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Abstract

Background: Anal cancer is a relatively rare tumor of which incidence increases in developed countries. '®F-FDG
PET has been increasingly used for its post radio-chemotherapy evaluation. However, several authors have reported
the risk of local false-positive findings leading to low specificity and positive predictive values. These false-positive
results could be due to post-radiotherapy inflammation or infection but certainly also to physiological anal canal
uptake that is observed on a regular basis in clinical practice. The purpose of this prospective study (NCT03506529;
HYPHYCA) was therefore to seek predictive factors of physiological anal canal hypermetabolism.

Materials and methods: Over a 2-month period, patients aged 18 years old and more, referred for 8F-FDG PET-CT
at two EARL-accredited PET centers were included, after obtaining their informed and written consent. They were
asked to fill in a questionnaire including seven closed questions about usual intestinal transit, ongoing medications
relative to intestinal transit, history of digestive, and anal and/or pelvic diseases. Age, gender, and body mass index
(BMI) were recorded. A single nuclear medicine physician visually and quantitatively analyzed anal canal uptake
(SUVmax_earl) and assessed visual rectal content (air, feces, or both) and the largest rectal diameter (mm).

Results: Six hundred and thirteen patients were included (sex ratio F/M = 0.99) and 545 (89%) questionnaires were
entirely completed. Significantly more males presented anal canal hypermetabolism (sex ratio (M/F) = 1.18 versus
0.85, p = 0.048). Moreover, patients with anal canal hypermetabolism had higher BMI (27.6 (5.7) kg/m? versus 23.9
(4.5) kg/mz, p < 0.0001), higher rate of hemorrhoid history (43% versus 27%, p = 0.016), and higher rate of rectum
filled with only feces (21% versus 12%, p = 0.019) as compared to patients with no anal canal uptake. On logistic
regression, all these variables were found to be independent predictors of the occurrence of an anal canal
hypermetabolism. Odds ratio were 1.16 (1.12-1.20) per unit of BMI (kg/mz) (p < 0.0001), 1.48 (1.04-2.11) for males
(p = 0.030), 1.64 (1.10-2.45) for hemorrhoids history (p = 0.016), and 1.94 (1.147-3.22) for the rectum filled with
only feces (p = 0.010).
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studies are conducted in this specific population.

Keywords: PET, '®F-FDG, Anal cancer, Physiological uptake

Conclusion: According to our study, the predictive factors of physiological anal canal hypermetabolism are high
BMI, male gender, hemorrhoid history, and rectum filled with only feces. This may pave the way to a more
specific interpretation of post radio-chemotherapy PET evaluations of anal canal cancer, provided that other

Trial registration: This prospective study was registered at Clinicaltrial.gov: NCT03506529; HYPHYCA on April 24, 2018

Background

Anal cancer is a relatively rare tumor with incidence
rates between 1.0 and 2.0 per 100,000 people a year in
most Western countries. However, its incidence increases
by 2 to 3% per year in developed countries, especially
among the youngest male homosexuals and immunocom-
promised persons [1]. Indeed, the known risk factors for
anal cancer are infections by human papillomavirus, hu-
man immunodeficiency virus, sexual risk factors (homo-
sexuality in men and multiple sexual partners in women),
and tobacco exposure. Traditional staging techniques
based on surgical and anatomo-pathological parameters
have been supplanted by clinical staging because external
radiotherapy and chemotherapy (5-fluorouracile and mi-
tomycin C) have replaced surgery as the main treatment
of choice [2]. **F-Fluorodeoxyglucose (**F-FDG) positron
emission tomography (PET) has been increasingly evalu-
ated in the management of anal cancer patients, particu-
larly for the initial staging of the disease and the
evaluation of the therapeutic response after radiochemo-
therapy. In this context of post-treatment evaluation,
thanks to its good negative predictive value with reported
values superior to 90%, *F-FDG PET can avoid biopsies
in case of a complete metabolic response [3-5]. This is
clinically relevant as post radiotherapy biopsies can lead to
necrosis and potentially complicated and delayed surgery.
However, several authors reported the risk of local false-
positive PET [6, 7], leading to low specificity and positive
predictive values [4]. For example, in the Nguyen et al.
study [7], 5 patients were classified in partial metabolic
response, but after biopsy, 3 of them were in fact in
complete local response. Similar results were found by
Vercellino et al. with a 'F-FDG PET/CT specificity of
only 81% [5]. These false-positive results could result not
only from post-radiotherapy inflammation or infection,
but also from physiological anal canal uptake that is fre-
quently observed in daily clinical practice and is therefore
a critical parameter to be taken into account.

To our knowledge, there is currently no large pro-
spective study exploring the predictive factors of physio-
logical anal hypermetabolism. The purpose of this study
was therefore to seek the factors of physiological anal
canal hypermetabolism in the general PET population in

an attempt to pave the way to the improvement of inter-
pretation in anal cancer patients by reducing the risk of
false-positive PET results and therefore improving speci-
ficity and positive predictive values.

