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Higher radiation dose with a shorter treatment duration 
improves outcome for locally advanced carcinoma of anal 
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Abstract
AIM: To assess whether radiation dose and duration of 
treatment influence local control and survival of patients 
with locally advanced anal cancer treated with definitive 
chemoradiation. 

METHODS: Twenty-eight consecutive patients who 
were treated with definitive radiation therapy for bulky 
anal cancers (> 5 cm in size) were reviewed. Nineteen 
patients had T3 lesions, 8 patients had T4 lesions, and 
15 patients had lymph node involvement. The median 
tumor size was 7.5 cm. All but one patient received 
concurrent chemoradiation. The median radiation dose 
was 54 Gy. The median duration of treatment was 58 d. 

RESULTS: With a median follow-up of 2.5 years in all 
patients and 7.8 years in living patients, the 2-year local 
recurrence-free probability was 57% and overall survival 
rate was 67%. Neither radiation dose nor duration of 
treatment alone was predictive of either time to local 
failure or overall survival. However, longer treatment 
breaks can potentially mask an advantage over higher 
radiation doses. Therefore, we examined those patients 
who received ≥ 54 Gy within 60 d, comparing them to 
the rest of the patients. Of patients who received ≥ 54 
Gy within 60 d, local progression-free probability was 
89% versus 42% for the rest of the group (P  = 0.01).

CONCLUSION: Local failure is a significant problem in 
locally advanced carcinomas of the anal canal. Higher 
radiation doses with limited treatment breaks may offer 
an increase in local control and survival.
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INTRODUCTION
Combined chemoradiation has been established as 
the standard treatment for epidermoid anal cancer by 
randomized trials that have demonstrated improvements 
in local control and disease free survival compared to 
radiation alone[1,2]. Administered with radiation, the 
combination of  5-flurouracil (5-FU) and mitomycin C 
is the regimen of  choice, providing superior disease-free 
survival compared to 5-FU alone[3]. However, for locally 
advanced anal cancer, especially lesions greater than 5 cm, 
local control rates of  only 50% have been achieved[4,5]. 
Higher radiation dose has been shown to improve 
outcome in some studies[6-9]. A phase Ⅱ radiation dose 
escalation trial for anal cancer performed by the Radiation 
Therapy Oncology Group (RTOG) showed increased 
colostomy rates with increased doses compared to patients 
treated with a lower dose in a previous RTOG trial[10]

. The 
worse outcome may in part be attributed to a mandatory 
2 wk break in this trial. It is unclear if  increasing the 
radiation dose in patients with locally advanced anal cancer 
receiving combined modality therapy will improve the 
results compared with doses of  45-50 Gy[10].

In order to assess whether higher radiation doses 
improve clinical outcome for patients with locally advanced 
anal cancer, we retrospectively reviewed treatment 
outcomes of  patients with bulky (> 5 cm) epidermoid anal 
cancer. Radiation dose, treatment time, as well as patient, 
tumor and treatment related factors were evaluated for 
prognosis. 

MATERIALS AND METHODS
Subjects
This work has been approved by the Institutional Review 
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Board of  the University of  California, San Francisco.
Between 1982 and 2000, 28 consecutively treated patients 
underwent definitive radiation therapy for documented 
bulky anal cancers (disease greater than 5 cm in primary 
tumor or lymph nodes). Patients who had local excision 
prior to radiotherapy were excluded. Of  28 patients, 27 
had bulky disease at primary sites and one had bulky 
lymph node disease. One patient was treated for bulky 
recurrent disease after abdominoperineal resection.

Treatment 
One patient declined treatment with chemotherapy and 
was treated with radiation alone, while the other 27 patients 
received concurrent chemoradiation. Chemotherapy 
consisted of  5-FU and mitomycin C in 23 patients, 
5-FU and cisplatin in one patient and 5-FU alone in 
three patients. 5-FU was given at 1000 mg/m2 over 4 d. 
Generally mitomycin C was given at 10 mg/m2. Cisplatin 
was given at 75 mg/m2 every 4 wk. One patient was treated 
with induction 5-FU and cisplatin with progressive disease, 
followed by 5-FU and mitomycin C concurrently with 
radiation. All patients received 2 cycles of  chemotherapy 
generally at an interval of  4 wk concurrently with 
radiation, except for one patient who died of  fulminant 
hepatitis after receiving only one cycle of  chemotherapy. 
Two patients received 5-FU alone during the second cycle 
after severe hematologic toxicity associated with the first 
cycle of  chemotherapy with 5-FU and mitomycin. 

