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The findings of '8F-fluorodeoxyglucose positron emission
tomography—computed tomography scan in patients with
hidradenitis suppurativa in Malaysia: A multicenter study

ABSTRACT

Hidradenitis suppurativa (HS) is known to have association with systemic diseases with chronic inflammation such as psoriasis. We aim to
describe the concomitant systemic inflammation in patients with HS using 18F-fluorodeoxyglucose positron emission tomography-computed
tomography ("®F-FDG PET/CT) scan. This was a case—control study conducted in three tertiary hospitals in Northern Malaysia from January
to December 2017, involving HS patients aged 18 years and above. Thirty-two HS patients with age- and sex-matched controls were recruited
with a mean age of 31.4 years (range: 18-56). Numerous cutaneous inflammatory foci were detected on FDG-PET/CT scan in clinically
unapparent sites (27/32, 84.4%). Approximately 90.6%, 93.8%, and 50.0% of the patients had significantly higher cutaneous uptake over nasal,
mandibular, and scalp regions, respectively (P < 0.0001). PET/CT scan did not detect any systemic inflammation unlike those found in psoriasis.
Three (9.4%) patients had thyroid nodules with high uptake (maximum standard uptake values ranging from 2.9 to 11.3). Two of them were
confirmed to have papillary thyroid carcinoma, while the third patient has inconclusive finding. ®F-FDG PET/CT scan may be useful to map
disease burden of HS. Nonlesional inflammatory foci on the skin of the nose, mandibular, and scalp are probably significant. The association

of thyroid carcinoma in HS warrants further evaluation.
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INTRODUCTION

Hidradenitis suppurativa (HS) is a chronic inflammatory
disease of the pilosebaceous follicle, occurring in genetically
susceptible individuals with immune dysregulation. It
is associated with metabolic syndrome, autoimmune
diseases, and malignancies.!"* Although positron emission
tomography—computed tomography (PET-CT) imaging is
most commonly used in the oncology setting, it is also useful
in nononcological setting such as the cardiac and brain
imaging. The high sensitivity of '®F-FDG PET/CT in detecting
cellular inflammation in tissues and early atherosclerosis
is well demonstrated.>®! Mehta et al. demonstrated that
patients with psoriasis have increased vascular inflammation
in multiple aortic segments as well as increased hepatic
inflammation based on 'F-FDG PET/CT though it is not
significant after being adjusted for alcohol intake.l® As HS is
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associated with systemic diseases with chronic inflammation
such as psoriasis, we postulate that the use of '®F-FDG
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PET/CT scan might assist in the identification of systemic
inflammation in HS patients. Hence, our objective is to
determine the role of "®F-FDG PET/CT scan in HS.

MATERIALS AND METHODS

This was a substudy of a case—control, multicenter study
conducted in three tertiary hospitals (Hospital Pulau Pinang in
Penang, Hospital Sultanah Bahiyah in Kedah, and Hospital Raja
Permaisuri Bainun in Perak) in Northern Peninsular Malaysia
from January 2017 to December 2017. We enrolled HS
patients regardless of their disease severity aged 18 years and
above, who had volunteered and consented for '®F-FDG PET/
CT scan. The FDG-PET/CT scan was subsequently performed in
Hospital Pulau Pinang and reported by single-blinded nuclear
medicine physician. The scan was done from the head to
toes and maximum standard uptake values (SUVmax) were
measured. As there was no previous '*F-fluorodeoxyglucose
PET-CT ("®F-FDG PET-CT) study of similar nature, the nuclear
medicine physician decided to adopt visual interpretation
guide similar to that of Deauville 5-Point Score in the imaging
of lymphoma. The interpreting nuclear medicine physician
uses SUV__in the mediastinum and liver as reference organs
with the scale ranging from 1 to 5. The “lesion” was defined
as any abnormality either detected on CT or PET. Each of
the lesions is scored independently. Point 1 and Point 2 are
scored for “visualized lesions on CT” with no uptake and
slight uptake but below mediastinum blood pool uptake,
respectively. Point 3 is scored when the ‘lesional’ uptake is
above mediastinum but below or equal to uptake in the liver.

Point 4 and Point 5 are scored when the ‘lesional’ uptake is
slightly moderately higher than liver and markedly increased
uptake or any new lesion (subjectively set to at least 3x
higher than the liver), respectively. Any non-physiological
unexplained (not due to known trauma or infection) skin
uptake of '8F-FDG was considered new “active” lesion based
on scan findings. Subsequently, age- and sex-matched
controls comprising nuclear medicine patients of unrelated
diseases without cutaneous involvement were selected (1:1
ratio). Hurley staging was used for grading the disease
severity. Inflammatory markers such as high-sensitivity
C-reactive protein (hs-CRP) and total white cell count with
absolute neutrophil count were measured. Ethics approval
was obtained through Malaysia Medical Research and Ethics
Committee (NMRR-16-727-30616,8 September 2016).