Materials and methods

Population and questionnaire

This study was a prospective bicentric observational
study. All patients aged of 18 years old and more, re-
ferred for a ®F-FDG PET-CT at the Centre Francois
Baclesse and the Caen University Hospital PET centers,
were included after their informed and written consent
was obtained. The inclusion period took place from
September 17, 2018 to November 15, 2018. Of note,
preliminary results of this study were presented during
the 2019 EANM congress [8].

We excluded all patients with a history of anal cancer,
biguanides-induced colitis on PET images, or colostomy
and all patients deprived of liberty, under tutorship or
curatorship, or with any associated socio-educational,
medical, or psychological condition that could com-
promise their ability to participate in the study (e.g.,
illiteracy and mental disability). All procedures in this
study involving human participants were performed in
accordance with the ethical standards of the institutional
or national research committee and with the principles
of the 1964 Declaration oh Helsinki and its later amend-
ments or comparable ethical standards. The study was
registered in the Clinical Trials Protocol Registration
System (NCT03506529; HYPHYCA).

All enrolled patients were asked to fill in the question-
naire during the "®F-FDG uptake time. The questionnaire
used was designed specifically for our study in consensus
between PET readers from our two PET centers and radi-
ation oncologists and a gastroenterologist from our digest-
ive tumor board. The time required for filling in the
questionnaire was estimated at about 10 min. It included
seven closed questions concerning the usual intestinal
transit, ongoing medications relative to intestinal transit,
and history of digestive, anal, and/or pelvic treatments
(Table 1). A specific identification number was then
assigned to each patient, and both the surveys and PET
data were anonymized for further analysis. The medical
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Patients characteristics Total population (n = 613) Hypermetabolism (n = 318) Basal metabolism (n = 295) p value
Age (years)

Mean + SD 61 +14 62+ 13 61 £ 15 0518
BMI (kg/m?)

Mean + SD 259 £ 54 277 £55 240 £ 44 < 0.0001
Gender (n, %)

Females 305 (49.8) 146 (45.9) 159 (53.9) 0.048

Males 308 (50.2) 172 (54.1) 136 (46.1)

care of the patients in PET units was not modified in any
way. No additional examination was carried out and no
follow-up of patients was necessary in this study. In
addition to the questionnaire, age, gender, body mass
index (BMI), and PET indication were recorded.

PET/CT-acquisition and reconstruction
Patients’ preparation in the PET unit and PET acquisi-
tion and reconstructions were performed as per the
EANM guidelines for PET tumor imaging [9], and both
PET centers are EARL accredited [10]. Injected dose,
time between injection and acquisition, and capillary
glycemia were recorded. PET/CT acquisitions were per-
formed using two different PET/CT scanners: a Biograph
TrueV with extended field-of-view (Siemens Medical
Solutions) and a Vereos system (Philips Medical Sys-
tems). Patients were asked to fast for 6 h or more before
"8E-FDG injection. Patients’ weight was checked on a
calibrated scale [11]. PET/CT images were performed
60 min post injection from mid-thigh to the base of the
skull except for lower limb melanoma and myeloma
where whole-body acquisitions were performed.
Concerning the Biograph TrueV system, the injected
dose was 4.0 MBq/kg and the acquisition time per bed
position was set to 2 min and 40 s for patients with BMI
< 25kg/m? and 3 min and 40s for patients with BMI >
25kg/m?. To fulfill the EARL accreditation, PET raw
data were reconstructed with a 3D-OSEM reconstruc-
tion algorithm with point spread function (PSF) model-
ing (3 iterations and 21 subsets) and a 6.3-mm post-
reconstruction Gaussian filter, using a 128 x 128 matrix
size. Scatter and attenuation corrections were applied.
For the Vereos system, the injected dose was 3.0 MBq/kg
and the acquisition time per bed position was set to 2 min
whatever the patients’ body habitus. To fulfill the EARL
accreditation, PET raw data were reconstructed with a 3D-
OSEM reconstruction algorithm with PSF modeling (2 iter-
ations and 10 subsets) with a 5-mm post-reconstruction
Gaussian filter, using a 288 x 288 matrix size. Scatter and
attenuation corrections were applied.

PET/CT analysis

A nuclear medicine physician reviewed all PET images
on a digital workstation (ISP software, Philips). For all
examinations, EARL-compliant quantitative analysis was
used [10]. The following features were recorded for all
examinations:

e Visual analysis of the hypermetabolism of the anal
canal using a 3-point scale (0, no hypermetabolism;
1, moderate hypermetabolism; 2, intense
hypermetabolism).

e Anal canal maximum standardized uptake values
(SUV max_earr)- VOI was determined using 50% of
SUVpeak With adaptation to local tumor-to-back-
ground contrast, so called adapted 50% of SUV-
peak (ASOP) [12]

e Visual assessment of rectal content using a 4-point
scale (empty; 0, air; 1, feces; 2, air and feces).

e Largest rectal diameter (mm).

To do an inter-observers’ agreement analysis for the
discrimination between patients with a basal anal canal
hypermetabolism (classified 0) and those with a signifi-
cant anal canal hypermetabolism (classified 1 or 2), a
second nuclear medicine physician was randomly
assigned 100 PET/CT examinations. He recorded visual
analysis of the hypermetabolism of the anal canal using
a 3-point scale and the anal canal SUV, . gar. as
described above.

