ﬂuaeﬁocmmca u1evenue onyxwte[t MO4eno0n060il cucmemsl. Pax nadnoueunuxa

N3T/KT B pannei u gudhepeHyuanbHoill QUarHoCmMuKe
alpPeHOKOPMUKANbHOro paKa

HN.A. Abosn!, K.B. Bepe3un!, A.B. Xacuros2, C.M. ITakyc!, E.B. IIpuienunal, H.B. Boikonckas!, B.B. Uepnoycos!

! MBY3 «Knunuko-ouaenocmuueckuiv> yenmp «30oposve» e. Pocmosa-na-Jony»; Poccus, 344011 Pocmos-na-Jlony,
nepeynok Jloromanosckuir», 70/3;
2®dIBOY BO «Cesepo-Ocemunckas 2ocydapcmeennasn meduyunckas akademus» Munzdpaea Poccuu;
Pecnybauka Cesepnas Ocemus, 362019 Braduxaska3, [lywkunckas ya., 40

Konmarxmeoi: Cepeeti Muxaiinosuu Ilakyc sergejj.pakus@rambler.ru

Ileab uccaedosanus — paspabomra kpumepuee parnei u Ougp@depeHyuaIbHol OUASHOCMUKY a0peHOKOpMuKanbHo2o paxka (AKP) npu npo-
8e0eHUU NO3UMPOHHOI SMUCCUOHHOI MOMOpaduU, coemeuerHoil ¢ komnovromeproii momoepagueii (IAT/KT), ¢ *8F-pmopdesokcuento-
xo3oii (‘F-DT).

Mamepuaavt u memoost. Juaznocmuueckue uccredosarus evinoarensi ha annapame General Electric the Discovery PET/CT 610. Iocae
npoeedenus CKanuposanus u esedenus paduogapmauyesemuyeckozo npenapama (PDII) uepez 60—90 mun cgpopmuposarsvt uzobpaxycenus
T19T, nokasviearowue pacnpedenenue POIT 60 6cem mene kak 6 usuonocuueckux, max u 6 namonoeueckux 3onax. C nomoupio npo-
2PAMMHO20 0becneveHusi NPOEOOUAOCH ABMOMAMUHECKOe «CAUsHUe» CHUMKO08, noayyernbix Ha [IDT- u KT-cxanepax. Ilepsonauanvio
8PAYOM-DEHMEEHON020M BbINOAHAACSA AHAAU3 CIMPYKIMYPHBIX NAMOA0UMECKUX USMEHEHUIl 8 OPeaHax ¢ nocaedyroueil OUeHKoU YPoeHs Ha-
konaenust POII u onpedenenuem KT-dencumomempuu obpazosanuii Haonoueunukos. Memaboau4eckyio akmusHoCms onyxonetl Haonoveu-
Hukoe onpedeasiau no yposuio SUV (cmandapmusuposannutii nokazamens nakonaerus POII).

