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Anal cancer is an uncommon malignancy,
with an estimated 4,650 new cases

expected to be diagnosed in the United
States in 2007.1 Radiotherapy with concur-
rent chemotherapy is the standard of care
for patients with nonmetastatic squamous
cell anal cancer.2–4 Most patients who
undergo chemoradiotherapy as primary
treatment are spared from colostomy, with
abdominoperineal resection necessary for
salvage only in a small proportion of
patients with recurrent or residual disease.
Two randomized trials have shown that
chemoradiotherapy improves local control
compared with radiotherapy alone.2,3

Another randomized trial showed that
radiotherapy and concurrent 5-fluorouracil
(5-FU) and mitomycin C improves disease-
free survival and colostomy-free survival,
compared with radiotherapy and concur-
rent 5-FU alone.4

Most patients treated with chemoradio-
therapy have an excellent prognosis.
Randomized trials in anal cancer have
reported overall survival rates of 60% to
75% in patients treated with chemoradio-

therapy.2–5 However, some heterogeneity
exists among anal cancer patients in their
outcomes. This paper reviews some of the
clinical factors, treatment-related factors,
and biologic factors that affect outcomes in
patients with squamous cell anal carcinoma.

CLINICAL PROGNOSTIC
FACTORS
The most important prognostic factors for
anal cancer are the T and N stages. Many
studies over the past 25 years have
demonstrated the importance of tumor
size and extent and nodal involvement.6–15

Data from randomized trials have further
elucidated the role of T and N stage. The
European Organisation for Research and
Treatment of Cancer (EORTC) performed a
randomized trial in which 110 patients with
anal cancer were randomized to receive
either radiotherapy alone, or radiotherapy
with concurrent 5-FU and mitomycin C.3 In
this trial, patients with no nodal involve-
ment had significantly higher rates of local
control (P = .0017) and overall survival
(P = .045) than patients with nodal in-

volvement. In a multivariate analysis, nodal
involvement was independently associated
with both local control and survival.
However, the extent of nodal involvement
did not appear to affect outcomes, with
N2-3 patients having similar outcomes as
N1 patients. The size and number of
involved nodes also did not affect
outcomes. Moreover, in this trial, T stage,
length of tumor, and circumferential extent
of tumor were not significantly associated
with local control or survival. Tumor thick-
ness had a borderline significant associa-
tion with survival (P = .052), but not with
local control. Since this trial included only
110 patients, the power to detect the
prognostic roles of these different variables
may have been limited.
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Group (ECOG) conducted a randomized
trial in which 310 patients were random-
ized to receive either radiotherapy with
concurrent 5-FU, or radiotherapy with
concurrent 5-FU and mitomycin C.4 In this
trial, patients underwent a biopsy 4–6
weeks after completion of chemoradio-
therapy to assess tumor response. Tumor
size was significantly associated with the
rate of negative biopsies (P = .02). Patients
with tumor size < 5 cm had a 93% rate of
negative biopsies, while patients with
tumor size > 5 cm had an 83% rate of
negative biopsies. In addition, nodal status
was significantly associated with the
colostomy rate (P = .009). Patients with no
nodal involvement had a 13% colostomy
rate, while patients with nodal involvement
had a 28% colostomy rate.

Preliminary results were presented
recently from the RTOG 98-11 trial, in
which 682 patients were randomized to
receive either radiotherapy with concurrent
5-FU and mitomycin C, or induction chemo-
therapy with 5-FU and cisplatin, followed
by radiotherapy with concurrent 5-FU and
cisplatin.5,16 Multivariate analysis showed
that clinical node-positive status (P < .0001)
and tumor size > 5 cm (P = .005) independ-
ently predicted for worse disease-free
survival.

