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Background and purpose: We prospectively assessed the contributions of PET to initial staging, early
detection of treatment failures, and prognostication in patients with anal squamous cell carcinoma
(ASCC).
Materials and methods: Consecutive patients with ASCC referred for radical chemoradiotherapy (CRT) con-
sented to undergo FDG-PET imaging pre-treatment and at 3 and 6 months post-treatment.
Clinicopathologic data were collected and CT and PET imaging reviewed for contribution to staging
and recurrence detection. Maximum standardized uptake value (SUVmax), peak standardized uptake
value (SUVpeak), metabolic tumour volume (MTV), and total lesion glycolysis (TLG) were assessed for
association with progression-free survival (PFS), cause-specific survival (CSS), and overall survival (OS)
using the Kaplan–Meier and Cox regression models.
Results: Between 2009 and 2016, 73 patients with clinical stages I-IIIB ASCC completed curative-intent
CRT. Median follow-up was 48 months. 14 patients died and 18 patients experienced disease progression.
4-year PFS, CSS, and OS were 73%, 87%, and 84%, respectively. A pre-treatment MTV >35 cm3 predicted for
worse PFS (p = 0.011) and CSS (p = 0.024) on univariate and multivariate analyses, employing an MTV def-
inition of voxels �25% of SUVmax. Higher 6-month post-treatment SUVmax and SUVpeak predicted for
worse PFS and OS (p � 0.011). Pre-treatment SUVmax, SUVpeak, and TLG, and 3-month post-treatment
SUVmax and SUVpeak did not significantly correlate with survival outcomes.
Conclusions: Our findings support that pre-treatment MTV provides meaningful prognostic information,
with suggestion that an MTV delineation threshold of voxels �25% of SUVmax is appropriate in the anal
region. Post treatment, the combination of clinical examination and PET effectively detected all treatment
failures. Higher 6-month post-treatment SUVmax and SUVpeak predicted worse PFS and OS; however,
the optimal timing of post-treatment PET imaging remains unclear.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 136 (2019) 21–28
Although anal squamous cell carcinoma (ASCC) remains an
uncommon malignancy, representing 0.5% of new cancer cases
and 0.2% of cancer deaths in the United States, its incidence is ris-
ing worldwide [1,2]. The majority of patients (80%) present with
locoregionally confined disease, with treatment achieving five-
year survival rates of 64–82% [1,3].

Magnetic resonance imaging (MRI) is the imaging modality of
choice for locoregional assessment of ASCC, providing high-
resolution multi-planar information for tumour characterization
[4,5]. Increasingly, positron emission tomography with the glucose
analogue 2-deoxy-2-[18F] fluoro-D-glucose (FDG-PET) has been
used in the initial workup of patients with ASCC. 91–98% of pri-
mary tumours are visible on PET, versus only 58–59% on CT [6,7].
The USA National Comprehensive Cancer Network and European
ESMO-ESSO-ESTRO clinical practice guidelines recommend consid-
eration of pre-treatment PET imaging to aid in pelvic lymph node
evaluation [4,8]. PET detects 20% of inguinal lymph nodes that
are normal on CT and 23% that are normal on physical examina-
tion, thus upstaging 17% of patients [6,7]. PET has also shown supe-
riority to transanal and inguinal ultrasound for lymph node
assessment [9]. It follows that PET is an asset in guiding radiother-
apeutic management [10].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.radonc.2019.03.014&domain=pdf
https://doi.org/10.1016/j.radonc.2019.03.014
https://doi.org/10.1016/j.radonc.2019.03.014
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Table 1
Findings of several published studies on the prognostic significance of FDG-PET characteristics in ASCC.

Study, Study Type Country, Years No. of patients
(No. of events)

Parameter(s) Assessed Outcome

Kidd et al. [11] 2010,
Retrospective

USA, 2003–2007 77
(15 recurrences – local vs. distant not
specified; 11 deaths)

Pre-treatment SUVmax SUVmax > 5.6 predicts:
- increased lymph node metastases (p < 0.0001)
- worse 2-year DFS (p = 0.05)
- increased risk of persistent or recurrent disease on post-

therapy FDG-PET performed <4 mo post treatment com-
pletion (p = 0.0402)

Bazan et al. [12] 2013,
Retrospective

USA, 2003–2011 39
(9 with disease progression – 3 local, 5
distant, 1 local & distant;
6 deaths)

