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Purpose: The aim of this study was to evaluate long-term oncologic outcomes af-
ter concurrent chemoradiation treatment for anal cancer. Materials and Methods: 
Between January 1979 and December 2008, the records of 50 consecutive patients 
with anal cancer and who were treated by chemoradiation or radiation only with a 
curative intent were retrospectively reviewed. The oncologic outcomes and the 
risk factors for recurrence were analyzed. Results: Of the 50 patients, 49 under-
went concurrent chemoradiation and one underwent radiation only. After these de-
finitive treatments, 43 (86.0%) achieved a clinical complete response. During the 
median follow-up of 60 months (range: 2-202 months), the 5-year overall survival, 
disease-free survival, and locoregional recurrence-free survival were 84.2%, 72.7%, 
and 69.9%, respectively. Multivariate analysis revealed that the performance status 
(p=0.031) and a clinical complete response (p=0.039) were the independent pre-
dictors for overall survival; lymph node involvement (p=0.031) was the only inde-
pendent predictor for disease-free survival. Conclusion: The performance status 
and a clinical complete response may be reliable predictors of survival after 
chemoradiation for anal cancer. The addition of irradiation to the inguinal area 
may not be significantly associated with the outcomes.
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INTRODUCTION

The treatment paradigm for anal cancer has shifted from abdominoperineal resec-
tion (APR) with permanent colostomy to combined chemoradiation with sphincter 
preservation. A recent randomized trial also confirmed chemoradiotherapy to be 
the standard treatment for anal cancer.1

The total dose of radiation therapy for anal cancer continues to be evaluated. Al-
though the total radiation dose is known to affect local control2,3 the benefit of a 
high dose over 60 Gy may be doubtful and a high radiation dose may be associat-
ed with complications.4,5 Whether or not the addition of inguinal irradiation is ben-
eficial also remains controversial. Some investigators have reported that prophy-
lactic inguinal irradiation for anal cancer shows a low inguinal metastasis rate 
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Of the 50 patients, 49 received concurrent chemoradio-
therapy. Three chemotherapeutic regimens were used. One 
involved 5-fluorouracil (FU) and mitomycin [5-FU 1000 
mg/m2/day IV from day 1 to day 4, mitomycin 15 mg/m2 
IV bolus on day 1, with two cycles of these regimens repeat-
ed in weeks 1 and 5 (n=36)]. The second involved 5-FU 
and cisplatin [5-FU 1000 mg/m2/day IV from day 1 to day 
4, cisplatin 25 mg/m2/day IV from day 1 to day 4, with four 
cycles of these regimens repeated in weeks 1 and 5 (n=12). 
The third involved 5-FU alone (n=1)].

Response assessment
Upon completion of curative treatment, patients were re-
evaluated 8 and 12 weeks later by a digital rectal examina-
tion with anoscopy. A clinical complete remission (CR) was 
defined as clinical, histologic, and/or radiographic evidence 
of the disappearance of the tumor. Of the 50 patients, 43 
(86.0%) achieved a clinical CR. Although 7 patients with a 
non-CR were considered for salvage APR, only one under-
went APR. The remaining 6 patients were closely followed-
up without any additional treatment because they had a 
poor general condition or refused surgery.

Treatment morbidity was graded by Radiation Therapy 
Oncology Group (RTOG) radiation morbidity scoring crite-
ria.11 Acute and late toxicities were graded on a scale of 1 
(most benign) to 5 (toxicity resulting in patient demise).

Follow-up
After completion of curative therapy with chemoradiation, 
patients were initially followed up at 3-month intervals for 
2 years, every 6 months for the next 3 years, and then every 
5 years. On a semiannual basis or when there was a suspi-
cion of recurrence, the follow-up examinations included a 
clinical history, physical examination, anoscopy, chest X-
ray or CT, abdomino-pelvic CT or pelvic MRI, and posi-
tron emission tomography (PET) scanning if available. Lo-
cal recurrence was defined as recurrence within the pelvis 
and regional recurrence included a pelvic or inguinal lymph 
node recurrence. Systemic recurrence was defined as dis-
ease outside of the pelvis. The main patterns of recurrence 
were recorded as the first site of detectable failure during 
the follow-up period.

