
ORIGINAL ARTICLE

Prognostic impact of tumour burden assessed by metabolic
tumour volume on FDG PET/CT in anal canal cancer

Mathieu Gauthé1,2 &Marion Richard-Molard3
& Juliette Fayard4

& Jean-Louis Alberini1 &

Wulfran Cacheux4
& Astrid Lièvre4,5,6

Received: 5 April 2016 /Accepted: 25 July 2016 /Published online: 9 August 2016
# Springer-Verlag Berlin Heidelberg 2016

Abstract
Purpose The aim of this study was to confirm the prognostic
value of metabolic tumour volume (MTV) at the primary site
on initial work-up FDG PET/CT in patients with squamous
cell carcinoma (SCC) of the anal canal.
Methods Patients with a recent diagnosis of SCC of the anal
canal without metastases undergoing PET/CT for initial work-
up and treated with (chemo)radiotherapy were retrospectively
reviewed. Computer-aided MTV and SUVmax were deter-
mined. Survival rates were estimated using the Kaplan-
Meier method. Cox regression analysis was used to evaluate
prognostic variables of progression-free survival and overall
survival (OS).
Results The study group comprised 75 patients who had an
initial work-up PET/CT. Five patients (6.7 %) had stage I dis-
ease, 22 (29.3 %) stage II disease, 20 (26.7 %) stage IIIA
disease, and 28 (37.3 %) stage IIIB disease. Median follow-
up was 51 months (range 10 – 117 months). Global 4-year OS
was 82.7 %, ranging from 100 % in patients with stage I dis-
ease to 75 % in patients with stage IIIB disease. MTV at the
primary site was significantly and independently correlated

with OS (p < 0.05), as patients with MTV less than 7 cm3

had a better prognosis. SUVmax was not correlated with sur-
vival parameters. Metabolic involvement of the inguinal
lymph nodes was also correlated with a poor outcome in the
univariate analysis (p < 0.05).
Conclusion MTVat the primary site is a prognostic biomarker
in anal canal cancer. Hypermetabolic inguinal lymph nodes
also appear to be correlated with survival.

Keywords Anal cancer . FDG . PET/CT .Metabolic tumour
volume . Initial work-up

Introduction

Squamous cell carcinoma (SCC) of the anal canal is a rare but
increasingly common malignancy, accounting for 0.4 % of all
malignancies and 0.2 % of all cancer deaths [1]. In the major-
ity of patients anal SCC is diagnosed at a localized or locally
advanced stage (only 5 % have metastatic disease at the time
of diagnosis) [1, 2] and concurrent chemoradiotherapy (CRT)
is the standard treatment in this setting [3]. The 5-year survival
in patients with all clinical stages of this disease is 65.5 %,
ranging from 79.7% in those with localized disease to 32% in
those with metastatic disease [1, 2]. The three major prognos-
tic factors for progression-free survival (PFS) and overall sur-
vival (OS) are site (anal canal vs. perianal skin), size (primary
tumours <2 cm in diameter are associated with a better prog-
nosis), and nodal status [4]. Pretreatment prognostic factors
able to more accurately identify patients at high risk of recur-
rence who may benefit from optimized treatment are therefore
lacking. There is increasing evidence of the usefulness of 18F-
FDG PET/CT in the management of anal SCC.

A recent study conducted in 39 patients showed that
total metabolic tumour volume (MTV), defined as the
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sum of the volumes above a standardized uptake value of
50 % of the SUVmax within the primary tumour and
involved nodes, may be a reliable prognostic marker, as
a higher pretreatment total MTV was associated with a
poorer OS, PFS and event-free survival [5]. MTV that
reflects the volume of tumour tissue with hypermetabolic
activity on PET is an increasingly valuable biomarker in
several solid malignancies [5–8]. The authors also con-
cluded that more studies on this parameter are needed to
validate these findings [5]. The National Comprehensive
Cancer Network (NCCN) recommends considering PET/
CT for staging T2–T4 N0 or any N+ anal canal cancer [9].

