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ABSTRACT

Aim. To determine the diagnostic value of positron emission tomography (PET) / computed tomography (CT) with
F-18 fluorodeoxyglucose (**F-FDG) for monitoring the effectiveness and prognosis of lymphoma therapy.

Materials and methods. Retrospective data of '®F-FDG PET/CT (before treatment (PET1), after two cycles
(PET2), and after completion of chemotherapy (PET3)) in 30 people with lymphomas were analyzed.

Results and discussion. A complete metabolic response in PET2 (PET2-) was observed in 21 patients (70%). In
9 patients in PET2—, a partial metabolic response (6 people), lack of metabolic response (2 people), or metabolic
progression (1 person) were detected. These patients comprised the PET2+ group.

After chemotherapy, a complete metabolic response (PET3—) was diagnosed in 26 patients (87%). This effect
was achieved in 21 patients (100%) with PET2— and in 5 patients (66%) with PET2+. Of the 9 patients in the
PET2+ group, in 4 (44%) patients, a partial metabolic response or no metabolic response was diagnosed. Further
monitoring of these patients showed that progression was detected in 2 cases, and in 2 patients, further treatment
resulted in complete remission.

A two-year follow-up of patients revealed that remission was observed in 20 (67%) patients. The analysis of the
results of PET2 showed that a relapse of the disease was observed in 6 (67%) PET2+ patients and remission was
noted in 3 (33%) patients. In PET2- patients, a relapse was diagnosed in 4 (19%) persons, and remission was
established in 17 (81%) patients.

Conclusion. Early PET / CT with '8F-FDG allows to predict the effect of lymphoma treatment. The method can be
recommended for monitoring lymphoma therapy.

Key words: Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, computed tomography, positron emission
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PE3IOME

Heas. Onpenenenne TMarHOCTHYECKON 3HAYUMOCTH MTO3UTPOHHON SMHCCHOHHOM M KOMITBIOTEPHOH TOMOTpaduu
(IIDT/KT) ¢ meuenHoii *F-¢pyopo-2-ne3okcu-D-ritoko3oit (*F-OJI) B oteHke 3()EKTHBHOCTH | IPOTHO3E Jie-
YeHUS TUM(OM.

MarepuaJjsl u MeToabl. [Ipoananuzuposansl perpocnektuBHbie ganHbie [IDT/KT ¢ BF-OAT 30 uenosek co 3110~
KauyecTBeHHBIMH JuMpomamu: 1o nedenust (I19T1), uepes nBa kypca (IT9T2) u mocie 3aBepiieHUs TOTUXUMHO-
tepanuu (II9T3).

PesyabTatsl u o6cy:xaenue. [Ipu anammse pesynsraroB [19T2 nonHsli MeTabonndeckuii OTBET Ha JiBa Kypca
xumuotepanuu (I19T2—-) nabmomancs y 21 (70%) mannenTta. Y 9 manueHToB 4epe3 JBa IUKIA XHMHOTEpPAIUH
OBLTH yCTaHOBIJICHBI: YaCTUYHBIA MeTabonndeckuil oTBeT (6 UeNOBEeK), OTCYTCTBHE MeTabonnIeckoro orsera (2
YeJI0BEeKa) WIIM MeTabOoIHIecKoe IporpeccupoBanui (1 derxosek). OTu O0abHBIE cOCTaBIIM Tpymmy [19T2+.

[locne okoHuaHMS XUMHOTEPANUK MOJTHBIA MeTabonnueckuit otBeT (II9T3—) Obu1 AuarHoctupoBaH y 26 (87%)
nanuenToB. Takoit ekt Obu1 gocturayT y 21 (100%) GombHoro ¢ II9T2— 1 5 (66%) uenosek ¢ I19T2+. U3
9 manuenToB rpynmsl [I19T2+ y 4 (44%) nmanueHToB mocie 3aBepLIeHHs XUMHOTEpanuu ObUT ANArHOCTHPOBAH
YaCTHUYHBII MeTa0ONMNYecKuil OTBET WM ero oTcyTcTBUe. JlanbHeiimee HaOM0eHNE 32 STUMH NalMEHTaMH MO-
Ka3ajo, 4TO B ABYX ClIydasix ObUIO JHAarHOCTUPOBAHO NMPOTPECCUPOBAHUE, a Y 2 OOJBHBIX IOCIeayolIee JeUeHne
MIPUBEJIO K NTOJIHOW PEMHUCCHUM.