Statistical analyses
Statistical analyses were as performed using the statistical 
package SPSS for Windows (version 18.0, SPSS, Chicago, 
IL, USA). Differences between the 2 groups were analyzed 

(<5%),2,6,7 whereas others have suggested that inguinal me-
tastasis is uncommon in anal cancer patients who did not 
receive routine inguinal irradiation, with inguinal metasta-
sis in only 7.8% of these patients.8

The aim of this study was to evaluate long-term oncolog-
ic outcomes after concurrent chemoradiation for anal can-
cer. Whether a difference of the total radiation dose, as well 
as the addition of inguinal irradiation, could affect the out-
comes was also delineated.

MATERIALS AND METHODS
　　　

We reviewed the medical records of 55 consecutive patients 
who were treated with chemoradiation with a curative intent 
for anal cancer at our institution from January 1979 to De-
cember 2008. Patients with distant metastasis (n=2) and who 
underwent palliative therapy (n=3) were excluded. Ultimate-
ly, 50 patients were included. This study was approved by 
the appropriate institutional review board and informed 
consent was waived.

 
Pretreatment work-up
Pretreatment evaluation included a physical examination, 
anoscopy with tumor biopsy, chest X-ray or chest computed 
tomography (CT), abdomino-pelvic CT, and endorectal ultra-
sonography or pelvic magnetic resonance imaging (MRI). 
Clinical tumor staging was established according to the 
American Joint Committee on Cancer/International Union 
Against Cancer 7th tumor-node-metastasis (TNM) staging 
criteria.9 The general condition of the patients was classified 
using the Eastern Cooperative Oncology Group perfor-
mance score.10

Chemoradiation
Using the three or four field techniques, the entire pelvis, in-
cluding primary tumor and involved node area, were treated 
with a total of 50.4 Gy (range: 43.2-72.0 Gy) in 28 frac-
tions of 1.8 Gy daily. The median overall treatment time 
was 45 days (range: 19-80 days). Irradiation of inguinal 
node areas was performed with a 12 MeV electron beam or 
10 MV X-ray. The lateral inguinal nodes were not routinely 
included in the radiation fields to avoid the injury of the 
femoral heads, but 13 patients received additional irradia-
tion to the inguinal area due to a positive inguinal node 
seen on an imaging study (n=3) and the doctor’s choice for 
performing prophylaxis (n=10).
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tient with Fournier’s gangrene was offered salvage APR, 
and the remaining patients were treated with conservative 
treatment and they showed favorable results.

Comparative data of the clinicopathologic variables be-
tween the patients with <50.4 Gy and those with ≥50.4 Gy 
are shown in Table 1. The patients who received ≥50.4 Gy 
had a higher incidence of clinical lymph node involvement 
(p=0.024). However, there were no significant differences in 
terms of age, gender, performance status, tumor histology, 
clinical T stage, clinical N stage, clinical CR, 5-year overall 
survival (OS), 5-year disease-free survival (DFS), and 5-year 
locoregional recurrence-free survival (LRFS) (Table 1).

Comparisons of the clinicopathologic variables between 
the patients without inguinal irradiation and those with irra-
diation are summarized in Table 2. The patients without in-
guinal irradiation had a good performance status (p=0.006) 
and a lower frequency of clinical lymph node involvement 
(p=0.001). However, there were no significant differences 
in terms of age, gender, tumor histology, clinical T stage, 
clinical CR, 5-year OS, 5-year DFS, and 5-year LRFS (Ta-
ble 2). Thirteen of the 50 patients (26%) who received in-
guinal irradiation had no recurrence at the inguinal area 
during the follow-up period, whereas 4 (11.7%) of the 37 

using the χ2 test, Fisher’s exact test, and Student’s t test, as 
appropriate. The Kaplan-Meier method was used to ana-
lyze survival and the log-rank test was used to assess statis-
tical significance. Only the factors that had a p value <0.20, 
as determined on univariate analysis, were entered into the 
Cox’s regression model. A value of p<0.05 was considered 
statistically significant.

