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Abstract: Anal cancer is a relatively rare malignancy, accounting for approximately 2% of 

gastrointestinal cancers. Concurrent chemoradiation with 5-fluorouracil/mitomycin remains 

the standard of care for the treatment of anal cancer. There is currently no proven role for 

platinum-based induction or adjuvant chemotherapy in anal cancer, even in cases of bulky 

disease. Multiple trials have shown that radiosensitization with concurrent chemotherapy is 

beneficial over radiation alone, and in particular, efforts to remove or substitute mitomycin from 

the chemoradiation regimen have been unsuccessful. Because local-regional control remains 

a challenge in the management of anal cancer, future studies will need to focus on radiation 

dose-escalation and/or addition of further chemotherapy or targeted agents. Patient selection, 

eg, with PET-CT or with biomarkers including HPV status, may be necessary to define patients 

who need more aggressive local treatment, ie, for patients with bulky disease, or to de-escalate 

treatment in others, ie, patients with early-stage, localized cancer.
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Introduction to anal cancer
Anal cancer is a relatively rare malignancy, accounting for approximately 2% of gas-

trointestinal cancers. Most patients present with rectal bleeding, pain, or sensation of 

an anal mass, and most disease is localized at diagnosis. Approximately 20%–40% 

of patients will present with lymph node involvement, and approximately 10% will 

present with metastatic disease.1

Organ preservation with definitive chemoradiation is the cornerstone of current 

treatment of anal cancer, with surgical resection reserved as salvage treatment for 

residual or recurrent disease. This management approach reflects a paradigm shift 

from the use of abdominoperineal resection (APR) as the primary mode of treatment, 

as was the case prior to the 1980s. Surgery was associated with significant morbidity 

and historical 5-year survival rates of 50%–60% in early surgical series.2–4 Pioneering 

work in the 1970s and 1980s demonstrated survival rates at least equivalent to surgery 

with the use of pre-operative chemoradiation.5,6 When chemoradiation was shown to 

induce pathologic remission at planned APR, surgery was then reserved for salvage 

treatment, thereby avoiding permanent colostomy in the majority of cases. Though 

surgery and chemoradiation has not been compared directly in a prospective clinical 

trial, definitive chemoradiation has now become the standard of care in the treatment 

of anal cancer.7

Local control rates with combined modality therapy are 60%–90% in all tumor 

stages, and the sphincter is preserved in 65% of cases.2 High tumor stage, regional 
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nodal involvement, and male gender are associated with worse 

prognosis. For example, the 5-year survival of inguinal or 

pelvic node-positive patients is approximately half of that of 

node-negative patients.3,4 The 5-year relative survival rates are 

70%–80% for localized anal cancer, 61% for regional disease, 

and 29% for M1 disease.1,8 Local failure continues to be a 

major challenge in the treatment of anal cancer. The use of 

radiation dose-escalation with intensity modulated radiation 

therapy and the use of targeted therapy are under investigation 

as potential tools to improve local and regional control.

Epidemiology, etiology,  
and symptomology
Anal cancer is a rare malignancy of the gastrointestinal tract, 

with an estimated 6230 new cancers in the United States in 

2012.9 The incidence of anal cancer is increasing, however, 

particularly in urban populations and in patients diagnosed 

with HIV.10,11 In the US, the median age at diagnosis is 60–65. 

Women have a slightly higher incidence rate compared to 

men (1.79 per 100,000 women during 1973–2000, versus 

1.55 per 100,000 men), particularly in the $50 age group. 

In contrast, men have a higher incidence rate in the young-

est age group (20–49 years).8 Risk factors include persistent 

human papillomavirus (HPV) infection, history of precan-

cerous anal lesions such as condylomas or high-grade anal 

intraepithelial neoplasia, anoreceptive intercourse, female 

gender, and immunosuppression secondary to solid organ 

transplantation. The population at highest risk for anal cancer 

appears to be men who have sex with men (OR 17.3),12 and 

in particular in the subset of these men who are HIV-positive. 

