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In this issue of ONCOLOGY, Dr. Zagar and colleagues review the current role of intensity-modulated
radiation therapy (IMRT) for anal carcinoma. Their thorough review serves as an excellent summation
of how IMRT, when used properly, can result in improved toxicity profiles and similar outcomes.
Historical Perspective
Primary surgery with an abdominoperineal resection (APR) was historically the standard of care for
localized anal squamous cell carcinoma. APR achieved 40%-70% survival rates at five years, with local
failures from 27%-47%.[1,2] With modern technology and radiation dose escalation, external beam
radiation therapy (EBRT) studies have improved complete response rates, decreased morbidity, and
improved sphincter preservation rates. Nigro et al added 5-fluorouracil (5FU) and mitomycin C (MMC)
to concurrent EBRT [3,4] and impressive complete response rates inspired other groups to investigate
the role of chemotherapy as a component of sphincter-preserving therapy. The European Organization
for Research and Treatment of Cancer (EORTC) and United Kingdom Coordinating Committee on
Cancer Research (UKCCCR) studies reported improved local control and colostomy-free survival when
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chemotherapy (5FU/MMC) was administered in conjunction with radiation.[5,6] The five-year survival
rate for patients receiving standard chemoradiation approaches 70%; however, 20%-40% experience
grade 3-4 toxicity, and administration with MMC causes profound hematologic toxicity.
In efforts to minimize the hematologic toxicity of chemoradiation and potentially increase the overall
therapeutic ratio, cisplatin has been evaluated as a substitute for MMC. The compelling preclinical
radiosensitizing data with cisplatin coupled with multiple favorable single institution studies led to the
development of Radiation Therapy Oncology Group (RTOG) 98-11.[7] In RTOG 98-11, patients were
randomized between immediate concurrent radiation with 5FU/MMC and induction 5FU/cisplatin
chemotherapy followed by radiation with 5FU/cisplatin. Five-year disease-free survival was similar in
both arms, but colostomy rates at five years were lower in the MMC arm (10% vs 19%, P = .02). There
was no statistically significant difference in overall survival or overall toxicity; however, hematologic
toxicity was significantly higher in the MMC arm (P < .001). The study has been criticized because it
attempted to answer two questions in a single randomization study: (1) the role of cisplatin vs MMC in
anal cancer and (2) the role of induction chemotherapy vs concurrent chemoradiation therapy. Induction
chemotherapy may promote accelerated repopulation, thereby decreasing the efficacy of the cisplatin
arm without assessing the true benefit of concurrent therapy with cisplatin vs MMC. Unlike RTOG
98-11, the Anal Cancer Trial (ACT) II study[8] randomized patients to conventional RT with concurrent
5FU/cisplatin or 5FU/MMC followed by a second randomization to an additional two cycles of
5FU/cisplatin or observation alone. With a median follow-up of three years, colostomy rates were
similar in both arms while acute grade 3-4 hematologic toxicity rates were noted to be higher in patients
receiving MMC (25%) versus cisplatin (13%). High-grade acute non-hematologic toxicities were
elevated for both arms, but there were no statistically significant differences in the rates. Collectively,
these studies suggest that conventional radiation can be delivered with concurrent 5FU/MMC or
5FU/cisplatin showing relatively similar non-hematologic toxicity. MMC, however, results in higher
rates of hematologic toxicity. Hence, improved radiation delivery techniques with less toxic
chemotherapeutic and/or targeted agents should be explored.[9]
Improved Radiation Delivery with IMRT
As outlined in the review by Zagar et al, there are several single institutional studies demonstrating
encouraging toxicity profiles and equivalent outcomes with IMRT. However, the follow-up for such
studies has been limited.[10,11] RTOG 0529 is a phase II study evaluating dose-painted IMRT in
combination with 5FU/MMC in an attempt to reduce acute morbidity in patients with anal cancer.
Preliminary results of 51 analyzable patients noted 76% experienced grade 2 GI/GU acute toxicity,
which was equivalent to the MMC arm of RTOG-9811.[12] There was, however, a statistically
significant reduction in grade 2 dermatologic and grade 3 GI/GU toxicity. Further analysis of outcomes
and late morbidity in this trial will be presented at the upcoming ASTRO meeting in November 2010.