Statistical analysis

Continuous quantitative data are presented as mean *
SD. Categorical data are presented as frequencies and
percentages. Mean SUV ,,, values between patients with
visually basal anal canal metabolism (0), moderate hy-
permetabolism (1), and intense hypermetabolism (2)
were compared using a Kruskal-Wallis test. Quantitative
data of patients with basal anal canal metabolism (0) and
patients with a hypermetabolism (1 and 2) were com-
pared using Mann-Whitney tests. Categorical data of
patients with a basal anal canal metabolism (0) and
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patients with a hypermetabolism (1 and 2) were com-
pared using chi-squared tests. When appropriate, linear
regression was used to seek an association between
quantitative variables and ROC analysis was used to de-
termine optimal cutoff values based on the Youden
index. Inter-observers’ agreement was assessed by the
use of a Cohen’s kappa coefficient. To disentangle the
effects of several variables on the occurrence of an anal
canal hypermetabolism, a logit logistic regression was
performed taking into account all significant variables
on univariable analysis.

Results

Population characteristics

Six hundred and thirty-nine patients were initially in-
cluded. Twenty-six were excluded (19 diffuse colon uptake
on PET images, 3 histories of anal cancers, 4 colostomies)
resulting in a final database of 613 patients (305 females
and 308 males). Diffuse colon uptake on PET images was
due to ulcerative colitis (# = 1), biguanides (# = 8), im-
munotherapy (n = 3), or unknown etiologies (n = 7). Pa-
tient’s characteristics are displayed in Table 1. Four
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hundred and thirty-seven patients were referred for onco-
logical purposes, 51 for infectious or inflammatory dis-
eases, and 125 to characterize a lesion whatever the site
concerned. For more details, refer to Fig. 1. Two hundred
and ninety-five patients had basal anal canal metabolism
(classified 0), 193 patients presented a moderate anal canal
hypermetabolism (classified 1) and 125 with an intense
anal canal hypermetabolism (classified 2). Corresponding
mean SUV,,,, values were equal to 2.56 + 0.39, 3.32 +
0.35, and 4.72 + 1.54, respectively (Fig. 2, p < 0.0001).
ROC curves analyses showed that the optimal SUV-
max_EArL cutoff value to discriminate between patients
with a basal anal canal metabolism (0) and patients
with a hypermetabolism (1 and 2) was > 2.96 (AUC =
0.955, p < 0.0001, accuracy = 90.0%). Of note, the optimal
SUV nax_eare cutoff value to discriminate between patients
with low and high anal canal uptake hypermetabolism was
> 3.78 (AUC = 0.962, p < 0.0001, accuracy = 90.6%). There
were significant differences in BMI and gender between
patients with basal anal canal metabolism and patients
presenting an anal canal hypermetabolism with signifi-
cantly higher BMI (27.6 + 5.7 kg/m” versus 23.9 + 4.5 kg/

-

Oncological purposes (n=437)

Sarcoma
1%
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Fig. 1 Additional details on PET examinations indications
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Fig. 2 Visual versus quantitative analysis of anal canal uptake. Data
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m?, p < 0.0001) and significantly more males (sex ratio
(M/F) = 1.18 versus 0.85, p = 0.048) in the group present-
ing anal canal hypermetabolism (Table 1). There was a
significant linear correlation between BMI and anal canal
SUVmax_earr Values with R” = 0.12 (p < 0.0001, Fig. 3).
ROC curves analysis showed that the optimal cutoff to
discriminate between patients with and without anal canal
hypermetabolism was a BMI > 26.22 (AUC = 0.705, p <
0.0001). Mean age was not significantly different between
these two groups of patients (Table 1).
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Fig. 3 Linear regression of SUVina gar. and body mass index (kg/m?)
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Questionnaire analysis

Five hundred and forty-five (89%) questionnaires were en-
tirely completed. Numbers of completed questionnaires
on a per question basis as well as corresponding responses
are detailed in Table 2. Patients presenting an anal canal
hypermetabolism had a significantly higher rate of
hemorrhoid histories as compared to patients with basal
anal canal metabolism: 43% versus 27%, respectively (p =
0.016). There were no differences in the number of stools
per day, delay between last stool and FDG injection, Bris-
tol stool form scale [13] ongoing treatments, anal fissure
or abscess histories, surgery or radiotherapy histories, in-
flammatory bowel disease history, and anal invasive act
history between these two groups of patients (Table 2).
Concerning patients with surgery history (n = 131), time
data were not available for 13 patients (9.9%). Nineteen
patients (14.5%) underwent anal, rectal, or pelvic surgery
during the year before the PET examination. This group
of patients did not display significantly different anal canal
metabolism compared to the rest of the population: 3.25 +
0.99 versus 3.22 + 1.1, respectively (p = 0.83). Concerning
patients with anal, rectal, or pelvic irradiation history (n =
49), time data were not available for 5 patients (10.2%).
Thirteen patients (26.5%) underwent anal, rectal, or pelvic
surgery during the 3 months before the PET examination.
This group of patients did not display significantly
different anal canal metabolism compared to the rest
of the population: 3.50 + 0.77 versus 3.22 + 1.12, re-
spectively (p = 0.11).