Pre-treatment
SUVmax
SUVpeak
SUVmean
TGA
MTV
(total of primary and nodes, with
threshold �50% of SUVmax)

SUVmax, SUVpeak, and SUVmean were not prognostic for
survival outcomes.
Higher TGA was associated with worse PFS (p = 0.006) and a
trend towards worse OS (p = 0.053).
Patients with MTV > 26 cc had worse 2-year PFS (p = 0.003)
with a trend towards worse OS (p = 0.367).
Higher MTV predicts:
- worse 2-year OS (p = 0.04)
- worse 2-year PFS (p = 0.004)
- worse 2-year EFS (p = 0.002)

Deantonio et al. [19]
2015, Prospective

Italy 55 Pre-treatment
SUVmax

SUVmax was not prognostic for survival outcomes.

Gauthé et al. [13] 2017,
Retrospective

France, 2005–2013 75
(11 recurrences – 8 locoregional and
surgically salvaged, 3 distant or
locoregional but unresectable;
13 deaths)

Pre-treatment
SUVmax
MTV
(primary only, with threshold of �50% of
SUVmax)

SUVmax was not prognostic for survival outcomes.
Patients with MTV > 7 cm3 had worse OS (p = 0.01).
Higher MTV predicts:
- worse 4-year PFS (p = 0.009)
- worse 4-year OS (p = 0.04)

Cardenas et al. [14]
2017, Retrospective

USA, 2003–2013 110
(12 local recurrences (no comment on
distant recurrences);
25 deaths)

Pre- and post-treatment
SUVmax

Pre-treatment SUVmax > 7.1 predicts decreased 2-year LR
(p = 0.0296 on univariate analysis; NSS on multivariate
analysis) (unusual).
3-month post-treatment SUVmax � 6.1 predicts increased 2-
year LR (p = 0.0013) and worse 2-year OS (p = 0.0373).
Pre-to-post-treatment change in SUVmax of ��62.3%
predicts worse 2-year OS (p = 0.0298).

Duimering et al.
[present study]
2019, Prospective

Canada, 2009–2016 73
(18 recurrences – 10 local, 7 distant, 1
local & distant; 14 deaths)

Pre- and post-treatment
SUVmax
SUVpeak

Pre-treatment
TLG
MTV
(primary only, with thresholds of �25%,
�40%, �50% of SUVmax)

Pre-treatment SUVmax, SUVpeak, and TLG were not
prognostic for survival outcomes.
Patients with pre-treatment MTV > 35 cm3 had worse PFS
(p = 0.011) and CSS (p = 0.024), employing an MTV definition
of voxels �25% of SUVmax.
Higher 6-month post-treatment SUVmax and SUVpeak
predicted for worse PFS and OS (p � 0.011). 3-month post-
treatment SUVmax and SUVpeak were not prognostic for
survival outcomes.

DFS disease-free survival; EFS event-free survival; LR local recurrence; OS overall survival; PFS progression-free survival; TGA total glycolytic activity; TLG total lesion glycolysis.
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Beyond informing staging and aiding radiotherapy planning,
PET has been shown to provide useful prognostic information
(Table 1). A review of 77 patients found higher pre-treatment max-
imum standardized uptake value (SUVmax) to predict worse 2-
year disease-free survival (DFS) [11]. However, two subsequent
studies were unable to confirm this finding and suggested that
higher pre-treatment metabolic tumour volume (MTV) portends
worse progression-free survival (PFS) and overall survival (OS)
[12,13]. Total lesion glycolysis (TLG) has also been demonstrated
by one small study to correlate with PFS [12]. A recent study
assessed post-treatment PET imaging, finding that an SUVmax of
�6.1 at 3 months post-treatment predicts poor 2-year local control
(LC) and OS [14]. This corroborates the conclusions of three quali-
tative studies, demonstrating that metabolic response to chemora-
diotherapy (CRT) is associated with better survival [15–17].