Pesyavmamot. [Iposeden pempocnexmugHuiii anaau3 oannwix IIDT/KT ¢ 18F-®ITy 50 nayuenmos c onyxonesvimu 00pazosanusmu Hao-
noyeunuxos. Ha ocroeanuu u3yueHHbIX OGHHbIX nayuermol Oblau pasdenenst Ha 2 epynnsl: 1-5 epynna (n = 21) ¢ duaenocmuposanHbvim
nocaedyroujem AKP, 2-a epynna (n = 29) ¢ dobpokauecmeennbiMu H086000pa308anuamu Hadnoveunukos. Bospacm nayuenmoe cocmaeun
68 (32—76) aem u cmamucmuuecku He pazauuancs 6 obeux epynnax (p >0,05). [lpu uzyuenuu napamempos 00pazo8anus noay4eHsl credy-
rouyue pe3yabmamol: cpeOHUll pasmep onyxoau y nayuenmos I1-ii epynnot cocmasun 4,5 £ 0,75 cm, 2-ii epynnot — 4,9 = 1,1 cm, npu smom
docmogepHoil pasHuybl Mexcdy epynnamu He evisignero (p >0,05). Juaenocmuyeckas mooens, noayHeHHas npu NOCMPOeHUU U NOCAe0youem
anaauze ROC-kpueoii yposns SUV'y nauuenmog co 3nokauecmeeHHbIMU U 00OPOKaA4eCmEeHHbIMU HO8000pA308AHUSIMU HAONOYEHHUKOS,
HOKA3a1a 8biCOK0e Kavecmeo ¢ yygcmeumensHocmoro memoda 90 %, cneyuguunocmoro 95 % (naowads nod ROC-kpueoii (AUC) 0,93 npu
p <0,0001 (z = 27,37)) u moukxoii omceyenus, pasroii 3. Ilpu uzyuenuu KT-dencumomempuueckux nokazameneii onyxoau Ha0-no4e4HuKo8
Y nayuenmos 1-ii u 2-ii 2pynn noayuena npsamas KOppeasiyUoHHAs C653b OAHHbIX NAPaMempo8 ¢ OUASHOCMUKOI 310Ka4eCmeeHH020 Nopa-
acenus: (Rs = 0,67; koagpguuuenm t Kendanna 0,64; p = 0,001). Hnmepnpemayus pezysvmamog ROC-anaruza yposHs naomuocmu ony-
xoau (KT-naomuocmo 6 edunuyax Xayncgpunda (HU)) y nayuenmos 1-ii u 2-ii epynn noxaszana 80 % wyecmeumenvrocmo u 90 % cneuyu-
@uunocms (AUC 0,89; p <0,0001) c moukoii omceuenus, pasroit 10 HU.

3akarouenue. Ionyuenue unmezpanvhoii ungopmavuu no yposuio SUV emecme ¢ usmepenuem KT-naomnocmu onyxoau npu npogedenuu
IIDT/KT ¢ "8F-@T asnsemes 00num u3 Haubonee co8pemeHHbIX OUaeHOCHMUHeCKUX Memo008, NO360AAI0UWUX NPo8oOUms Ouddepenyuant-
HYI0 OUGCHOCMUKY NAMO0A02UMECK020 NPOLecca 8 HAONOYeHHUKAX U HapaHHux dmanax obcaedosanus gviaename AKP. Ilepeuuciennvie aviue
axmopbl 6 Hacmoauee 8pems YKa3bleaom Ha 8bicoKyio duacrocmuteckyio yennocms IIDT/KT ¢ 'SF-®JIT u npuopumemnuiii xapakmep
8bINOAHEHUS OAHHO20 UCCAe008aHUs npu hodospenuu Ha AKPy nayuenmog ¢ H06000pa308aHusmMu Ha0no4eyHuKo8 pasmepom 1—5 cm.

Karoueenie caoea: adpenoxopmuxansuwiii pax, SUV, IIDT/KT, nosoobpazosanue naonoweunura, '6F-gpmopoezoxcuentoxosa
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PET/CT in the early and differential diagnosis of adrenocortical cancer
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The objective of the study was to develop criteria for the early and differential diagnosis of adrenocortical cancer (ACC) during positron
emission tomography combined with computed tomography (PET/CT) with 'S F-fluorodeoxyglucose (1SF-FDG).

Materials and methods. Diagnostic tests were performed on a General Electric the Discovery PET/CT 610. PET-grams were obtained
within 60—90 minutes after scanning and radiopharmaceutical injection, showing the distribution of the radiopharmaceutical throughout
the body in both physiological and pathological areas. Using software, automatic «fusion» of images obtained on PET and CT scanners was
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carried out. Initially, a radiologist analyzed structural pathological changes in organs, a then assessed the level of accumulation
and determination of CT densitometry of pathological adrenal formations. Subsequently, metabolic activity was determined
by the level of SUV (standard uptake value).