The aim of this study was to confirm the prognostic value
of pretreatment MTV measured at the primary site on initial
work-up FDG PET/CT in a large series of patients with local-
ized or locally advanced anal SCC treated with radiotherapy
(RT) or CRT.

Materials and methods

Patients

All patients referred to one of the two hospitals of our institu-
tion with anal SCC between September 2005 and July 2013
were retrospectively reviewed. Inclusion criteria were patients
undergoing pretreatment staging PET/CT for a recent diagno-
sis of localized anal SCC, histologically documented and not
previously treated. Exclusion criteria were other histological
types of anal canal tumours and perianal skin tumours, previ-
ously treated anal tumours, patients undergoing PET/CT im-
aging only during or after RT/CRT and patients with distant
metastases (stage IV).

This study was conducted in accordance with the principles
of the amended Declaration of Helsinki and was approved by
the institutional review board; the need for written informed
consent was waived.

Initial work-up and patient staging

Initial work-up of patients, including transanal ultrasonog-
raphy (TAUS), and/or pelvic MRI and/or contrast-
enhanced CT (CE-CT) of the chest, abdomen and pelvis,
was recorded. All patients were restaged according to the
AJCC classification [2] using all available imaging stud-
ies. The diagnosis of inguinal node involvement was cy-
tologically confirmed when lesions were ambiguous on
clinical examination and/or imaging work-up.

Treatment

Patients were treated according to national guidelines
published in the Thésaurus national de cancérologie

digestive (French Digestive Oncology Thesaurus) [10].
Stage I and low-risk stage II (T2 ≤ 3cm N0) cancers were
treated exclusively with external RT (total dose 45 Gy
plus a boost dose of 20 Gy to the primary target volume
by brachytherapy or external RT). High-risk stage II (T2 > 3cm
N0 and T3 N0) and stage III (A and B) cancers were treated
with concurrent CRT, comprising pelvic external RT (total dose
45 Gy plus a boost dose of 20 Gy to the primary target volume
by brachytherapy or external RT) and 5-fluorouracil
(5FU)/cisplatin or 5FU/mitomycin C chemotherapy (choice of
regimen left to the discretion of the referring physician
after treatment plan validation in a multidisciplinary
meeting).

PET/CT protocol

PET/CT scans were performed before treatment. All patients
fasted for at least 6 h before the examination and blood glu-
cose levels were determined (normal range 4.4 – 6.7 mmol/l).
Standard whole-body PET/CT (Discovery D690; GE
Healthcare) was performed from the vertex to the mid-thigh
60 min after intravenous administration of FDG (3 – 4 MBq/
kg) with imaging times of 3 to 5 min per bed position depend-
ing on the patient’s weight. A low-dose CT scan without con-
trast enhancement was performed according to a standardized
protocol for attenuation correction and anatomical localization
prior to PET acquisition. Images were reconstructed using the
OSEM (ordered-subsets expectation maximization) weighted
method based on two iterations and 24 subsets.

PET/CT interpretation

Computer-aided MTV and SUVmax were calculated using
dedicated software (ADW Workstation; GE Healthcare).
PET/CT images were interpreted in the axial, coronal,
and sagittal planes. SUVmax was determined according
to the standard formula, calculating activity in the volume
of interest (VOI) from the input data recorded as injected
activity (becquerels per millilitre) or injected dose
(becquerels per kilogram body weight), and corrected for
time delay. All PET/CT images were reviewed twice by
the same experienced nuclear medicine physician who
was blinded to the clinical data.

The primary site was identified as abnormal focal up-
take in the anal canal, with or without a corresponding
anatomical lesion on CT. MTV was defined as the hyper-
metabolic tissue volume with a cut-off greater than 50 %
of SUVmax at the primary site. SUVmax and MTV
values were determined automatically after a semiauto-
matic determination of the VOI around the anal canal
tumour by the nuclear medicine physician, excluding the
bladder and hypermetabolic lymph nodes. The 50 % cut-
off was chosen on the basis of numerous studies of
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tumours in a variety of sites demonstrating that MTV
defined using a 50 % cut-off is significantly correlated
with patient outcome [5–8]. Lymph node extension on
PET/CT was classified according to four anatomical areas
(based on the TNM classification): perirectal, pelvic (in-
ternal and external iliac lymph nodes), inguinal and
presacral. Criteria for positives nodes were abnormal
FDG uptake defined as greater than mediastinal uptake,
and/or an abnormal anatomical structure on CT defined as
greater than 15 mm in shortest diameter, asymmetrically
enlarged, or with evidence of central necrosis.