Radiation was administered utilizing 6 or 18 MV 
photons. Treatment fields were AP/PA to the whole pelvis 
and bilateral inguinal regions, followed by a lateral field 
boost plus/minus electron field boost to cover the inguinal 
regions. The first field reduction was at 30.6 Gy to the true 
pelvis, followed by subsequent field reductions at 36 Gy 
and 45 Gy. For patients who had a CD4 count < 200, the 
initial field was the true pelvis to minimize toxicity. Before 
1985, radiation doses of  40-50 Gy were planned, while 
after 1985, target radiation doses were increased to 54-60 
Gy. Five patients did not receive the planned doses of  
radiation, secondary to toxicity in 3 patients, receiving 36 
Gy, 50.4 Gy and 51.4 Gy, respectively, and noncompliant 
in 2 patients, receiving 50.4 Gy and 45 Gy, respectively. 
The radiation doses ranged from 31 to 65 Gy, with a 
median of  54 Gy. The dose per fraction ranged from 1.6 
to 2.0 Gy once daily. The lower dose per fraction of  1.6 to 
2.0 Gy was used in the early 80’s when radiation was first 
used concurrently with chemotherapy.

Follow-up 
All the patients were evaluated at least once a week during 
radiotherapy. The patients were then evaluated every 1-2 
mo for the first 6 mo, followed by every 3 mo for the 
next 6-12 mo, every 4-6 mo from 18 mo through 3 years, 
and annually thereafter. At each follow-up visit, a physical 
examination, including digital rectal examination, and 
palpation of  the inguinal regions was performed. Acute 
and late effects on normal tissues were graded according 
to the CTCAE v3 scoring criteria.

Statistical analysis
This is a retrospective analysis of  treatment outcomes 
for bulky anal carcinoma treated at UCSF. Descriptive 
statistics (mean, median, and proportions) were calculated 
to characterize the patient, disease, and treatment 
features. Estimates of  survival rates and recurrence-
free probabilities were calculated using the Kaplan-Meier 
product limit method. Durations were calculated from the 
date of  diagnosis. Univariate analyses were performed to 
evaluate factors that may be predictors of  outcome. The 
log rank test was used to compare distributions of  subsets. 

RESULTS
Patient characteristics 
The cohort included 10 women and 18 men with a median 
age of  63 years (range 30-79 years). Eight patients had 
cloacgenic carcinoma and 20 patients had squamous cell 
carcinoma. Table 1 shows the T- and N-stage distributions 
of  the patients according to the 2002 AJCC staging 
classification. Nineteen patients had T3 lesions, 8 patients 
had T4 lesions, 1 had recurrent disease and 15 patients had 
pathologically involved lymph nodes. The median tumor 
size was 7.5 (range 5.5-12) cm. Four patients were human 
immunodeficiency virus (HIV) positive with CD4 counts 
of  63 180 238 and 347, respectively. 

Treatment outcome 
With a median follow-up of  2.5 (range 0.2-17.3) years for 

Table 1  Distribution of patients by the 2002 American Joint 
Committee on Cancer Staging Classification1

Stage N0 N1 N2 N3 Total 

T3   6  3   6   4   19
T4   6  0   1   1     8
Total 12  3   7   5   27

1One patient who had recurrent disease with an initial stage of T2N0 was not 
included in this table. 

Figure 1  Kaplan-Meier estimate of the probability of local freedom from 
progression. 
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all patients and 7.8 (range 1.1-17.3) years for living patients, 
the 2-year and 5-year local recurrence-free probabilities 
and 95% confidence intervals (CI) were 57% (95% CI: 
37%-73%) and 52% (95% CI: 32%-69%), respectively 
(Figure 1). The 2- and 5-year overall survival estimates 
were 67% (95% CI: 46%-81%) and 54% (33%-71%), 
respectively (Figure 2). The 2- and 5-year colostomy-free 
survival estimates were 42% (95% CI: 24%-60%) and 33% 
(95% CI: 16%-51%), respectively. Sixteen patients had 
persistent abnormalities at the completion of  radiotherapy. 
In 12 of  the 16 patients, biopsies of  the persistent 
abnormalities revealed pathological documentation of  
residue disease in 5 patients. The single patient with a 
bulky lymph node experienced a lymph node failure, with 
a concurrent distant failure 25 mo after diagnosis. In the 
4 patients who were HIV positive, 2 experienced local 
failures, 1 experienced a regional failure, and one died of  
fulminant hepatitis during treatment after receiving only 
36 Gy, presumably secondary to chemotherapy. In patients 
treated with 5-FU alone with concurrent radiation, 2 out 
of  3 experienced local failures. The patient who did not 
receive any chemotherapy also had a local recurrence.