Recent retrospective studies have con-
firmed the prognostic roles of T and N
stage. Investigators from the M. D. Anderson
Cancer Center reported a retrospective
study of 167 patients with nonmetastatic
squamous cell anal carcinoma treated with
definitive chemoradiotherapy.17 On multi-
variate analysis, higher T stage (P = .023)
and higher N stage (P = .030) independ-
ently predicted for a higher rate of locore-
gional failure. The 3-year rate of locore-
gional control was 90% for Tx/T1, 86% for
T2, 77% for T3, and 63% for T4 tumors.
The 3-year rate of locoregional control was
84% to 88% for N0–2 and 39% for N3
tumors. On multivariate analysis, higher N
stage also independently predicted for
lower rates of distant control (P < .001)
and overall survival (P = .001). The 3-year
distant control rate was 94% for N0, 79%
for N1, 75% for N2, and 76% for N3
patients. The 3-year overall survival rate
was 93% for N0, 74% for N1, 74% for N2,
and 56% for N3 patients.

A retrospective study from the Wash-

ington University School of Medicine
evaluated 106 anal cancer patients treated
with radiotherapy, with or without chemo-
therapy, and with or without surgery.18

Univariate analysis showed that tumor
mobility (a surrogate for depth of invasion
by the primary tumor) was significantly
associated with the rate of freedom from
disease (P = .009). The 5-year ultimate
freedom from disease rate was 89% for
mobile tumors and 44% for tethered or
fixed tumors. N stage (P = .001) and TN
stage (P < .001) were also significantly
associated with the rate of freedom from
disease, on univariate analysis. The 5-year
ultimate freedom from disease rate was
79% for node-negative and 27% for node-
positive tumors. When T and N stages
were taken together, the 5-year ultimate
freedom from disease rate was 87% for
T1–2N0, 78% for T3N0 and 43% for either
T4N0 or any node-positive tumors. On
multivariate analysis, extent of disease
(T1–2N0 vs. T3N0 vs. T4 or N+) was the
only factor that independently predicted
for ultimate freedom from disease, local
control, and freedom from relapse.

The studies discussed above clearly
show the important prognostic role of T
and N stage. In addition to T and N stage,
certain other clinical factors may be
associated with outcomes in anal cancer
patients. Some studies have indicated that
women have better prognosis than men. In
the EORTC randomized trial, women had
significantly higher rates of local control (P
= .0028) and overall survival (P = .0034)
than did men.3 On multivariate analysis,
gender was an independent predictor for
both local control and survival. In the
RTOG 98-11 trial, men had significantly
lower rates of disease-free survival than
women (P = .014).5

A retrospective study from the Wash-
ington University School of Medicine showed
that gender was significantly associated
with rates of ultimate freedom from disease
(P = .02).18 The 5-year ultimate freedom
from disease rate was 54% for men and
80% for women. However, there were imbal-
ances in stage between men and women in
this study, and gender was not an inde-
pendent predictor of freedom from disease
on multivariate analysis. Other studies have
not found a significant association between
gender and outcome.15,17 A large retrospec-

tive study from the M. D. Anderson Cancer
Center reported that gender was not signif-
icantly associated with rates of locoregional
control, distant metastasis, or overall
survival.17 Hence, the prognostic role of
gender is not completely clear.

A number of studies have investigated
whether the degree of differentiation and
histologic subtype affect prognosis. In the
EORTC randomized trial, the degree of
differentiation and the histologic subtype
(squamous vs. other) were not found to be
significant prognostic factors.3 A retrospec-
tive study of 242 patients from France re-
ported that survival appeared to be better
in patients with cloacogenic subtype;
however, there was no significant differ-
ence in survival between three pathologic
categories (cloacogenic vs. well-differenti-
ated vs. moderately/poorly-differentiated).12

Investigators from the Princess Margaret
Hospital conducted a study in 192 patients,
in which they reported a trend toward
greater tumor control in basaloid tumors
than in squamous tumors (P = .13)15 In the
Washington University retrospective study
discussed earlier, the degree of differentia-
tion was not significantly associated with
the rate of ultimate freedom from disease.18

There was a trend toward an improved 5-
year rate of ultimate freedom from disease
in patients with cloacogenic histology
(84%), compared to those with squamous
histology (66%), with a P value of .06.
However, on multivariate analysis, histo-
logic subtype was not an independent
prognostic factor.