 

RESULTS
 

The median age of the 50 patients (38 males, 12 females) at 
presentation was 63.5 years (range: 39-89 years). Tumor 
histology revealed squamous cell carcinoma in 40 (80.0%) 
patients, cloacogenic carcinoma in 5 (10.0%) patients, ade-
nocarcinoma in 4 (8.0%) patients, and basal cell carcinoma 
in one (2.0%) patient. Of these, 13 patients had cT1 tumor, 
27 had cT2 tumor, 4 had cT3 tumor, and 6 had cT4 tumor. 
Thirty two (64.0%) patients were lymph node negative, 
whereas 18 (36.0%) patients had involved lymph nodes. 
After chemoradiation, 5 (10.0%) patients experienced acute 
grade 3 dermatitis and 2 of these patients had a rectovaginal 
fistula (one patient also had Fournier’s gangrene). The pa-

Table 1. Comparison of the Clinicopathologic Variables between Patients Receiving <50.4 Gy and ≥50.4 Gy
n <50.4 Gy (n=24) ≥50.4 Gy (n=26) p value

Median age, yrs 65.5 62.5 0.468
Gender 0.243
    Male 38 20 (83.3%) 18 (69.2%)
    Female 12   4 (16.7%)   8 (30.8%)
Performance status 0.467
    ECOG 0-1 41 21 (87.5%) 20 (76.9%)
    ECOG 2   9   3 (12.5%)   6 (23.1%)
Tumor histology 0.490
    Squamous cell 40 18 (75.0%) 22 (84.6%)
    Non-squamous cell 10   6 (25.0%)   4 (15.4%)
Clinical T stage 1.000
    T1+2 40 19 (79.2%) 21 (80.8%)
    T3+4 10   5 (20.8%)   5 (19.2%)
Clinical N stage 0.032
    Negative 32 19 (79.2%) 13 (50.0%)
    Positive 18   5 (20.8%) 13 (50.0%)
Clinical response 0.697
    CR 43 20 (83.3%) 23 (88.5%)
    Non-CR   7   4 (16.7%)   3 (11.5%)
5-yr OS 80.2 86.6 0.366
5-yr DFS 72.4 70.2 0.965
5-yr LRFS 71.5 70.2 0.936

ECOG, Eastern Cooperative Oncology Group; CR, complete remission; OS, overall survival; DFS, disease-free survival; LRFS, locoregional recurrence-free 
survival.
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85% and 81%, respectively (p=0.076) (Fig. 1A). The DFS 
curves among the two groups significantly differed (76% 
vs. 64%, respectively; p=0.035) (Fig. 1B). The 5-year OS 
rates of the patients with a clinical CR and a non-clinical CR 
were 92% and 36%, respectively (p=0.007) (Fig. 2A). How-
ever, the 5-year DFS curves among the two groups differed 
(76% vs. 36%, respectively) (Fig. 2B), although the differ-
ence did not reach statistical significance (p=0.068).

Patterns of recurrence, treatment modalities, and outcomes 
are shown in Table 5. Three patients with local recurrence 
and who underwent APR as salvage treatment are still alive 
with no evidence of disease. One patient with combined re-
currence (a left inguinal lymph node and lung metastasis) un-
derwent an inguinal lymph node dissection following 5-FU/
cisplatin chemotherapy and radiation to the inguinal region 
and she is alive with disease. Among the 3 patients with re-
gional (inguinal area) recurrence, 2 patients who received 
chemotherapy and additional radiation to the inguinal area 
have shown no evidence of disease to date. The remaining 
patient who received chemotherapy only died of disease pro-
gression 44 months after post-salvage treatment.

patients who did not receive inguinal irradiation at the in-
guinal region experienced local failure at this area.

Univariate analysis indicated that the factors associated 
with 5-year OS were gender, the performance status, and a 
clinical CR; the only factor associated with DFS and LRFS 
was the clinical N stage (Table 3). The multivariate analy-
ses revealed that the performance status and a clinical CR 
were the independent prognostic factors for OS; the clinical 
N stage was the only independent prognostic variable for 
both DFS and LRFS, and a clinical CR had a tendency to 
predict for both DFS and locoregional RFS (Table 4).