IMRT in patients with rectal cancer have demonstrated improvement in toxicity profiles, with local
control rates apparently equivalent to conventional therapy.[13,14] However, one must remember that
with rectal cancer, IMRT is used as an adjunct to surgery, unlike in anal cancer. Recurrent disease in the
pelvis following IMRT for anal cancer can be difficult to manage, often resulting in a salvage APR. It is
also more likely to result in worse toxicity than upfront surgical resection. Therefore, when IMRT is
used for anal cancer, every effort should be made to ensure adequate coverage of all known and
presumed disease. Standardized target delineation for anorectal cancer has been established by
practicing radiation oncologists,[15] and exposure to a visual atlas prior to contouring can enhance
volume conformity[16], thus decreasing the potential risk of error.
Toxicity Profile and Quality of Life
Although chemoradiation often avoids a permanent colostomy in anal cancer patients, the acute and
long-term toxicities of this sphincter-preserving treatment approach can also be significant. With
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conventional radiation fields, the entire pelvis is irradiated. Acute toxicities include radiation dermatitis,
dysuria/cystitis, diarrhea, nadir of blood counts, vaginal irritation, and radiation enteritis. Long-term
toxicities include fibrosis, radiation enteritis, femoral head fracture, sterility, pain, vaginal dryness,
impotence, and second malignancies. Dose painting with IMRT can allow for sparing of normal
structures and a reduction in many of these toxicities. Standardized, prospectively collected patient
self-reported quality of life (QOL) measures such as the EORTC QLQ-C30 should be included in future
IMRT studies in order to quantitatively compare global and site-specific effects of various treatment
regimens.[17,18] Although several QOL and symptom measures exist, there is clearly a need for
standardized systems that will allow for easier comparisons of treatments (IMRT vs 3-D conformal RT)
internationally.
Patterns of Failure
With IMRT, dose painting is used to focus radiation to the primary tumor and spare adjacent organs at
risk (OAR) from toxicity. In order to tailor the radiation with respect to these OAR, one must be
cognizant of which areas are at a high risk of recurrence. Following standard 5FU/MMC-based
chemoradiation, a study by Das et al reported that a majority of locoregional failures involved the anus
and rectum, whereas inguinal recurrences were rare.[19] Another study by Wright et al also found local
recurrence to be most common (78%); however, 44% had regional components of failure within the
pelvis or inguinal nodes.[20] Initial patterns of failure of patients treated on RTOG 0529 with
IMRT-based chemoradiation will be presented at the upcoming ASTRO meeting. With RTOG 0529, the
anorectal contouring atlas was reviewed prior to radiation planning, yet a majority of these plans
required revisions. The difficulty with planning IMRT anal cancer cases coupled with the limited data
on long-term outcomes and patterns of failure suggest IMRT delivery should ideally be conducted in a
prospective clinical trial.
Patient Selection, Comparative and Cost Analyses
The current National Comprehensive Cancer Network (NCCN) guidelines suggest that IMRT in
addition to three-dimensional conformal radiation therapy may be used in the treatment of patients with
anal cancer (www.NCCN.org). However, many insurance companies may still require a case-by-case
review prior to approval of IMRT for anal cancer treatment because the data for IMRT in anal cancer
are still maturing. It is unlikely that a prospective clinical trial comparing conformal RT with IMRT will
ever be conducted. Nevertheless, comparative analyses may be used to assess differing treatment
modalities and provide guidance as to which patients are more likely to benefit from IMRT.[21,22]
Perhaps comparative analyses can better select patients for IMRT based on gender, age, stage of disease,
and/or specific biomarkers.[19,23] A similar comparative analysis evaluating the cost-effectiveness of
cisplatin and MMC in the treatment of anal cancer found that MMC may have a more favorable
profile.[24] Additional comparative analyses like these may assist in further selecting which patients
with anal cancer are more likely to benefit from specific radiation techniques and novel drug therapies.
New Frontiers
The addition of targeted therapies to IMRT may improve response rates but can also result in worse
toxicity. Using select targeted therapies such as PARP inhibitors (inhibitors of poly[ADP-ribose]
polymerase) may allow for radiation dose de-escalation with similar response rates and less toxicity.[25]
Utilization of MRI and functional imaging (FDG/FLT-PET) may minimize the risk of “near radiation
misses” and assist in selecting the optimal radiation delivery modality (IMRT vs CRT).[26-31]
Conclusion
This review by Zagar et al of IMRT for anal cancer points out the benefits and limitations of IMRT.
Preliminary acute toxicity data is very favorable, although data on long-term toxicity and efficacy is
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limited. Patient selection should be further delineated. Advanced imaging and integration of targeted
agents should improve efficacy. Ideally, at this time, IMRT should only be done in a clinical trial and/or
by clinicians with considerable experience.
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