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PET imaging has become a useful diagnostic tool in patients with
anal cancer. We evaluated the prognostic value of metabolic
tumor volume (MTV) in patients with anal cancer treated with
definitive chemoradiotherapy. Methods: Patients with anal can-
cer who underwent PET imaging for pretreatment staging or ra-
diation therapy planning from 2003 to 2011 were included. PET
parameters included MTV and maximum standardized uptake
value (SUVmax). Total MTV (MTV-T) was defined as the sum of
the volumes above a standardized uptake value 50% of the
SUVmax within the primary tumor and involved nodes. Kaplan–
Meier and Cox regression models were used to test for associa-
tions between metabolic or clinical endpoints and overall survival
(OS), progression-free survival (PFS), and event-free survival
(EFS). Results: Thirty-nine patients were included. Median fol-
low-up for the cohort was 22 mo. Overall, 6 patients died and
9 patients had disease progression. The 2-y OS, PFS, and EFS
for the entire cohort were 88%, 74%, and 69%, respectively.
Higher MTV-T was associated with worse OS (P 5 0.04), PFS
(P 5 0.004), and EFS (P 5 0.002) on univariate analysis. Patients
with an MTV greater than 26 cm3 had worse PFS than did those
with an MTV of 26 cm3 or less (33% vs. 82%, P5 0.003). SUVmax
was not prognostic for any outcome. Higher T classification (T3/T4
vs. T1/T2) was associated with worse PFS and EFS. When
adjusting for T classification, MTV-T remained a significant pre-
dictor for PFS (P5 0.01) and EFS (P5 0.02).Conclusion:MTV-T
yields prognostic information on PFS and EFS beyond that of
established prognostic factors in patients with anal cancer.
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Concurrent chemoradiotherapy has been the standard
treatment paradigm for squamous cell carcinoma of the

anal canal (SCC-AC) on the basis of several randomized
trials (1–4). Disease outcomes for SCC-AC are generally
more favorable than for other gastrointestinal sites, but the
5-y disease-free survival (DFS) rates in randomized trials
have been 60%–65% (1,2) indicating a need to identify
pretreatment prognostic factors for failure to help to indi-
vidualize treatment in an effort to improve the outcomes in
high-risk patients. A recently updated analysis of Radiation
Therapy Oncology Group (RTOG) 98-11 firmly established
tumor diameter as an important prognostic marker for DFS
and overall survival (OS) (5).

Recently, PET has become a valuable tool in the staging,
treatment, and surveillance of patients with various malig-
nancies. The use of PET to stage anal cancer is increasing as
a result of several studies (6–9). There are few reports, how-
ever, regarding the utility of PET as a prognostic marker in
patients with anal cancer. Kidd et al. demonstrated that higher
baseline maximum standardized uptake value (SUVmax) in
the primary anal tumor predicted worse DFS (10). Two other
groups found that posttreatment metabolic response (deter-
mined by change in SUVmax) predicted PFS (11,12).

Although these studies have focused on SUVmax, a grow-
ing body of literature supports that the metabolic tumor
volume (MTV) is a valuable biomarker for patients with
malignancies from multiple sites, including lung (13,14),
head and neck (15–17), esophagus (18), and pancreas (19).
MTV reflects the volume of tumor tissue that demonstrates
increased hypermetabolic activity on PET and may thereby
more accurately represent a patient’s tumor burden. MTV
has been shown to be a more important prognosticator than
SUVmax and stage (13,17). The purpose of the current study
was to consider the role of MTV and SUV at diagnosis in
patients with SCC-AC treated with chemoradiotherapy.

MATERIALS AND METHODS

Patients
In this study approved by the institutional review board, we

identified 47 patients in our departmental database who had been
treated with pelvic intensity-modulated radiation therapy (IMRT)
for histologically proven SCC-AC between 2003 (the year our
institution began treating these patients with IMRT) and 2011.
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Patients were included in this retrospective study if they un-
derwent PET either for staging or for radiation therapy planning
and if they received definitive chemoradiotherapy (curative treat-
ment for nonmetastatic disease). Those patients who were excluded
included 6 who did not undergo pretherapy PET/CT and 2 who had
metastatic disease at the time of disease presentation. The remaining
39 patients formed the cohort for this study.