During the median follow-up of 60 months (range: 2-202 
months), 39 (78%) patients were alive without disease and 
one was alive with disease, whereas 10 had recurrence of 
disease (20.0%) and the median time to recurrence among 
the 10 patients was 18 months (range: 3-38 months). Four-
teen of 50 patients had a colostomy due to salvage surgery 
for a non-CR or for treating a rectovaginal fistula. The 5-year 
OS, DFS, and LRFS were 84.2%, 72.7%, and 69.9%, re-
spectively. The 5-year OS rates of the patients with a nega-
tive clinical N stage and a positive clinical N stage were 

Table 2. Comparison of the Clinicopathologic Variables between the Patients without Inguinal Irradiation and the Patients 
with Inguinal Irradiation

n Inguinal irradiation (-) 
(n=37)

Inguinal irradiation (+) 
(n=13) p value

Median age, yrs 65.0 61.0 0.323
Gender 1.000
    Male 38 28 (75.7%) 10 (76.9%)
    Female 12   9 (24.3%)   3 (23.1%)
Performance status 0.006
    ECOG 0-1 41 34 (91.9%)   7 (53.8%)
    ECOG 2   9 3 (8.1%)   6 (46.2%)
Tumor histology 0.707
    Squamous cell 40 30 (81.1%) 10 (76.9%)
    Non-squamous cell 10   7 (18.9%)   3 (23.1%)
Clinical T stage 0.101
    T1+2 40 32 (86.5%)   8 (61.5%)
    T3+4 10   5 (13.5%)   5 (38.5%)
Clinical N stage 0.001
    Negative 32 29 (78.4%)   3 (23.1%)
    Positive 18   8 (21.6%) 10 (76.9%)
Clinical response 0.357
    CR 43 33 (89.2%) 10 (76.9%)
    Non-CR   7   4 (10.8%)   3 (23.1%)
5-yr OS 87.3% 65.5% 0.153
5-yr DFS 71.6% 71.6% 0.800
5-yr LRFS 70.7% 71.6% 0.787

ECOG, Eastern Cooperative Oncology Group; CR, complete remission; OS, overall survival; DFS, disease-free survival; LRFS, locoregional recurrence-free 
survival.
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strategy for anal cancer. The European Organization for Re-
search and Treatment of Cancer study and a large United 
Kingdom Coordinating Committee on Cancer Research  
trial showed that chemoradiation with mitomycin and 5-FU 

DISCUSSION

Concurrent chemoradiation has been the standard treatment 

Table 3. Univariate Analyses of the Factors for 5-Year Overall Survival (OS), Disease-Free Survival (DFS), and Locoreginal 
Recurrence-Free Survival (LRFS)

n OS (%) p value DFS (%) p value LRFS (%) p value
Age, yrs 0.411 0.991 0.970
    <63.5 25 90.7 74.6 74.6
    >63.5 25 74.2 67.1 65.4
Gender 0.110 0.831 0.863
    Male 38 78.4 71.0 70.1
    Female 12 71.3 71.3
Performance status 0.005 0.164 0.158
    ECOG 0-1 41 91.2 76.1 74.9
    ECOG 2   9 46.7 48.6 48.6
Tumor histology 0.668 0.645 0.703
    Squamous cell 40 85.0 72.1 72.1
    Non-squamous cell 10 75.0 62.5 62.5
Clinical T stage 0.934 0.400 0.375
    T1+2 40 85.2 69.4 69.4
    T3+4 10 75.0 77.1 75.0
Clinical N stage 0.076 0.035 0.032
    Negative 32 84.8 75.5 74.7
    Positive 18 80.8 63.8 63.8
Radiation break, days 0.934 0.699 0.717
    <14 40 82.9 71.2 70.1
    ≥14 10 84.8 70.5 70.5
Clinical response 0.007 0.068 0.085
    CR 43 91.6 76.1 76.1
    Non-CR   7 35.7 35.7 35.7
Chemotherapy 0.175 0.879 0.868
    5-FU+mitomycin 36 88.1 71.4 71.4
    Others 13 72.7 64.6 40.4

ECOG, Eastern Cooperative Oncology Group; CR, complete remission; FU, fluorouracil.