Given these varied results, it remains unclear how prognostic
utility compares between SUVmax, TLG, and MTV. No published
study has prospectively analysed all of these PET parameters, com-
pared different MTV segmentation methods, and assessed both
pre- and post-treatment PET imaging. We sought to achieve these
objectives, to comprehensively contribute to the existing literature
that may inform future customization of treatment on the basis of
PET-derived prognostic factors.
Materials and methods

Patients

With Health Research Ethics Board of Alberta approval, clinico-
pathologic data were prospectively collected on 73 patients who
received definitive CRT at our institution for histologically proven
ASCC between 2009 and 2016. Of the 73 patients, 53 were enroled
in a local prospective phase II study [18]. Patients who had under-
gone transanal tumour excision or had distant metastases at pre-
sentation were excluded. All patients underwent pre-treatment
workup, which included a physical examination, diagnostic CT of
the chest, abdomen, and pelvis, FDG-PET/CT (performed a median
of 20.5 days prior to the first day of CRT), and core biopsy of ingu-
inal lymph nodes clinically measuring over 1–1.5 cm.
Treatment

Radiation therapy entailed pelvic intensity-modulated radio-
therapy in 30 fractions over 6 weeks. A dose of 45 Gy, in 1.5-Gy
fractions, was prescribed to at-risk regions, including the mesorec-
tum, ischiorectal fossa, and elective nodal regions (perirectal, ingu-
inal, external and internal iliac to the common iliac vessel
bifurcation superiorly, and pre-sacral). A simultaneous integrated
boost of 54 Gy, in 1.8-Gy fractions, was prescribed to the primary
tumour and involved nodes. The PET images were used at the
Fig. 1. Definitions of PET parameters: maximum standardized uptake value (SUVmax),
segmented by three different methods (to include voxels � 25%, 40%, or 50% of SUVmax
treating radiation oncologist’s discretion to guide target volume
delineation. Concurrent chemotherapy consisted of bolus mito-
mycin C 10 mg/m2 on days 1 and 29 and infusional 5-fluorouracil
1000 mg/m2/day on days 1 to 4 and 29 to 32.
Follow-up

Patients were evaluated by history and physical examination at
6 weeks, 3 months, 6 months, 9 months, and 12 months following
CRT completion, then at 6-month intervals to a minimum of
5 years. 3-month-post-treatment PET imaging was performed on
68 of the 73 patients, at a median of 85 days (range 39–157 days)
following treatment completion. 6-month-post-treatment PET
imaging was performed on 50 patients, at a median of 177 days
(range 134–242 days) following treatment completion. Clinically
suspected recurrences were confirmed by biopsy in 16 of the 18
cases.
PET imaging protocol

18F-FDG-PET/CT scans were acquired on a Biograph mCT 40
scanner (Siemens Medical Solutions) with extended field of view
(TrueV option), point spread function modelling (TrueX option),
and time of flight acquisition (UltraHD option). After fasting for a
minimum of 6 hours, patients were injected 60 minutes
(±10 min) prior to their scan with 5.2 MBq/kg of 18F-FDG and
imaged for 2–2.5 minutes per bed position depending on patient
girth. Patients underwent a low-dose CT scan using Siemens Care-
Dose 4D and 120 kVp, which was used for attenuation and scatter
correction in the PET reconstruction algorithm. Attenuation-
corrected PET images were reconstructed using the TrueX (HD-
PET) algorithm with 3 iterations and 24 subsets, a 2 mm Gaussian
filter, and the scatter correction option selected, using 200- by 200-
voxel images, 2 mm by 2 mm, with a slice thickness of 2 mm. Low-
dose CT images were reconstructed using the l40t kernel and 512-
by 512-voxel images, 0.5 mm by 0.5 mm, with a slice thickness of
1.5 mm.
PET analysis

PET images were analysed using HERMES Medical Solutions co-
registration and fusion software. On pre-treatment PET scans, SUV-
max, peak standardized uptake value (SUVpeak), MTV, and TLG
were measured. These parameters are defined in Fig. 1. On post-
treatment scans, SUVmax and SUVpeak were measured. All mea-
surements were made within the primary tumour volume; lymph
nodes were not analysed. MTV (cm3) was defined as the volume of
contiguous hypermetabolic tissue with a minimum SUV of 50% of
the SUVmax within a region of interest that encompassed the anal
canal and low rectum. The software-generated MTV was manually
peak standardized uptake value (SUVpeak), metabolic tumour volume (MTV) (cm3)
), and total lesion glycolysis (TLG) (cm3).



Table 2
Patient characteristics (N = 73). TNM staging is per the American Joint Committee on
Cancer 7th ed.