In the M. D. Anderson retrospective
study, the degree of differentiation was not
significantly associated with rates of
locoregional control, distant metastasis or
overall survival.17 Basaloid subtype was
significantly associated with a higher rate
of distant metastasis, both on univariate
and multivariate analysis (hazard ratio
[HR] 4.23, P = .003). On the other hand,
other studies have indicated that there are
no significant differences in prognosis
between different histologic subtypes.6,19,20

Thus, conflicting data exist about the role
of histologic subtypes, which is further
complicated by the low reproducibility of
identifying subtypes, even among experi-
enced pathologists.21 The 2000 World
Health Organization classification recom-
mends that the generic term squamous
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cell carcinoma be used for all subtypes.22

As discussed above, most studies indicate
that the degree of differentiation is unlikely
to have an independent prognostic role in
anal cancer. The role of differentiation
degree is also limited by the lack of clear,
well-described grading criteria.22

Since patients with human immunode-
ficiency virus (HIV) infection have a higher
risk for developing anal cancer, studies
have evaluated the effect of HIV status in
patients with anal cancer. Most studies on
HIV-positive patients treated with chemo-
radiotherapy indicate that these patients
have rates of tumor response and locore-
gional control that are comparable to HIV-
negative patients.23–29 However, HIV-posi-
tive patients experience higher rates of
toxicity and demonstrate relatively lower
rates of treatment compliance, which may
affect outcomes.23,30,31 HIV-positive anal
cancer patients also appear to have lower
overall survival rates compared to HIV-nega-
tive patients, but this difference is likely
due to their underlying disease and comor-
bidities.17,23

Recent studies have investigated whether
positron emission tomography (PET) could
play a role in the evaluation of anal cancer
patients. A prospective study in 21 patients
with anal cancer showed that pretreatment
PET scan identified involvement of pelvic
lymph nodes in 4 (19%) patients and omental
metastasis in 1 patient, which were not ob-
served on computed tomography (CT)
scan.32 Investigators from the Washington
University School of Medicine reported a
study in 41 patients with anal cancer in
which PET/CT scans detected abnormal
uptake in pelvic nodes in 5 patients (12%)
with normal pelvic CT scans.33 Moreover,
PET/CT scans detected abnormal uptake in
17% of groins that were negative by both
CT and physical examination.33 Another pro-
spective study of 62 patients with anal
cancer demonstrated that PET scan had
higher sensitivity for detecting nodal
disease (92% vs. 72%) than conventional
imaging.34 This study also showed that PET
scan upstaged 15%, altered management
intent in 3%, and altered radiation fields in
13% of patients.34 The National Compre-
hensive Cancer Network (NCCN) now
recommends PET scan as part of the
evaluation for patients with anal cancer.35

TREATMENT-RELATED
PROGNOSTIC FACTORS
Response to treatment could be an impor-
tant prognostic factor for anal cancer. In a
study from France in 305 patients treated
mostly with radiotherapy alone, response
to radiotherapy was significantly associated
with disease-free survival, both on uni-
variate and multivariate analysis.36 Patients
with a clinical complete response to radio-
therapy had a 5-year disease-free survival
rate of 80%, while those without a clinical
complete response had a 5-year disease-
free survival rate of 41%. In another study
from France, 118 patients were treated
with an initial course of external beam radio-
therapy, with or without chemotherapy, fol-
lowed by brachytherapy or external beam
boost after 2 months.13 Multivariate
analysis showed that the response to the
initial course of radiotherapy independ-
ently predicted for local control (P = .007),
locoregional control (P < .001), and anal-
cancer–specific survival (P < .001).