Patient follow-up

Patients were followed up at least weekly during treatment.
After completing therapy, they were evaluated clinically
every 3 to 4 months for 2 years, then every 6 months for
3 years, and annually thereafter. A CE-CT scan of the
chest, abdomen and pelvis was performed annually [10].
Persistent disease was defined as histologically proven re-
sidual disease within 6 months after completion of treat-
ment. After a complete response to RT or CRT, when clin-
ical examination and/or imaging revealed signs of local or
metastatic disease, biopsies of suspicious lesions were per-
formed, whenever feasible, to confirm tumour recurrence.

Statistical analysis

Data were analysed using R software (2014; R: A Language
and Environment for Statistical Computing, R Foundation
for Statistical Computing, Vienna, Austria). Survival rates
were estimated using the Kaplan-Meier method. PFS was
calculated as the time from the date of initiation of RT or
CRT to the date of histologically documented recurrence or
persistent disease within 6 months after completion of treat-
ment. OS was calculated from the date of initiation of RT or
CRT to the date of death from any cause or last follow-up.
Survival curves were compared using the log-rank test.
Time-dependent receiver operating characteristic (ROC)
analysis was used to determine area under the curve and
cut-off values to estimate the prognostic ability of MTV
and SUVmax. Cox regression univariate analysis was used
to evaluate prognostic variables for prediction of PFS and
OS. Cox regression multivariate analysis was performed to
determine the associations between risk factors identified in
the univariate analysis (p < 0.05) adjusted for confounders
and outcome. The prognostic variables analysed included
age at diagnosis, gender, TN (tumour node) status and clin-
ical stage, and lymph node extension for each anatomical
area on PET/CT. A p value less than 0.05 was considered to
be statistically significant.

Results

Patient and tumour characteristics

Between September 2005 and July 2013, 75 patients had an
initial work-up FDG PET/CT for anal SCC. Patient character-
istics are summarized in Table 1.

In addition to PET/CT for initial imaging work-up, 86.7 %
of patients underwent TAUS and 77.3 % CE-CT of the chest,
abdomen and pelvis, and more than half of the patients had
pelvic MRI (Table 2). Overall, 13 patients had hypermetabolic
inguinal lymph nodes on PET/CT. Tumour involvement was
cytologically confirmed in six patients. In the other seven
patients, the diagnosis was based on clinical examination with
(five patients) or without (two patients) pelvic MRI. Each
diagnosis of inguinal lymph node involvement was finally
validated in a multidisciplinary meeting.

Most patients (77.3 %) received concurrent CRT, combin-
ing external RT (median radiation dose to the primary tumour
65 ± 6.6 Gy) and chemotherapy, mostly (in 48 patients) with a
5FU/cisplatin based combination (Table 2).

Follow-up, survival and prognostic factors

Follow-up Median follow-up was 51 months (range
10 – 117 months). Median PFS and OS according to T,
N and stage groups are summarized in Table 3. OS rate at
4 years was 82.7 % (100 %, 91 %, 80 % and 75 % in
patients with stage I, II, IIIA and IIIB disease, respective-
ly). Seven patients (9 %) did not achieve a complete re-
sponse to RT or CRT. Eleven patients (14.7 %) relapsed
(eight had locoregional relapse amenable to salvage sur-
gery and three had unresectable or distant metastatic re-
lapse). Thirteen patients died, 12 from anal canal cancer
and 1 from metastatic urothelial carcinoma. One patient
was lost to follow-up after 35 months of follow-up.