IMpu nByxNIEeTHEM HaAOIIIOACHHH 32 NAlEHTaMH 00OHapyKeHO, 4To pemMuccust Hadmonanace y 20 (67%) marueHToB.
Amnanms pesynsratoB [19T2 nokasan, uro npu [19T2+ peruaus 3aboneBanus Habmonancs B 6 (67%) ciaydasx,
pemuccus — B 3 (33%). B o Bpems xak npu [19T2- peruaus auarHoctupoBaH y 4 (19%) denoBek, peMUCCHS
ycraHoBieHa y 17 (81%).

Sakmouenue. [IDT/KT ¢ "F-O/IT, BBINOJIHEHHAS HA PAHHUX 3Tallax XMMHOTEPAIUH, TTO3BOJISET MPEICKA3ATh
3¢ dexT 1eueHns y ManueHToB Co 370KadeCTBEHHBIMH IUM(poMaMu. MeTo/ ToKa3aH K IUPOKOMY HCIOIb30BaHHIO
B KJIMHUYECKOH IMPAKTHUKE Ha 3Tarax TeParry TOH MaTONOTHA.

KuroueBsble ciioBa: mumdoma Xomkknaa, HexomkkuHCKHE THM(POMBI, KOMIBIOTEPHAS TOMOTpaust, TO3UTPOHHAS
HMHUCCHUOHHAS TOMOTpa(¥si, MOHUTOPHHT TEPAIIHU JTUM(OM, IIPOTHO3 TEPAITUH JIUMPOM.

KoHpaukT HHTepecoB. ABTOpHI 3asBISIOT 00 OTCYTCTBHHU SIBHBIX U TOTEHIUATBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEH CTaThH.

Hcrounuk ¢unancupoBanmsi. PaGora BeimonHeHa npu (MHAHCOBOW NoAAepXkKe MHHHCTEpPCTBA HAyKH U
BhIciIero oopasosanus PO (mpoext Ne 075-15-2019-1925, [Moctanosnenue [IpaButenscrea Pd 220.2019).

Jast uuruposanus: Yanuukosa H.I'., Yepnos B.U., lynuukosa E.A., Kapnosa E.A., CasenseBa A.C., Cunku-
Ha O.A., 3ensuan P.B., bparuna O./]., Meznsenesa A.A., bepesneesa E.B. Poiab mo3uTpoHHON IMHCCHOHHON U
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INTRODUCTION

Today, in Russia, the percentage of malignant
neoplasms of the lymphatic and hematopoietic tissue
accounts for 5% and 4.6% of tumors detected annual-
ly in men and women, respectively. In 2016, the in-
cidence of this pathology in the Russian Federation
was 19.58 per 100 thousand population, while the av-
erage annual growth rate was 1.78% [1]. Every year
lymphomas become the cause of death in 5% of all
patients with tumor diseases. Hodgkin’s lymphoma
(HL) is the most common lymphoproliferative disease
(30%). Of non-Hodgkin’s lymphomas (NHL), diffuse
large B-cell lymphoma and follicular lymphoma are
most commonly diagnosed (33% and 22%, respec-
tively). The incidence of other types of lymphomas is
less than 10% [2].

Usually the effect of lymphoma treatment is mon-
itored by dynamic assessment of the tumor size using
anatomical imaging techniques, most commonly com-
puted tomography (CT). At the same time, CT is not
optimal for this purpose. Thus, after completion of ther-
apy, in more than 60% of patients with HL and 40% of
patients with aggressive NHL, according to CT data, a
residual tumor mass is visualized, which may contain
areas of fibrosis and necrosis, as well as tumor cells
[3]. At the same time, CT cannot differentiate a viable
tumor mass from the residual scar tissue. In addition,
anatomical imaging techniques usually do not allow to
determine a tumor response at early stages of treatment,
since reduction of the tumor volume takes time.

Therefore, there is a growing interest in new meth-
ods for diagnosing lymphoproliferative diseases. This
fully applies to positron emission tomography (PET)
with 8F-fluoro-2-deoxy-d-glucose (‘*F-FDG) [4, 5]
and single-photon emission computed tomography
(SPECT) with *™Tc-1-thio-d-glucose [6—8]. The data
of modern studies show high efficiency and confirm
the prognostic value of these methods, which makes
it possible to determine the prevalence of lymphomas,
assess the effectiveness of the therapy, and determine
the presence or absence of indications for radiation
therapy. Thus, according to the literature, PET with
BE-FDG allows to visualize increased metabolic ac-
tivity in 30-64% of patients with residual tumor mas-
ses after completion of the therapy [4]. The presence

of such hypermetabolic formations in 62-100% of
cases is accompanied by a relapse after the first-line
chemotherapy [9].

