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A B S T R A C T

Purpose
To determine whether increased duration of radiation therapy (RT) and overall treatment (RX) time

has a detrimental effect in anal cancer.

Patients and Methods
Data from Radiation Therapy Oncology Group (RTOG) 87-04 and RTOG 98-11 trials were

combined to form three treatment groups: RT/fluorouracil (FU)/mitomycin (n = 472), RT/FU/
cisplatin (n = 320), and RT/FU (n = 145). Cox proportional hazards models were used with the
following variables: RT duration, RT intensity, RX duration, treatment group, age, sex,
Karnofsky performance score (KPS), T stage, N stage, and RT dose.

Results

In the univariate analysis, there was a significant association between RX duration and colostomy
failure (CF; hazard ratio [HR] = 1.51; 95% CI, 1.07 to 2.14; P = .02), local failure (HR = 1.52; 95%
Cl, 1.14 to0 2.03; P = .005), locoregional failure (HR = 1.51; 95% CI, 1.15 to 1.98; P = .003), and
time to failure (HR = 1.40; 95% Cl, 1.10 to 1.79; P = .007). The significance of RX duration was
maintained after adjusting for treatment group. In multivariate modeling there was a trend
toward an association between RX duration and CF (HR = 1.57; 95% Cl, 0.98 to 2.50; P = .06)
and a statistically significant association with local failure (HR = 1.96; 95% CI, 1.34 to 2.87;
P = .0006). Age, sex, KPS, T stage, N stage, and RT dose, but not RT duration, RT intensity,
or RX duration, were found to be statistically significant predictors of OS and colostomy-
free survival.

Conclusion

Total treatment time, but not duration of radiation therapy, seems to have a detrimental effect on
local failure and colostomy rate in anal cancer. Induction chemotherapy may contribute to local
failure by increasing total treatment time.

J Clin Oncol 28:5061-5066. © 2010 by American Society of Clinical Oncology

Similar observations have been made in the treat-
ment of cervical cancer.>”

The duration of radiation therapy (RT) has a detri-
mental effect on local control and survival in squa-
mous cell carcinoma of the head and neck (H&N)
and uterine cervix. Withers et al"* were among the
first to raise concern over rapid tumor regrowth
when overall treatment time extends beyond 4
weeks. Subsequently a large number of trials have
tested the impact of treatment time on outcomes in
H&N cancers. A review” of 18 randomized trials
demonstrated a significant improvement in local
control with shortening of total treatment time, and
ameta-analysis* demonstrated that this resulted in a
significant improvement in overall survival (OS).

Given that interruptions of RT are common in
anal cancer and considering the similarities to H&N
and cervical cancer, the potential impact of pro-
tracted treatment time has been studied in anal can-
cer. However, in anal cancer, these investigations
have been retrospective and less conclusive. Al-
though some found an association between shorter
treatment time and improved local control,®1* oth-
ers have not.'>'

To determine whether the duration of RT or
total treatment (RX) time impacts the efficacy of
chemoradiotherapy in anal cancer, we analyzed a
database pooled from two large intergroup phase I1I
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clinical trials conducted by the Radiation Therapy Oncology
Group (RTOG).

Patient Population

RTOG 87-04"7 was designed to determine the importance of mitomycin
(MMC) in the treatment of anal cancer. Patients received RT with concurrent
fluorouracil (FU; 1,000 mg/ m?/d as a continuous infusion for 96 hours) with
or without MMC (10 mg/m? by intravenous bolus on days 1 and 28). RT
consisted of 30.6 Gy to the whole pelvis, 36 Gy to the true pelvis below the
sacroiliac joints, and 45 to 50.4 Gy to the primary. The dose to the inguinal
nodes was 45 and 50.4 Gy for N0 and N+ disease, respectively. RT was given at
1.8 Gy daily 5 times a week for 5 weeks.

Biopsy of the primary tumor site was performed 4 to 6 weeks after
completion of RT. If positive, patients received an additional boost of 9 Gy
to the residual tumor with FU and cisplatin. Six weeks after completion of
this salvage treatment, repeat biopsies of the primary tumor site were
performed. If positive, patients were subjected to abdominoperineal resec-
tion (APR).