Kaplan-Meier analysis of MTV and SUVmax The median
injected activity, imaging time and blood glucose serum level
before FDG injection were 4.4 ± 0.8MBq/kg, 60 ± 11min and
5.3 ± 0.9 mmol/l, respectively. No FDG extravasation at the
injection site was recorded. From the ROC analysis, the MTV
cut-off value was 7 cm3 (AUC 0.73; p = 0.009) and the
SUVmax cut-off value was 18 (AUC 0.59; p = 0.31) at the
primary site. MTV at the primary site of less than 7 cm3 was
significantly associated with OS (chi2 = 11.276; p = 0.01;
Fig. 1), but was not significantly associated with PFS
(chi2 = 3.313; p = 0.07; Fig. 2). There were no significant dif-
ferences in PFS or OS according to the defined cut-off value
for SUVmax.

Univariate analysisMTVat the primary site was a significant
predictor of OS (p = 0.0011), but not PFS. The presence of
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hypermetabolic inguinal lymph nodes on PET/CT was corre-
lated with a poorer PFS (p = 0.009) and OS (p = 0.04). An
advanced T stage (T3/T4) was also correlated with PFS
(p = 0.048) and OS (p = 0.034; Tables 4 and 5). HIV status
was not analysed, as the study population included only two
HIV-positive patients.

Multivariate analysis Multivariate analysis was performed
using the predictors identified as significant in the univariate
analysis. After adjustment for MTVat the primary site, hyper-
metabolic lymph nodes on PET/CT and T stage for PFS and
OS, MTVat the primary site was found to be an independent
predictive factor for OS (p = 0.028; Tables 4 and 5). No other
factors were statistically significant for either PFS or OS.

Discussion

MTV is an increasingly valuable biomarker for malignancies
in multiple sites [6–8]. In this study, MTV was calculated
using a cut-off of 50 % on the basis of numerous studies of
tumours in a variety of sites showing that that this parameter is
significantly correlated with patient outcome [5–8]. In this
study, patients with an MTV at the primary site greater than
7 cm3 had a significantly poorer OS. The prognostic value of
MTV was stronger than those of TN and stage, and was con-
firmed in multivariate analysis. Therefore, our results, based
on a larger series, support the findings reported of Bazan et al.
[5] concerning the value ofMTVassessed by FDG PET/CT in
patients with anal SCC, although in our study MTV was only
determined at the primary site, which we considered to be a
simpler method for routine clinical practice.

We secondarily evaluated the prognostic impact of in-
volved lymph nodes according to their anatomical area, as this
information may lead to a change in RT fields. Our analysis
showed that inguinal lymph node involvement on PET/CT
was associated with poorer PFS and OS. Previously published
criteria to define a positive PET/CT lymph node were used
[11, 12]. As inguinal involvement in anal canal cancer is a
known prognostic indicator of locoregional recurrence and a
poor OS [13, 14], its predictive significance on PET/CT was
expected. Although prophylactic inguinal node irradiation is
known to improve locoregional control in patients with locally
advanced (T3/T4) tumours, its benefit remains controversial
in patients with early-stage anal tumours (T1/T2) without nod-
al involvement, and there is no consensus about its systematic
implementation [13–15]. However, inguinal irradiation may
lead to severe morbidity. Therefore, the potential reduction in
the risk of isolated inguinal recurrence with inguinal irradia-
tion must be balanced against a higher risk of radiation-related
side effects, and it is therefore crucial to improve the selection
of patients who may benefit from this treatment.

The value of FDG PET/CT for staging anal cancer,
particularly for involved lymph node detection, has been
shown [11]. Excluding perirectal lymph nodes for which
some small nodes can be missed, we consider that most
other pelvic lymph nodes were sampled. Thus, the pres-
ence of positive inguinal nodes on PET/CT may be an
indication for specific inguinal irradiation. We assume that
other lymph node sites were not prognostic because they

Table 1 Patient and
tumour characteristics Characteristic Value

No. of patients 75

Male 8 (10.7 %)

Female 67 (89.3 %)

Age (years)

Median 63.8 ± 9.9

Range 40 – 88

HIV-positive 2 (2.6 %)