In a third study from France, 252 pa-
tients were treated with external beam
radiotherapy, with concurrent chemo-
therapy in 67%, followed by brachytherapy
or external beam boost.37 Response to the
initial course of radiotherapy was assessed
about 4 weeks after completion of treat-
ment in 221 patients. Response to radio-
therapy was significantly associated with
overall survival on both univariate (P = .02)
and multivariate (P < .01) analysis. The
5-year overall survival rate was 81% for
patients with tumor regression >80%, and
58% for those with tumor regression
<80%. Response to radiotherapy was also
significantly associated with disease-free
survival on both univariate (P = .0005) and
multivariate (P < .001) analysis. The 5-
year disease-free survival rate was 70% for
patients with tumor regression >80%, and
39% for those with tumor regression
<80%. Response to chemoradiotherapy
has been shown to be an important
prognostic factor in other malignancies
such as rectal cancer and esophageal
cancer, and could play an important role
also in the prognosis of anal cancer
patients.38–44

Radiotherapy dose could affect the
outcome of anal cancer patients. A recent
study from Brazil in 43 anal cancer
patients showed that patients treated with

a radiation dose >50 Gy at the primary
tumor had significantly higher local control
than those treated with <50 Gy (crude
rates 86% vs. 34%, P = .012).45

Investigators from the Massachusetts
General Hospital and Boston University
Medical Center reported a study of 50
patients, in which radiation dose was
significantly associated with higher rates of
overall survival (P = .02) and local control
(P = .04).46 The 5-year overall survival rate
was 84% in patients treated with >54 Gy
and 47% in those treated with <54 Gy. The
5-year local control rate was 77% in
patients treated with >54 Gy and 61% in
those treated with <54 Gy.

Interruptions in treatment and pro-
longed courses of radiotherapy could re-
duce the biologic effectiveness of radio-
therapy. In the study from Massachusetts
General Hospital discussed above, there
was a trend toward higher survival in pa-
tients with lower treatment time, but the
difference was not statistically significant
(P = .14). Patients with an overall treatment
time <40 days had a 5-year survival rate of
86%, while those with treatment time >40
days had a 5-year survival rate of 66%.
Other studies have also assessed the effect
of treatment time and breaks during radio-
therapy. A study from Switzerland of 90
patients treated with a split course of radio-
therapy showed that patients treated with a
longer gap between the two split courses of
radiotherapy had significantly lower rates
of locoregional control than those with a
shorter gap (5-year rates 62% vs. 85%, P
= .02).47 On multivariate analysis, gap
duration was an independent predictor of
locoregional control. Similarly, a study from
France of 305 patients treated with an
initial course of radiotherapy, followed by a
boost after a gap, showed that the duration
of the gap independently predicted for
disease-free survival.36 A study from
Germany evaluated 111 patients treated
with chemoradiotherapy, with radiotherapy
delivered as either a split course or a
continuous course.48 Patients with an
overall treatment time >41 days had a
significantly lower 5-year local control rate
than patients with an overall treatment
time <41 days (58% vs. 79%, P = .04). In
contrast, a recent study of 68 patients
reported that the length of treatment inter-
ruption did not affect local control or
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overall survival.49 However, the preponder-
ance of evidence indicates that the
duration of radiotherapy is an important
prognostic factor for anal cancer.

MOLECULAR PROGNOSTIC
FACTORS
Some studies have investigated the role of
molecular and biologic prognostic factors
in anal cancer. A study of 64 patients
treated on the RTOG 87-04 trial showed a
trend toward lower locoregional control
(52% vs. 72%, P = .13) and overall survival
(58% vs. 78%, P = .14) in patients with
tumors overexpressing the tumor suppressor
p53.50 Investigators from the Princess
Margaret Hospital reported that increasing
p53 expression was associated with worse
disease-free survival (P = .01) and locore-
gional control (P = .02), based on a multi-
variate analysis of 49 patients.51 A recent
study of 215 patients from Sweden showed
that high expression of the cell cycle
regulator cyclin A was significantly associ-
ated with higher rates of overall survival
(77% vs. 59%, P = .005) and lower rates of
locoregional failure (12% vs. 24%, P < .05).52