PET/CT characteristics
The mean injected dose of '*F-FDG was equal to 3.47 +
0.56 MBq/kg, the mean blood glucose level was equal to
1.02 + 0.21 g/1, and the mean uptake period was equal to
59 + 4 min. There were no significant differences in the
injected dose, blood glucose level, and uptake period be-
tween patients with basal anal canal metabolism and those
presenting an anal canal hypermetabolism (Table 3).
Concerning CT characteristics, there was a signifi-
cantly higher rate of rectum filled with only feces (scale
1) in patients presenting with an anal canal hypermetab-
olism as compared to those with basal anal canal metab-
olism: 21% versus 12%, respectively (p = 0.019, Table 3,
Fig. 4). No difference was found in the rectal diameter
between these two groups of patients (Table 3).

Logistic regression

The logistic regression took into account all significant
variables on univariable analysis, that is to say BMI,
gender, hemorrhoids history, and rectal content. The
analysis was performed on the 598 patients for whom all
these variables were recorded. All variables were found
to be independent predictors of the occurrence of an
anal canal hypermetabolism (Table 4). Odds ratio were
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Questions Total population Hypermetabolism (n= 318) Basal metabolism (n= 295) p value
1. Number of stools per day (n, %)
Number of answers 605 314 291
0 117 (19.3) 63 (20.1) 54 (18.6) 0.869
1 309 (51.1) 157 (50.0) 152 (52.2)
2 131 (21.7) 67 (21.3) 64 (22.0)
3 48 (79 27 (86) 21(7.2)
2. Delay between last stool and FDG injection (hours)
Number of answers 590 306 84
Mean (SD) 149 (16.7) 14.5 (16.6) 153 (16.8) 0.238
3. Bristol classification (n, %)
Number of answers 586 306 280
0, constipation (1-2) 114 (19.5) 58 (18.9) 56 (20.0) 0.949
1, normal (3-4) 346 (59.0) 182 (59.5) 164 (58.6)
2, diarrhea (5-7) 126 (21.5) 66 (21.6) 60 (21.4)
4, Ongoing treatments
Laxative treatment (n, %)
Number of answers 603 312 291
Yes 57 (9.5) 27 (8.7) 30 (103) 0.487
No 546 (90.5) 285 (91.3) 261 (89.7)
Anti-diarrhetic treatment (n, %)
Number of answers 601 311 290
Yes 27 (4.5) 17 (5.5) 10 (34) 0.233
No 574 (95.5) 294 (94.5) 280 (96.6)
5. Anal, rectal, and pelvic history
Hemorrhoid history (n, %)
Number of answers 598 309 289
Yes 155 (25.9) 93 (30.1) 62 (21.5) 0.016
No 443 (74.1) 216 (69.9) 227 (78.5)
Anal fissure history (n, %)
Number of answers 600 310 290
Yes 20 (33) 12 (39 8(2.8) 0448
No 580 (96.7) 298 (96.1) 282 (97.2)
Anal abscess history (n, %)
Number of answers 599 310 289
Yes 4(0.7) 2 (06) 2(0.7) 0.944
No 595 (99.3) 308 (99.4) 287 (99.3)
Anal, rectal, or pelvic surgery history (n, %)
Number of answers 602 312 290
Yes 131 (21.8) 67 (21.5) 64 (22.1) 0.860
No 471 (78.2) 245 (78.5) 226 (77.9)
Anal, rectal, or pelvic irradiation history (n, %)
Number of answers 602 311 291
Yes 49 (8.1) 27 (8.7) 22 (7.6) 0.615
No 553 (91.9) 284 (91.3) 269 (92.4)
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Table 2 Questionnaires data (Continued)
Questions Total population Hypermetabolism (n= 318) Basal metabolism (n= 295) p value
6. Inflammatory bowel disease history (n, %)
Number of answers 603 312 291
Yes 12 (20 8(26) 4(14) 0.296
No 591 (98.0) 304 (97.4) 287 (98.6)
7. Anal invasive act history* (n, %)
Number of answers 603 312 291
Yes 55(9.1) 30 (9.6) 25 (8.6) 0.662
No 548 (90.9) 282 (904) 266 (91.4)

*All types of anal invasive examinations (rectal enema, rectoscopy, coloscopy, etc.) or anal intercourse

1.16 (1.12-1.20) per unit of BMI (kg/m2) (p < 0.0001),
1.48 (1.04-2.11) for males (p = 0.030), 1.64 (1.10-2.45)
for hemorrhoids history (p = 0.016), and 1.94 (1.147-
3.22) for the rectal content type 1 (only feces) (p =
0.010).