Characteristic No. (%) of patients

Sex
Male 22 (30.1)
Female 51 (69.9)

Age, years
Median ± SD (range) 59 ± 10.2 (37–88)

Stage, AJCC 2010 Derived from
CT chest/abdomen/
pelvis and physical
examination

Derived from
PET/CT and
physical
examination

T stage
T1 2 (2.7) 2 (2.7)
T2 20 (27.4) 18 (24.7)
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‘‘tidied up” to exclude extension of this volume outside of the gas-
trointestinal tract (e.g. into the bladder). Mean standardized
uptake value (SUVmean) was taken to be the mean SUV of all vox-
els within this primary tumour MTV; the value was generated by
the HERMES software. TLG was calculated as the product of the
SUVmean and MTV of the primary tumour. As the literature is lack-
ing uniformly accepted definitions of MTV and TLG, these parame-
ters were additionally measured employing thresholds of 25% and
40% of SUVmax. The notations MTVn and TLGn will herein be used
to denote MTV and TLG employing thresholds of n of SUVmax, with
n representing 25%, 40%, or 50%. SUVpeak was calculated by the
software as the average SUV of all voxels within the hottest 1 cubic
centimetre constrained by the volume of interest and containing
SUVmax.
T3 46 (63.0) 48 (65.8)
T4 5 (6.8) 5 (6.8)

N stage
N0 48 (65.8) 33 (45.2)
N1 3 (4.1) 6 (8.2)
N2 14 (19.2) 17 (23.3)
N3 8 (11.0) 17 (23.3)

M stage
M0 73 (100) 73 (100)

Stage group
I 2 (2.7) 1 (1.4)
II 42 (57.5) 30 (41.1)
IIIA 7 (9.6) 7 (9.6)
IIIB 22 (30.1) 35 (47.9)

Defunctioning stoma (pre-treatment) 10 (13.7)
Treatment
Radiotherapy alone 2 (2.7)
Chemoradiotherapy 71 (97.3)

Chemotherapy
5-FU + 2 cycles of MMC 71 (97.3)
Required dose modification 19 (26.8)

Radiotherapy
Technique
IMRT 72 (98.6)
3-D CRT 1 (1.4)

Dose prescription
54 Gy/30# 68 (93.2)
Required unplanned break 6 (8.8)
Required treatment abortion 1 (1.5)

Other dose prescription 5 (6.8)
Statistical analysis

Data were analysed using SPSS Statistics (version 23; IBM
Corp.). Descriptive statistics were obtained for the study variables.
Mean and standard deviation were reported for continuous vari-
ables, and frequency and proportions were reported for categorical
variables. OS, PFS, and cause-specific survival (CSS) were analysed
using the Kaplan–Meier (KM) estimates. When the medians were
not obtained, survival probabilities were reported. Log rank statis-
tics were used to compare more than one KM curve. Hazard ratios
(HR) and corresponding 95% confidence intervals were obtained
using Cox’s proportional hazard model. Univariate and multivari-
ate Cox regression analyses were performed to examine correlation
of pre-treatment SUVmax, SUVpeak, MTV, and TLG and 3- and 6-
month post-treatment SUVmax and SUVpeak to PFS, OS, and CSS.
Receiver-operating-characteristic (ROC) analysis was used to
determine cut-points of continuous variables that maximized sen-
sitivity and specificity. PFS was calculated from the date of final
radiotherapy fraction to first detection of locoregional or distant
disease progression by examination or imaging. OS was calculated
from the date of the final radiotherapy fraction to the date of death
from any cause. CSS was calculated from the date of the final radio-
therapy fraction to the date of death from ASCC. A p-value of <0.05
was considered significant for all statistical analysis.
Results

Patient, tumour, and treatment characteristics

The characteristics of the 73 patients in this study are summa-
rized in Table 2. Most of the patients were female, of median age
59 years (range 37–88). The most frequent stage grouping based
on diagnostic CT of the chest, abdomen, and pelvis and physical
examination was stage II. PET imaging resulted in increased N
stage in 20 patients, increased T stage in 3 patients, and increased
overall stage in 16 patients, for a most frequent stage grouping of
IIIB. 32 patients had suspected involvement of inguinal lymph
node(s) on physical examination or imaging. 20 of these 32
patients underwent inguinal lymph node core biopsy, of which
12 were positive, 7 were negative, and 1 was nondiagnostic.