Results. A retrospective analysis of 8F-FDG PET/CT data was performed in 50 patients with adrenal tumors. Based on the data all patients
were divided into 2 groups: group 1 (n = 21) with a subsequent ACC diagnosis, group 2 (n = 29) — with benign adrenal neoplasms. Patients’
mean age was 68 (32— 76) years and did not statistically differ between groups (p >0.05). After checking up tumor parameters, the following
results were obtained: the average tumor size in group 1 was 4.5 * 0.75 cm, in group 2—4.9 * 1.1 cm, no significant difference was found
(p >0.05). The diagnostic model obtained by constructing and subsequent analysis of the ROC curve of the SUV level in patients with malignant
and benign adrenal neoplasms showed a high quality model with 90 % sensitivity and 95 % specificity (area under the ROC curve (AUC) 0.93
atp <0.0001 (z = 27.37)) and a cut-off point of 3. When studying tumor CT densitometric parameters in groups 1 and 2, we revealed a cor-
relation between these parameters and the diagnosis of malignant lesions (Rs = 0.67; Kendall’s t coefficient 0.64; p = 0.001). Interpretation
of the results of the ROC analysis of the tumor density level (CT density in Hounsfield units (HU)) in patients of groups 1 and 2 showed 80 %
sensitivity and 90 % specificity (AUC 0.89; p <0.0001) with a cut-off point equals 10 HU.

Conclusion. Obtaining integral information on the SUV level together with measuring CT density during 'SF-FDG PET/CT is one of the most
modern diagnostic methods that allow both diagnostics and differential diagnosis of ACC in the early stages of the pathological process. The above
factors currently indicate the high diagnostic value of '"SF-FDG PET/CT and the priority nature of this study in cases of suspected ACC in pa-

tients with 1—5 cm adrenal neoplasms.
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Introduction

Adrenocortical cancer (ACC) is a rare malignant tu-
mor, originating from the cortical layer of adrenal gland. It has
an aggressive clinical progression and, to date, an unfavora-
ble therapeutic prognosis. Annually, 0.5—2 cases of ACC
are detected per million people, which is 0.04—0.2 % in stan-
dard oncological mortality. It is very difficult to assess epi-
demiological data for Russia, since ACC cases are not re-
ported separately. Some cases of ACC can be identified as
adrenal incidentaloma. ACC rarity causes objective diffi-
culties due to the lack of prospective, randomized trials and
sufficient treatment experience outside the specialized in-
stitution. The main task at the diagnostic stage is to identi-
fy ACC cases among incidetaloma or symptomatic adrenal
tumors [1, 2].

Clinical guidelines of the Russian Oncology Associa-
tion and Russian Association of Endocrinologists for ACC
treatment recommend positron emission tomography
(PET) combined with CT (PET/CT) with !8F-fluorode-
oxyglucose (1¥F-FDG) in cases of a small tumor size and
ambiguous computed tomography (CT) data [1, 2].

A.P. Dackiw et al. as well as L. Ng et al. show, that in 80 %
of patients at the time of ACC detection the tumor size is
at least 10 cm, in 30—40 % of patients metastases are pre-
operatively detected. The probability of distant metastases
in tumors of >10 cm according to postoperative observation
datais >80 % |3, 4].

It should be noted, that in TNM and ENSAT (Euro-
pean Network for the Study of Adrenal Tumors) classifica-
tions 5 cm tumor size allows differentiating between stages |
and II of adrenal cancer. A study by R. Libe in 2015 showed
a significant difference in survival rates of patients with
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initial and advanced disease stages. The 5-year survival rate
at stage I of ACC is on average 74—82 %, and at stage 11 —
61-64 % [5].

Thus, early ACC diagnosis is a priority task to improve
the treatment results. One of the most advanced diagnostic
options in detecting and staging adrenal cortical cancer is
PET/CT.

Today PET is an actively developing diagnostic and re-
search method of nuclear medicine. PET/CT (or double
photon emission tomography) is a radionuclide tomographic
method to study internal organs, a combination of 2 me-
thods: radioactive indication and CT. PET/CT with glucose
analogue 18F-FDG, which is a combination of functional
and structural imaging methods, is based on detecting in-
creased glucose metabolism in malignant tumors.