Treatment
Treatment consisted of chemoradiotherapy with IMRT. Our

methods for patient simulation and target volume delineation have
been described previously (20). Briefly, we treated the low-risk
(common iliac, proximal internal iliac superior to the inferior aspect
of the sacroiliac joint, presacral, external iliac, and uninvolved in-
guinal nodes) planning target volume to 40 Gy at 1.6 Gy per frac-
tion, the intermediate-risk planning target volume (internal iliac
inferior to the inferior aspect of the sacroiliac joint, involved in-
guinal and perirectal nodal regions) to 45 Gy at 1.8 Gy per fraction,
and the high-risk planning target volume (primary tumor and gross
nodal disease) to 45 Gy with a sequential boost of 5.4 Gy for T1–T2
tumors and 9–14.4 Gy for T3–T4 tumors and grossly positive nodes.

All patients received 5-flourouracil (5FU)–based chemotherapy
(20 received capecitabine and 19 infusional 5FU). Thirty-four
patients (87%) received mitomycin-C (MMC) plus 5FU, 4 patients
(10%) received concurrent platinum plus 5FU (3 received cisplatin
and 1 carboplatin), and 1 patient (3%) received 5FU alone.

PET Protocol
All scans were acquired on a Discovery LS PET/CT scanner

(GE Healthcare). PET images were analyzed as previously de-
scribed according to an institutional protocol (13). Briefly, each
patient fasted for at least 8 h before imaging, and the blood glu-
cose levels of all patients were measured before the injection of
18F-FDG. The average blood glucose level was 100 6 19 mg/dL.
Patients were injected with 259–629 MBq of 18F-FDG at 71 6
18 min before image acquisition.

The field of view covered the scalp to mid femur in 25 patients
who underwent diagnostic scans and from the upper abdomen to
mid femur in 14 patients who underwent radiation therapy planning
scans. PET data were acquired in 2-dimensional mode for 3–5 min
per bed position. The PET slice thickness was 3.27 mm. Helical CT
images were obtained with the following acquisition parameters:
120 kVp, 220 mAs, 1-s rotation, 20-mm beam collimation, 1.675
pitch, and 10 mm/s bed speed. The PET data were then recon-
structed with an ordered-set expectation maximization algorithm,
using the CT images for attenuation correction. CT images were
reconstructed using a slice thickness of 2.5 mm every 3.27 mm.
Reconstructed data images were then transferred to a radiation
treatment planning workstation and to a research workstation for
further analysis.

Measurement of Hypermetabolic Tumor Volume:
Fixed Percentage Threshold Segmentation

Computer-aided MTV and standardized uptake value (SUV)
measurements were performed using RT_Image, an open-source
software package developed at our institution, as described pre-
viously (13,14,16,19,21). A maximum-intensity-projection view of
the images permitted rapid visual identification of the hypermeta-
bolic lesions. The MTV was defined as the volume of hypermeta-
bolic tissue with a threshold of greater than 50% of the SUVmax
in the primary site (MTV-P) and involved lymph nodes (MTV-N).
Although there is currently no uniformly accepted definition for

MTV, the threshold of 50% was chosen on the basis of an early
phantom study that identified the 50% intensity line as a reasonable
choice (22). In addition, numerous studies in a variety of disease
sites have demonstrated that MTVas defined with the 50% threshold
definition is significantly correlated with patient outcome (13–17).
Figure 1 demonstrates an example of the MTV-P for a patient in
our study. Once all hypermetabolic foci for each patient were
identified, the total MTV (MTV-T) was calculated by the software
as the sum of MTV-P and MTV-N. The MTV-T, MTV-P, and MTV-N
were viewed in the axial, coronal, and sagittal planes to ensure that
normal tissues were not incorporated. The software also calculated
the SUVmax and mean SUV within the MTVs. The total glyco-
lytic activity (TGA) was defined as the (mean SUV) · (MTV-T).
Peak SUV (SUVpeak) was calculated by the software according to
the RTOG 0235 protocol as the mean SUV within a 1-cm-diameter
circle centered on the SUVmax (23). These parameters were retro-
spectively generated for this analysis and did not influence the radi-
ation prescription dose at the time of treatment.