An estimated 85% of invasive anal cancers are HPV-positive, 

predominantly HPV-16.13 Patients with HPV-associated anal 

cancer tend to present, on average, a decade younger than 

patients with HPV-negative cancer.

Though up to 20% of patients can be asymptomatic at 

presentation, most patients present with symptoms related to 

the mass, such as rectal bleeding, perineal pain, sensation of a 

mass at the anus, pruritis, and anal discharge. With proximal 

anal cancer tumors, patients may present with a change in bowel 

movements. Most patients are diagnosed with localized disease 

(eg, stage I–II), while 29% have regional lymph node involve-

ment and 8%–12% present with disease elsewhere.1 Metastases 

can be found in the liver, lung, bone, or subcutaneous tissue.

Diagnostics and prevention
Work-up requires a physical exam to assess for tumor 

location, size, and extent, as well as direct visualization 

of the mass with colonoscopy, flexible sigmoidoscopy, 

or rigid proctoscopy. Note should be made of sphincter 

function at diagnosis and an examination of the groins for 

lymph node involvement. In patients with significant pain, 

full examination may require anesthesia. CT scanning can 

be used to assess primary tumor invasion into surrounding 

organs and involvement of pelvic and inguinal lymph nodes. 

FDG PET-CT has also become part of the standard work-up, 

particularly to evaluate lymph nodes that are ambiguous 

on CT, to aid in management as well as to serve as a pre-

treatment baseline. In women with suspected anal cancer, 

a full gynecologic exam must be performed to determine the 

extent of invasion into the posterior vagina, and to rule out 

other HPV-associated diseases such as cervical dysplasia. In 

patients with other risk factors or a history of multiple sexual 

partners, HIV testing is recommended.

Lymph nodes are involved in approximately 20%–40% of 

cases at the time of diagnosis.1 Masses above the anal verge 

drain first to the perirectal nodes, followed by the iliac lymph 

nodes; in contrast, lesions below the anal verge drain first to 

the inguinal lymph nodes. Suspicious lymph nodes should 

be evaluated by fine needle aspiration, if feasible and safe, 

to determine further management. A formal lymph node dis-

section is considered unnecessary due to delays in treatment 

and increases in morbidity (eg, leg edema).

PET scan is increasingly being used for its higher 

sensitivity in detecting regional nodal involvement for full 

staging prior to treatment.14 In one recent study using pre- and 

post-treatment PET scans in combination with anal biopsy 

and sentinel node biopsy findings in 53 patients, PET-CT 

was superior to CT in detecting the primary tumor (89% 

versus 75%).15 PET-CT was positive for inguinal metastases 

in 23% of patients, and negative in 77% of patients; sentinel 

node biopsy confirmed the presence of inguinal metastases 

in only 8 of 41 patients, indicating a 10% false positive rate 

and a 5% false negative rate with PET-CT. Pre-treatment 

PET-CT upstaged 38% of patients and downstaged 25% of 

patients, leading to a revision of radiation fields in 5 patients. 

Furthermore, PET-CT was demonstrated to have clinical 

utility after treatment, leading to a change in management 

in 18% of anal cancer patients referred for PET-CT as part 

of their follow-up.16 Some of these changes included avoid-

ing biopsy of post-radiotherapy scar tissue, deciding upon 

surgery for evidence of local recurrence, and changing 

management strategy from surgery to chemotherapy upon 

PET-CT confirmation of more extensive disease. In this 

study, PET-CT had a sensitivity of 93% and a specificity 

of 81%. At the 3  month post-treatment follow-up in the 

above study by Mistrangelo et al,15 PET-CT had a sensitivity  
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of 100%, specificity of 97.4%, positive predictive value of 

66%, and negative predictive value of 100%. The high nega-

tive predictive value of PET-CT in the post-treatment setting 

is particularly useful in avoiding unnecessary biopsies of 

post-irradiated tissue.