The widespread use of PET in the Russian Feder-
ation is currently limited due to the high cost of the
procedure and the insufficient number of PET centers,
which are located mainly in the European part of the
country. Considering high efficiency and demand for
this method in recent years, modern PET centers have
been built in the Eastern part of Russia, including the
Nuclear Medicine Center of the Federal Siberian Re-
search Clinical Center under FMBA of Russia (FS-
RCC FMBA of Russia) in Krasnoyarsk. The opening
of this center made PET available to residents of the
Siberian Federal District.

The aim of this study was to determine the diag-
nostic value of ®F-FDG PET / CT in assessing the
effectiveness and prognosis of lymphoma treatment.

MATERIALS AND METHODS

Retrospective data of "F-FDG PET / CT of 30 peo-
ple with malignant lymphomas were analyzed: before
treatment (PET1), after 2 cycles of polychemothera-
py (PET2), and after completion (from 6 to 8 cycles)
of polychemotherapy (PET3). PET2 was performed
before the introduction of the third cycle of chemo-
therapy, and PET3 was performed 2 weeks after the
last dose. In 12 cases, additional *F-FDG PET / CT
(PET4) was performed at the stages of dynamic obser-
vation of patients (6—12 months after treatment com-
pletion). The examination was carried out at the Nu-
clear Medicine Center of the FSRCC FMBA of Russia
(Krasnoyarsk) from 2015 to 2017. The study involved
13 men and 17 women aged 19-74 years (average age
was 42 years). All patients underwent an immunobhis-
tochemical examination, according to which 12 pa-
tients had HL, and the remaining 18 had aggressive
NHL: diffuse large B-cell lymphoma (11 cases) and
follicular lymphoma (7 cases). In accordance with
the data of the initial clinical and instrumental studies
(clinical examination, CT, magnetic resonance imag-
ing (MRI), ultrasound, bone marrow biopsy), stage
I of the disease was established in 3 patients (10%),
stage Il — in 8 (27%) patients, stage III — in 8 (27%)
patients, and stage IV —in 11 (36%) patients.
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Reference methods for result verification were his-
tological examination or, if it was impossible to per-
form it, long-term (at least a year) clinical monitoring
of the patient with a series of control instrumental ex-
aminations (CT, MRI, ultrasound, '8F-FDG PET / CT).

Most patients received R-CHOP treatment (14 pa-
tients) (rituximab, cyclophosphamide, doxorubicin,
vincristine, prednisolone). 9 patients had the BEACOPP
regimen (bleomycin, etoposide, doxorubicin, cyclo-
phosphamide, vincristine, procarbazine, prednisolone),
4 patients underwent RB (rituximab, bendamustine)
treatment, and 3 patients received ABVD (adriamycin,
bleomycin, vinblastine, and dacarbazine) therapy.

Routine methods for assessing the effectiveness of
treatment included a clinical examination of the pa-
tient, laboratory tests, and CT of the chest wall and
abdominal cavity. This assessment was carried out
after 2-3 cycles of chemotherapy and after comple-
tion of the entire treatment program. In accordance
with the “Russian clinical guidelines for the diagnosis
and treatment of lymphoproliferative diseases” [10],
the patient’s condition was assessed as complete re-
mission (CR), uncertain complete remission (uCR),
partial remission (PR), stabilization (St), relapse (after
CR or uCR), or progression (after PR or St).

BE-FDG PET / CT was performed in the whole
body mode (from the level of the eye sockets to the
middle third of the thigh) with simultaneous low-dose
CT to correct the attenuation. The study was carried
out on a PET / CT scanner Discovery PET / CT 600.
Eating was allowed no later than 6 hours before the
study. The radiopharmaceutical *F-FDG was admin-
istered intravenously at a dose of 300-550 MBq, and
after 60-90 minutes, scanning was performed. The
obtained images were reconstructed using standard
software. The results of all studies were interpreted
and analyzed by specialists in nuclear medicine and
radiology.