A total of 291 assessable patients were randomly assigned, and results
were reported at a median follow-up of 3 years. Post-treatment biopsies were
positive in 14% of patients in the FU arm versus 8% in the MMC arm
(P = .135). At 4 years, colostomy failure (CF) rates were lower (9% v 22%;
P = .002), colostomy-free survival (CFS) higher (71% v 59%; P = .014), and
disease-free survival (DES) higher (73% v 51%; P = .0003) in the MMC arm.
There was no significant difference in OS.

RTOG 98-11"® hypothesized that induction chemotherapy with FU and
cisplatin followed by concurrent chemoradiotherapy would be more effective
than standard concurrent chemoradiotherapy. Patients were randomly as-
signed to receive FU (1,000 mg/m*/d by continuous infusion on days 1
through 4 and 29 through 32) plus MMC (10-mg/m” intravenous bolus on
days 1 and 29) and concurrent radiation or induction FU (1,000 mg/m?*/d by
continuous infusion on days 1 through 4, 29 through 32, 57 through 60, and 85
through 88) plus cisplatin (75 mg/m? intravenously over 60 minutes on days 1
and 29 and repeated on days 57 and 85) followed by concurrent FU, cisplatin,
and RT. Patients received a minimum dose of 45 Gy in 25 fractions to the
primary tumor in 5 to 6.5 weeks. RT consisted of 30.6 Gy to the whole pelvis
and inguinal nodes and 45 Gy to the true pelvis. In patients with T3, T4,
node-positive disease, or with T2 residual disease after 45 Gy, an additional
boost of 10 to 14 Gy (2.0 Gy/daily, total dose of 55 to 59 Gy) was delivered to the
primary tumor/nodal mass.

The study accrued 644 patients. With a median follow-up of 2.51 years,
there were no significant differences in OS or DFS. The 5-year locoregional
failure (LRF) and distant metastasis rates were 25% and 15%, respectively, in
the MMC group and 33% and 19%, respectively, in the cisplatin group. There
was a statistically significant difference in CF, with 3- and 5-year cumulative
rates of 10% at both 3 and 5 years in the MMC group and 16% and 19%,
respectively, in the cisplatin group (hazard ratio [HR] = 1.68; 95% CI, 1.07 to
2.65;,P = .02).

Statistical Methods

All analyses were performed using SAS/STAT software, version 9.2
for Windows (SAS Institute, Cary, NC). The following end points were
investigated: (1) CF, APR or colostomy for disease, for treatment compli-
cations, for both, or for reason unknown; (2) local failure (LF), APR or
colostomy for disease, nonclearance of disease, or recurrence; (3) LRF, LF,
or nonclearance of disease or recurrence in the pelvic lymph nodes; (4)
CFS, CF or death as a result of any cause; (5) time to treatment failure
(TTE), time from registration to LF or LRF or distant failure (DF); (6) DFS,
death or any failure; and (7) OS, death as a result of any cause. All end
points are measured from the date of randomization. Because death is not
a failure for CF and LRF and is considered a competing risk, CF and LRF
rates were estimated by the cumulative incidence method,'® and RX dura-
tion groups were compared using Gray’s test.*
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Cox proportional hazards models?' were used to determine whether
there is a correlation between RT duration, RT intensity ([total primary
central axis dose]/RT duration), and RX duration (start of any treatment,
chemotherapy or RT, to the end of all treatment) with the above outcome
end points. RT duration, RT intensity, and RX duration (in separate
models) were evaluated as continuous or categorical variables using the
overall median as a cut point. There was some degree of collinearity
between RT/RX duration and the RT/FU/cisplatin group; this regimen
lasted 2 months longer than either of the other two treatment regimens.
Models were built using the backwards selection procedure (exit criteria:
P > .05) and separate models were built to assess RT duration, RT inten-
sity, and RX duration. The following variables were included in the models:
RT duration (continuous or = 44 days v > 44 days), RT intensity (contin-
uous or = 1.16 v > 1.16), RX duration (continuous or = 53 days v > 53
days), treatment group (RT/FU/MMC v RT/FU/cisplatin v RT/FU), age
(continuous), sex, Karnofsky performance score (KPS; 60 to 80 v 90 to
100), T stage (T3/T4 v T1/T2), and N stage (NX/N1/N2/N3 v NO). Total
primary central axis dose (Gy, continuous) was also included in models
that evaluated RX and RT duration. Two dummy variables were used in the
models to represent the treatment groups. One dummy variable was coded
such that an HR more than 1 indicated an increased risk of failure for the
RT/FU/cisplatin group compared with the RT/FU/MMC group. The other
variable was coded such that an HR more than 1 indicated an increased risk
of failure for the RT/FU group compared with the RT/FU/MMC group. All
other variables were coded such that an HR more than 1 indicated an
increased risk of failure for the worse prognostic group compared with the
better prognostic group (ie, an increased risk of failure for KPS 60 to 80
compared with 90 to 100). Men were considered the worse prognos-
tic group.