Follow-up
The patients were seen by their radiation oncologist at least

once weekly during the course of treatment. After completing
therapy, they were followed clinically every 2–3 mo for year 1,
generally alternating visits between radiation oncology, medical
oncology, and general surgery. One patient was lost to follow-up
after the first clinical examination. Imaging studies were per-
formed for 34 of the 39 patients at 3–4 mo after chemoradiother-
apy including 23 posttherapy PET scans and 11 posttherapy
diagnostic CT scans of the chest, abdomen, and pelvis. The
remaining patients underwent their first surveillance scan more
than 6 mo after completion of therapy. They were then examined
every 3–4 mo during years 2–3 and every 6 mo after year 3.

Statistical Analysis
Data were analyzed using SPSS Statistics (version 19; IBM Corp.)

and SAS (version 9.3; SAS Institute). Actuarial rates were estimated
using the Kaplan–Meier method. OS was calculated from the date of
treatment initiation to the date of death from any cause. Progression-
free survival (PFS) was calculated as the interval from the date of
treatment initiation to the date of the first finding on imaging or
examination indicating local or distant disease progression that led

FIGURE 1. Representative PET maximum-intensity-projection

images with MTV represented by dashed line on coronal (A) and

sagittal (B) images. Sagittal image demonstrates clearer separation
between tumor and bladder.
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to additional confirmatory testing or death due to disease (in-
cluding treatment-related deaths). Event-free survival (EFS)
included patients who met either the OS or the PFS endpoints.
The level of significance was estimated using the log-rank test.
Time-dependent receiver-operating-characteristic analysis was
used to determine area under the curve to estimate the predic-
tive ability of MTV-T and SUVmax (24). Cox regression anal-
ysis was used to evaluate prognostic variables for univariate
and multivariate predictions of OS, PFS, and EFS. The prognostic
factors that were analyzed included the continuous variables MTV,
SUVmax, SUVpeak, and age and the categoric variables sex (fe-
male vs. male), HIV status (HIV-positive vs. HIV-negative), MMC-
based chemotherapy (yes vs. no), and T classification (T1–T2 vs.
T3–T4). Tests were based on the likelihood-ratio statistic. The Pear-
son correlation coefficient was used to test associations between
continuous variables as appropriate.

RESULTS

Patient and Tumor Characteristics

The characteristics of the 39 patients in this study are
summarized in Table 1. Most of the patients were female,
and 10% were HIV-positive. The median time between the
PET scan and the initiation of treatment was 14 d (mean, 15 d;
range, 5–41 d). Median radiation dose to the primary tumor
was 54 Gy (range, 45–59.4 Gy).
The median MTV-Twas 9 cm3 (range, 0.1–120 cm3), and

the median TGAwas 55 cm3 (range, 0.3–1038 cm3). Patients
with T3/T4 tumors tended to have larger MTV-T than those
with T1/T2 tumors (median, 15 vs. 6 cm3), but there was
a significant overlap in MTV-T between the 2 groups (Fig.
2). Although MTV-T did not influence radiation dose pre-
scription, patients with an MTV-T of 9 cm3 or less on
average received a lower radiation dose than did patients
with an MTV-T greater than 9 cm3 (median, 50.4 vs. 54

Gy). Still, 47% (9/19) of patients with an MTV-T of 9 cm3

or less received 54–59.4 Gy.
Median values for SUVmax and SUVpeak were 11.7 (range,

3.8–32.8) and 10.1 (range, 2.9–32.8), respectively. There was
significant overlap in SUVmax and SUVpeak among patients
with T1/T2 tumors and those with T3/T4 tumors.

Prognostic Value of PET Parameters

At a median follow-up of 22 mo (range, 2–82 mo), 6
patients had died: 2 deaths from disease, 1 treatment-related
death, and 3 deaths without documented recurrence at last
follow-up (1 stroke, 1 alcoholic liver failure, and 1 neuro-
degenerative disease). Nine patients experienced disease
progression, including 4 local failures and 6 distant failures
(1 patient with both). The numbers of analyzable events for
OS, PFS, and EFS were 6, 10, and 13, respectively. The 2-y
OS, PFS, and EFS rates were 88%, 74%, and 69%, respec-
tively. Progression occurred in all T classifications (T1, n 5
2; T2, n 5 3; T3, n 5 4; and T4, n 5 1) and in 3 patients
with nodal disease. Crude local and distant failure rates
were 5% and 0%, respectively, in patients with an MTV-T
of 9 cm3 or less, compared with 15% and 30% in patients
with an MTV-T greater than 9 cm3.