Because of the high prevalence of HPV infection in 

patients with anal squamous cell carcinoma, there is interest 

in the use of the quadrivalent HPV vaccine in the prevention 

of anal cancer. It has been suggested that 80% of anal cancers 

can be avoided by HPV 16/18 vaccination.17,18 Men who have 

sex with men (MSM), in particular, are at higher risk than the 

general population in developing precancerous anal lesions 

as well as anal cancer irrespective of HIV or HPV status, 

and as such are potential candidates for HPV vaccination. 

In one study of 602 healthy MSM in the 16–26 age group, 

men randomized to receive the quadrivalent HPV vaccine 

had a lower rate of anal intraepithelial neoplasia (13 per 100 

person-years) compared with the placebo group (17.5 per 

100 person-years), and in particular, the rate of grade 2 or 3 

anal intraepithelial neoplasia associated with oncogenic HPV 

infection was reduced by 54% in the vaccinated group.19 The 

vaccine was 94% efficacious against persistent anal HPV-16, 

and 100% against persistent anal HPV-18 infection. The vac-

cine was also found to decrease the 2-year recurrence rate 

of precancerous high-grade anal intraepithelial neoplasia.20 

Whether this translates into decreased incidence of anal 

cancer requires longer follow-up from vaccination.

Current treatments
Whereas surgical management was the first-line approach 

to treating anal cancer prior to the 1980s, organ preserva-

tion with chemoradiation is now the mainstay of treatment 

following key studies by Dr Norman Nigro at Wayne State 

University in the 1970s.5,6 Surgery for anal cancer required 

an APR, and was associated with significant morbidity 

including permanent colostomy. The 5-year local recurrence 

and survival rates after radical excision were approximately 

30%–50% and 40%–70%, respectively, in several early 

surgical series. In 1974, Nigro, in an attempt to convert 

inoperable cases into surgical candidates, used combined 

chemoradiation with 5-fluorouracil (5-FU) and mitomycin-C 

(MMC) for patients with squamous cell cancer of the anus.5 

Radiation dose by external beam was 30 Gy. At the time of 

salvage surgery, three of the three patients in the case series 

showed pathologic complete response (pCR). In subsequent 

reports his group demonstrated pCR in 24 of 28 patients who 

received definitive treatment with chemoradiation. Follow-

up showed that pCR translated into improved 5-year overall 

survival, and avoided APR, thereby preserving sphincter 

function, in 60% of the patients at 5 years.6

The necessity of chemotherapy in the Nigro regimen has 

been investigated in several randomized and non-randomized 

trials. One multicenter study, run by the United Kingdom 

Coordinating Committee on Cancer Research (UKCCCR), 

randomized patients to radiation alone or to a combined 

modality regimen of 5-FU and MMC during radiation 

(Table  1).21 The 3-year local failure rate was 50%, with 

most failures occurring within 18 months of treatment (local 

failure, in this study, included surgeries for treatment-related 

morbidity). In the radiation alone arm, the local failure rate 

was 61%, compared with 39% in the chemoradiation arm; 

furthermore, the proportion of patients requiring APR in 

the chemoradiation arm was halved relative to radiation 

alone (35% in the radiation alone arm, versus 17% with 

chemoradiation). Though there was a cancer specific survival 

advantage with chemoradiation over radiation alone, there 

was no 3-year overall survival difference between the two 

arms (58% in patients receiving radiation alone, 65% in 

concurrent chemoradiation arm, P = 0.25). It is noteworthy 

that patients with M1 disease were not excluded in this study 

(albeit comprising only 3% of the study participants), and that 

males made up a higher percentage of the study population 

than in other randomized trials. As mentioned above, male 

gender has been demonstrated as a negative prognostic fac-

tor in several studies, and the higher male proportion in this 

study may account for the inferior local control and overall 

survival rates relative to similar trials in the same era.