71 of the 73 patients received CRT. 2 patients had chemotherapy
omitted due to poor performance status and received curative-
intent radiotherapy alone. The radiation prescription to the primary
tumour was 54 Gy in 1.8-Gy fractions for 68 patients and 50.4 Gy in
1.8-Gy fractions for 3 patients. The 2 frail patients for whom
chemotherapy was omitted were prescribed 50 Gy and 52.5 Gy,
respectively, in 2.5-Gy fractions, with a premeditated treatment
break. 72 of the 73 patients completed radiotherapy as prescribed,
in 6 cases requiring an unplanned break. 1 patient had radiotherapy
aborted following 46.8 Gy due to grade-3 enteritis.
PET characteristics

Using thresholds of 50%, 40%, and 25% of SUVmax, the median
primary tumour MTV were 8 cm3 (SD 16, range 0.5–83 cm3),
14 cm3 (SD 20, range 0.9–105 cm3), and 29 cm3 (SD 30, range 2–
134 cm3). Again with thresholds of 50%, 40%, and 25% of SUVmax,
the median primary tumour TLG were 101 cm3 (SD 197, range 7–
1270 cm3), 130 cm3 (SD 234, range 9–1503 cm3), and 203 cm3

(SD 273, range 14–1720 cm3). The median pre-treatment SUVmax
and SUVpeak were 16 (SD 8, range 3–43) and 14 (SD 7, range 3–
35), respectively. On 3-month-post-treatment PET, the median
SUVmax and SUVpeak were 3.9 (SD 2.4, range 2.0–15.8) and 3.5
(SD 1.9, range 1.9–12.5). On 6-month-post-treatment PET, the
median SUVmax and SUVpeak were 3.8 (SD 3.0, range 1.7–18.6)
and 3.6 (SD 2.7, range 1.6–18.6).
Oncologic outcomes

At median follow-up of 48 months (range 8–97 months), 14
patients had died: 10 from ASCC, 2 from other malignancies
(mesothelioma, uterine cancer) without evidence of ASCC
recurrence, and 2 from other causes without documented cancer
recurrence at last follow-up. 18 patients experienced disease pro-
gression: 10 locally, 7 distantly, and 1 both locally and distantly.
4-year PFS, CSS, and OS were 73%, 87%, and 84%, respectively. Med-
ian PFS and OS were 39.1 months (range 1.1–67.5 months) and



Fig. 2. Modes by which treatment failures (N=18) were detected. N=1 colonoscopy-
detected local recurrence is not represented. *The DRE-PET intersection may
actually contain 4 local recurrences, as 3 detected by DRE and not visible or
indeterminate on CT did not have a PET performed. DRE digital rectal examination.
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43.3 months (range 4.6–97.1 months). The median intervals from
treatment completion to local and metastatic progression, respec-
tively, were 7.1 months (range 3.4–25.5 months) and 5.4 months
(range 1.1–44.1 months). Progression occurred across disease
stages (II, n = 7; IIIA, n = 1; IIIB, n = 10) and 11 of the 18 patients
had nodal involvement. Neither patient who was treated with
radiotherapy alone experienced disease progression or died.
Value of PET in detecting treatment failures

Of the 68 patients who underwent 3-month-post-treatment
PET imaging, 61 patients were reported by the cancer centre radi-
ologists to have a complete metabolic response. 1 patient had pro-
gressive inguinal adenopathy (and was successfully salvaged by
inguinal lymph node dissection), 2 patients had distant metastatic
disease (one of whom had an isolated retroperitoneal lymph node
recurrence and was successfully salvaged with radiotherapy), and
4 patients had indeterminate residual anal canal FDG uptake,
which was ascribed to these 4 scans having been done rather pre-
maturely following treatment completion (median 45 days, range
39–48 days).
Table 3
Univariate and multivariate Cox regression analyses for pre-treatment MTV associations w
optimal sensitivity and specificity. Bold indicates a statistically significant association.

MTV (cm3) Progression-Free Survival Overall S

HR 95% CI p-value HR

Cox univariate analysis
MTV25 > 35 vs. �35 3.325 [1.247, 8.867] 0.016 2.268
MTV40 > 7.75 vs. �7.75 3.772 [0.862, 16.500] 0.078 2.266
MTV50 > 8 vs. �8 2.125 [0.797, 5.664] 0.132 0.924