Toxicity 
Acute side effects of  radiation therapy and chemotherapy 
were moderate to severe. Twenty patients had acute 
grade 3 or 4 toxicities including 15 patients with grade 
3 dermatological toxicities, 1 patient with grade 3 
gastrointestinal toxicity, and 5 patients with grade 3 and 
4 with grade 4 hematologic toxicities. The worst acute 
toxicity was dermatological in 10 patients, hematologic 
in 5 patients, both dermatological and hematologic in 4 
patients, and gastrointestinal in 1 patient. In patients who 
received ≥ 54 Gy, 15 out of  17 patients experienced grade 
3 or 4 toxicity, compared to 5 out of  11 patients who 
received less than 54 Gy. In the 4 patients who were HIV 
positive, one did not have any grade 3 or 4 acute toxicity, 
one had grade 3 dermatological toxicity, 1 had grade 3 
dermatological and hematologic toxicities, 1 had grade 3 
dermatological toxicity and grade 4 hematologic toxicity 
and died of  fulminant hepatitis after receiving 30 Gy of  
radiation. 

The median duration of  treatment was 58 (range 
31-112) d. In patients who received ≥ 54 Gy, the median 
duration of  treatment was 60 d compared to 44 d in those 
who received < 54 Gy. Twenty-two patients had treatment 
breaks longer than 3 d. Ten patients had only one 
treatment break and 12 had more than 1 treatment break. 
The median length of  total treatment breaks was 11 (range 
0-53) d. Twelve patients had treatment breaks totaling 
longer than 14 d. The median dose at the first treatment 
break was 30.6 (range 3.6-52.2) Gy. Three patients had 
treatment breaks due to non-compliance, and the rest of  
patients due to toxicity. For patients who received ≥ 54 
Gy, 16 out of  17 patients had a break longer than 3 d, 
compared to 6 out of  11 patients who received < 54 Gy. 

Disease control 
Univariate analyses revealed that male gender and HIV 
infection were each associated with worse overall survival 
(P = 0.02 and P = 0.01, respectively). Excluding HIV 
positive patients, male gender demonstrated a trend 
towards worse survival (P = 0.08). There was no significant 
difference in local control (Figure 3) or survival when 
comparing patients with T3 and T4 disease. Nodal stage, 
tumor size and type of  chemotherapy were not predictive 
of  either time to failure or overall survival. Neither 
radiation dose nor duration of  treatment alone was 
statistically associated with either time to failure or overall 
survival. 

Time and dose consideration 
Even though radiation dose or duration of  treatment alone 
was not statistically correlated with either time to failure 
or overall survival, these two factors were interrelated. 
Patients who received ≥ 54 Gy were more likely to 
experience treatment breaks resulting in longer treatment 
duration, potentially masking an advantage over higher 
radiation doses. Therefore, we examined those patients 
who received ≥ 54 Gy within 60 d, and compared them 
to the rest of  the group (Figure 4). Patients who received 
≥ 54 Gy within 60 d had significantly improved local 
progression-free and overall survival rates compared to 
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Figure 2  Kaplan-Meier estimate of the probability of overall survival.
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Figure 3  Kaplan-Meier estimate of the probability of local freedom from 
progression in comparison of patients with T3 versus T4 disease. 
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those whose treatments spanned longer than 60 d or who 
received less than 54 Gy (2-year local progression-free and 
overall survival probabilities of  89% (95% CI: 43%-98%) 
and 100% for treatments within 60 d compared to 42% 
(95% CI: 20%-62%) and 53% (95% CI: 29%-72%) for the 
rest of  the group (P = 0.01 and P = 0.02, respectively). Of  
patients who received ≥ 54 Gy, 8 out of  9 patients were 
locally controlled if  the treatment was completed within 
60 d. However, for those patients who received ≥ 54 Gy 
with treatment durations longer than 60 d, only 2 out of  
8 were locally controlled. For those patients who received 
less than 54 Gy, only 5 out of  11 were locally controlled 
(Table 2). The mean total dose in patients who received 
less than 54 Gy was 46 Gy.

