areas of dis-
ease. In attempts to mitigate toxicity, women should be
considered for vaginal dilators for mitigation of vaginal steno-
sis, and all patients should be counseled about the risk of infer-
tility, including banking of reproductive material. More
detailed contouring guidelines are specified in the RTOGCon-
sensus Atlas for anorectal cancer.32
Table 2 Guidelines for Nodal Staging Adapted From AJCC
Manuals

AJCC 7th Edition
Regional lymph nodes include: perirectal, lateral sacral,
internal iliac (hypogastric), inguinal

N0—no lymph nodes
N1—perirectal lymph nodes
N2—unilateral internal iliac or (unilateral) inguinal lymph
nodes or both

N3—perirectal AND inguinal lymph nodes; and/
or bilateral internal iliac; and/or (bilateral) inguinal
lymph nodes

AJCC 8th Edition
Regional lymph nodes include: mesorectal, inguinal
(superficial, deep), superior rectal (hemorrhoidal),
external iliac, internal iliac (hypogastric)

N0—no regional lymph node metastases
N1a—inguinal, mesorectal, or internal iliac lymph nodes
N1b—external iliac nodes
N1c—external iliac nodes +N1a
Effect of Stage Migration

Advances in imaging, namely the development of FDG-PET/
CT, has led to better detection of regional and metastatic dis-
ease for newly diagnosed patients with anal cancer. In a
review of twelve studies, PET/CT scans were far more sensi-
tive to detecting primary anal cancer compared to CT (99%
vs 60%, respectively).36 Further, compared to conventional
imaging PET upstaged 15% and down-staged 15% of nodal
disease. The utility of PET/CT also extends to post-treatment
imaging, with improved outcomes noted for patients who
achieve a complete metabolic response.37 This has implica-
tions for both monitoring as well as consideration for addi-
tional therapy.

Improvements in disease staging mandate consideration
of stage migration or the “Will Rogers” phenomenon when
comparing treatment results across different eras. The “Will
Rogers” phenomenon is a paradoxical improvement in stage-
specific prognosis without outcomes themselves changing,
which can be attributed to changing criteria for stage classifi-
cation.38 Patients now have the potential to be assigned a
higher stage than they would have prior to the introduction
of such imaging advancements, when they would be staged
on clinical assessment, and staging criteria that had not
incorporated diagnostic advances. These patients, with effec-
tively higher staged disease, appear to have improved out-
comes as their equivalent outcomes are assigned to higher
stages. Stage migration has likely been present in anal cancer,
with lymph node positive disease appearing to increase from
a rate of 15.3% in 1980 to 37.1% in 2012 in a review of 62
studies containing over 10,000 patients.39 As a result, a
higher proportion of patients with anal cancer are upstaged
due to improved detection of node positive disease despite
the true incidence of node-positive disease not actually
increasing.

This also has the consequence of increasing false-positive
rates, which may lead to over-treatment. In one series, PET/
CT was responsible for changing the TNM stage of 41% of
patients. In another study PET/CT and CT detected nodal
disease in 19.5% of pelvic nodes while CT detected only
9.8%.40 Additionally, CT had false positives in 12.2% of
cases. PET/CT identified suspicious nodes in the groins of
20% of patients who were normal on CT and in 23% with
normal appearance on physical examination. Furthermore,
17% of groins that appeared normal on physical exam and
CT were positive on PET/CT. Overall, 25% of patients who
had no groin involvement on CT were upstaged by PET/CT.
Thus, although the introduction of PET has a risk of contrib-
uting to stage migration in long-term outcomes compari-
sons, its use may significantly impact the initial evaluation
and planning of patients.