The benefit of chemoradiation over radiation alone was 

also seen in patients with locally advanced disease, ie, T1-2 

with nodal involvement or larger or more extensive cancers 

(T3-4) with or without nodal involvement, who were random-

ized in a European Organization for Research and Treatment 

of Cancer (EORTC) trial to radiotherapy alone or with chemo-

radiation with 5-FU and MMC.22 Again, patients who received 

concurrent chemoradiation had a higher complete remission 

rate than patients who received radiation alone (80% vs 54%, 

respectively), which translated into a 32% higher colostomy-

free rate with chemoradiation. However, as in the UKCCCR 

trial, there was no difference in overall survival between the 

two study arms, nor in time to metastases.

Based on the UKCCCR, EORTC and other studies, the 

role of chemotherapy in addition to radiation for the man-

agement of anal cancer has been firmly established. Further 

studies have evaluated the choice of chemotherapy agents 

as radiosensitizers, in an attempt to improve on Nigro’s 

original 5-FU and MMC regimen. Despite its known toxicity 
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and relatively limited use outside of the management of 

anal cancer, attempts to remove or substitute MMC from 

the treatment of anal cancer have proven unsuccessful. The 

Radiation Therapy Oncology Group (RTOG) 87-04/ Eastern 

Cooperative Oncology Group (ECOG) 1289 trial compared 

the use of 5-FU alone versus 5-FU combined with MMC, 

in 310 patients with stage I–IIIA anal cancer undergoing 

definitive chemoradiation.23 Elimination of MMC resulted 

in almost doubling of 5-year local recurrence, an increase in 

colostomy rate (23% versus 9% at 4 years, P = 0.002) and 

a decrease in 5 year disease free survival (from 64% in the 

5-FU/MMC arm to 50% in the 5-FU alone arm, P , 0.003). 

The colostomy rate reduction was greatest in patients with 

T3-4 disease, or in N0 patients. Despite increased Grade 4–5 

toxicity in the 5-FU/MMC arm (23% vs 7%, P , 0.001), 

primarily hematologic toxicity, there was no difference in 

overall survival in the two groups.

More recently, cisplatin has been studied as a substitute 

for MMC, based in part by cisplatin’s documented efficacy 

in other disease sites, particularly in head and neck cancers. 

Initial support for the use of cisplatin instead of MMC came 

from several phase II studies. The ECOG E4292 study used 

concurrent 5-FU/cisplatin with a radiation dose of 59.4 Gy in 

32 patients with localized anal cancer (the initial 19 patients 

had a planned treatment break after 36 Gy, and subsequent 

participants had no planned break).24 Complete response rate 

in this group was 78%, and an additional 19% had a partial 

response following chemoradiation. Five-year overall sur-

vival was 69%, comparable to prior studies with concurrent 

chemoradiation. Similarly, Pieffert et al25 used 5-FU/cisplatin 

in the neoadjuvant setting and concurrent to radiation in 

80 patients with anal cancer. This study showed good toler-

ance of the treatment regimen, and comparable complete 

remission, colostomy-free, and 3-year overall survival rates 

similar to historical data with chemoradiation. After treat-

ment completion, which included four salvage APRs, all but 

five achieved complete remission.25 Another Phase II trial,26  

run by the Cancer and Leukemia Group B, studied induction 

chemotherapy with 5-FU/cisplatin followed by concurrent 

chemoradiation with 5-FU/MMC in high risk patients. 