Cox multivariate analysis
MTV25 > 35 vs. �35 3.323 [1.234, 8.947] 0.017 2.514
T status (T3/4 vs. T1/2) 1.006 [0.327, 3.091] 0.992 0.457
MTV25 > 35 vs. �35 3.291 [1.233, 8.785] 0.017 2.291
N status (pos vs. neg) 1.270 [0.492, 3.281] 0.621 0.914
MTV25 > 35 vs. �35 3.348 [1.253, 8.949] 0.016 2.267
Non-standard chemo* 1.116 [0.397, 3.142] 0.835 0.989
MTV25 > 35 vs. �35 3.479 [1.295, 9.349] 0.013 2.286
Non-standard RT* 0.635 [0.144, 2.795] 0.548 0.888
MTV25 > 35 vs. �35 3.242 [1.190, 8.833] 0.021 2.289
SUVmax 0.992 [0.930, 1.059] 0.814 1.005
MTV25 > 35 vs. �35 3.300 [1.126, 8.954] 0.019 2.291
SUVpeak 0.997 [0.925, 1.075] 0.937 1.008

* ‘‘Non-standard chemo” implies that dose modification(s) were made. ‘‘Non-standard
fractionation other than 54 Gy/30 was delivered.
Of the 50 patients who underwent 6-month-post-treatment
PET imaging, 43 patients were reported to have a complete meta-
bolic response. 5 patients had local disease recurrence detected,
despite all 5 having had a complete metabolic response on 3-
month-post-treatment PET. Of these 5 local recurrence cases, 3
had clinical evidence of recurrence on digital rectal examination
and 2 did not. 1 patient had metastatic progression (the same
patient who was noted to have metastases on the 3-month-post-
treatment scan). The interpretation of one PET scan was con-
founded by Crohn’s related fistula.

Fig. 2 outlines the modes by which disease progression was first
detected. All treatment failures were detectable by the combina-
tion of digital rectal examination and PET imaging; however, when
used in isolation, clinical examination, PET, or CT failed to detect
some recurrences. The 3- and 6-month-post-treatment PET in iso-
lation detected 3 and 5 unique recurrences, respectively.
Value of PET in prognostication

Univariate Cox regression analysis regardingpre-treatment SUV-
max, SUVpeak, MTV, and TLG when considered as continuous vari-
ables failed to demonstrate any statistically significant correlation
with PFS or OS (Supplemental Table 1). ROC analysis was then used
to categorize the continuous variables based on sensitivity and
specificity. Among the continuous variables, only MTV showed sta-
tistical significance, with cut-points of 35 cm3, 7.75 cm3, and 8 cm3

for MTV25, MTV40, and MTV50, respectively. Univariate Cox regres-
sion analysis with these cut-points demonstrated significantly
worse PFS and CSS when MTV25 > 35 cm3 (HR 3.325, p = 0.016 for
PFS;HR5.003,p = 0.042 for CSS). These correlations remained signif-
icantonmultivariate analysis (Table 3). Therewasnosignificant cor-
relation betweenMTV40 and MTV50 and PFS or CSS, or any MTV and
OS (Table 3). The Kaplan–Meier PFS curves are presented in Fig. 3,
with once again a significant p-value for MTV25 (p = 0.011) and only
trends to a PFS association for MTV40 (p = 0.058) and MTV50

(p = 0.123). Survival probabilities for the MTV25 Kaplan–Meier
analysis (Fig. 3) are presented in Supplemental Table 2, demonstrat-
ing significantly worse PFS (p = 0.011) and CSS (p = 0.024) if pre-
treatment MTV25 > 35 cm3, compared to �35 cm3, though there is
no significant difference in OS.

Post treatment, higher SUVmax and SUVpeak at 6 months sig-
nificantly correlated with worse PFS and OS (Supplemental Table 3;
ith PFS, OS, and CSS. ROC curve analysis was used to determine MTV cut-points with

urvival Cause-Specific Survival

95% CI p-value HR 95% CI p-value

[0.758, 6.791] 0.143 5.003 [1.059, 23.649] 0.042
[0.495, 10.365] 0.292 3.431 [0.429, 27.446] 0.245
[0.323, 2.642] 0.883 2.039 [0.527, 7.895] 0.302

[0.827, 7.638] 0.104 5.380 [1.125, 25.742] 0.035
[0.151, 1.383] 0.166 0.528 [0.135, 2.064] 0.359
[0.761, 6.900] 0.140 4.941 [1.041, 23.451] 0.044
[0.315, 2.651] 0.869 1.165 [0.327, 4.147] 0.814
[0.754, 6.813] 0.145 5.276 [1.111, 25.050] 0.036
[0.307, 3.201] 0.989 1.895 [0.531, 6.758] 0.325
[0.760, 6.872] 0.141 5.239 [1.102, 24.909] 0.037
[0.197, 4.010] 0.877 0.566 [0.071, 4.505] 0.591
[0.758, 6.917] 0.142 5.116 [1.068, 24.501] 0.041
[0.929, 1.087] 0.898 1.011 [0.919, 1.112] 0.825
[0.760, 6.899] 0.141 5.109 [1.070, 24.391] 0.041
[0.922, 1.101] 0.867 1.013 [0.910, 1.128] 0.813