RESULTS

Demographic and clinical characteristics

Thirty-two HS patients from the main study had '8F-FDG
PET-CT scan done. Demographic characteristics of the
study population and matched control are shown in Table 1.
Their mean age was 31.4 years (=10.97) with a male
preponderance (5:1). Two-third of the patients were Malays,
followed by Indian (21.9%) and Chinese (9.3%). Positive
family history of HS was found in 31.3% of the patients. The
median age of onset was at 18 years with median disease
duration at 7.5 years (+11.0, range: 1-29 years). Among
these patients, 37.5% (n = 12) were obese and 34.4% (n = 11)
were overweight. Eighteen patients (56.3%) were either

Table 1: Demographic characteristics of 32 patients with hidradenitis suppurativa and age-, sex-matched controls

Characteristics
Mean age, years (range)
Median age of onset, year (range)
Median delay in diagnosis, years (range)
Median disease duration (range)
Male:female
Ethnicity, n (%)
Malay
Chinese
Indian
BMI (kg/m?), n (%)
Obesity (=27.5)
Overweight (23-27.4)
Normal (18.5-22.9)
Underweight (<18.5)
Metabolic syndrome, n (%)
Disease severity (Hurley staging), n (%)
Stage |
Stage Il
Stage lll
Median hs-CRP, mg/L, (IQR)

Case (n=32)
31.4 (18-56)
18.0 (12-56)

4.5 (0-29)
7.0 (1-29)
5:1 5:1

Control (n=32)
32.8 (18-58)

22 (68.8)
3(9.3)
7(21.9)

18 (56.3)
12 (37.5)
2(6.2)

12 (37.5)
11 (34.4)
5(15.6)
4(12.5)
7(21.9)

5(15.6)
19 (59.4)
8 (25.0)

8.0 (16.93) (range: 0.62-100.7)
hs-CRP: High-sensitivity c-reactive protein; IQR: Interquartile range; BMI: Body mass index
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active or former smokers. About 21.9% (n = 7) of patients
had metabolic syndrome based on the National Cholesterol
Education Program criteria. Based on Hurley staging,
15.6% (n = 5) in Hurley Stage I, 59.4% (n = 19) in Hurley Stage
II, and 25.0% (n = 8) in Hurley Stage Ill. The median hs-CRP
was 8.0 mg/l (=16.9, range: 0.62 mg/l- 100.70 mg/l), while
the mean of total white cell count and absolute neutrophil
count were 10.4 X 101 (%£3.22) and 6.6 X 10%1 (*2.80),
respectively.

18F-fluorodeoxyglucose positron emission tomography-
computed tomography scan assessment

Numerous inflammatory foci in the cutaneous—subcutaneous
tissues were detected from '8F-FDG PET/CT scan in clinically
unapparent sites, totaling 27/32 cases (84.4%). Approximately
90.6%, 93.8%, and 50.0% of the patients had higher cutaneous
uptake (range of SUV,__ of between 0.7 and 9.8) over the
nasal, mandibular, and scalp, respectively, when compared
to their own standardized uptake values (SUV, ) of the
liver and mediastinum. When compared with age- and
sex-matched controls, those high uptakes were statistically
significant (P < 0.0001) [Table 2]|. However, on physical
examination, these patients did not have clinically visible skin
lesions over those sites. No histopathological confirmation
was performed for confirmation of these subclinical lesions.
There was no systemic inflammation at the vasculature,
musculoskeletal, cardiac, and liver.

Interestingly, three patients (9.4%) were detected to have
high focal uptakes (SUV,__ ranging from 3.1 to 11.9) in the
thyroid glands. Figure 1 shows a patient with high uptake
at the thyroid gland. Further ultrasonography detected
thyroid nodules for all three patients. Two patients (aged
21 and 44 years) were confirmed to have papillary thyroid
carcinoma based on histopathological findings. SUV,__
detected over their thyroid glands was 11.3 and 11.9,
respectively. Unfortunately, the third patient’s biopsy sample
was suboptimal and the patient refused for a repeat thyroid
nodule sampling. SUV__ detected at both his thyroid glands
was 3.2 and 2.9. All of them had no obvious goiter and were
biochemically euthyroid. Thyroid autoantibodies screening
showed normal antithyroperoxidase level for all three

Table 2: "®F-fluorodeoxyglucose positron emission
tomography-computed tomography uptakes (maximum standard
uptake values) compared with control