Table 4. Multivariate Analyses of the Factors for 5-Year Overall Survival (OS), Disease-Free Survival (DFS), and Locoreginal 
Recurrence-Free Survival (LRFS)

p value Hazard ratio (CI)
OS
    Gender (male/female) 0.323 1.002 (0.023-27.427)
    Performance status (ECOG 2/0-1) 0.031 4.786 (1.153-19.876)
    Clinical N stage (positive/negative) 0.191 2.797 (0.598-13.072)
    Clinical CR (no/yes) 0.039 3.985 (1.071-14.827)
DFS
    Performance status (ECOG 2/0-1) 0.751 1.238 (0.331-4.625)
    Clinical N stage (positive/negative) 0.031 3.215 (1.115-9.271)
    Clinical CR (no/yes) 0.051   3.216 (0.998-10.366)
LRFS
    Performance status (ECOG 2/0-1) 0.738 1.252 (0.336-4.672)
    Clinical N stage (positive/negative) 0.028 3.298 (1.114-9.537)
    Clinical CR (no/yes) 0.059 3.080 (0.958-9.904)

ECOG, Eastern Cooperative Oncology Group; CR, complete remission; CI, confidence interval.
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survival in the current research; the 5-year OS, DFS, LRFS, 
and colostomy-free survival (CFS) were 84.2%, 72.7%, 
69.9%, and 71.3%, respectively.

Mitomycin has been associated with life-threatening he-

was more effective for local control than radiation alone, al-
though there was no significant improvement of OS.12,13 
Similarly to other studies,13,14 chemoradiotherapy for anal 
cancer has been demonstrated to be effective for long-term 

Table 5. Outcomes of Patients with Recurrence

Sex Age cT cN Type of 
recurrence

Recurrence-free 
survival (months) Salvage Follow-up 

(months) Remarks

M 53 2 0 Distant   3 Chemo   5 Dead
M 68 1 0 Local 27 APR 81 NED
M 57 2 0 Local 16 APR 89 NED

F 72 1 0 Combined 37 Inguinal node   
  dissection+CRT 48 Alive with 

  disease
M 65 3 0 Distant 27 Non 54 Dead
F 35 1 1 Local   5 APR+Chemo 73 NED
F 62 2 2 Locoregional 19 CRT 60 NED
M 60 1 1 Regional 24 CRT 62 NED
M 55 2 2 Regional 17 Chemo 44 Dead
M 78 3 3 Distant 10 Non 10 Dead

cT, clinical T stage; cN, clinical N stage; APR, abdominoperineal resection; Chemo, chemotherapy; CRT, chemoradiation; NED, no evidence of disease.

Fig. 1. Survival curves according to clinical lymph node positivity (A) overall survival and (B) disease-free survival.

Fig. 2. Survival curves according to clinical complete remission (A) overall survival and (B) disease-free survival. CR, complete remission.
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unfavorable influence on survival than did the tumor diam-
eter for patients with anal cancer. Touboul, et al.25 suggested 
that anal cancer patients without lymph node involvement 
have a 10-year survival rate of 73% compared with 53% 
for anal cancer patients with nodal involvement. We also 
found that clinical lymph node positivity was an indepen-
dent predictor for both DFS and LRFS.

The response to radiation is an independent predictive 
factor for the survival of anal cancer patients.8,26,27 Deniaud-
Alexandre, et al.26 showed that a clinical CR was an inde-
pendent prognostic predictor for DFS in anal cancer pa-
tients, and Schwarz, et al.27 also concluded that a complete 
metabolic response in anal cancer patients, as determined 
by the post-therapy PET scan, was the predictor for improve-
ment of PFS. We concur with this notion; we showed that a 
clinical CR was an independent factor for predicting OS.