In addition, this study showed that reduced
expression of the cell cycle regulator p21
was associated with a significantly higher
rate of locoregional failure (27% vs. 14%,
P < .05), and a trend toward a lower overall
survival rate (62% vs. 71%, P = .08).52

A study from the Norwegian Radium
Hospital also indicated that lower p21
expression was associated with signifi-
cantly lower overall survival (P = .013).53

Investigators from Sweden reported that
patients with tumor budding (detected by
laminin-5 immunohistochemistry) had
significantly higher rates of 5-year overall
survival than patients without tumor
budding (74% vs. 64%, P < .05), although
tumor budding has been associated with
poor prognosis in other cancers.54 A
German study showed that a higher pro-
liferative potential, as measured by the
MIB-1 labeling index, was associated with
a significantly higher rate of colostomy-free
survival (90% vs. 50%, P = .04).14 How-
ever, another study did not detect any
significant association between MIB-1
index and survival, disease-free survival, or
locoregional control.55

DNA-ploidy was shown to be an
independent predictor of anal cancer-

related death in one study, but was not
shown to be an independent predictor of
outcomes in another study.56,57 Most of
these studies on molecular and biologic
markers are based on a limited number of
patients. Moreover, a lack of concordance
exists between different studies regarding
the role of molecular markers. Further
studies are, therefore, warranted to
evaluate the role of molecular and biologic
prognostic factors in anal cancer.

DISCUSSION
Although many studies have attempted to
identify prognostic factors for anal cancer,
T and N classification remain the most
important and reliable prognostic factors.
Some studies have indicated that women
may have a better prognosis than men,
though this has not been confirmed by
other studies. Histologic subtypes and
degree of differentiation do not appear to
have clear prognostic value, and their role
is complicated by the lack of uniform
criteria and reproducibility in determining
subtypes and grades. Response to radio-
therapy appears to be an important
prognostic factor, and could serve as a
marker for tumor biology. Treatment-
related factors such as radiotherapy dose
and radiotherapy treatment time likely
have an important effect on outcomes.
Some studies have shown the prognostic
role of molecular markers, such as the
tumor suppressor p53, the cell cycle
regulators p21 and cyclin A, and the prolif-
eration marker MIB-1 index, but most of
these studies are based on a relatively
small number of patients.

The rarity of anal cancer makes it
particularly difficult to conduct investiga-
tions on prognostic factors, and our knowl-
edge on the topic remains limited. Multi-
institutional and collaborative group
studies are warranted to determine
prognostic factors, especially biologic and
molecular factors. Although most patients
with anal cancer have an excellent
prognosis, poor outcomes are associated
with a subgroup of patients. Prognostic
models and nomograms should be devel-
oped to identify these patients. A better
knowledge of prognostic factors would
help us target high-risk patients in trials of
newer and more aggressive local and
systemic treatments. Moreover, a better

understanding of molecular biology is
needed to characterize the inherent
heterogeneity of anal cancer and thereby
develop optimal therapies.

REFERENCES
1. Jemal A, Siegel R, Ward E, et al: Cancer statis-

tics, 2007. CA Cancer J Clin 57:43–66, 2007

2. Epidermoid anal cancer: results from the UKC-
CCR randomised trial of radiotherapy alone ver-
sus radiotherapy, 5-fluorouracil, and mito-
mycin. UKCCCR Anal Cancer Trial Working
Party. UK Co-ordinating Committee on Cancer
Research. Lancet 348:1049–1054, 1996

3. Bartelink H, Roelofsen F, Eschwege F, 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 15:2040–
2049, 1997

4. Flam M, John M, Pajak TF, et al: Role of mito-
mycin in combination with fluorouracil and
radiotherapy, and of salvage chemoradiation in
the definitive nonsurgical treatment of epider-
moid carcinoma of the anal canal: results of a
phase III randomized intergroup study. J Clin
Oncol 14:2527–2539, 1996

5. Gunderson LL, Winter KA, Ajani JA, et al:
Intergroup RTOG 9811 phase III comparison of
chemoradiation with 5-FU and mitomycin vs 5-
FU and cisplatin for anal canal carcinoma:
impact on disease-free, overall and colostomy-
free survival. Int J Radiat Oncol Biol Phys
66:S24, 2006 (abstr 43)