PET scanning using !8F-FDG is widely used in clinical
oncology. This tracer is the glucose analogue that is absorbed
by cells, using glucose, and phosphorylated by hexokinase
(the concentration of the mitochondrial form of hexokinase
significantly increases with rapidly growing malignant tu-
mors). Since for the next step of glucose metabolism all
cells need an oxygen atom, which is replaced by !3F to syn-
thesize FDG, there are no further reactions with 18F-FDG.
In addition, most tissues (except liver and kidneys) cannot
remove the phosphate, added by hexokinase. This means
that I8F-FDG is retained in any cell that absorbs it until
cytolysis, since phosphorylated sugars cannot leave the cell
due to ionic charge. This process leads to intense radioac-
tive «tagging» of tissues with high glucose uptake, such as
brain, liver and most types of malignant neoplasms and
metastases. As a result, '8 F-FDG PET/CT is used to diag-
nose and control malignant tumors of various locations.
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There are limited data on the role of '8 F-FDG PET/CT
for ACC diagnosis. As a rule, malignant neoplasms of the adre-
nal glands accumulate 3F-FDG well. The method allows
identifying the primary tumor, local relapse and distant
metastases. According to S. Leboulleux et al., tumor met-
abolic activity correlates with 18F-FDG uptake. The degree
of IBF-FDG uptake (standardized uptake value of the drug
(SUV) > 10, which represents the tumor load), is associated
with the disease prognosis [6]. C. Ansquer et al. showed that
I8F_.FDG PET/CT was negative in 31 (97 %) of 32 “non-
surgical” adrenal glands and positive in 35 (73 %) of 49 po-
tentially “surgical” adrenal tumors, including 24 (89 %)
of 27 malignant lesions and 12 (55 %) of 22 benign, secre-
ting lesions [7].

It should be noted, that all previous studies of I83F-FDG
PET/CT use in ACC were characterized by heterogeneity
of the patient sample relative to neoplasm size, which de-
termined patients» distribution at various stages of the
pathological process during ACC verification. In addition,
foreign studies have not yet determined the parameters ob-
tained with '8F-FDG PET/CT in patients with adrenal
neoplasms of <5 cm, though they can be extremely impor-
tant in early ACC diagnosis.

Materials and methods

A retrospective analysis of '8 F-FDG PET/CT data was
performed in 50 patients with adrenal tumors. Based on the
data all patients were divided into 2 groups. Group 1 inclu-
ded 21 patients (13 men and 8§ women) with a subsequent-
ly diagnosed

ACC, group 2—29 patients (16 men and 13 women)
with benign adrenal neoplasms. The mean patients’ age was
68 (32—76) years and did not statistically differ between
groups (p >0.05).

Diagnostic tests were performed using General Electric
the Discovery PET/CT 610 apparatus. Research bounda-
ries: from the orbitomeatal line to the upper third of the
femoral diaphysis, using the Whole Body protocol. PET
images were obtained 60—90 min after scanning and radi-
opharmaceutical (RPC) injection, RPC was distributed in
the body in both physiological and pathological zones. Using
a software, we “fused” obtained PET/CT images. Initially,
a radiologist analyzed structural pathological changes in or-
gans and subsequently assessed the level of RPC accumu-
lation and CT densitometry in pathological adrenal glands.
Metabolic activity of adrenal tumors was determined based
on the SUV level.

The obtained results were analyzed using Statistica 10.0.
Categorical variables SUV and tumor CT density were used.
To determine the differences significance and analyze their
conjunction, we used Pearson’s chi-squared test, Mantel—
Hanzel test and Kendall’s © coefficient. For quantitative
values, theirs means and standard errors of the mean are
presented. Nonparametric Mann—Whitney test was used
to analyze the significance of differences of quantitative

factors» means. A statistical relationship between the pa-
rameters was considered significant at p <0.05.

Sensitivity, specificity, prognostic significance, as well
as optimal threshold levels of parameters were analyzed us-
ing a decision matrix, formulas and ROC-curves.