We observed that the performance status was an indepen-
dent predictor for OS.17,28,29 Martenson, et al.17 reported that 
patients with a good performance status had much better 
5-year OS as compared to that of the patients with a poor 
performance status (74% vs. 55%, respectively; p=0.045). 
Moreover, Chen, et al.29 showed that the performance status 
was a significant prognostic factor for OS (p<0.001).

The current findings are limited by the retrospective na-
ture of the analysis and a relatively small number of pa-
tients. Nevertheless, our study may allow us to draw valu-
able conclusions: the performance status and a clinical CR 
are independent prognostic factors for OS, and patients 
without lymph node involvement have significantly longer 
DFS and LRFS than patients with lymph node involvement. 
Moreover, the addition of irradiation to inguinal area may 
not significantly be associated with the outcomes. Howev-
er, long-term randomized trials with larger numbers of pa-
tients are needed to confirm this issue.

ACKNOWLEDGEMENTS

This study was supported by a grant (CRI12040-1) from 
Chonnam National University Hospital Research Institute 
of Clinical Medicine.

REFERENCES

1. Northover J, Glynne-Jones R, Sebag-Montefiore D, James R, 
Meadows H, Wan S, et al. Chemoradiation for the treatment of 

molytic-uremic syndrome,15 leading to the use of cisplatin 
as a substitute for mitomycin. The Radiation Therapy On-
cology Group conducted a randomized trial (RTOG 98-11) 
to compare combination therapy (5-FU and mitomycin) 
versus combination therapy after neoadjuvant 5-FU and 
cisplatin.16 There were no significant differences in 5-year 
DFS (60% vs. 54%, p=0.17) and in five-year OS (75% vs. 
70%, p=0.10) between the mitomycin group and the cispla-
tin group. Although higher colostomy rates (19% vs. 10%, 
p=0.02) were found in the cisplatin group, higher grade 3-4 
hematologic toxicity was observed in the mitomycin group 
(61% vs. 42%, p=0.001).17 We used the other regimen to re-
duce the toxicity of mitomycin depending on the patient’s 
condition or physician’s decision; 12 patients received the 
5-FU and cisplatin, one patient refused chemotherapy, and 
one patient with poor general condition received only 5-FU 
chemotherapy. The present study also found no differences 
between patients receiving 5-FU and mitomycin compared 
to other regimens in OS, DFS, and LRFS.

Intensity-modulated radiation therapy (IMRT) is a novel 
method of delivering radiation to targets. The IMRT is based 
on the principle that it can modulate the intensity of the in-
coming beams of radiation, thus delivering radiation only 
to the target areas with minimizing damage to normal tis-
sue.18 The RTOG 98-11 study using conventional 3D-radia-
tion therapy showed the rate of acute nonhematologic grade 
3-4 toxicity was 74%, and that acute hematologic grade 3-4 
toxicity was 61% in the mitomycin-based group and 42% 
in the cisplatin-based group.16 Whereas several publications 
have shown the reduced toxicity of IMRT without compro-
mising the local control,19-22 Vieillot, et al.22 reported that 
12% patients receiving chemoradiotherapy had grade 4 tox-
icities, including only hematologic toxicity. The 2-year OS 
rate, local RFS, and CFS were 89%, 77%, and 85%, respec-
tively. A recent multicenter study also showed that acute 
grade 3-4 toxicity included hematologic 61%, dermatologic 
10%, gastrointestinal 7%, and genitourinary 7% and 2-year 
local control, OS, and CFS were 95%, 94%, and 90%, re-
spectively.21 However, we performed the conventional 3D-
radiation therapy because the Korean public health system 
does not cover IMRT-related cost. Further studies are needed.

The tumor diameter and lymph node involvement are the 
most important prognostic factors for survival for patients 
with anal cancer. A recent randomized study showed that the 
patients with a tumor diameter exceeding 5 cm and lymph 
node metastasis were associated with poorer OS and DFS.23 
Ajani, et al.24 reported that lymph node positivity had a more 



Chemoradiation in Anal Cancer

Yonsei Med J   http://www.eymj.org   Volume 54   Number 1   January 2013 115

15. Thomas CR Jr, Stelzer KJ, Douglas JG, Koh WJ, Wood LV, Pan-
icker R. Common emergencies in cancer medicine: infectious and 
treatment-related syndromes, Part II. J Natl Med Assoc 1994;86: 
839-52.