Tumour stage

I 5 (6.7 %)

II 22 (29.3 %)

IIIA 20 (26.7 %)

IIIB 28 (37.3 %)

TNM stage

T1 8 (10.7 %)

T2 36 (48 %)

T3 21 (28 %)

T4 10 (13.3 %)

N0 29 (38.7 %)

N1 21 (28 %)

N2 9 (12 %)

N3 16 (21.3 %)

Table 2 Initial work-up and type of treatment

Factor No. (%) of patients

Initial imaging work-up

PET/CT 75 (100 %)

Pelvic MRI 44 (58.7 %)

Contrast-enhanced CT 58 (77.3 %)

Transanal ultrasonography 65 (86.7 %)

Lymph node extension on PET/CT

Perirectal 23 (30.6 %)

Pelvic 10 (13.3 %)

Inguinal 13 (17.3 %)

Presacral 8 (10.6 %)

Radio(chemo)therapy

Exclusive radiotherapy 17 (22.6 %)

Concurrent chemoradiotherapy 58 (77.3 %)

Cisplatin-based 48

Mitomycin-C-based 7

Capecitabine alone 3
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are systematically included in the RT fields and therefore
treated, regardless of disease stage. Finally, false-positive
findings may occur in reactive nodes, especially in HIV-
positive patients [11], but as there were only two HIV-
positive patients in our study, this possibility could not
have affected the results. If the prognostic significance of
these metabolic parameters was validated, they could indi-
cate the need for more aggressive treatment, such as ade-
quate inguinal irradiation and chemotherapy dose

escalation or intensification in patients with pathological
inguinal lymph nodes and/or MTV at the anal primary site
of >7 cm3.

As previously reported, advanced T stage was correlat-
ed with a poorer PFS and OS in the univariate analysis.
However, this prognostic impact was not confirmed in the
multivariate analysis, which may have been due to a lack
of power resulting from the small size of our population
and the imbalance between the stage groups (T1 and T4

Table 3 Survival according to
AJCC tumour (T) and nodal (N)
classification and stage

Stage No. of patients Progression-free survival (months) Overall survival (months)

Median 95 % CI Median 95 % CI

Tumour stage

I 5 55 36 – 85 60 40 – 89

II 22 45 35 – 60 59 46 – 68

IIIA 20 47.5 31 – 60 51 35 – 62.5

IIIB 28 35 28.5 – 53 42 36 – 59

T stage

T1 8 57 41 – 85 64.5 45 – 89

T2 36 45 35 – 45 53 44 – 59

T3 21 33 11.5 – 54 43 32.5 – 68

T4 10 45 8 – 60 49.5 25 – 72

N stage

N0 29 47 36 – 60 60 47 – 67

N1 21 50 36.5 – 56 55 40.5 – 68

N2 9 32 6 – 64 36 24.5 – 102

N3 16 33.5 24.5 – 56 40.5 36.5 – 65

Fig. 2 Kaplan-Meier analysis of PFS in relation to MTV at the primary
site. The green line represents patients with MTV >7 cm3; the blue line
represents patients with MTV ≤7 cm3. Bars represent censored
individuals

Fig. 1 Kaplan-Meier analysis of OS in relation to MTV at the primary
site. The green line represents patients with MTV >7 cm3; the blue line
represents patients with MTV ≤7 cm3. Bars represent censored
individuals
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were notably under-represented). Tumour size >5 cm has
been reported to be a stronger prognostic factor in anal
carcinoma [3, 16, 17]. Unfortunately, these findings were
not available at the time of our study.

Physiological uptake in the gastrointestinal tract is fre-
quently observed and may complicate the detection of
digestive cancers. Malignancy may be differentiated from

a benign lesion or physiological uptake using combined
PET/CT imaging. We detected all primary sites even
though T1 lesions may be missed on PET/CT. We empha-
size that our series included only a small number of pa-
tients with T1 anal SCC for which physiological artefact
could have interfered with the interpretation. This point
may be a limitation of our study.