High-risk patients were defined as having tumors . 5 cm in 

size, adjacent organ involvement, nodal size . 3 cm, or any 

size tumor with bilateral nodal involvement. The premise 

of induction chemotherapy in these patients was to reduce 

tumor bulk prior to definitive chemoradiation for optimal 

response. In this study, 82% of 45 evaluable patients achieved 

a complete response, with 50% colostomy-free survival and 

68% overall survival at 4-year follow-up.26

Based on these Phase II data, RTOG 98-11 was designed 

to study whether cisplatin can be substituted for MMC 

in concurrent chemoradiation for anal cancer.27,28 Six 

hundred eighty-two patients were randomized to receive 

either radiation with 5-FU/MMC, or to receive induction 

5-FU/cisplatin for 2  cycles followed by radiation with 

5-FU/cisplatin. In the most recent update of the trial, the use 

of cisplatin was inferior to MMC in terms of both overall 

survival and disease-free survival (5-year disease-free 

survival: 67.8% vs 57.8%, P = 0.006; 5-year overall survival: 

78.3% vs 70.7%, P = 0.026). An overall survival advantage 

of the 5-FU/MMC arm was observed despite an increase in 

grade 3–4 hematologic toxicity with the use of MMC. Late 

toxicity was not significantly different between the two arms. 

Based on this trial, it appears that MMC cannot be replaced 

with cisplatin in the treatment of anal cancer as the standard 

of care. Accordingly, a common chemotherapy regimen 

given concurrently with radiation in US practice is 5-FU 

1000 mg/m2/day continuously infused for 96 hours on days 

1–4 and 29–32, along with mitomycin 12–15 mg/m2 if given 

as a single dose on day 1, or at a lower dose if given over both 

chemotherapy cycles (ie, 10 mg/m2 on days 1 and 29).

It is worth emphasizing that the trial design of RTOG 

98-11 does not permit direct comparison of cisplatin versus 

MMC, because patients in the 5-FU/cisplatin arm had a 

lead-in time to radiation of an additional 2 months compared 

with the 5-FU/MMC arm. In effect, this induction period 

with 5-FU/cisplatin clinically delayed the time to definitive 

treatment with chemoradiation. In fact, in RTOG 98-11, the 

median total treatment duration for the 5FU/cisplatin arm 

was 101 days, compared with a median of 49 days for the 

5-FU/MMC arm. This more than doubled treatment time for 

the 5-FU/cisplatin arm despite the fact that more patients 

in the 5-FU/MMC needed a treatment break for treatment 

toxicity. The excess treatment duration time of the 5-FU/

cisplatin arm is important, because prior analyses suggest 

that overall increased treatment duration, independent of 

treatment regimen, negatively impacts overall survival,29,30 

possibly due to accelerated repopulation during fractionated 

radiotherapy. This phenomenon has been shown in other 

disease sites as well.

In parallel with and since RTOG 98-11, other studies have 

also looked at substituting MMC with cisplatin. The ACT II 

trial in the UK compared the use of 5-FU/MMC versus 

5-FU/cisplatin as radiosensitizers for anal cancer, without 

the potential confounder of induction chemotherapy.31,32 

The trial included 940 patients, 62% of whom were male. 

Data presented in abstract form at the American Society of 
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Clinical Oncology meeting in 2012, with a median follow-up 

of 5 years, shows similar rates of recurrence-free survival 

and overall survival between the two groups. Additionally, 

there is retrospective data from a single institution of 

179 patients comparing chemoradiation with 5-FU/MMC 

versus 5-FU/cisplatin, showing similar rates of complete 

response (73% in the cisplatin group versus 72% in the 

MMC group) and locoregional failure (35% at 5 years 

in the cisplatin group versus 31% in the MMC group), even in 

the T3/T4 subgroup.33 There was equivalence between the 

two groups in overall survival, disease free survival, and in 

colostomy-free survival at 5 years. Reported rates of grade 2 

or greater toxicities were similar regardless of chemotherapy 

agent, as was treatment duration. Therefore, both ACT II and 

the Brazil series suggest that 5-FU/cisplatin is not inferior 

to 5-FU/MMC, and may be a reasonable alternative when 

MMC cannot be used.