16. Ajani JA, Winter KA, Gunderson LL, Pedersen J, Benson AB 3rd, 
Thomas CR Jr, et al. Fluorouracil, mitomycin, and radiotherapy vs 
fluorouracil, cisplatin, and radiotherapy for carcinoma of the anal 
canal: a randomized controlled trial. JAMA 2008;299:1914-21.

17. Martenson JA, Lipsitz SR, Lefkopoulou M, Engstrom PF, Dayal 
YY, Cobau CD, et al. Results of combined modality therapy for 
patients with anal cancer (E7283). An Eastern Cooperative Oncol-
ogy Group study. Cancer 1995;76:1731-6.

18. Veldeman L, Madani I, Hulstaert F, De Meerleer G, Mareel M, De 
Neve W. Evidence behind use of intensity-modulated radiothera-
py: a systematic review of comparative clinical studies. Lancet 
Oncol 2008;9:367-75.

19. Salama JK, Mell LK, Schomas DA, Miller RC, Devisetty K, Jani 
AB, et al. Concurrent chemotherapy and intensity-modulated radi-
ation therapy for anal canal cancer patients: a multicenter experi-
ence. J Clin Oncol 2007;25:4581-6.

20. Milano MT, Jani AB, Farrey KJ, Rash C, Heimann R, Chmura SJ. 
Intensity-modulated radiation therapy (IMRT) in the treatment of 
anal cancer: toxicity and clinical outcome. Int J Radiat Oncol Biol 
Phys 2005;63:354-61.

21. Kachnic LA, Tsai HK, Coen JJ, Blaszkowsky LS, Hartshorn K, 
Kwak EL, et al. Dose-painted intensity-modulated radiation thera-
py for anal cancer: a multi-institutional report of acute toxicity and 
response to therapy. Int J Radiat Oncol Biol Phys 2012;82:153-8.

22. Vieillot S, Fenoglietto P, Lemanski C, Moscardo CL, Gourgou S, 
Dubois JB, et al. IMRT for locally advanced anal cancer: clinical 
experience of the Montpellier Cancer Center. Radiat Oncol 2012; 
7:45.

23. Ryan DP, Compton CC, Mayer RJ. Carcinoma of the anal canal. 
N Engl J Med 2000;342:792-800.

24. Ajani JA, Winter KA, Gunderson LL, Pedersen J, Benson AB 3rd, 
Thomas CR Jr, et al. Prognostic factors derived from a prospective 
database dictate clinical biology of anal cancer: the intergroup trial 
(RTOG 98-11). Cancer 2010;116:4007-13.

25. Touboul E, Schlienger M, Buffat L, Lefkopoulos D, Pène F, Parc 
R, et al. Epidermoid carcinoma of the anal canal. Results of cura-
tive-intent radiation therapy in a series of 270 patients. Cancer 
1994;73:1569-79.

26. Deniaud-Alexandre E, Touboul E, Tiret E, Sezeur A, Houry S, 
Gallot D, et al. Results of definitive irradiation in a series of 305 
epidermoid carcinomas of the anal canal. Int J Radiat Oncol Biol 
Phys 2003;56:1259-73.

27. Schwarz JK, Siegel BA, Dehdashti F, Myerson RJ, Fleshman JW, 
Grigsby PW. Tumor response and survival predicted by post-ther-
apy FDG-PET/CT in anal cancer. Int J Radiat Oncol Biol Phys 
2008;71:180-6.

28. Jeong JU, Yoon MS, Song JY, Ahn SJ, Chung WK, Nah BS, et al. 
The results of curative concurrent chemoradiotherapy for anal car-
cinoma. J Korean Soc Ther Radiol Oncol 2010;28:205-10.