Results

When analyzing PET/CT images the following data
were obtained. Fig. 1 demonstrates PET image with RPC
hyperfixation in the projection of the right adrenal gland,
SUV equals 4. In the projection of the left adrenal gland no
RPC hyperfixation was noted. CT determines bilateral
adrenal tumors. The tumor»s density and size in the right
adrenal gland are 20 Hounsfield units (HU) and 4.7 cm,
in the left adrenal gland — 5 HU and 2.0 cm, respectively.
When “fusing” the images, we see a typical picture of the ma-
lignant lesion of the right adrenal gland.

PET image (Fig. 2) shows RPC hyperfixation (indicat-
ed by the arrow), SUV equals 6. According to CT, there is
a tumor of left adrenal gland (indicated by the arrow) with
20 HU density and 3.5 cm size. When “fusing” the images,
we see a typical picture of malignant adrenal lesions.

PET image (Fig. 3) shows RPC hyperfixation (indicat-
ed by arrows) in the projection of both adrenal glands. SUV
equals 5 for both sides. CT determines bilateral adrenal
formations (indicated by arrows) with the density of >20 HU
on both sides and size of 4.9 cm and 3.9 cm on the right and
on the left, respectively. When “fusing” the images, we see
a typical picture of the malignant adrenal lesions.

Among ACC patients, 8 were diagnosed hormone-pro-
ducing tumors. Studying their parameters, the following
results were obtained: the average tumor size in group 1 was
4.5 £ 0.75 cm, in group 2—4.9 = 1.1 cm, and it did not
statistically differ between groups (p >0.05).

In order to improve ACC diagnosis, distinguish benign
from malignant lesions, the semi-quantitative SUV indica-
tors, as well as the CT density of neoplasms were retrospec-
tively analyzed. We found a significant difference in SUV
level between groups 1 and 2 (p = 0.001): SUV >3 was
determined in 20 (95 %) patients of group 1, and only in
4 (13.8 %) patients of group 2. SUV <3 was determined in
1 (5.0 %) and 25 (86.2 %) patients of groups 1 and 2, re-
spectively. In addition, a strong correlation between SUV
and malignant tumors diagnosis was found (Rs = 0.71;
Kendall’s 1 coefficient = 0.68). The diagnostic model ob-
tained by constructing and subsequent analysis of the ROC
curve of the SUV level in patients with malignant and be-
nign adrenal neoplasms showed a high level of sensitivity
(90 %) and specificity (95 %) of the method (area under
the ROC curve (AUC) is 0.93 at p <0.0001 (z = 27.37))
with cut-off point equaled 3 (Fig. 4).

CT densitometric parameters of the tumor in groups 1
and 2 also correlated with malignant lesions diagnosis
(Rs=0.67; Kendall’s 1 coefficient 0.64; p = 0.001): densi-
ty >10 HU was determined in 18 (85.7 %) and 6 (20.7 %)
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patients of groups 1 and 2, <10 HU — in 3 (14.3 %) and
23 (79.3 %) of patients, respectively. Interpreting ROC
analysis results by the level of neoplasm density (CT densi-
ty in HU) in patients of groups 1 and 2 showed 80 % sen-
sitivity and 90 % specificity (AUC 0.89; p <0.0001) with a
cut-off point equaled 10 (Fig. 5).

Thus, integral estimation of SUV of >3 with a tumor CT
density of > 10 HU, measured using '8F-FDG PET/CT, is
a highly sensitive and specific method for differential diag-
nosis of 1—5 cm benign and malignant adrenal lesions.

Discussion

A large number of studies have shown that 3F-FDG
PET/CT allows differentiating benign and malignant ad-
renal tumors. According to M. Blake et al. [8], 3F-FDG
PET/CT is highly sensitive and specific to diagnose adrenal

tumors.