Inter-observers’ agreement assessment on a random
dataset of 100 patients

Using visual analysis to discriminate between patients
with a basal anal canal metabolism (0) and patients with
a hypermetabolism (1 and 2), the agreement between
the two observers was strong with a Cohen’s kappa coef-
ficient equal to 0.64. There were discrepancies in 18 pa-
tients. A linear regression showed an almost perfect
correlation between SUV ... pary values extracted by
the two observers with a R* equal to 0.95 (p < 0.0001).
The agreement between observers was noticeably im-
proved when using SUV ., gare quantitative data and
applying the previously described cutoff value of 2.96.
Using this method, the Cohen’s kappa coefficient was

Table 3 PET/CT characteristics

found to be almost perfect, equal to 0.88, with only 6
discrepancies.

Discussion

According to our study, the predictive factors of physio-
logical anal canal hypermetabolism are male gender,
high BMI, hemorrhoids history, and rectum filled with
only feces.

Surprisingly, concerning patient characteristics, men
displayed significantly more anal canal hypermetabolism
than women. This could be potentially explained by
anorectal manometric studies that showed that anal
sphincters were significantly longer in men than women
and that mean squeeze pressure was higher in men [14].
For these reasons, it could be plausible that anal canal
metabolism could be better seen in male than in female
patients. Concerning body habitus, mean BMI was
higher in patients presenting canal anal uptake. Further-
more, ROC curves analysis seems to indicate that over-
weight and obese patients (BMI > 26.22) are more likely
to present an anal canal hypermetabolism which is

PET/CT characteristics Total population (n = 613) Hypermetabolism (n = 318) Basal metabolism (n = 295) p value
Mean injected dose (MBq/kg)

Mean + SD 347 £ 056 344 £ 056 350+ 057 0454
Mean blood glucose level (g/L)

Mean + SD 1.02 £ 0.21 1.03 £ 022 1.02 £ 0.21 0.996
Mean "8F-FDG uptake time (min)

Mean + SD 50+4 59+5 59+4 0.697
Rectal diameter (cm)

Mean + SD 41 +£15 42 + 14 40 £ 15 0.202
Rectal content (n, %)

Empty 84 (13.7) 37 (11.6) 47 (15.9) 0.019

0, air 270 (44.0) 134 (42.1) 136 (46.1)

1, feces 101 (16.5) 66 (20.8) 35(11.9)

2, air and feces 158 (25.8) 81 (25.5) 77 (26.1)
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Fecal rectal content classified 1. d Mixed rectal content classified 2

\

Fig. 4 lllustration of rectal content classification and its association with anal canal uptake. a Empty rectum. b Air rectal content classified 0. ¢

actually easy to take into account in our routine practice,
even though the background of this finding is not yet
clarified.

The interrogation of the patient in the search for a
history of hemorrhoids appears to be a crucial issue,
whatever the date of the last hemorrhoidal surge.
Indeed, in our study, stratification according to the
time interval of the last hemorrhoidal surge was not
necessary to obtain statistical significance. This ante-
cedent should be systematically sought before any
post-treatment PET evaluation of anal cancer, espe-
cially as it is the most frequently encountered affection
in proctology [15] and as radiotherapy is a known pro-
vider of hemorrhoidal crisis [16].

Finally, we found the rectum filled with only feces
to be a predictor of anal canal hypermetabolism as
compared to other rectal content. From a functional

point of view, the anal canal is above all a sphincteric
apparatus. The arrival of materials in the rectal am-
poule physiologically leads to an associative sampling
reflex associating a propulsive rectal contraction, a re-
laxation of the internal anal sphincter and a reflex
contraction of the external anal sphincter. The subse-
quent stage, continence or defecation, is under the
control of the will of the individual who chooses to
respond or not to the exonerating need [17]. There-
fore, we can hypothesize that the anal canal uptake
could be linked to the voluntary solicitation of the
external anal sphincter at the time of the FDG injec-
tion and/or during the uptake FDG period. To avoid
this phenomenon, we could quite easily consider the
use of a rectal enema in the hours preceding the
post-treatment PET evaluation as it is already done
during the radiotherapy before each session.

Table 4 Logistic regression analysis of risk factors for anal canal hypermetabolism

Parameter Value Standard error Wald chi-square Pr > chi?
Intercept —4.340 0.544 63.547 < 0.0001
BMI (kg/mz) 0.155 0.020 60.051 < 0.0001
Gender—male 0.392 0.181 4.688 0.030
Hemorrhoid history 0493 0.205 5.790 0.016
Rectal content --1 (feces) 0.666 0.259 6.587 0.010
Rectal content— 2 (air and feces) - 0043 0220 0.038 0.846
Rectal content— empty 0.039 0.278 0.020 0.888
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Notable strengths of the study are the important
number of patients included, as well as the high rate of
entirely completed questionnaires (89%) and the use of
EARL-compliant SUVs for the sake of pooling quantita-
tive data from two systems (Siemens analogic and
Phillips digital systems) and being able to export our
results to other EARL accredited centers. However, we
underwent both visual and quantitative analysis of anal
canal uptakes. Visual assessment led to a strong agree-
ment between observers but the use of a quantitative
threshold to identify patients with a significant anal
canal uptake hypermetabolism gave better results. Using
a SUVax_eare cutoff value superior to 2.96 led to an
almost perfect agreement between observers (k = 0.88),
thus demonstrating that our results could be easily ex-
trapolated to other EARL-accredited PET centers. The
use of an organ of reference, in particular the physio-
logical uptake of the liver, to determine the presence of
a significant anal canal uptake was not retained because
of the high inter-individual variability. For example, in
the random dataset of 100 patients attributed to the sec-
ond observer, the liver uptake ranged from 1.89 to 4.38
with a median value equal to 2.95. Indeed, it is well-
known that liver uptake can be influenced by various
factors as BMI [18] steatosis [19], as well as the blood
glucose level [20] and time interval between BE_FDG in-
jection [21] and PET acquisition [22]. Therefore, there is
a significant risk to overestimate the event in patients
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with low liver uptake and underestimate the event in
those with high liver uptake, whatever the underlying
cause. Representative examples of these two scenarios
are presented in Fig. 5. Of note, previous studies dealing
with post-treatment PET examinations of anal cancer
patients did not use quantitative data (nor SUV thresh-
old or organ of reference) and were only based on visual
assessment [3, 23, 24].