6. Salmon RJ, Zafrani B, Labib A, et al: Prognosis
of cloacogenic and squamous cancers of the
anal canal. Dis Colon Rectum 29:336–340, 1986

7. Sischy B, Doggett RL, Krall JM, et al: Definitive
irradiation and chemotherapy for radiosensiti-
zation in management of anal carcinoma: inter-
im report on Radiation Therapy Oncology
Group study no. 8314. J Natl Cancer Inst 81:
850–856, 1989

8. Svensson C, Goldman S, Friberg B: Radiation
treatment of epidermoid cancer of the anus. Int
J Radiat Oncol Biol Phys 27:67–73, 1993

9. Longo WE, Vernava AM, 3rd, Wade TP, et al:
Recurrent squamous cell carcinoma of the anal
canal. Predictors of initial treatment failure and
results of salvage therapy. Ann Surg 220:
40–49, 1994

10. Dobrowsky W: Radiotherapy of epidermoid anal
canal cancer. Br J Radiol 62:53–58, 1989

11. Eschwege F, Lasser P, Chavy A, et al: Squa-
mous cell carcinoma of the anal canal: treat-
ment by external beam irradiation. Radiother
Oncol 3:145–150 1985

12. Schlienger M, Krzisch C, Pene F, et al: Epi-
dermoid carcinoma of the anal canal treatment
results and prognostic variables in a series of
242 cases. Int J Radiat Oncol Biol Phys
17:1141–1151, 1989

13. Peiffert D, Bey P, Pernot M, et al: Conservative
treatment by irradiation of epidermoid cancers
of the anal canal: prognostic factors of tumoral
control and complications. Int J Radiat Oncol



14 Gastrointestinal Cancer Research Volume 2 • Issue 1

P. Das, et al.

Biol Phys 37:313–324, 1997

14. Grabenbauer GG, Matzel KE, Schneider IH, et
al: Sphincter preservation with chemoradiation
in anal canal carcinoma: abdominoperineal
resection in selected cases? Dis Colon Rectum
41:441–450, 1998

15. Cummings BJ, Keane TJ, O’Sullivan B, et al:
Epidermoid anal cancer: treatment by radiation
alone or by radiation and 5-fluorouracil with
and without mitomycin C. Int J Radiat Oncol
Biol Phys 21:1115–1125, 1991

16. Ajani JA, Winter KA, Gunderson LL, et al: Inter-
group RTOG 98-11: A phase III randomized
study of 5-fluoruracil (5-FU), mitomycin, and
radiotherapy versus 5-fluorouracil, cisplatin
and radiotherapy in carcinoma of the anal
canal. J Clin Oncol 24:180s. 2006

17. Das P, Bhatia S, Eng C, et al: Predictors and
patterns of recurrence after definitive chemora-
diation for anal cancer. Int J Radiat Oncol Biol
Phys 68:794–800, 2007

18. Myerson RJ, Kong F, Birnbaum EH, et al:
Radiation therapy for epidermoid carcinoma of
the anal canal, clinical and treatment factors
associated with outcome. Radiother Oncol
61:15–22, 2001

19. Dougherty BG, Evans HL: Carcinoma of the
anal canal: a study of 79 cases. Am J Clin
Pathol 83:159–164, 1985

20. Singh R, Nime F, Mittelman A: Malignant
epithelial tumors of the anal canal. Cancer
48:411–415, 1981

21. Fenger C, Frisch M, Jass JJ, et al: Anal cancer
subtype reproducibility study. Virchows Arch
436:229–233, 2000

22. Fenger C: Prognostic factors in anal carcinoma.
Pathology 34:573–578, 2002

23. Edelman S, Johnstone PA: Combined modality
therapy for HIV-infected patients with squa-
mous cell carcinoma of the anus: outcomes
and toxicities. Int J Radiat Oncol Biol Phys
66:206–211, 2006