Table 1. Pretreatment Patient Characteristics by Treatment Group
RT + FU RT + FU
+ +
Mitomycin Cisplatin RT + FU
(n=1472) (n=2320 (n=145)
Characteristic No. % No. % No. % Pt
Age, years
Median 57 55 59 —
Range 25-85 31-88 26-86
Sex
Male 145 31 97 30 56 39 .16
Female 327 69 223 70 89 61
T stage
T1/T2 288 61 212 66 72 50 .003
T3/T4 184 39 108 34 73 50
N stage
NO 350 74 221 69 119 82 .01
NX/N1/N2/N3 122 26 99 31 26 18
KPS
60, 70, 80 84 18 52 16 33 23 24
90, 100 388 82 268 84 112 77
Histology
Squamous 397 84 273 85 116 80 .27
Nonsquamous 72 15 47 15 27 19
Unknown 3 1 0 0 2 1
Differentiation
Low/intermediate grade 230 49 166 52 68 47 .54
High grade 140 30 96 30 41 28
Unknown 102 22 58 18 36 25
Abbreviations: RT, radiation therapy; FU, fluorouracil; KPS, Karnofsky perfor-
mance score.
tP value from the x? test.
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The data from RTOG 87-04 and RTOG 98-11 were combined to form
three treatment groups: RT/FU/MMC (n = 472), RT/FU/cisplatin
(n = 320), and RT/FU (n = 145). Patient characteristics are shown in
Table 1. Treatment duration, RT dose, and intensity by treatment
group are shown in Table 2, and a comparison of the groups with
respect to these variables is provided in Appendix Table Al (online
only). As seen, the patients in the three groups were largely com-
parable, except for a greater proportion of patients in the RT/FU
group who had more advanced T stage but node-negative tumors.
Patients in the RT/FU/cisplatin group had a significantly longer RX
time, and patients in the RT/FU group received a significantly
lower radiation dose, within a significantly shorter time, but with a
similar RT intensity.

The median follow-up was 3.2 years (range, 0.05 to 19.9 years) for
RT/FU/MMC, 2.6 years (range, 0.07 to 7.4 years) for RT/FU/cisplatin,
and 8.7 years (range, 0.02 to 20.2 years) for RT/FU. Because more than
95% of LFs and CFs occurred within 2 years (Fig 1), the data set is
mature for the end points studied.

On univariate analysis, there was a statistically significant associ-
ation between RX duration and CF (HR = 1.51;95% CI, 1.07 to 2.14;
P = .02, Fig 1). There was also an association between RX duration
and LF (HR = 1.52; 95% CI, 1.14 to 2.03; P = .005). Similarly,
prolonged RX duration was associated with higher rates of LRF
(HR = 1.51; 95% CI, 1.15 to 1.98; P = .003; Fig 2) and with TTF
(HR = 1.40; 95% CI, 1.10 to 1.79; P = .007). RT duration and
intensity were not significantly associated with any outcome end
point on univariate analysis.