The results of PET2 and PET3 were assessed as
follows: a complete metabolic response (1, 2, and 3
points on a five-point Deauville scale in lymph nodes
or extranodal sites with or without residual tumor
mass); a partial metabolic response (4 or 5 points on
the Deauville scale with visually reduced uptake of
the radiopharmaceutical compared to baseline and re-
sidual tumor mass of any size); lack of a metabolic
response (4 or 5 points on the Deauville scale with-
out a significant change in "*F-FDG uptake compared
to the baseline value), and metabolic progression (4
or 5 points on the Deauville scale with an increase in
F-FDG uptake compared to the baseline value and /

or the emergence of new metabolically active foci as-
sociated with lymphoma) [11].

To study the prognostic value of the results of pa-
tients’ examination at the stages of treatment, progres-
sion-free survival (the time from the diagnosis to the
first signs of progression or a relapse or to disease-re-
lated death) (PFS) was chosen as an endpoint. The
survival curves were constructed using the Kaplan —
Meier method. The differences between the groups
were analyzed using a log rank test.

RESULTS

According to the reference verification methods,
191 lymph nodes involved in the pathogenetic process
were found in 30 patients with lymphoma. Most often,
there was a lesion in the cervical (21%), supra- and
subclavian (20%), mediastinal (13%), axillary (10%),
and bronchopulmonary (10%) lymph nodes. Lesions
in the mesenteric (6%), inguinal (6%), and paraaortic
(5%) nodes were less commonly diagnosed.

According to PET / CT, pathological accumulation
of ¥F-FDG in the lymph nodes was observed in all
patients included in the study. 169 (88%) of 191 af-
fected nodes were hypermetabolic. '*F-FDG PET /CT
was most effective in diagnosing the state of the iliac,
mediastinal, mesenteric, and inguinal lymph nodes,
when its sensitivity exceeded 90%.

In 16 patients, 33 extranodal lesions were diag-
nosed using reference verification methods. Most of-
ten, there was dissemination of malignant lymphomas
in the lungs (10 patients), spleen (11 patients), and red
bone marrow (7 patients); in individual cases, it was
observed in the liver and soft tissues.

According to PET / CT, pathological 'F-FDG
uptake was observed in 30 (91%) of 33 extranodal
foci. The PET / CT method was most effective in di-
agnosing the state of the red bone marrow, soft tis-
sues, lungs, and spleen, when its sensitivity was 90%
or more. When assessing the state of the liver, it was
possible to visualize 2 pathological foci out of 3.

When analyzing the PET2 results, a complete
metabolic response after two cycles of chemotherapy
(PET2-) was observed in 21 patients (70%): in 9 pa-
tients (75%) with HL and 12 patients (67%) with NHL
(Fig. 1). In this group of patients, patients with early
stages of lymphoma (stages I-1I) were more common,
(9 (82%) out of 11), as well as persons without signs
of extranodal lesions (11 (79%) out of 14). In stage
III-IV lymphoma and in the presence of extranodal
lesions, PET2— occurred in 12 (63%) and 10 (62%)
patients, respectively (Table 1).
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Table 1
Interim ®F-FDG PET/CT and ®F-FDG PET/CT results after chemotherapy in lymphoma patients
. LH NLH LH + NLH
Patients Total
PET2- PET2+ PET2- PET2+ PET2- PET2+
Total in the group 9 3 12 6 21 9 30
PET3- 9 2 12 3 21 5 26
PET3+ 0 1 0 3 0 4 4
Early stages (I-1I) 3 1 6 1 9 2 11
PET3- 3 1 6 0 9 1 10
PET3+ 0 0 0 1 0 1 1
Advanced stages (I1I-1V) 6 2 6 5 12 7 19
PET3- 6 1 6 3 12 4 16
PET3+ 0 1 0 2 0 3 3
Extranodal lesions — 5 1 6 2 11 3 14
PET3- 5 1 6 2 11 3 14
PET3+ 0 0 0 0 0 0 0
Extranodal lesions + 4 2 6 4 10 6 16
PET3- 4 1 6 1 10 2 12
PET3+ 0 1 0 3 0 4 4

In 9 patients, after 2 cycles of chemotherapy, a
partial metabolic response (6 people), no metabolic
response (2 people), or metabolic progression (1 per-
son) were established (Fig. 2). These patients made
up the PET2+ group. This group included 3 patients
(25%) with HL and 6 patients (33%) with NHL. Signs
of tumor metabolic activity on interim PET / CT scans
were observed in 2 (18%) cases with early stages of
lymphoma and in 7 (37%) patients with advanced
stages of the disease. In addition, positive interim PET
was more common in the presence of extranodal le-
sions (6 (38%) patients) than in their absence (3 (21%)
patients) (Table 1). After the end of chemotherapy, a
complete metabolic response (PET3—) was diagnosed
in 26 patients (87%). This effect was achieved in 21
patients (100%) with PET2— and in 5 people (66%)
with PET2+ (Fig. 3, Table 1).