Sites Case Control P
Nasal uptake, mean=SD 4.3+1.82 25+1.17 <0.001*
Mandible uptake, median (IQR) 3.0(1.28) 1.8 (0.67) <0.001**
Scalp uptake, median (IQR) 2.2(1.47) 1.6 (0.75) 0.001**
Thyroid uptake, median (IQR) 1.9 (0.68) 1.5 (0.68) 0.052

*Independent t-test, **Mann-Whitney test. SD: Standard deviation; IQR: Interquartile
range

patients, while one of the two who had papillary thyroid
carcinoma had a high antithyroglobulin antibody level at
156.48 IU/ml. Both patients underwent total thyroidectomy,
while the third patient remained on close monitoring.

DISCUSSION

HS is a chronic autoinflammatory skin disease which greatly
impacts one’s life. Various imaging modalities have emerged
to improve the diagnoses, disease severity assessment, and
management of HS. The current imaging methods used for
the study of HS are mainly focused on ultrasonography and
magnetic resonance imaging (MRI). The utility of FDG-PET/CT
studies in this disease remains uncommon. Ultrasonography
can also be utilized as an adjunctive diagnostic tool with the
proposed diagnostic criteria by Wortsman et al.,”*! whereas
MRI was demonstrated to be an effective tool in assessing
subclinical lesions especially over the anogenital regions in
case reports.!'o!

The role of '8F-FDG PET/CT studies in HS remains unknown.
Hypermetabolic and inflamed tissues are known to have
higher '8F-FDG uptake than the surrounding tissues due to
increased glucose uptake and vascularity. The distribution
of 8F-FDG within the body would enable the clinicians to
detect hypermetabolic tissues (especially cancer), infective
and inflammatory conditions (e.g., vasculitis). Functional
changes precede anatomical changes much earlier, and the
detection of these changes enables clinicians to initiate
treatment earlier. In our study, it was shown to detect
subclinical skin lesions in up to 84.4% of patients with HS.
Moreover, ¥F-FDG PET/CT is able to image the whole body
in a single imaging session.” The identification of disease

o ur..'

Figure 1: ®F-fluorodeoxyglucose positron emission tomography—computed
tomography scan of Hidradenitis suppurativa patient. The maximal intensity
projection of a 44 years-old Malay man showing high uptake (maximum
standard uptake values: 11.9) within the left thyroid nodule (black
arrow)- refer figure file
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burden enables clinicians to plan their treatment accordingly.
It helps determine the optimal timing in the initiation or
escalation or deescalation of systemic therapy. For instance,
a patient with extensive subclinical lesions (high disease
burden) from FDG-PET/CT scan might require longer duration
of systemic treatment or a more aggressive approach and to
avoid premature tapering off of systemic treatment. Mapping
of disease burden may be valuable in prognostication and
early identification of individuals with potentially more
severe disease with refractory disease course if cost is not
a restricting factor.

We used visual interpretation as a guide in patient
assessment in addition to Suv__ which is more objective,
to facilitate comparison among patients. HS patients with
liver impairment may impact the use of liver as one of our
reference organs, but the data on this matter are rather
limited.""”” Any discordance between SUVmax value and
visual scoring can be easily detected and in actual clinical
practice. Therefore, the nuclear medicine physician needs
to be mindful to correlate visual interpretation using liver
as a reference organ and objective interpretation (SUVmax).
None of our patients had evidence of liver inflammation,
such as deranged liver function test or fatty liver, and
therefore, we expect concordance between objective and
visual interpretations.

To the best of our knowledge, this is the first case—control
study using "®F-FDG PET/CT scan as an objective tool in
assessing systemic inflammation in HS patients. There were
only few case reports describing HS features on PET scan as
an incidental finding noted during the staging of underlying
malignancies.>"" In these studies, the hypermetabolic
foci seen at subcutaneous tissues corresponded well
with clinical HS. In recent years, new theories have been
postulated on the pathogenesis of HS, which includes HS
being an autoinflammatory disease.'®!”l Akiyama et al.
have grouped the diseases with keratinization disorders
with an underlying autoinflammatory pathogenesis
as “autoinflammatory keratinization diseases” and HS
is believed to be one of them.!'8! Hence, theoretically,
the ongoing subclinical inflammatory lesions would be
detected by "®F-FDG PET/CT scan. In our study, there was
an unexpectedly higher percentage of HS patients having
a significantly higher cutaneous uptake over the nasal,
mandibular, and scalp regions without clinical apparent
disease compared with the matched controls (P < 0.0001).
Objective measurement of significantly higher FDG uptake
in these nonlesional regions (where higher concentrations
of folliculopilosebaceous units are found) confirms the
ongoing subclinical inflammatory process. This supports

the hypothesis of overactivation of inflammatory drive
or autoinflammatory pathogenesis in HS patients. In fact,
Kelly and Cronin demonstrated the dysregulated cytokine
expression could be presented in both lesional and
nonlesional skin in HS patients.!"!