On univariate analysis, MTV-T and TGA were strong
predictors of outcome. An increase in MTV-T of 12.5 cm3

(the interquartile range) was significantly associated with
increased hazard ratios (HR) for OS (HR, 1.28; P 5 0.04),
PFS (HR, 1.5; P 5 0.002), and EFS (HR, 1.41; P 5 0.004)
(Table 2). Similarly, an increase in the interquartile range for
TGA was associated with a trend toward worse OS (1.53,
P5 0.053) and significantly worse PFS (1.76, P5 0.006) and
EFS (1.61, P 5 0.016). Given the expected high degree of
correlation between MTV-T and TGA (r 5 0.95, P , 2.5 ·
10220) and the strong association between MTV-T and all 3
outcomes, subsequent analysis is based on MTV-T only.

The area under the curve for predicting PFS at 2 y from
MTV-T and SUVmax were 0.804 and 0.545, respectively,
indicating that MTV-T had a better predictive value than
SUVmax. Using a cutoff point of 26 cm3 obtained from the
receiver-operating-characteristic analysis, Figure 3 demon-
strates that, compared with patients with an MTV-T of 26
cm3 or less, patients with an MTV-T greater than 26 cm3

had significantly worse PFS (33% vs. 82%, P 5 0.003) and
EFS (33% vs. 76%, P 5 0.028), with a nonsignificant trend
toward worse OS (66.7% vs. 92.7%, P 5 0.367).

TABLE 1
Patient Characteristics

Characteristic n

Sex
Female 24

Male 15

HIV-positive 4 (10)
T class

T1 6 (15)

T2 20 (51)

T3 10 (26)
T4 3 (8)

N class
N0 27 (70)

N1 6 (15)

N2 4 (10)
N3 2 (5)

Chemotherapy
MMC/5FU 34

Cisplatin-based 4

5FU alone 1

Median patient age was 58 y, and age range was 40–87 y. Data
in parentheses are percentages.

FIGURE 2. MTV-T by T classification of American Joint Commit-

tee on Cancer (AJCC).
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SUVmax (HR, 0.99–1.003; P . 0.85), SUVpeak (HR,
0.95–1.04; P . 0.35), and SUVmean (HR, 0.90–0.96; P .
0.28) were not associated with OS, PFS, or EFS (Table 2). T
classification was significantly associated with PFS (HR, 5.01;
P5 0.018) and EFS (HR, 4.11; P5 0.016), and MMC-based
chemotherapy was associated with OS (HR, 0.09; P 5 0.02).
The time between PET scanning and treatment initiation was
not correlated with any outcome (Table 2).
We further explored the subcomponents of MTV-T to

determine whether either MTV-P or MTV-N was the main
component of the association of MTV-T and outcome. Both
MTV-P and MTV-N were significant predictors of all 3
outcomes (Table 2). Although the P values for MTV-P were
more significant for PFS and EFS than those of MTV-N,
MTV-N appeared to be slightly more prognostic for OS.
We performed a similar analysis with regard to SUVmax

and SUVpeak within the primary and nodal MTVs (Table 2).

There were weak trends toward associations between
SUVmax-N/PFS (P 5 0.23); SUVmax-N/EFS (P 5 0.29);
SUVpeak-N/PFS (P5 0.18); and SUVpeak-N/EFS (P5 0.27).

MTV-T as Independent Prognostic Factor

A multivariate analysis was undertaken as a purely
exploratory maneuver to determine whether the univariate
results for MTV-T were an artifact of confounders. We
tested the association between MTV-T and outcome while
controlling for each covariate individually (Table 3). When
adjusting for T classification, MTV-T remained prognostic
for PFS and EFS but not for OS. MTV-T remained an in-
dependent prognostic marker for PFS and EFS when adjusted
for every other variable in the model, and it was prognostic
for OS when adjusting for age, chemotherapy, and the vari-
ous SUV metrics. T classification did not reach statistical
significance for OS, PFS, or EFS when adjusting for MTV.