RT” implies that an unplanned break was taken during radiotherapy or that a dose/



Fig. 3. Kaplan-Meier analysis demonstrating that higher pre-treatment MTV predicts for worse PFS for all MTV definitions: including voxels A. �25% of SUVmax (MTV25),
B. �40% of SUVmax (MTV40), and C. �50% of SUVmax (MTV50). However, statistical significance was only reached for MTV25 (A. p = 0.011, B. p = 0.058, and C. p = 0.123). MTV
cut-points of 35 cm3 (A.), 7.75 cm3 (B.), and 8 cm3 (C.) were selected by ROC curve analysis to optimize specificity and sensitivity.
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all HR 1.2, p � 0.011). 3-month-post-treatment SUVmax and SUV-
peak did not predict PFS or OS (HR 1.0–1.2, p > 0.2).
Discussion

Studies evaluating the prognostic significance of PET metabolic
parameters have been primarily retrospective and yielded incon-
sistent results (Table 1). Only one prospective analysis has been
published, evaluating 55 patients [19]. The authors found pre-
treatment SUVmax to not predict metabolic tumour response to
treatment, DFS, or OS. Three retrospective analyses corroborated
these findings [12–14]. The Kidd et al. study is an outlier, associat-
ing SUVmax > 5.6 with worse 2-year DFS (p = 0.05) [11]. More
recently Cardenas et al. published the contradictory finding that
SUVmax > 7.1 predicts decreased 2-year local recurrence on uni-
variate analysis (p = 0.0296), with significance lost on multivariate
analysis [14]. In light of these variable findings, we were not sur-
prised to find no correlation between pre-treatment SUVmax or
SUVpeak and survival outcomes.

Two published analyses have assessed the prognostic utility of
MTV [12,13]. Employing a segmentation threshold of �50% of SUV-
max, each found higher pre-treatment MTV to predict significantly
worse PFS and OS. Our data demonstrated primary tumour
MTV25 > 35 cm3 to predict significantly worse PFS and CSS than
MTV25 � 35 cm3, though to have no association with OS.

To the best of our knowledge, correlation between differentMTV
segmentation thresholds has not been studied in ASCC. Logically,
provided consistency is maintained within a study, MTV definition,
despite affecting absoluteMTV value, should not alter its prognosti-
cation ability [12]. Thatwedemonstrated significant PFS association
for MTV delineated using a threshold of 25% of SUVmax, though no
association using thresholds of 40% or 50% of SUVmax, brings into
question the reliability of using MTV for prognostication in this
tumour site. Albeit, it remains possible that with only 14 deaths
and 18 treatment failures, our study was simply underpowered to
detect prognostic differences by MTV, or the closely correlated TLG.

Our analysis may be the first to support 25% of SUVmax as a rea-
sonable MTV segmentation threshold for ASCC. By visual evalua-
tion, whether a 25%, 40%, or 50% of SUVmax threshold best
represented the tumour volume seemed simply to depend on
tumour anatomy. In some cases, a threshold of 25% of SUVmax
appeared to overestimate the visible tumour extent, while in other
tumours, the frequently employed threshold of 50% of SUVmax
failed to encompass all visible tumour. Though PET inter-reader
variability has been assessed by Paidpally et al. to be excellent
for lung, head and neck, and breast tumours, we found MTV deter-
mination in the anal canal region to be particularly subjective in
tumours with low SUV relative to surrounding tissue, discontinu-
ous tumours, and tumours in close proximity to the bladder [20].

PET utility in the post-treatment setting continues to be debated,
with post-radiotherapy inflammation and anal sphincter contrac-
tion confounding scan interpretation [17,21,22]. We found that
PET did contribute uniquely to detection of treatment failures, in
that there was a small subset of recurrences detectable by PET that
were not detectable by CT or clinical examination. Furthermore,
although metabolic parameters at 3 months post treatment were
not prognostic, higher SUVmax and SUVpeak on 6-month-
post-treatment PET imaging predicted significantly worse PFS and
OS. This finding may reflect the protracted nature of tumour
response [23].