Table 4 Prognostic significance
of the tested parameters in Cox
univariate and multivariate
analyses for progression-free
survival

Variable Progression-free survival (months),
median (95 % CI)

Hazard
ratio

p value

Univariate analysis

Age at diagnosis (> vs. ≤65 years) 41 (32 – 50)/42.5 (36 – 56) 0.745 0.557

Sex (female vs. male) 43 (36 – 54)/35.5 (9 – 55) 0.575 0.382

MTVat primary site (> vs. ≤7 cm3) 34.5 (25 – 52)/49 (40 – 60) 2.402 0.080

SUVmax at primary site (> vs. ≤18) 44.5 (32 – 77)/42 (34 – 52) 1.098 0.882

T stage (T3/T4 vs. T1/T2) 36 (24 – 54)/47.5 (40 – 55) 2.608 0.048

Nodal status (positive vs. negative) 41 (32 – 54)/47 (36 – 60) 1.083 0.870

Clinical stage (IIIA/IIIB vs. I/II) 41 (32 – 45)/49 (36 – 60) 1.263 0.641

Hypermetabolic nodes on PET/CT (positive vs. negative)

Perirectal (n = 23) 42 (31 – 58.5)/42 (35 – 55) 0.717 0.558

Locoregional within pelvis (n = 10) 36 (5 – 68)/45 (36 – 54) 1.540 0.495

Inguinal (n = 13) 25 (5 – 36)/48.5 (40 – 55) 3.087 0.026

Presacral (n = 8) 46 (32 – 112)/42 (36 – 50) 0.041 0.323

Multivariate analysis

MTVat primary site (> vs. ≤7 cm3) 1.690 0.360

Inguinal lymph nodes on PET/CT
(positive vs. negative)

2.118 0.192

T stage (T3/T4 vs. T1/T2) 1.512 0.500

Table 5 Prognostic significance
of the tested parameters in Cox
univariate and multivariate
analyses for overall survival

Variable Overall survival (months),
median (95 % CI)

Hazard ratio p value

Univariate analysis

Age at diagnosis (> vs. ≤65 years) 45 (36 – 55)/58 (44.5 – 65 1.853 0.268

Sex (female vs. male) 51 (44 – 59)/47 (24 – 68 0.576 0.474

MTVat primary site (> vs. ≤7 cm3) 41.5 (35 – 56)/57 (47 – 68 14.14 0.011

SUVmax at primary site (> vs. ≤18) 59.5 (36 – 86)/51 (43 – 59 1.008 0.992

T stage (T3/T4 vs. T1/T2) 43 (37 – 66)/55 (45 – 62 3.585 0.034

Nodal status (positive vs. negative) 45 (37 – 57)/60 (46 – 67 2.273 0.213

Clinical stage (IIIA/IIIB vs. I/II) 45 (37 – 57)/60 (46 – 68 3.435 0.109

Hypermetabolic nodes on PET/CT (positive vs. negative)

Perirectal (n = 23) 46 (41 – 68)/53 (42 – 61.5 0.457 0.308

Locoregional within pelvis (n = 10) 43 (38 – 72)/53 (44.5 – 59.5 0.583 0.606

Inguinal (n = 13) 36 (24.5 – 43)/55.5 (46 – 64 4.457 0.008

Presacral (n = 8) 49.5 (37 – 117)/51 (44 – 59 0.631 0.658

Multivariate analysis

MTVat primary site (> vs. ≤7 cm3) 10.875 0.028

Inguinal lymph nodes on PET/CT
(positive vs. negative)

2.579 0.126

T stage (T3/T4 vs. T1/T2) 1.055 0.937
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Several studies have shown that SUVmax is not a reliable
predictor of outcome, and as expected, no correlation was
observed between SUVmax and PFS or OS in our study.
This can be explained by the presence of inflammation, which
can interfere with SUVmax values and lead to its lack of
prognostic significance. Moreover, heterogeneity in PET/CT
acquisition parameters, such as injected activities, imaging
time, blood glucose serum levels before FDG injection and
presence of extravasation, might have contributed to the ab-
sence of a significant correlation between SUVmax and PFS
or OS. We consider that this consideration would not have
interfered with the findings of our study as the acquisition
parameters were quite uniform.