TABLE 2
Cox Univariate Analysis

OS PFS EFS

Parameter HR P HR P HR P

Age (per y) 1.06 0.17 1.02 0.48 1.03 0.28

Sex (female vs. male) 0.467 0.41 2.49 0.26 1.45 0.55
T stage (T3/T4 vs. T1/T2) 5.48 0.07 5.01 0.02 4.11 0.02

Nodal status (N-positive vs. N-negative) 1.74 0.55 1.51 0.56 1.48 0.52

HIV status (HIV-positive vs. HIV-negative) 1.92 0.56 0.881 0.91 0.662 0.69
MMC-based chemotherapy (yes vs. no) 0.092 0.02 0.67 0.71 0.38 0.22

Time between PET and treatment (d) 0.95 0.49 1.048 0.23 1.022 0.58

MTV-T (per cm3) 1.02 0.04 1.03 0.004 1.03 0.002

MTV-P 1.02 0.048 1.04 0.001 1.03 0.004
MTV-N 1.16 0.029 1.20 0.015 1.19 0.019

TGA (per cm3) 1.003 0.053 1.004 0.006 1.003 0.02

SUVmax (per unit) 1.00 0.99 0.990 0.85 1.003 0.95

SUVmax-P 1.00 0.98 0.99 0.84 1.00 0.96
SUVmax-N 1.08 0.33 1.08 0.23 1.06 0.23

SUVpeak (per unit) 0.954 0.60 1.04 0.35 1.03 0.47

SUVpeak-P 0.96 0.68 1.01 0.94 1.01 0.93
SUVpeak-N 1.08 0.40 1.10 0.18 1.07 0.27

SUVmean (per unit) 0.960 0.73 0.900 0.28 0.933 0.39

FIGURE 3. Kaplan–Meier analysis of PFS (A), EFS (B), and OS (C) by MTV-T. Patients were separated into 2 groups based on receiver-

operating-characteristic analysis. Solid line 5 patients with MTV # 26 mL; dotted line 5 patients with MTV . 26 mL; s 5 censored
individuals.
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DISCUSSION

This is the first study, to our knowledge, to demonstrate
that pretherapy MTV-T is a significant prognostic marker
for patients with anal cancer. We found that patients with
a large pretherapy MTV-T had significantly worse PFS and
EFS, independent of T classification, SUVmax, SUVpeak,
nodal status, or sex. We did not find an association between
SUVmax (or SUVpeak) and PFS, EFS, or OS.
The data regarding the prognostic value of baseline PET

biomarkers in anal cancer are sparse. The report by Kidd et
al. is currently the only study available in the literature (10).
In that analysis, a tumor SUVmax greater than 5.6 was
associated with worse DFS and predicted an incomplete
response on posttreatment PET. The fact that SUVmax
was not predictive of outcomes in our study is not surpris-
ing. First, it is possible that the smaller sample size of our
study limited our ability to detect a significant difference.
Second, SUVmax represents a single pixel that may be
subject to a high degree of variability (noise bias) (23), thus
making it a less reliable predictor of outcome across differ-
ent studies. Last, SUVpeak is likely a more representative
metric for the region of the tumor with the most metabolic
activity. We found an improved association (though statis-
tically insignificant) between PFS–EFS and SUVpeak,
compared with PFS–EFS and SUVmax. More studies are
clearly needed to further elucidate the role of PET as a prog-
nostic marker in this disease site.
Two prior studies have highlighted the impact of post-

treatment PET scans in patients with anal cancer. Schwarz et
al. conducted a prospective study of 53 patients in which all
underwent pretreatment and posttreatment PET scans (12). A
partial metabolic response in the primary anal tumor as de-
termined by the posttreatment PET scan predicted for worse

PFS. The PET-based response was more predictive than pre-
treatment tumor size or nodal status. Similarly, in the retro-
spective study by Day et al., a partial metabolic response on
posttherapy PET was associated with worse OS and PFS;
again, PET response was a stronger predictor than T or N
classification (11). These results validate the observation
in our study that PET biomarkers may be more valuable
prognosticators than known clinical factors.

Although posttherapy PET scans appear to have a role in
selecting patients for salvage therapy, the critical problem
of identifying a high-risk patient group before treatment
remains. In a cohort of over 600 patients from RTOG 98-11,
Ajani et al. conclusively demonstrated that a tumor diameter
greater than 5 cm (as well as male sex and nodal status)
predicted poorer OS and DFS (5).

The importance of tumor size as demonstrated by Ajani
et al. is evident in the fact that the T classification of anal
tumors is based on size and not depth of invasion. A
potential weakness of the parameter tumor size is that it
may only be a surrogate for the underlying tumor burden.
MTV-T defines tumor volume on the basis of the hyper-
metabolic activity within the tumor. In this sense, MTV-T is
potentially a better biomarker than tumor size because it
may reflect each tumor’s intrinsic biology.