24. Cleator S, Fife K, Nelson M, et al: Treatment of
HIV-associated invasive anal cancer with com-
bined chemoradiation. Eur J Cancer 36:754–
758, 2000

25. Peddada AV, Smith DE, Rao AR, et al: Chemo-
therapy and low-dose radiotherapy in the treat-
ment of HIV-infected patients with carcinoma of
the anal canal. Int J Radiat Oncol Biol Phys
37:1101–1105, 1997

26. Blazy A, Hennequin C, Gornet JM, et al: Anal
carcinomas in HIV-positive patients: high-dose
chemoradiotherapy is feasible in the era of
highly active antiretroviral therapy. Dis Colon
Rectum 48:1176–1181, 2005

27. Kim JH, Sarani B, Orkin BA, et al: HIV-positive
patients with anal carcinoma have poorer treat-
ment tolerance and outcome than HIV-negative
patients. Dis Colon Rectum 44:1496–1502, 2001

28. Hoffman R, Welton ML, Klencke B, et al: The
significance of pretreatment CD4 count on the
outcome and treatment tolerance of HIV-posi-
tive patients with anal cancer. Int J Radiat
Oncol Biol Phys 44:127–131, 1999

29. Chadha M, Rosenblatt EA, Malamud S, et al:

Squamous-cell carcinoma of the anus in HIV-
positive patients. Dis Colon Rectum 37:861–
865, 1994

30. Oehler-Janne C, Seifert B, Lutolf UM, et al:
Local tumor control and toxicity in HIV-associat-
ed anal carcinoma treated with radiotherapy in
the era of antiretroviral therapy. Radiat Oncol
1:29, 2006

31. Kauh J, Koshy M, Gunthel C, et al: Manage-
ment of anal cancer in the HIV-positive popula-
tion. Oncology (Williston Park) 19:1634–1638,
2005

32. Trautmann TG, Zuger JH: Positron emission
tomography for pretreatment staging and post-
treatment evaluation in cancer of the anal
canal. Mol Imaging Biol 7:309–313, 2005

33. Cotter SE, Grigsby PW, Siegel BA, et al: FDG-
PET/CT in the evaluation of anal carcinoma. Int
J Radiat Oncol Biol Phys 65:720–725, 2006

34. Tasevski R, de Winton E, Ngan S, et al: Cr13
utility of 18-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) in the staging
and management of anal cancer. ANZ J Surg
77(suppl 1):A17, 2007

35. National Comprehensive Cancer Network:
NCCN Clinical Practice Guidelines in Oncology,
Anal Carcinoma. Available at: http://www.nccn.org/
professionals/physician_gls/PDF/anal.pdf.
Accessed October 3, 2007

36. Deniaud-Alexandre E, Touboul E, Tiret E, et al:
Results of definitive irradiation in a series of
305 epidermoid carcinomas of the anal canal.
Int J Radiat Oncol Biol Phys 56:1259–1273,
2003

37. Chapet O, Gerard JP, Riche B, et al: Prognostic
value of tumor regression evaluated after first
course of radiotherapy for anal canal cancer. Int
J Radiat Oncol Biol Phys 63:1316–1324, 2005

38. Janjan NA, Abbruzzese J, Pazdur R, et al:
Prognostic implications of response to preoper-
ative infusional chemoradiation in locally
advanced rectal cancer. Radiother Oncol
51:153–160, 1999

39. Janjan NA, Crane C, Feig BW, et al: Improved
overall survival among responders to preopera-
tive chemoradiation for locally advanced rectal
cancer. Am J Clin Oncol 24:107–112, 2001

40. Stipa F, Chessin DB, Shia J, et al: A pathologic
complete response of rectal cancer to preoper-
ative combined-modality therapy results in
improved oncological outcome compared with
those who achieve no downstaging on the basis
of preoperative endorectal ultrasonography.
Ann Surg Oncol 13:1047–1053, 2006