The RT/FU/cisplatin group and the RT/FU group had greater
risks of CF than the RT/FU/MMC group (HR = 1.59;95% CI, 1.08 to
2.35; P = .02; and HR = 1.86; 95% CI, 1.18 to 2.94; P = .008,
respectively). This was also true for LF, LRF, and TTF. Thus we
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Fig 1. Colostomy failure by overall treatment time. On univariate analysis,
the colostomy failure rate was significantly associated with total treatment
(RX) time. Patients with RX more than 53 days (median) had a significantly
higher rate of colostomy.

examined the effect of RT duration and intensity and RX duration in
bivariate models that included treatment group as an additional vari-
able. After adjusting for treatment group, RT duration showed a
statistically significant association with CF, LRF, and TTF (Appendix
Table A2, online only). In addition, the statistical significance of RX
duration with CF, LF, LRF, and TTF was maintained after adjusting
for treatment group. As an example, patients with a RX duration of
more than 53 days had nearly a two times higher risk of an LRF then
patients whose RX duration was = 53 days (HR = 1.86; 95% CI, 1.31
to 2.64; P = .0006). RT intensity was not significantly associated with
any outcome in these models.

In multivariate models adjusting for treatment group, age, sex,
KPS, T stage, N stage, and RT dose, RT duration and RT intensity
showed no correlation with CF or LF. It was difficult, if not impossible,
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Table 2. Treatment Duration, Radiotherapy Dose, and Intensity by
Treatment Group
RT + FU + RT + FU +
Mitomycin Cisplatin RT + FU Total
Factor (n = 472) (n=320) (n =145 (n = 937)
RT duration, days
Median 45 45 39 44
Range 0-158 0-107 7-96 0-158
CT duration, days
Median 31 87 31 32
Range 0-60 0-141 0-72 0-141
RX duration, days
Median 45 101 39 53
Range 1-158 0-163 7-96 0-163
Total primary central axis
dose, Gy
Median 50.4 55.0 45.0 50.4
Range 0-79.4 0-70.2 10.8-54.0 0-79.4
RT intensity™
Median 1.15 1.20 1.17 1.16
Range 0-2.25 0-2.05 0.47-1.54  0-2.25
Abbreviations: RT, radiation therapy; FU, fluorouracil; CT, chemotherapy; RX,
overall treatment.
"RT intensity = (total primary central axis dose)/RT duration.

WWW.jco.org

Fig 2. Locoregional failure by overall treatment time. On univariate analysis, the
locoregional failure rate was significantly associated with total treatment (RX)
time. Patients with RX more than 53 days (median) had a significantly higher rate
of locoregional failure.
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to disentangle the effect of treatment group from that of RX duration
because of collinearity; the RT/FU/cisplatin regimen lasted 2 months
longer than either of the other two regimens. The median RX duration
for the RT/FU/cisplatin group is 101 days compared with 45 days for
the RT/FU/MMC group and 39 days for the RT/FU group. In other
words, as RX duration increases, a patient is more likely to come from
the RT/FU/cisplatin group. Nevertheless, there was a strong trend
toward an association between RX duration and CF (HR = 1.57,95%
CI, 0.98 to 2.50; P = .06) and a statistically significant association with
LF (HR = 1.96;95% CI, 1.34 to 2.87; P = .0006; Table 3). A sensitivity
analysis showed that the association between RX duration and local
control existed in each of the two trials.

RT duration and RT intensity showed no correlation with LRF,
TTEF, or DFS after adjusting for the other variables in the model. RX
duration was significantly associated with LRF (HR = 1.63; 95% CI,
1.14t02.33; P = .008) and with TTF (HR = 1.40;95% CI, 1.01 to 1.95;
P = .047). RT duration, RT intensity, and RX duration showed no
correlation with OS and CFS. However, age, sex, KPS, T stage, N stage,
and RT dose were statistically significantly associated with OS (Table
4) and CFS.

Because of the inherent differences in RX duration between the
various treatment groups, we also examined the effects of RT duration
and intensity and RX duration within the group of patients treated
with RT/FU/MMC. We did not find statistically significant effects, but
shorter, more intense RT courses were associated with a reduction in
CF. In multivariate modeling, RT intensity of more than 1.15 (me-
dian) reduced the HR to 0.59 (95% CI, 0.33 to 1.060; P = .078). For
example, a 1-week interruption in a typical course of 54 Gy at 1.8
Gyl/fraction in 6 weeks reduces the RT intensity from 1.29 to 1.10 and
is associated with a 68% increase in risk of CF.