In the PET2+ group after completion of chemo-
therapy, 4 (44%) patients had a partial metabolic re-
sponse (3 people) or no metabolic response (1 per-
son) (Fig. 1, Table 1). Follow-up of these patients
showed that in 2 cases, progression was diagnosed,
and in 2 patients, further treatment led to complete
remission.

During a two-year follow-up of patients, it was
found that remission was observed in 20 (67%) pa-
tients (complete remission in 15 people, uncertain
complete remission in 5 patients). The “remission”
group included 10 (83%) patients with HL and 10
(56%) individuals with NHL. The “relapse” group

consisted of 10 (40%) people: 6 patients had a relapse
of the disease, and 4 people had progression (Fig. 4, 5,
Table 2). More often, a relapse or progression was ob-
served in NHL — 8 (56%) cases, less often, in HL — in
2 (17%) patients (Fig. 6, Table 2). Patients with early
stages of lymphoma more often were in the “remis-
sion” group than patients with advanced stages of the
disease, 72% and 63%, respectively. It should also be
noted that remission was more often observed in pa-
tients with no extranodal lesions (76%) than in those
with extranodal lesions (56%) (Table 2).
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Fig. 1. Patient T., 25 years old. Diagnosis: Hodgkin’s lymphoma:
a — PET1: signs of lymphoproliferative disease with multiple
metabolically active lesions of the anterior and posterior
mediastinum, cervical, supraclavicular and subclavian,
bronchopulmonary, and intraperitoneal lymph nodes; b — PET2;
complete metabolic regression
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Table 2
Interim *F-FDG PET/CT and follow-up prognosis in lymphoma patients
Patients LH NLH LH + NLH Total
PET2- PET2+ PET2- | PET2+ | PET2- | PET2+
Total in the group 9 3 12 6 21 9 30
Remission 9 1 8 2 17 3 20
Relapse 0 2 4 4 4 6 10
Early stages (I-1I) 3 1 6 1 9 2 11
Remission 3 0 4 1 7 1 8
Relapse 0 1 2 0 2 1 3
Advanced stages (I1I-1V) 6 2 6 5 12 7 19
Remission 6 1 4 1 10 2 12
Relapse 0 1 2 4 2 5 7
Extranodal lesions — 5 1 6 2 11 3 14
Remission 4 1 5 1 9 2 11
Relapse 1 0 1 1 2 1 3
Extranodal lesions + 4 2 6 4 10 6 16
Remission 3 0 4 2 7 2 9
Relapse 1 2 2 2 3 4 7
— —_— after the start of treatment, even before a change in
N } :} \:;_: | tumor size is detected [12]. Many studies have shown

a b
Fig.2.PatientC.,38 years old. Diagnosis: Hodgkin’s lymphoma,
nodular sclerosis: @ — PET1: signs of lymphoproliferative
disease with a metabolically active lesion of the cervical,
axillary, iliac, and inguinal lymph nodes; » — PET2: compared
to PET1- no changes

Analysis of the PET2 results showed that in pa-
tients with PET2+, a relapse was observed in 6 (67%)
cases, and remission — in 3 (33%) cases. At the same
time, in patients with PET2—, the opposite pattern took
place: 4 (19%) people were diagnosed with a relapse
and 17 (81%) had remission (Fig. 4, 5).

DISCUSSION

The results of our study confirm the global experi-
ence of using "*F-FDG PET / CT. In lymphomas, the
metabolic activity of the tumor changes quite rapidly

that ®F-FDG PET / CT performed at early stages of
chemotherapy (interim "*F-FDG PET / CT) predicts
the effectiveness of treatment. Such stratification of
patients makes it possible to personalize the treatment
strategy and has a positive effect on the outcome of the
disease [13]. In patients with lymphoma, an interim
BE-FDG PET / CT scan is usually performed after one
to four (as a rule two) chemotherapy cycles out of six
to eight planned ones.