It is common for early post-treatment PET to demonstrate
abnormal FDG uptake; for example, 59 patients in the Kidd et al.
analysis underwent PET imaging an average of 3.4 months (and
median of 2 months) following treatment completion, with 24%
of these scans demonstrating abnormal FDG uptake consistent
with persistent or recurrent disease [11]. While it is recognized
that persistent hypermetabolism at 3 months post treatment con-
fers poorer outcomes, it remains undetermined whether early
intervention performed on the basis of early post-treatment PET
findings improves salvage outcomes [14–16].

The optimal post-treatment timing of PET imaging has not been
elucidated, with 3 or 6 months typically seen in our province. A
post-hoc analysis of theUKACT II trial suggested that 26 weeks from
the start of CRT (i.e. 4.5 months following treatment completion) is
the ideal time to assess clinical response, to avoid unnecessary early
salvage of patients who might, upon re-evaluation 3 to 4 months
later, have gone on to achieve a complete response [23]. In our study
population, although more recurrences were observed on the 6-
month-post-treatment PET (n = 6), 2 of the 3 recurrences detected
on the 3-month-post-treatment PET were successfully treated,
including onemetastatic recurrence. Althoughwe cannot draw con-
clusions on the optimal timing of post-treatment PET imaging,
6 months post treatment appears to offer reasonable sensitivity
for treatment failures while limiting false-positive findings [24].

Consistent with findings of other analyses, PET (versus CT)
increased overall stage in 22% of our study population, primarily
by nodal upstaging [25,26]. Acknowledging the low specificity
(83%) and positive predictive value (43%) of PET imaging for eval-
uating malignant inguinal lymph node involvement, we pursued
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core biopsies when necessary [27,28]. Only 60% of suspicious ingu-
inal lymph nodes returned histologically positive. While protocols
such as RTOG 0529 [29] implicate adjustment of treatment vol-
umes for nodal involvement, it remains unknown whether the the-
oretical disease control benefit of increasing radiation dose to non-
biopsied FDG-avid inguinal nodes outweighs the potentially
increased toxicity. Conversely, PET does have a high negative pre-
dictive value (100% per Mistrangelo et al.) and refraining from
boosting CT-enlarged but PET-negative inguinal lymph nodes has
been shown to not increase failure rates [27,30].

Perhaps the most obvious utility of PET is to guide target vol-
ume delineation [31]. In a series of 27 cases, PET resulted in alter-
ations to GTV and CTV contours in 56% and 37% of cases [32].
Interestingly, the PET-derived target volumes were significantly
larger than the CT-derived ones, and although published literature
is lacking, it might be inferred that CT-derived contours risk under-
estimating the burden of disease. MRI, particularly diffusion-
weighted imaging, is a useful adjunct for delineating disease, and
the advent of PET/MRI scanners may be particularly beneficial to
ASCC management [33]. Better definition of disease extent may
lead to more tailored, lower toxicity radiation plans, providing
grounds to treat elective regions to a lower dose while reserving
45 Gy for FDG-avid disease, and additional boost for bulky disease
[34]. Higher MTV may guide selection of patients for dose escala-
tion; an area that warrants further prospective study.

A main limitation to this and other ASCC outcome analyses is
that the small numbers of outcome events hinder the emergence
of statistically significant correlations. Furthermore, institutional
differences in PET imaging and analysis protocols limit the gener-
alizability of MTV risk-stratification cut-points. With our study
representing a first prospective attempt to confirm the prognostic
utility of MTV, the next step is a larger prospective analysis. With a
well-powered study, meticulously attending to consistency in PET
protocol, it is likely that there will be sufficient evidence to support
customization of radiotherapy technique to improve outcomes and
decrease toxicity.

In conclusion, this study indicates that MTV is the most prog-
nostically useful metabolic tumour parameter, with higher pre-
treatment MTV predicting worse PFS and CSS. Conversely, pre-
treatment SUVmax, SUVpeak, and TLG were not prognostic of sur-
vival outcomes. In the post-treatment setting, higher SUVmax and
SUVpeak at 6 months following CRT predicted for significantly
worse PFS and OS; however metabolic parameters at 3 months
post-treatment were not prognostic. Larger prospective analysis
is warranted to inform the promising prospect of risk-adapted
therapy on the basis of metabolic tumour characteristics, as well
as elucidate the optimal timing of post-treatment PET imaging.
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