5064 © 2010 by American Society of Clinical Oncology

Table 3. Multivariate Cox Proportional Hazards Model of Local Failure Table 4. Multivariate Cox Proportional Hazards Model of Overall Survival
Variable HR 95% CI P* Variable HR 95% ClI P*
RX duration, days RX duration, days
= 53 1.00 =53 1.00
> 53 1.96 1.34 10 2.87 .0006 > 53 1.09 0.84 to 1.40 .5219
Treatment Age, continuous 1.03 1.02t0 1.04 < .0001
RT + FU + mitomycin 1.00 Sex
RT + FU + cisplatin 1.02 0.68to 1.53 .9220 Female 1.00
RT + FU 2.44 1.69t0 3.51 < .0001 Male 1.79 1.42 10 2.26 < .0001
Age, continuous 0.98 0.97 to 0.995 .0067 KPS
KPS 90, 100 1.00
90, 100 1.00 60,70,80 1.67 1.29t02.17 < .0001
60, 70, 80 1.64 1.18102.26 .0030 T stage
T stage T1/T2 1.00
T1/T2 1.00 T3/T4 1.49 1.18't0 1.87 .0007
T3/T4 1.961 1.459 t0 2.635 < .0001 N stage
N stage NO 1.00
NO 1.00 NX/N1/N2/N3 1.90 1.47t02.46 < .0001
NX/N1/N2/N3 1.62 1.20t02.19 .0018 Total primary central axis dose
Total primary central axis dose (Gy), continuous 0.971 0.96 to 0.99 .001
(S sordniete geer DEeo Busels LS Abbreviations: HR, hazard ratio; RX, overall treatment; KPS, Karnofsky
Abbreviations: HR, hazard ratio; RX, overall treatment; KPS, Karnofsky performance score.
performance score. “P value from x? test using the Cox proportional hazards model.
*P value from x? test using the Cox proportional hazards model. TInterpretation: An_ increasejn dose of 1 Gy means a decrease _in the hazard
tinterpretation: An increase in dose of 1 Gy means a decrease in the hazard of death by 3%; an increase in dose of 5 Gy means a decrease in the hazard
of local failure by 2%; an increase in dose of 5 Gy means a decrease in the of death by 13%; an increase in dose of 10 Gy means a decrease in the
hazard of local failure by 11%; an increase in dose of 10 Gy means a decrease hazard of death by 24%.
in the hazard of local failure by 20%.

The main finding of this study is that protracted total treatment
time in anal cancer is strongly associated with LF and subsequent
colostomy. Because prolongation of RT may reduce its efficacy,
this has been investigated in anal cancer, yielding mixed results.®'®
In these reports, the regimens did not include neoadjuvant or
adjuvant chemotherapy; thus total treatment and radiotherapy
durations are identical.

Allal et al® reported on 137 patients with anal cancer treated with
RT alone or with concomitant chemotherapy. RT was delivered in two
sequences, with a median gap of 46 days in between. Total time = 75
days was associated with inferior local control on univariate analyses
but was only of borderline significance on multivariate analysis. Con-
stantinou et al'® found a trend toward higher 5-year survival with
shorter treatment time (86% and 66% for << 40 days and > 40 days,
respectively; P = .14). Weber et al'* reported on 90 patients treated
with split-course radiotherapy. Patients with a longer gap had higher
5-year rates of LRF (38% v 15%, P = .02). On multivariate analysis,
gap duration was an independent predictor of LRF. Similarly,
Deniaud-Alexandre et al'' showed that the duration of the gap was an
independent predictor of DFS in 305 patients treated with split-course
radiotherapy. Graf et al'? evaluated 111 patients treated with split-
course or continuous-course chemoradiotherapy. Total treatment
time was a significant predictor of LF (42% v 21% for > 41 days
and < 41 days, respectively; P = .04).