Interim 'F-FDG PET / CT helps to differentiate
between patients with favorable lymphoma who need
standard therapy and high-risk patients who require
more intensive treatment with high-dose chemothe-
rapy regimens. The method has proven itself well in
determining the sensitivity of tumor tissue to chemo-
therapy, especially in patients with an advanced stage
of the disease and an unfavorable course of the lym-
phoproliferative process, who may need additional ra-
diation therapy [14]. In addition, in low-risk patients,
interim ""F-FDG PET / CT can reduce side effects
and unnecessary toxicity associated with treatment,
making it possible to choose the gentlest protocols
and reduce the number of cycles. According to the
ESMO guidelines, in patients with HL [14], interim
BE-FDG PET / CT after 1-2 cycles of chemotherapy
can identify a group with a high probability of achie-
ving a complete metabolic response after completion
of treatment and without indications for consolidation
radiotherapy [13]. At advanced stages of the disease,
this method is used to identify patients who need to
change the chemotherapy regimen.
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30 patients with

lymphomas

PET2+ 9 patients

PET3- 5 (56%)
patients

PET3+ 4 (44%)
patients

PET2- 21 patients

PET3+ 0 patients PET3- 21 (100%)

patients

Fig. 3. Results of '®F-FDG PET/CT after lymphoma chemotherapy in PET2+ and PET2- groups

30 patients with
lymphomas

PET2+ 9 patients

Relapse 6 (67%)
patients

patients

Remission 3 (33%)

PET2- 21
patients

Relapse 4 (19%) Remission 17

patients; (81%) patients

Fig. 4. Results of long-term follow-up of PET2+ and PET2- groups of lymphoma patients

According to a study by J. Radford et al. [13], per-
formed on the basis of the analysis of the "F-FDG
PET / CT findings in 602 patients with early stage
HL who received ABVD chemotherapy, it was shown
that if after 3 cycles the metabolic activity in the tu-
mor foci was not detected, then further radiation ther-
apy was unnecessary and progression-free survival
(PFS) remained unchanged. A retrospective study
of 260 HL patients treated with ABVD therapy con-
firmed the predictive role of interim '®F-FDG PET/CT

using Deauville’s criteria for predicting a treatment
response [16].

In another study, observation of patients with ad-
vanced stage HL showed that a complete metabolic
tumor response after two cycles of ABVD chemothe-
rapy had high negative predictive value (NPV) (94%)
and positive predictive value (PPV) (73%) with pre-
dicting 3-year PFS [17]. Similar data were presented
in an article by J. Markova et al., in which the analysis
of the interim '"F-FDG PET / CT findings in patients
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with advanced HL after 4 cycles of BEACOPP che-
motherapy demonstrated that a complete metabolic
response in predicting 4-year PFS had NPV and PPV
levels of 98% and 96%, respectively [18]. In addition
to its high predictive value for assessing PFS, interim
BE-FDG PET / CT can be used to determine the indi-

CONCLUSION

Interim ®F-FDG PET / CT with high accuracy
allows to predict the effect of malignant lymphoma
treatment. The method is recommended for wide-
spread use in clinical practice for monitoring the

cations for consolidation radiotherapy [18]. stages of therapy for this pathology.
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Fig. 5. Two-year relapse-free survival in patients with lymphomas with (PET2-) and without (PET2+) a metabolic response to
two cycles of chemotherapy

a b c d

Fig. 6. Patient K., 31 years old. Diagnosis: Hodgkin’s lymphoma with damage to peripheral lymph nodes and skin: a — PET1: signs

of lymphoproliferative disease with multiple metabolically active lesions of the liver, lymph nodes above and below the diaphragm,

and bone marrow; b — PET2: signs of lymphoproliferative disease with a metabolically active lesion of the acromial process of

the right scapula. Compared to PET1 — positive changes; ¢ — PET3: metabolic activity in the cervical, supraclavicular, and axillary

lymph nodes on the right, a single inguinal lymph node on the right, in the acromial process of the right scapula. Compared to

PET2 — negative changes; d — PET4: a metabolically active lesion in single right axillary lymph nodes, regarded as a manifestation
of Hodgkin’s lymphoma. Compared to PET3 — positive changes
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