DISCUSSION
In the current study, neither total radiation dose nor 
treatment time alone was prognostic for local control or 
survival. The two factors were interrelated in that it took a 
longer treatment time to deliver an overall higher radiation 
dose: 35 d for 45 Gy and 45 d for 60 Gy. In addition, 
higher radiation doses resulted in higher toxicity rates and 
therefore a higher likelihood of  treatment breaks. In this 
study, patients who received ≥ 54 Gy within 60 d had 
significantly improved local progression-free (Figure 4) 
and overall survival compared to those whose treatment 
spanned longer than 60 d or who received less than 54 Gy. 
This confirms a dose response in the treatment of  locally 
advanced anal cancer with chemoradiation, although 
prolonged treatment breaks negate the advantage of  
higher dose. 

Total radiation dose has been shown to impact outcome 
in anal carcinoma treated with combined chemoradiation[6-9]. 
Constantinou et al[6] found that radiation doses of  ≥ 54 
Gy were associated with significantly improved survival 
(84% vs 47%) and local control (77% vs 61%) in anal 
cancer patients treated with chemoradiation. About 30% 
of  patients in their study had T3 or T4 lesions. In a group 
of  patients treated with chemoradiation using continuous 
infusion of  5-FU, local control increased from 50% in 
those receiving < 45 Gy, to 73% in those receiving 50-54 
Gy and 83% in those receiving > 60 Gy[9]. Nigh et al[8] 

reported a dose response with improved local control at 
higher doses: 64% at < 45 Gy, 77% at 45-55 Gy and 92% 
at > 55 Gy. At MD Anderson, local control was 50% for 
all stages receiving 45-49 Gy and 90% for those patients 
receiving greater than or equal to 55 Gy[7]. 

Overall treatment time has similarly been shown to 
impact outcome in treatment of  anal cancer[10-15]. In the 

second phase of  the dose escalation study RTOG 9208 
without the mandatory break, the 1-year colostomy 
rate decreased from 23% to 11%[10,14]. In an European 
Organization for Research and Treatment of  Cancer 
(EORTC) trial with a similar design to RTOG 9208 
including a 2 wk break at 36 Gy (but slightly different 
chemotherapy with 5-FU given continuously during 
radiation), the 3-year local control and colostomy-free 
interval were 88% and 81% respectively, which compared 
favorably to the earlier EORTC randomized trial with a 6 
wk break and mitomycin C given only on the first day of  
radiation[12]. Built in breaks > 37.5 d correlate with poorer 
loco-regional control in patients treated with a median of  
40 Gy to the pelvis and a 20 Gy boost with either external 
beam radiation or brachytherapy[15]. Ceresoli et al[13] found 
that overall treatment times longer than 70 d were related 
to a worse disease-free survival in a group of  patients 
treated with a median radiation dose of  56 Gy. Overall 
treatment times > 75 d were associated with poorer local 
control (69% vs 85%) in a study by Allal[11]. 

Increased toxicities have been observed in patients 
treated with higher radiation doses. In the second phase 
of  the dose escalation study RTOG 9208 without the 
mandatory break, 50% of  patients required treatment 
interruptions lasting at least 7 d. In our study, 71% of  
patients had treatment breaks longer than 3 d. Fourteen 
patients had grade 3 or greater dermatological toxicities 
requiring treatment breaks. One way to decrease toxicities 
is to use conformal radiation therapy. Indeed, one study 
showed that conformal radiotherapy enhanced tolerance 
to treatment, shortened treatment time to 6 wk and 
significantly decreased acute toxicities[16]. In another study, 
intensity-modulated radiotherapy (IMRT) improved 
conformality and reduced normal structure dose without 
compromising local control in the treatment of  anal 
cancer[17]. We have investigated the potential to improve 
coverage of  tumor volumes while maximizing sparing of  
normal tissues such as the skin and bowel using IMRT and 
have adopted IMRT as the preferred treatment technique 
for locally advanced anal cancer. Grade 3 or greater 

Table 2  Subgroup analysis of local control based on total 
radiation dose and overall treatment time 

Fraction of patients 
controlled locally 

High dose (> 54 Gy) Low dose (< 54 Gy) 