The most-recent edition of the AJCC staging manual takes
steps to address stage migration with updated nodal staging.
In the newest edition, external iliac lymph nodes are
included in the staging criteria. Additionally, N2 and N3 cat-
egories are removed, with more-extensively-detected nodal
disease included as a N1 classification. Perianal skin cancers
additionally are staged similar to cancers of the anal canal. A
comparison of the criteria and nodal staging modified from
the seventh and eighth editions of the AJCC staging manual
can be found in Table 2.41,42
Impact of Improved Staging
Sensitivity on Requirement for
Elective Nodal Irradiation

Improvements in detection of regional nodal disease also
have implications regarding the requirement for elective
nodal irradiation (ENI). In theory, radiation fields may be
able to be reduced or eliminated if FDG-PET/CT imaging is
negative, knowing that a possible risk of subclinical disease
may remain. Given the very low risk of nodal failure when
ENI is included, elimination of ENI in the context of defini-
tive treatment requires careful study.

Such a concept has been evaluated retrospectively in
T2N0 anal cancer. Zilli et al evaluated outcomes of patients
undergoing definitive chemoradiotherapy or radiation alone,
with analysis of outcomes based on inclusion of elective
inguinal nodal radiotherapy (INRT).43 None of the patients
who received INRT developed inguinal recurrence, while
4.7% of patients who did not receive INRT developed ingui-
nal recurrence. The relatively low risk of inguinal recurrence
is within a range of risk where some patients may find omit-
ting ENI to be a justifiable choice. There was no significant



Figure 1 Representative simulation films depicting fields for conventionally delivered radiation with locations of failure
superimposed. Reprinted from Wright et al.23 (With permission from Elsevier)
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difference in loco-regional control between patients who
were and were not treated with INRT, and the group that
did not receive INRT also trended toward decreased rates of
Grade 3/4 acute and late toxicities. It should be emphasized
that the study was limited to patients with cT2N0 disease,
and studies with higher staged tumors do not have as posi-
tive of results. In a review of patients up to stage IIIB treated
with INRT vs no INRT, Ferrigno et al reported increased
inguinal failure for patients who did not receive elective
INRT.44 Ortholan et al showed inguinal recurrence rates of
2% and 16% in elective INRT and non-INRT-treated
patients, respectively. In patients who did not receive elective
INRT, inguinal recurrence was 12% in T1-T2 tumors and
was 30% in T3-T4 tumors.45

Further studies are required to determine the optimal treat-
ment for early stage disease, as only 10%-15% of anal canal
tumors studied in major clinical trials were T1, and there is
therefore a paucity of high level evidence regarding necessity
for inclusion of chemotherapy or ENI for early-stage disease.46
Future Directions

Treatment of anal cancer will continue to aim to reduce
toxicity and over-treatment while maintaining or improv-
ing outcomes. IMRT is the radiotherapy modality of
choice, but the optimal dose, fractionation, and require-
ment for ENI will continue to be the subject of study.
The upcoming DECREASE trial (deintensified chemo
radiation for early-stage anal squamous cell carcinoma) is
a single arm, phase II study seeking to address one of
those questions by de-escalating the dosage delivered to
T1-2N0 tumors to 36 Gy, with primary endpoints being
2-year disease control and health-related quality of life.
Proton therapy is also being investigated as a modality
that may be able to reduce toxicity.47

With the advances in imaging such as PET/CT, there is a
greater opportunity for accurate staging evaluation, plan-
ning, and treatment of disease. Improvements in systemic
treatment, including evaluation of immunotherapy, may also
impact optimal radiation delivery. Specifically, the role of
immune therapy will be better characterized based on results
from the upcoming EA2165 study, evaluating the role of
nivolumab after combined modality therapy in high-risk
anal cancer.48 Other immunotherapies targeting BRAF,
EGFR, and PDL1 are also being evaluated in early-phase tri-
als.49-51 In the same vein, approximately 80% of anal cancers
are positive for HPV-16 or HPV-18 and are associated with a
relatively better prognosis compared to HPV negative
tumors. The known association between HPV and anal can-
cer provides a rationale for subsequent development of vac-
cine therapy and immunotherapy approaches.52,53

Although marked advancements have been made since
the initial development of the Nigro regimen, further
studies are required to characterize the appropriate local
therapy, the requirement for ENI, and role of novel sys-
temic/immunotherapies in the context of improved stag-
ing. Such risk-adapted treatment will be imperative to
balance the need for disease control with quality of life
outcomes (Fig. 1).
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