Notably, the Intergroup/ACCORD03 phase III trial 

found no detriment to the use of induction chemotherapy 

in the treatment of anal cancer.34 The ACCORD03 trial used 

a 2 × 2 trial design comparing induction with 2 cycles of 

5-FU/cisplatin versus upfront chemoradiation, with a sec-

ondary randomization to a standard (15 Gy) or higher-dose 

(20–25 Gy) radiation boost. In both arms, chemoradiation 

used 5-FU/cisplatin in an administration schedule similar 

to the cisplatin arm of RTOG 98-11, and split-course 

radiation to 45 Gy in 25 fractions. Data from this trial 

suggests that neither induction chemotherapy nor a higher 

radiation boost leads to a colostomy-free survival advan-

tage (76.5% at 5 years with induction, compared with 75% 

in the group without induction) nor a tumor-free survival 

advantage (71.5% with induction versus 64.8% without).34 

This study did not separately analyze the role of induction 

chemotherapy in patients with advanced tumors, which as 

a subgroup may derive more benefit from treatment inten-

sification with induction chemotherapy and/or radiation 

boost. In fact, 37% of the patients enrolled had early stage 

disease (T1-T2/N0-1), compared with 64% with American 

Joint Committee on Cancer stage I–II disease in the cispla-

tin arm of RTOG 98-11. Notably, the rate of acute grade 3 

or 4 hematologic toxicity was lower in the induction arms 

of the ACCORD03 trial (29%) than in the 5-FU/cisplatin 

arm of RTOG 98-11 (42%), despite similar chemotherapy 

schedules. Lower toxicity rates in the ACCORD03 trial 

may have contributed to improved disease-free survival 

and colostomy-free survival compared with RTOG 98-11 

(57.8% and 65% at 5 years, respectively, in the cisplatin 

arm of RTOG 98-11).

In addition to neoadjuvant chemotherapy, adjuvant che-

motherapy has also been studied in the management of anal 

cancer. The ACT II trial mentioned above, in fact, includes 

a secondary randomization of adjuvant chemotherapy with 

two cycles of 5-FU/cisplatin, or observation alone, following 

definitive chemoradiation. At the 26-week follow-up, there 

was no difference in complete remission rate in patients 

receiving adjuvant chemotherapy versus observation alone 

(85% vs 82%, respectively, P = 0.34).31,32

Patients with bulky disease, that is, with tumors over 

5  cm in size and/or node positive disease, appear to fare 

worse in terms of disease-free survival, on multivariate 

analysis in RTOG 98-11. Their local-regional recurrence 

rate of 40%–64% is significantly higher than in patients 

with T2N0 or T3N0 disease (∼20%). The very high rate of 

local-regional recurrence in patients with bulky disease 

following concurrent chemoradiation suggests that more 

aggressive treatment may be necessary in these patients, 

eg, minimizing treatment gaps, radiation dose escalation or 

adoption of a lower threshold for planned or early surgical 

resection. Additionally, the high rate of local-regional failure 

documented in patients with bulky disease in RTOG 98-11 

demonstrates the need to treat pelvic and inguinal lymph 

nodes in these patients. As noted above, PET-CT is use-

ful to more accurately assess nodal status during radiation 

planning.

Just as all patients with suspected anal cancer should 

undergo evaluation in a multidisciplinary setting, patients 

should also be in the care of a multidisciplinary team 

during treatment and in long-term follow-up. Acute and 

long-term dermatologic, hematologic, gastrointestinal, and 

genitourinary toxicities need to be assessed, and supportive 

care is provided with the goal to minimize treatment breaks 

if possible. Follow-up after treatment completion includes 

digital rectal exam with possible anoscopy; in addition, as 

discussed above, PET-CT is increasingly being used for 

follow-up. Evidence of progression of persistent disease, or 

of new disease after initial complete remission, should be 

biopsied, though this should be cautiously approached within 

6 months after treatment completion, as tumor regression 

can continue to occur several months after the completion 

of chemoradiation.