29. Chen YW, Yen SH, Chen SY, Huang PI, Shiau CY, Liu YM, et al. 
Anus-preservation treatment for anal cancer: retrospective analy-
sis at a single institution. J Surg Oncol 2007;96:374-80.

epidermoid anal cancer: 13-year follow-up of the first randomised 
UKCCCR Anal Cancer Trial (ACT I). Br J Cancer 2010;102: 
1123-8.

2. Ferrigno R, Nakamura RA, Dos Santos Novaes PE, Pellizzon AC, 
Maia MA, Fogarolli RC, et al. Radiochemotherapy in the conser-
vative treatment of anal canal carcinoma: retrospective analysis of 
results and radiation dose effectiveness. Int J Radiat Oncol Biol 
Phys 2005;61:1136-42.

3. Huang K, Haas-Kogan D, Weinberg V, Krieg R. Higher radiation 
dose with a shorter treatment duration improves outcome for lo-
cally advanced carcinoma of anal canal. World J Gastroenterol 
2007;13:895-900.

4. Cantril ST, Green JP, Schall GL, Schaupp WC. Primary radiation 
therapy in the treatment of anal carcinoma. Int J Radiat Oncol Biol 
Phys 1983;9:1271-8.

5. Conroy T, Ducreux M, Lemanski C, Francois E, Giovannini M, 
Cvitkovic F, et al. Treatment intensification by induction chemo-
therapy (ICT) and radiation dose escalation in locally advanced 
squamous cell anal canal carcinoma (LAAC): definitive analysis 
of the intergroup ACCORD 03 trial. J Clin Oncol 2009;27(15S): 
4033.

6. Cummings BJ, Keane TJ, O’Sullivan B, Wong CS, Catton CN. 
Epidermoid anal cancer: treatment by radiation alone or by radia-
tion and 5-fluorouracil with and without mitomycin C. Int J Radiat 
Oncol Biol Phys 1991;21:1115-25.

7. Das P, Bhatia S, Eng C, Ajani JA, Skibber JM, Rodriguez-Bigas 
MA, et al. Predictors and patterns of recurrence after definitive 
chemoradiation for anal cancer. Int J Radiat Oncol Biol Phys 
2007;68:794-800.

8. Gerard JP, Ayzac L, Hun D, Romestaing P, Coquard R, Ardiet JM, 
et al. Treatment of anal canal carcinoma with high dose radiation 
therapy and concomitant fluorouracil-cisplatinum. Long-term re-
sults in 95 patients. Radiother Oncol 1998;46:249-56.

9. Edge SB, Compton CC. The American Joint Committee on Can-
cer: the 7th edition of the AJCC cancer staging manual and the fu-
ture of TNM. Ann Surg Oncol 2010;17:1471-4.

10. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFad-
den ET, et al. Toxicity and response criteria of the Eastern Coop-
erative Oncology Group. Am J Clin Oncol 1982;5:649-55.

11. Cox JD, Stetz J, Pajak TF. Toxicity criteria of the Radiation Thera-
py Oncology Group (RTOG) and the European Organization for 
Research and Treatment of Cancer (EORTC). Int J Radiat Oncol 
Biol Phys 1995;31:1341-6.

12. Epidermoid anal cancer: results from the UKCCCR randomised 
trial of radiotherapy alone versus radiotherapy, 5-fluorouracil, and 
mitomycin. UKCCCR Anal Cancer Trial Working Party. UK Co-
ordinating Committee on Cancer Research. Lancet 1996;348: 
1049-54.

13. Bartelink H, Roelofsen F, Eschwege F, Rougier P, Bosset JF, Gon-
zalez DG, et al. Concomitant radiotherapy and chemotherapy is 
superior to radiotherapy alone in the treatment of locally advanced 
anal cancer: results of a phase III randomized trial of the European 
Organization for Research and Treatment of Cancer Radiotherapy 
and Gastrointestinal Cooperative Groups. J Clin Oncol 1997;15: 
2040-9.

14. Cummings BJ. Anal cancer. Int J Radiat Oncol Biol Phys 1990; 
19:1309-15.