Fig. 1. Positron-emission tomography: right adrenal metastatic tumor (indi-
cated by an arrow)

When diagnosing adrenal tumors using '8F-FDG
PET/CT, a semi-quantitative parameter such as a standard
uptake value (SUV) of radiopharmaceutical capture is de-
termined. The parameter is the measured RPC activity
during its accumulation in tissues, normalized by body
weight /surface area and administered drug dose. As a ref-
erence standard, in the case a dose is uniformly distributed
in the body, the parameter everywhere is 1.0. Thus, SUV is
a relative criterion for RPC capture by tissues. To calculate
this parameter during PET/CT, the following formula is
used: SUV = (RPC activity in the region of interest x body
weight (g))/administered dose (mCi).

It should be noted, that for adrenal tumors the maxi-
mum SUYV, divided by the maximum SUV of the 8 segment
of the liver, is defined as the relative SUV. According to va-
rious authors, this parameter has 90.9 % sensitivity and
75.6 % specificity to differentiate between benign and ma-
lignant neoplasms [5, 9].

M.L. Nunes et al., based on the analysis of 23 clinical
cases, showed that SUV of 1.6 has the greatest sensitivity
and specificity in ACC diagnosis [10]. In an earlier study by
L. Groussin et al., conducted in 77 patients, SUV param-
eter, which distinguishes benign and malignant adrenal
lesions, was 1.45 [11]. Recent multicenter study of 73 cas-
es of adrenal neoplasms, conducted by N.C. Paladino et al.
in 2018, showed that SUV> 2.7 correlated with the presence
of malignant neoplasms [12]. Thus, despite a large number
of studies, today there is no universal SUV parameter to dis-
tinguish benign and malignant adrenal lesions.

It should also be noted that in all the studies, the pa-
tients were unranked with respect to neoplasms size, while
at present most of detected adrenal incidentalomas are
small. According to the literature, there is also a pro-
nounced imbalance between the frequency of randomly
detected tumors (incidentalomas) and advanced (local-
ly-spread and metastatic) ACC cases. This is due to the fact

Fig. 2. Left adrenal cancer, indicated by an arrow on positron emission tomography (a), computed tomography (6) and when both are “fused” (8)
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Fig. 3. Bilateral adrenal cancer, indicated by an arrows on positron emission tomography (a), computed tomography (6) and when both are “fused” (8)
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Fig. 4. ROC curve of the standardized uptake value (SUV) in patients with
malignant and benign adrenal neoplasms

that using CT it is not always possible to diagnose malignant
adrenal tumors in the early stages.

In our study we analyzed the use of '8F-FDG PET/CT
combined with invesigating SUV and CT density of 1—5cm
adrenal incidentalomas. The aim of the work was to revise
the reference values of these indicators for early diagnosis
and to distinguish between malignant and benign adrenal
lesions.

The data obtained indicate 90 % sensitivity and 95 %
specificity of the 18F-FDG PET/CT combined with

100

80

[=2)
o

s
o

YyBcTBUTENbHOCTD/ Sensitivity

N
=1

urrr-r11-1-|-r—r1-r-r-r-|1-1-1-|-

o
)
P
E -
=3
=)
S =
o
X =
—_
S =
S

Cneumnduunocts/Specificity

Fig. 5. ROC curve of tumor density (in Hounsfield units (HU)) in patients
with malignant and benign adrenal neoplasms

measuring tumor CT density, in ACC differential diagnosis
by SUV level of >3, and CT density of >10 HU.

Conclusion

I8F_FDG PET/CT is highly accurate in the differential
diagnosis of benign and malignant adrenal tumors, eva-
luating the metabolic rate together with tumor anatomical
characteristics and location based on non-contrast CT
data.

Obtaining integral information on SUV level along with
measuring CT density during 3F-FDG PET/CT is one
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of the most modern diagnostic methods that allows a dif-
ferential diagnosis of the pathological process in the adrenal
glands and ACC detection in the early stages of the exami-
nation.

The above factors indicate a high diagnostic value and
priority in using the method in cases of suspected ACC in
patients with accidently revealed adrenal neoplasms (sized

1—5 cm) and ambiguous data from imaging studies.
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