Concerning the limitations of the present study, we can
first notice the risk of bias linked to the data collection
method. For example, the antecedent of anal condyloma
could not be evaluated because most of the patients actually
did not have a good knowledge of what this disease is.
However, rare cases of hypermetabolic condylomas had
been described in voluminous lesions that could be en-
countered in immunodeficient patients as HIV-infected
ones [25]. As none of the patients was concerned by this
clinical situation in the present study, we can argue that it
is unlikely to be a confounding factor. Moreover, concern-
ing the question of a history of an anal invasive act (includ-
ing sexual intercourse), even in the absence of the
investigator in the room during the questionnaire filling
process, there was surely a social desirability bias due to the
nature of the question [26]. We could then hypothesize that
the frequency of anal invasive act and its impact on anal
canal hypermetabolism were underestimated. Secondly, the
purpose of this study was to pave the way for more specific
interpretation of post radio-chemotherapy PET studies in

SUVmax =3.35

anal

SUVmax =244

anal —

.
.
- D

SUVmax ., =4.10

SUVmax o, = 2.34

Fig. 5 Axial EARL-accredited images centered on the anal canal (left panel) and the liver (right panel) of a patient classified with significant anal
canal hypermetabolism on visual analysis who would be classified “negative” using liver uptake as reference (a) and a patient classified with basal
anal canal hypermetabolism who would be classified as “positive” using liver uptake as reference (b)
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anal cancer patients. However, the recruitment of our PET
center did not allow us to conduct an analysis of this spe-
cific sub-population. Indeed, in this 2-month inclusion
period, only 3 patients had histories of anal cancer. There-
fore, further works are needed to ensure that the present
results could be extrapolated in this context.

Conclusions

According to our study, the predictive factors of physio-
logical anal canal hypermetabolism are high BMI, male
gender, history of hemorrhoid, and rectum filled with only
feces. Presently, an anal canal SUV , parr superior to
2.96 seems to be an efficient threshold to identify patients
with a significant anal canal hypermetabolism. This may
pave the way to a more specific interpretation of post
radio-chemotherapy PET evaluations of anal canal cancer
and to the optimization of protocols, provided that these
findings are validated in this specific population.

Abbreviations

EANM: European Association of Nuclear Medicine; EARL: EANM Research Ltd;
FDG: Fluor-18 fluorodeoxyglucose; MIP: Maximum intensity projection;
OSEM: Ordered subset expectation maximization; PET: Positron emission
tomography; PSF: Point spread function; SUV: Standardized uptake value;
SUVimax: Maximum SUV; SUVpear: Peak SUV

Acknowledgments
Ms. Helen Lapasset is thanked for English editing.

Authors’ contributions

NA contributed to the study design, manuscript writing, and data gathering.
LET contributed to the PET data analysis, CN and RC data gathering, BH data
gathering and PET data analysis, JK and MPG study design and data gathering,
and CL study design, statistical analysis manuscript writing, and data gathering.
All authors read and approved the final version of the manuscript

Funding
None

Availability of data and materials
Data from this study are available upon reasonable request.

Ethics approval and consent to participate

All procedures performed in this study involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. This research involved human
participants. We received approval from the Medical Ethical Committee
(Comité de protection des personnes Sud Méditerranée) to perform this
study (2017-A03545-48).

Consent for publication
Informed consent was obtained from all individual participants included in
the study.

Competing interests
The authors declare that they have no competing interests.

Author details

"Normandie University, Caen, France. ’Nuclear Medicine Department, Caen
University Hospital, Avenue Cote de Nacre, 14000 Caen, France. 3INSERM
1086 ANTICIPE, Normandie University, Caen, France. “Radiation Oncology
Department, Francois Baclesse Cancer Centre, Caen, France. SDigesﬁve
Oncology Department, Frangois Baclesse Cancer Centre, Caen, France.
SNuclear Medicine Department, Francois Baclesse Cancer Centre, Caen,
France.

Page 10 of 11

Received: 17 December 2019 Accepted: 25 February 2020
Published online: 20 March 2020

References

1. Grulich AE, Poynten IM, Machalek DA, Jin F, Templeton DJ, Hillman RJ. The
epidemiology of anal cancer. Sexual health. 2012,9:504-8. https://doi.org/10.
1071/sh12070.