Treatment in HIV-positive 
populations
As discussed above, the incidence of invasive anal cancer 

appears to be rising in the HIV-positive population, even 

in the highly active antiretroviral therapy era (HAART). 
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It is believed the increased anal cancer risk is due to the high 

prevalence of HPV infection in this population. For example, 

anal HPV-16 was detectable in 35% of HIV-positive men, 

compared with 13% of HIV-negative men in a recent 

meta-analysis of HPV and anal cancer in MSM.35 In this 

meta-analysis of 53  studies, the anal cancer incidence in 

the HIV-positive population was 45.9 per 100,000  men, 

compared with 5.1 per 100,000  men in the HIV-negative 

cohort.

Though there is no prospective randomized clinical trial, 

several single-institution series suggest that HIV-positive 

patients appear as likely to achieve complete remission 

as HIV-negative patients undergoing the same chemora-

diation program. However, HIV-positive patients tend to have 

de-escalated chemotherapy and radiation, due to concerns about 

immunosuppression and increased treatment-related toxicity 

while on HAART. In fact, a retrospective single-institution 

study demonstrated that HIV-positive patients tended to have 

lower adherence to chemotherapy (30% compared with 80% 

in HIV-negative patients),36 with reportedly increased rates 

of cisplatin substitution for MMC and dose modifications for 

concomitant medication, low CD4 count, or severe thrombo-

cytopenia during treatment. This series also showed that local 

failure in the HIV-positive group was higher than in the HIV-

negative group, possibly also negatively impacting colostomy-

free survival, though this study is limited by small sample size. 

Overall survival appears to be the same between HIV-positive 

and HIV-negative patients in this and other single institution 

series.36–38 Current clinical practice recommendations are to 

treat HIV-positive patients at full chemotherapy and radiation 

dose, with added surveillance of possible treatment-related 

toxicities including dermatitis and hematologic toxicities.

Experimental treatments
Intensity-modulated radiation therapy (IMRT) is being 

increasingly used for multiple disease sites for dose 

escalation and/or minimization of high dose to surrounding 

normal tissue. IMRT can allow for improved coverage of 

both involved and at-risk inguinal and pelvic lymph nodes, 

while maintaining safe radiation doses to at-risk tissues 

such as the skin, rectum, pelvic bones, external genitalia, 

small bowel, and urethra. This represents an evolution from 

traditional radiation planning using large parallel-opposed 

anterior-posterior/posterior-anterior fields, in which there 

was significant acute skin, gastrointestinal, and genitourinary 

toxicity. This toxicity can delay treatment completion, is known 

to compromise treatment response, and can result in acute and 

long-term impairments in quality of life. Due to the ability 

to shape radiation beams around clinical target volumes with 

IMRT, toxicity to surrounding normal tissue can potentially 

be reduced, as reported in several institutional series.39–42 To 

date, IMRT has been best studied in a multi-institutional 

prospective phase II study, RTOG 05-29. Sixty-one patients 

with T2-4N0-3M0 anal canal cancer were evaluated with dose 

painted (DP)-IMRT prescribed as follows: T2N0: 42 Gy, 1.5 

Gy/fraction to elective nodal planning target volume (PTV) 