"BE-FDG PET/CT scan in HS patients did not show any
evidence of systemic inflammation unlike in patients with
psoriasis where FDG uptake was seen in the skin, liver,
joints, tendons, and aorta. Uptakes were, however, seen in
the skin and thyroid glands. One-fifth of HS patients (21.9%)
suffered from metabolic syndrome, while more than two-third
were overweight/obese with almost 85% of them had
moderate-to-severe diseases with an elevated inflammatory
marker (hs-CRP ranging from 0.62 mg/l up to as high as
100.70 mg/l with a median of 8.0 mg/l). However, no systemic
inflammation was detected on "F-FDG PET/CT scan. We
postulate that systemic inflammation will probably occur
but only after a prolonged duration. The study population
was rather young with a mean age of 31.4 years and a longer
period of follow-up with repeat PET-CT scan would be needed
to evaluate the development of systemic inflammation.

The majority of our patients suffered from “atypical” type
of HS with latent class 2 (LC2, follicular type) and latent
class 3 (LC3, gluteal type) phenotypes, which did not
have significant metabolic association as compared to the
patients from the West.””! Genetic heterogeneity in different
races has been well depicted by Liu et al.?'! Differences
in genetic background might explain the phenotypic
discrepancies seen in our patients compared to those
from the West, such as a male preponderance observed in
this study. Unfortunately, there is no data on FDG-PET/CT
scan in HS among the Western population. Furthermore,
our previous published data demonstrated that the
majority of our HS patients suffered from “atypical” type
of HS with latent class 2 (LC2) and latent class 3 (LC3)
phenotypes based on Canoui-Poitrine et al.”?! proposed
classification. This atypical type of HS is more commonly
seen among male patients. The increased 18F-FDG uptake
over follicular regions such as nasal, mandibular, and
scalp can be explained by the fact that most of our study
patients had follicular-type HS (LC2)?? and are exhibiting
subclinical disease. Biopsy of these sites would be ideal
for confirmation but were not done in this study as it was
not part of the initial methodology. Systemic inflammation
may not be seen in HS due to the non-identical underlying
immune dysregulation and pathogenesis as compared to
psoriasis. A longer period of follow-up would be ideal to
observe if the aforementioned differences would eventually
lead to systemic inflammation.
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HS has been reported to be associated with various types of
malignancies.”>?! Nearly a tenth of our patients (1 = 3; 9.4%)
were detected to have high "®F-FDG focal uptake over the
thyroid glands and 2 patients (6.3%) had confirmed papillary
thyroid carcinoma. We detected higher prevalence of thyroid
incidentaloma compared with other studies, which ranged from
0.8% to 4.3%.%°% Katz and Shaha named it as “PAIN phenomenon”
which referred to PET-associated incidental neoplasm of thyroid
in 2008.%% The incidence of thyroid malignancy is high among
PAIN phenomenon, especially in those with focal '®F-FDG uptake.
The malignancy rate ranged from 24% to 36% among these
incidentalomas.?**32 The most common reported malignancy
was papillary thyroid cancer and this was similarly found in
our study.”*34 This novel finding of thyroid malignancy has not
been highlighted in previous literatures on HS. Most studies
reported the association of thyroid disorders in HS without
alluding to thyroid malignancy.?*5 A large-scale registry study
by a Swedish group involving 2119 HS patients over 3 decades
did not document any association with thyroid malignancy. This
particular study, however, reported a 50% increased risk of all
types of cancer in HS patients when compared with the matched
controls, particularly for nonmelanoma skin cancer (5 cases;
4.6-fold increase risk), buccal cancer (5 cases), and primary liver
cancer (3 cases).*® The high percentage (9.4%) of thyroid nodules
detection and high association of malignancy (66.7%) in this small
group of patients with HS implies an important association that
warrants further evaluation. We are unable to conclude if this is
atrue association between HS and thyroid malignancy or merely
a coincidence due to our study’s small sample size. However, we
believe that this association is worth exploring in future studies,
as early detection of thyroid cancer might be curative or even
prolong patient survival.

CONCLUSION

There was no demonstrable systemic inflammation in HS such
as psoriasis found in this study. However, *F-FDG PET-CT
scan is useful to map disease burden, especially subclinical
cutaneous sites for optimal treatment. The association
between thyroid malignancy and HS patients found in this
study needs further validation studies.
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