CRT is the cornerstone of curative therapy for locally ad-
vanced anal carcinoma. The 5FU-mitomycin-C association is
the historical standard combination that remains the preferred
standard of care [16]. However, 5FU/cisplatin is a valid alter-
native, which is frequently used by our institution’s radiation
oncologists. The recent randomized phase III study ACTII
demonstrated the equivalence of the two CRT regimens in
terms of complete response and local control, with slightly
lower myelotoxicity in the 5FU/cisplatin arm [18]. In our
study, these two different chemotherapy regimens were used.
The choice of chemotherapy was left to the discretion of the
referring physician, but the 5FU/cisplatin combination was
prescribed in most patients for several reasons: the fear of
mitomycin-C-related toxicity by some physicians, the proven
efficacy of 5FU/cisplatin shown in a phase II study [19], and
the habits of the physicians who actively participated to the
Unicancer Accord 03 trial [20]. However, the trend has recent-
ly been changing following the results of the ACTII trial that
failed to demonstrate the superiority of 5FU/cisplatin over
5FU/mitomycin-C [18], that should remain standard treatment
in combination with RT.

Furthermore, the impact of the CRT regimen on outcome
was not assessed because of the disequilibrium between the 2
groups with only seven patients receiving mitomycin-C-based
CRT in our study. Because of the small sample size no conclu-
sion can be drawn on this question which has already been
addressed more appropriately and much more reliably in the
large phase III ACTII trial. Patients with metastatic stage IV
disease were excluded from this study because, in contrast with
earlier stages, they are not treated by exclusive RT or CRT.

A recent review emphasized the increasing use of FDG
PET/CT in anal canal cancer [21]. The NCCN also recom-
mends PET/CT for RT treatment planning [9] and FDG
PET/CT can also be used to detect additional sites of disease
so that unnecessary salvage surgery after initial CRT can be
avoided [21]. Some studies have highlighted the impact of
posttreatment (>8 weeks) PET/CT to confirm complete re-
sponse to CRT by showing that a partial metabolic response
in the primary anal tumour, assessed in terms of SUVmax,
after completion of CRT is associated with a poorer PFS and

OS compared with patients with a complete metabolic re-
sponse [12, 21–23]. In two studies, a PET response was a
stronger predictor of survival than pretreatment T or N classi-
fication [12, 24]. Moreover, PET/CT assessment 3 months
after CRT has been reported to have a sensitivity of 100 %,
a specificity of 97.4 %, a positive predictive value of 66 %,
and a negative predictive value of 100 % for the detection of
persistent disease [25]. No data are available concerning the
value of early assessment of metabolic response during CRT
by PET/CT.

The main limitations of this study are its retrospective de-
sign, and the long inclusion period due to the rarity of anal
SCC. Moreover, even if our series was the largest ever report-
ed on the prognostic impact of pretherapeutic MTV in anal
carcinoma, the sample size was still small, which could ex-
plain why we found a significant difference in OS but no
significant difference in PFS. Differences in PET/CT imaging
protocols between institutions could also have introduced
slight variability in MTV measurements. Finally, variation in
the treatment received (RT or CRT, different chemotherapy
regimens associated with RT) may also have led to bias in
our study. Because of these limitations, the prognostic value
of pretherapeutic MTV needs to be validated in a larger pro-
spective study.

Conclusion

This study confirmed the value ofMTVat the primary site as a
prognostic biomarker for OS in anal canal cancer. Metabolic
involvement of the inguinal lymph nodes on the initial work-
up PET/CT also appeared to be correlated with PFS and OS.
These metabolic parameters must now be validated in a larger
prospective study. As the treatment of most patients with anal
canal cancer comprises RT, we consider that PET/CT should
be performed for all stages of anal canal cancer in view of the
growing evidence of the value of PET/CT in defining RT
fields and in indicating the need for more aggressive treatment
in patients with hypermetabolic lesions.
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