and 50.4 Gy, 1.8 Gy/fraction to anal tumor PTV; T3-4N0-

3: 45 Gy, 1.5 Gy/fraction to elective nodes, 50.4 Gy, 1.68  

Gy/fraction to involved lymph nodes # 3  cm and 54 

Gy to involved lymph nodes . 3  cm, and 54 Gy to the 

anal tumor. Patients received 5-FU (1000  mg/m2/day, 

96  hour continuous infusion) and MMC (10  mg/m2 IV 

bolus) on days 1 and 29 of IMRT. The primary endpoint 

of the study was to determine if combined  $ grade 2 

gastro intestional/genito unrinary (GI/GU) acute adverse 

events with DP-IMRT was decreased by 15% as compared to 

the RTOG 98-11 MMC arm. DP-IMRT yielded a statistically 

significant reduction in  $ grade 3 GI/GU adverse events 

(22% vs 36% in RTOG 98-11, P  =  0.014), $ grade 2 

dermatologic adverse events (69% vs 81% in RTOG 98-11, 

P  =  0.039), and  $ grade 3 dermatologic adverse events 

(20% vs 47% in RTOG 98-11, P , 0.0001).39 Additionally, 

preliminary outcomes demonstrate a 2-year locoregional 

failure rate of 20%, 2-year colostomy rate of 8%, and a 2-year 

disease-free survival rate of 77%.43 These results are similar 

to 2-year outcomes previously reported with conventional 

radiation in the 5-FU/MMC arm of RTOG 98-11.43 

Additionally, a recent large multi-institutional retrospective 

series using IMRT with concurrent 5-FU/MMC reported 

acute grade 4 hematologic toxicity in 12.9% of patients, 

acute grade $ 3 dermatological toxicity in 29.0% of patients, 

and acute grade $ 3 gastrointestinal toxicity in 27.7% of 

patients.40 There were no reported grade 4 dermatologic nor 

gastrointestinal toxicities. In another retrospective, multi-

institutional study from Boston University and Massachusetts 

General Hospital, acute grade $  3 toxicities were 51% 

hematologic, 10% dermatologic, 7% gastrointestinal, 

and 7% genitourinary.41 These toxicity rates compared 

favorably to those reported in the MMC arm of RTOG 98-11, 

which did not allow IMRT.27,28 Because of the associated 

acute toxicity sparing, DP-IMRT has been incorporated as 

the radiation platform for future RTOG anal cancer trials, 

which may allow for radiation dose escalation.

Furthermore, there is interest in using targeted therapy 

in combination with traditional chemotherapy agents. 

Overexpression of the epidermal growth factor receptor 
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(EGFR) in anal cancer has been demonstrated in several 

studies.44,45 Cetuximab, an EGFR inhibitor, shows promise 

in early results in metastatic anal cancer,46 and is being used 

in a Phase II trial with 5-FU/cisplatin and radiation in locally 

advanced cancer, following a Phase I trial in 10 patients that 

showed no dose-limiting toxicities to the regimen.47

Because of the significant association of anal cancer with 

HPV infection, further research is needed on the efficacy of the 

HPV vaccine in preventing anal cancer, and in using molecu-

lar genetics to characterize and perhaps stratify patients with 

high-risk HPV infections for more tailored treatment.

The search for potential predictive or prognostic bio-

markers in anal cancer is another avenue of current research. 

TP53, Bcl-2, p21, and surviving are among the candidates 

for prognostic markers, though other studies have not con-

sistently validated these results.48–50 Currently there are no 

biomarkers available for anal cancer.

Conclusion and future directions
Concurrent chemoradiation with 5-FU/mitomycin remains the 

standard of care for the treatment of anal cancer. There is cur-

rently no proven role for platinum-based induction or adjuvant 

chemotherapy in anal cancer, even in cases of bulky disease. 

Multiple trials have shown that radiosensitization with con-

current chemotherapy is beneficial over radiation alone, and 

in particular, efforts to remove or substitute mitomycin from 

the chemoradiation regimen have been unsuccessful. Because 

local-regional control remains a challenge in the management 

of anal cancer, future studies will need to focus on radiation 

dose-escalation and/or addition of further chemotherapy or 

targeted agents. Patient selection, eg, with PET-CT or with 

biomarkers including HPV status, may be necessary to define 

patients who need more aggressive local treatment, ie, for 

patients with bulky disease, or to de-escalate treatment in 

others, ie, patients with early-stage, localized cancer.
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