2. Bartelink H, Roelofsen F, Eschwege F, Rougier P, Bosset JF, Gonzalez DG,
et al. Concomitant radiotherapy and chemotherapy is superior to
radiotherapy alone in the treatment of locally advanced anal cancer: results
of a phase IIl randomized trial of the European Organization for Research
and Treatment of Cancer Radiotherapy and Gastrointestinal Cooperative
Groups. J Clin Oncol. 1997;15:2040-9. doi:10.1200/jco.1997.15.5.2040.

3. Goldman KE, White EC, Rao AR, Kaptein JS, Lien WW. Posttreatment FDG-
PET-CT response is predictive of tumor progression and survival in anal
carcinoma. Pract Radiat Oncol. 2016;6:2149-e54. https://doi.org/10.1016/j.
prr0.2016.01.004.

4. Houard C, Pinaquy JB, Mesguich C. Henriques de Figueiredo B, Cazeau AL,
Allard JB, et al. Role of (18)F-FDG PET/CT in posttreatment evaluation of anal
carcinoma. Journal of nuclear medicine : official publication. Society of Nuclear
Medicine. 2017;58:1414-20. https://doi.org/10.2967/jnumed.116.185280.

5. Vercellino L, Montravers F, de Parades V, Huchet V, Kerrou K, Bauer P, et al.
Impact of FDG PET/CT in the staging and the follow-up of anal carcinoma.
Int J Colorectal Dis. 2011;26:201-10. https;//doi.org/10.1007/500384-010-
1080-9.

6. Mistrangelo M, Pelosi E, Bello M, Ricardi U, Milanesi E, Cassoni P, et al. Role
of positron emission tomography-computed tomography in the
management of anal cancer. Int J Radiat Oncol Biol Phys. 2012,84:66-72.
https://doi.org/10.1016/}.ijrobp.2011.10.048.

7. Nguyen BT, Joon DL, Khoo V, Quong G, Chao M, Wada M, et al. Assessing
the impact of FDG-PET in the management of anal cancer. Radiother Oncol.
2008;87:376-82. https://doi.org/10.1016/j.radonc.2008.04.003.

8. Annual Congress of the European Association of Nuclear Medicine October
12 - 16, 2019 Barcelona, Spain. European journal of nuclear medicine and
molecular imaging. 2019:46:1-952. doi:10.1007/500259-019-04486-2.

9. Boellaard R, Delgado-Bolton R, Oyen WJ, Giammarile F, Tatsch K, Eschner W,
et al. FDG PET/CT: EANM procedure guidelines for tumour imaging: version
2.0. Eur J Nucl Med Mol Imaging. 2015;42:328-54. https://doi.org/10.1007/
500259-014-2961-x.

10. Aide N, Lasnon C, Veit-Haibach P, Sera T, Sattler B, Boellaard R. EANM/EARL
harmonization strategies in PET quantification: from daily practice to
multicentre oncological studies. Eur J Nucl Med Mol Imaging. 2017;44:17-
31. https://doi.org/10.1007/500259-017-3740-2.

11. Lasnon C, Houdu B, Kammerer E, Salomon T, Devreese J, Lebasnier A, et al.
Patient’s weight: a neglected cause of variability in SUV measurements? A
survey from an EARL accredited PET centre in 513 patients. Eur J Nucl Med
Mol Imaging. 2016;43:197-9. https://doi.org/10.1007/500259-015-3214-3.

12. Frings V, van Velden FH, Velasquez LM, Hayes W, van de Ven PM, Hoekstra
OS, et al. Repeatability of metabolically active tumor volume measurements
with FDG PET/CT in advanced gastrointestinal malignancies: a multicenter
study. Radiology. 2014,273:539-48. https.//doi.org/10.1148/radiol.14132807.

13.  Lewis SJ, Heaton KW. Stool form scale as a useful guide to intestinal transit
time. Scand J Gastroenterol. 1997;32:920-4. https://doi.org/10.3109/
00365529709011203.

14.  Lee HR, Lim SB, Park JY. Anorectal manometric parameters are influenced
by gender and age in subjects with normal bowel function. Int J Colorectal
Dis. 2014;29:1393-9. https://doi.org/10.1007/500384-014-1961-4.

15. Riss S, Weiser FA, Schwameis K, Riss T, Mittlbock M, Steiner G, et al. The
prevalence of hemorrhoids in adults. Int J Colorectal Dis. 2012,27:215-20.
https://doi.org/10.1007/500384-011-1316-3.

16. Baek JG, Kim EC, Kim SK, Jang H. Dosimetric planning study for the
prevention of anal complications after post-operative whole pelvic
radiotherapy in cervical cancer patients with hemorrhoids. Br J Radiol. 2015;
88:20150223. https://doi.org/10.1259/bjr.20150223.

17.  Keef KD, Cobine CA. Control of Motility in the Internal Anal Sphincter. J
Neurogastroenterol Motil. 2019;25:189-204. https://doi.org/10.5056/jnm18172.