Short duration (≤ 60 d) 8/9b 4/9
Long duration (> 60 d) 2/8 1/2

bP = 0.01 vs the rest of the subgroups.
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Figure 4  Kaplan-Meier estimate of the probability of local freedom from 
progression comparing patients who received > 54 Gy within 60 d vs the rest of 
the patients.  
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hematologic toxicity was observed in 9 patients. Cisplatin-
based combined modality therapy may generate less acute 
toxicity and a wider therapeutic index. In a retrospective 
analysis of  patients treated with 55 Gy of  radiation and 
continuous infusion of  cisplatin and 5-FU, local control 
and survival were comparable to the best results reported 
with mitomycin C and 5-FU, with greater than 90% 
of  patients completing treatment without significant 
treatment interruptions[18]. 

Hoffman et al[19] previously reported our institutional 
experience of  treating HIV positive anal cancer patients 
with chemoradiation. Excellent disease control with 
acceptable morbidity was achieved in patients with a CD4 
count of  greater than or equal to 200[19]. There were 4 HIV 
positive patients with locally advanced disease in the group 
reported herein. Their disease control and survival were 
poor and toxicities were significant, although the small 
number of  patients precluded firm conclusions regarding 
the role played by their HIV status.  

The ideal chemotherapy regimen has yet to be 
established. An Eastern Oncology Group trial tested 
concurrent cisplatin, 5-FU, and 59.4 Gy of  radiation with 
a 2-wk break after 36 Gy, which resulted in a complete 
response rate of  68%[20]. Adjuvant chemotherapy after 
combined chemoradiation is being tested in the ACT Ⅱ
randomized trial from the United Kingdom[21]. The recently 
closed randomized trial RTOG 9811 compares concurrent 
chemoradiation with 5-FU and mitomycin C versus 
induction chemotherapy and concurrent chemoradiation 
with 5-FU and cisplatin. In addition, for T3, T4, node 
positive and any lesions with residual disease after 45 Gy, 
a boost of  10-14 Gy is included to achieve total doses of  
55-59 Gy. The result from this trial may answer some of  
the questions pertaining to the best treatment regimen for 
anal cancer. 

In conclusion, local failure is a significant problem in 
locally advanced carcinomas of  the anal canal. Although 
the number of  patients in this study was relatively small, 
we believe that higher radiation doses with limited 
treatment breaks may offer an increase in local control and 
survival. 

 COMMENTS
Background
There is controversy in the field regarding whether higher radiation doses improve 
outcome in anal cancer. Local control rate for locally advanced anal cancer is 
around 50%, which clearly needs to be improved. This paper tries to address the 
interrelation of time and dose and generates the hypothesis of higher radiation 
doses with shorter treatment duration improve outcome in locally advance anal 
cancer.

Research frontiers
The current focus of research is in the delivery of intensity modulated radiation 
therapy to treat anal cancer. The highly conformal dose distribution allows more 
sparing of normal tissues and high dose to the tumor, therefore, fewer toxicities 
and treatment breaks and hopefully improved tumor control.

Innovations and breakthroughs
Constantinou et al found that radiation doses of ≥ 54 Gy were associated with 
significantly improved survival (84% vs 47%) and local control (77% vs 61%) 
in anal cancer patients treated with chemoradiation. Other studies addressed 
treatment time to some extent. This is the only study looking at radiation doses 

and treatment time in locally advanced anal cancer.

Applications 
To achieve improved local control in locally advanced anal cancer patients, 
radiation doses of at least 54 Gy should be given concurrently with chemotherapy. 
Treatment breaks should be minimized to realize the effect of the higher doses 
of radiation. Modern techniques such as intensity-modulated radiotherapy may 
be a means to deliver higher doses of radiation while minimizing toxicities and 
treatment breaks.

Terminology
Total radiation dose is the final dose that is delivered to the gross tumor. Overall 
treatment time is the entire duration of radiation from beginning to end including 
any mandatory or elective treatment breaks. Intensity-modulated radiotherapy is a 
technique which delivers radiation in multiple fields of varying radiation intensity so 
that the dose distribution can be highly conformal around the target and minimizing 
doses to nearby critical tissues.

Peer review
The paper addresses one of the controversies in the field, that is, whether higher 
radiation dose improves outcome in locally advanced anal cancer. The data 
suggests higher radiation dose with shorter treatment duration improves outcome 
in this group of patients.
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