41. Rodel C, Martus P, Papadoupolos T, et al: Prog-
nostic significance of tumor regression after
preoperative chemoradiotherapy for rectal can-
cer. J Clin Oncol 23:8688–8696, 2005

42. Berger AC, Farma J, Scott WJ, et al: Complete
response to neoadjuvant chemoradiotherapy in
esophageal carcinoma is associated with signif-
icantly improved survival. J Clin Oncol 23:4330–
4337, 2005

43. Rohatgi P, Swisher SG, Correa AM, et al: Charac-
terization of pathologic complete response after
preoperative chemoradiotherapy in carcinoma

of the esophagus and outcome after pathologic
complete response. Cancer 104:2365–2372,
2005

44. Chirieac LR, Swisher SG, Ajani JA, et al:
Posttherapy pathologic stage predicts survival
in patients with esophageal carcinoma receiv-
ing preoperative chemoradiation. Cancer 103:
1347–1355, 2005

45. Ferrigno R, Nakamura RA, Dos Santos Novaes
PE, et al: Radiochemotherapy in the conserva-
tive treatment of anal canal carcinoma: retro-
spective analysis of results and radiation dose
effectiveness. Int J Radiat Oncol Biol Phys
61:1136–1142, 2005

46. Constantinou EC, Daly W, Fung CY, et al: Time-
dose considerations in the treatment of anal
cancer. Int J Radiat Oncol Biol Phys 39:651–
657, 1997

47. Weber DC, Kurtz JM, Allal AS: The impact of
gap duration on local control in anal canal car-
cinoma treated by split-course radiotherapy
and concomitant chemotherapy. Int J Radiat
Oncol Biol Phys 50:675–680, 2001

48. Graf R, Wust P, Hildebrandt B, et al: Impact of
overall treatment time on local control of anal
cancer treated with radiochemotherapy.
Oncology 65:14–22, 2003

49. Meyer A, Meier Zu Eissen J, Karstens JH, et al:
Chemoradiotherapy in patients with anal can-
cer: impact of length of unplanned treatment
interruption on outcome. Acta Oncol 45:728–
735, 2006

50. Bonin SR, Pajak TF, Russell AH, et al: Over-
expression of p53 protein and outcome of
patients treated with chemoradiation for carci-
noma of the anal canal: a report of randomized
trial RTOG 87-04. Radiation Therapy Oncology
Group. Cancer 85:1226–1233, 1999

51. Wong CS, Tsao MS, Sharma V, et al: Prognostic
role of p53 protein expression in epidermoid
carcinoma of the anal canal. Int J Radiat Oncol
Biol Phys 45:309–314, 1999

52. Nilsson PJ, Lenander C, Rubio C, et al: Prog-
nostic significance of cyclin A in epidermoid
anal cancer. Oncol Rep 16:443–449, 2006

53. Holm R, Skovlund E, Skomedal H, et al: Re-
duced expression of p21WAF1 is an indicator of
malignant behaviour in anal carcinomas.
Histopathology 39:43–49, 2001

54. Nilsson PJ, Rubio C, Lenander C, et al: Tumour
budding detected by laminin-5 {gamma}2-
chain immunohistochemistry is of prognostic
value in epidermoid anal cancer. Ann Oncol
16:893–898, 2005

55. Allal AS, Alonso-Pentzke L, Remadi S: Apparent
lack of prognostic value of MIB-1 index in anal
carcinomas treated by radiotherapy. Br J
Cancer 77:1333–1336, 1998

56. Shepherd NA, Scholefield JH, Love SB, et al:
Prognostic factors in anal squamous carcino-
ma: a multivariate analysis of clinical, patholog-
ical and flow cytometric parameters in 235
cases. Histopathology 16:545–555, 1990

57. Scott NA, Beart RW, Jr., Weiland LH, et al:
Carcinoma of the anal canal and flow cytomet-
ric DNA analysis. Br J Cancer 60:56–58, 1989

Disclosures of Potential Conflicts of Interest

The authors indicated no potential conflicts of interest.