Currently, there is no uniform standard for the definition
of MTV-T; it is calculated with absolute SUV thresholds,
relative thresholds, or gradient-based methods. In a recent
series of patients with head and neck cancer, Dibble et al.
demonstrated excellent correlation between the gradient-
based method and various relative thresholds (all Pearson r
correlation coefficients . 0.9) (15). For each method used,
there was a strong association between the calculated MTV
and EFS. Thus, whereas the choice of segmentation method
will affect the absolute volume that is measured, the con-

TABLE 3
Cox Multivariate Analysis

OS PFS EFS

Parameter HR P HR P HR P

MTV-T (per mL) 1.014 0.19 1.028 0.01 1.024 0.022

T class (T3/T4 vs. T1/T2) 4.13 0.16 3.73 0.07 3.33 0.052
MTV-T (per mL) 1.026 0.02 1.037 0.002 1.033 0.003

Age (per y) 1.079 0.10 1.039 0.23 1.042 0.13

MTV-T (per mL) 1.019 0.06 1.037 0.001 1.029 0.004
Gender (female vs. male) 0.561 0.55 3.437 0.19 1.438 0.57

MTV-T (per mL) 1.020 0.07 1.033 0.003 1.028 0.006

Nodal status (N-positive vs. N-negative) 1.086 0.93 0.995 1.0 1.183 0.80

MTV-T (per mL) 1.024 0.13 1.045 0.005 1.035 0.005
HIV status (HIV-positive vs. HIV-negative) 0.588 0.75 0.128 0.31 0.254 0.35

MTV-T (per mL) 1.028 0.02 1.034 0.002 1.031 0.003

MMC-based chemotherapy (yes vs. no) 0.054 0.01 0.474 0.50 0.293 0.13

MTV-T (per mL) 1.02 0.04 1.033 0.002 1.029 0.004
SUVmax 0.987 0.87 0.970 0.65 0.992 0.88

MTV-T (per mL) 1.023 0.03 1.032 0.002 1.028 0.005

SUVpeak 0.911 0.42 1.026 0.61 1.012 0.79
MTV-T (per mL) 1.020 0.04 1.033 0.001 1.028 0.004

SUVmean 0.953 0.72 0.874 0.26 0.926 0.39
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sistency of the measurements should vary little as long as
the same method is used in any study. Moving forward,
prospective trials that assess the prognostic value of MTV
need to clearly define the intensity method used to calculate
MTV. However, the important point is that a growing num-
ber of studies continue to demonstrate that MTV is a strong
prognostic marker in a variety of disease sites.
Limitations of our study include its retrospective nature

and small sample size. The findings are therefore only
hypothesis-generating and will need to be validated in
a larger, ideally prospectively collected group of data. Also,
the variability in timing and choice of surveillance imaging
in our patients prevented a detailed analysis of posttherapy
PET parameters. Likewise, the single-institution design of
this study is limiting. At other institutions, differences in
PET scanners, imaging protocols, and software analysis may
affect the measurement and overall impact of PET param-
eters as biomarkers. Nonetheless, given the utility of PET in
the staging and posttreatment evaluation of patients with anal
cancer, we believe that future trials in this disease should
incorporate PET into the study design. However, in such
trials, systematic and strict protocols for PETwill need to be
established to minimize the potential variability in image
analysis and follow-up schedules. Last, MTV has not been
validated as a prognostic marker in a prospectively collected
dataset in any disease site. Until further PET-based research
is done in anal cancer and other malignancies, it will be
challenging to define the optimal MTV cutoff points to risk-
stratify patients. Despite these limitations, attempts should
be made to risk-stratify patients on the basis of MTV to help
identify candidates for more aggressive therapies involving
radiation or chemotherapy dose escalation or intensification.

CONCLUSION

Our study indicates that tumor burden, as assessed by
pretreatment MTV-T, is prognostic for PFS, EFS, and OS in
patients with SCC-AC. MTV-T was prognostic for PFS and
EFS, independent of T classification or any of the other clinical
parameters. SUV parameters did not correlate with survival or
progression. Additional studies are needed to validate these
findings and to establish the role of MTV-T as a tool to stratify
patients for risk-adapted therapies in anal cancer.
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