18. Kamimura K, Nagamachi S, Wakamatsu H, Higashi R, Ogita M, Ueno S, et al.
Associations between liver (18)F fluoro-2-deoxy-D-glucose accumulation
and various clinical parameters in a Japanese population: influence of the
metabolic syndrome. Ann Nucl Med. 2010,24:157-61. https://doi.org/10.
1007/512149-009-0338-1.


https://doi.org/10.1071/sh12070
https://doi.org/10.1071/sh12070
https://doi.org/10.1016/j.prro.2016.01.004
https://doi.org/10.1016/j.prro.2016.01.004
https://doi.org/10.2967/jnumed.116.185280
https://doi.org/10.1007/s00384-010-1080-9
https://doi.org/10.1007/s00384-010-1080-9
https://doi.org/10.1016/j.ijrobp.2011.10.048
https://doi.org/10.1016/j.radonc.2008.04.003
https://doi.org/10.1007/s00259-014-2961-x
https://doi.org/10.1007/s00259-014-2961-x
https://doi.org/10.1007/s00259-017-3740-2
https://doi.org/10.1007/s00259-015-3214-3
https://doi.org/10.1148/radiol.14132807
https://doi.org/10.3109/00365529709011203
https://doi.org/10.3109/00365529709011203
https://doi.org/10.1007/s00384-014-1961-4
https://doi.org/10.1007/s00384-011-1316-3
https://doi.org/10.1259/bjr.20150223
https://doi.org/10.5056/jnm18172
https://doi.org/10.1007/s12149-009-0338-1
https://doi.org/10.1007/s12149-009-0338-1

Aide et al. EINMMI Research (2020) 10:28 Page 11 of 11

19.  Salomon T, Nganoa C, Gac AC, Fruchart C, Damaj G, Aide N, et al.
Assessment of alteration in liver (18)F-FDG uptake due to steatosis in
lymphoma patients and its impact on the Deauville score. Eur J Nucl Med
Mol Imaging. 2018;45:941-50. https://doi.org/10.1007/500259-017-3914-y.

20. Eskian M, Alavi A, Khorasanizadeh M, Viglianti BL, Jacobsson H, Barwick TD,
et al. Effect of blood glucose level on standardized uptake value (SUV) in
(18)F- FDG PET-scan: a systematic review and meta-analysis of 20,807
individual SUV measurements. Eur J Nucl Med Mol Imaging. 2019;46:224-37.
https://doi.org/10.1007/500259-018-4194-x.

21, Chirindel A, Alluri KC, Tahari AK, Chaudhry M, Wahl RL, Lodge MA, et al.
Liver standardized uptake value corrected for lean body mass at FDG PET/
CT: effect of FDG uptake time. Clin Nuclear Med. 2015,40:e17-22. https;//doi.
0rg/10.1097/rlu.0000000000000446.

22.  Kuhnert G, Boellaard R, Sterzer S, Kahraman D, Scheffler M, Wolf J, et al.
Impact of PET/CT image reconstruction methods and liver uptake
normalization strategies on quantitative image analysis. Eur J Nucl Med Mol
Imaging. 2016;43:249-58. https://doi.org/10.1007/500259-015-3165-8.

23. Day FL, Link E, Ngan S, Leong T, Moodie K, Lynch C, et al. FDG-PET
metabolic response predicts outcomes in anal cancer managed with
chemoradiotherapy. Br J Cancer. 2011;105:498-504. https://doi.org/10.1038/
bjc.2011.274.

24, Jones M, Hruby G, Solomon M, Rutherford N, Martin J. The role of FDG-PET
in the initial staging and response assessment of anal cancer: a systematic
review and meta-analysis. Ann Surg Oncol. 2015;22:3574-81. https.//doi.org/
10.1245/510434-015-4391-9.

25. Kim BS. The 18F-FDG PET/CT finding of a condyloma acuminata mimicking
primary anorectal carcinoma in an HIV-infected patient. Clin Nuclear Med.
2013,;38:2402-3. https://doi.org/10.1097/RLU.0b013e318266cea2.

26. Choi BC, Pak AW. A catalog of biases in questionnaires. Preventing chronic
disease. 2005;2:A13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®

journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1007/s00259-017-3914-y
https://doi.org/10.1007/s00259-018-4194-x
https://doi.org/10.1097/rlu.0000000000000446
https://doi.org/10.1097/rlu.0000000000000446
https://doi.org/10.1007/s00259-015-3165-8
https://doi.org/10.1038/bjc.2011.274
https://doi.org/10.1038/bjc.2011.274
https://doi.org/10.1245/s10434-015-4391-9
https://doi.org/10.1245/s10434-015-4391-9
https://doi.org/10.1097/RLU.0b013e318266cea2

	Abstract
	Background
	Materials and methods
	Results
	Conclusion
	Trial registration

	Background
	Materials and methods
	Population and questionnaire
	PET/CT-acquisition and reconstruction
	PET/CT analysis
	Statistical analysis

	Results
	Population characteristics
	Questionnaire analysis
	PET/CT characteristics
	Logistic regression
	Inter-observers’ agreement assessment on a random dataset of 100 patients

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