In contrast, in a recent study of 68 patients, treatment inter-
ruptions did not affect LF or OS.'® Comparing patients with short
(< 8 days) versus long interruption, 5-year rates of LF were
15% versus 19% (P = .60) and of CFS were 85% versus 87%
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(P = .76), respectively. Ceresoli et al® examined the role of dose-
intensity of chemotherapy and RT in 35 patients receiving concur-
rent RT (median dose, 56 Gy) and chemotherapy (two or more
cycles of FU/IMMC). Chemotherapy dose-intensity, but not RT
dose, was associated with better outcomes in univariate and mul-
tivariate analysis. Total time more than 70 days was associated with
a worse DFS on univariate analysis, but not in a multivariate
model. Finally, Myerson et al,>* reporting on 194 patients, did not
find evidence implicating treatment protraction (none v < 2 weeks
or < 2 v > 2 weeks) in poor disease control.

The main hypothesis put forth to explain the detrimental effect of
RT protraction is cellular repopulation. It has been long known that
tissues with a high turnover, such as the intestinal mucosa or skin,
respond to cytotoxic insults with an increase in mitotic rate.”* Exper-
imental evidence suggests that repopulation of clonogenic tumor cells
occurs during fractionated RT**?® with a rate that is equal or greater
than in unperturbed tumors. Because the clinical data suggest a delay
of 3 to 4 weeks in the onset of repopulation,>*® and that the rate of
repopulation may be different during a treatment gap than on days
with radiation,”®" the rate of repopulation was studied in cell culture
and animal models. Although most investigators did not find a prolif-
eration lag period or increased rates of proliferation in gap days,’**’
some reported accelerated repopulation in the latter parts of a radio-
therapy course, coinciding with reoxygenation.*

Understanding of the effect of chemotherapy, alone or when
combined with radiation, on repopulation is more limited. Regrowth
of tumor after initial response to chemotherapy is common and has
been typically attributed to emergence of resistance. However, this
phenomenon could also be explained by repopulation between cycles
of chemotherapy, without any change in sensitivity.>> Indeed, a signif-
icant increase in the rate of repopulation starting 0 to 5 days after
administration of chemotherapy has been reported.”>*” Thus it can-
not be assumed that chemotherapy, when administered concurrently
with radiation, would attenuate repopulation, and there is some evi-
dence that single-modality induction chemotherapy may be detri-
mental in triggering early repopulation.

The implication of our findings is that the use of more intensive
regimens with shorter total treatment time may improve local control
and reduce colostomy rate. Therefore, concurrent chemoradiother-
apy regimens may have an advantage over regimens including induc-
tion chemotherapy. If repopulation is triggered at the start of
treatment, one would expect induction chemotherapy to reduce the
intensity of the regimen by increasing total treatment time. This would
explain our finding that the duration or intensity of the RT compo-
nent alone had no impact on outcome. Because the study that contrib-
uted most to total treatment time protraction (RTOG 98-11) also
substituted cisplatin for MMC, it could be argued that the inferior
outcome in the experimental arm of that trial was due to the inferiority
of cisplatin. However, this is not supported by our finding that on
multivariate analysis the HR associated with the cisplatin group was

not significantly different than the MMC group (HR = 1.02, P = .922,
respectively; Table 3) and seems unlikely given the equivalency of
these agents demonstrated by ACT 2.

Although our findings are suggestive, this study is subject to
weaknesses inherent in retrospective analyses. The patients were not
allocated at random to treatments that differed only by total treatment
time. Despite measures to address this problem (see Statistical Meth-
ods), one cannot exclude the existence of factors that may have con-
founded this analysis. The major strength of this work is the high
quality of the data, collected prospectively in multi-institutional coop-
erative group trials in a large number of patients. In fact, this is the
largest analysis ever conducted on anal cancer. Nevertheless, proof
that shortening treatment time can improve local control and reduce
colostomy rates can come only from a future phase III trial where
treatment time is analyzed prospectively.

In summary, we have shown that total treatment time may have
adetrimental effect on local control and CF in anal cancer. We suspect
that induction chemotherapy, through delay of chemoradiotherapy,
and protraction of total treatment time may contribute to CF. Future
clinical trials should examine the impact of more intense regimens of
shorter duration.
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