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ABSTRACT

Relevance: Positron emission tomography combined with computed tomography (PET/CT) is a young and promising technique for
lymphoproliferative diseases’ primary detection, staging, and evaluation of the treatment results. However, at this stage of nuclear medi-
cine development, some shortcomings in PET/CT diagnostics of lymphomas using 18Fluorodeoxyglucose (F18-FDG) affect its reliability
to a certain extent.

The study aimed to evaluate the physical and technical weaknesses of FIS-FDG PET/CT in diagnosing lymphomas and review the
analytical methods that affect opinion accuracy.

Methods: The articles on the use of FIS-FDG PET/CT in diagnosing lymphomas, its reliability, and methods for optimizing were
searched in the PUBMED database for 2012-2022.

Results: One of the main shortcomings of FIS-FDG PET/CT in diagnosing lymphomas is the Deauville 5-point scale, which does not
fully meet clinical requirements. This scale has some disadvantages, including low inter-reader agreement and an unreliable reference
organ for FI18-FDG accumulation. Mathematical algorithms for correction to the patient’s weight also require optimization.

Conclusion: Some of the existing deficiencies can be improved at the software level and through educating staff about the importance of
changing the SUV calculation method. However, other deficiencies, such as classifications that do not meet clinical requirements, require
more efforts at the level of international experts and much more in-depth study of this issue to avoid such shortcomings of new staging meth-
ods. However, even considering all the shortcomings described, at the moment, PET/CT with F18-FDG is one of the most reliable modalities
available, both for the initial detection and for evaluating the therapy effectiveness in patients with lymphomas.
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Introduction: Positron emission tomography with
computed tomography (PET/CT) is a hybrid radioisotope
method for diagnosing various diseases based on the dif-
ference in radiopharmaceutical absorption. A radiophar-
maceutical, or a tracer, is a two-component drug con-
sisting of a radioisotope and a biological molecule. The
radioisotope emits photons that a PET/CT detector can
capture. The detector can recognize the radiopharma-
ceutical accumulation sites and determine the accumu-
lation level. The biological molecule delivers the radio-
isotope directly to the pathological tissue and makes the
radioisotope as tropic to the tissue as possible.

As an alternative to previously used mono-PET
scanners, most countries now use PET/CT to analyze
structural changes together with functional condi-
tions. The most common radiopharmaceutical is F18-
FDG, which is analogous to glucose. Most malignant
tumors have high proliferative activity, and most of
their energy comes from glucose. Because of this, ma-
lignant tumors consume significantly more glucose
than benign tumors and normal tissue. This allows us-

ing F18-FDG for initial disease detection, staging, and
prognosis [1, 2].

After intravenous administration, the drug is distributed
throughout the circulatory system. Further, it accumulates
most strongly in organs with a physiologically high capture of
radiopharmaceuticals and malignant tumors with high pro-
liferative activity. Physiologically, the brain, myocardium, kid-
neys, and bladder have high levels of F18-FDG accumulation.

F18-FDG accumulation in tissues is measured by Stan-
dardized Uptake Value (SUV) calculated as:

SUV =

d:se X bodyweight

Where Ais the concentration of radioactivity in the area
of interest (MBg/mL), dose — the administered dose (MBq),
and bodyweight — the patient’s body weight.

PET/CT diagnostics includes several stages: 1 - ad-
ministration of a radiopharmaceutical dose considering
the patient’s body weight, 2 - scanning, 3 — post-process-
ing, and 4 - analysis and interpretation. While the dose
administration and scanning follow certain pre-set algo-
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rithms and depend more on the PET/CT scanner perfor-
mance and manufacturability, post-processing and inter-
pretation of the results are quite variable. Namely, stages
3 and 4 of the examination have some weaknesses and
are subject to improvement and modernization.

Considering the complexity and multicomponent na-
ture of PET/CT examination, each stage allows different ex-
ecution options with varying degrees of correctness. Such
variability of execution options can significantly affect the
reliability of the results. Many authors, some mentioned in
this review, offer solutions to improve the PET/CT correct-
ness and the reliability of the result interpretation.

The study aimed to evaluate the physical and techni-
cal weaknesses of F18-FDG PET/CT in diagnosing lympho-
mas and review the analytical methods that affect opin-
ion accuracy.

Materials and methods: The articles on the use of F18-
FDG PET/CT in diagnosing lymphomas, its reliability, and
methods for optimizing were searched in the PUBMED,
MEDLINE, and Cochrane databases over the last ten years.

A literature review was conducted on the Pubmed
database for 2012-2022 for the following keywords:
“PET/CT in the diagnosis of lymphomas,” “relevance of
PET/CT with P18-FDG in the diagnosis of lymphomas,”
and “sensitivity and specificity of PET/CT with P18-FDG
in the diagnosis of lymphomas”. This literature review
includes 27 references.

Results: Lugano classification is the most common for
staging lymphomas. However, it is quite complicated and
focuses more on CT sizes than radiopharmaceutical accu-
mulation during PET. This increases the risk of false posi-
tive results with a residual fibrous but metabolically inac-
tive tumor [3].

Lugano classification also includes the five-point Deau-
ville scale (5D) reflecting the metabolic status of a lympho-
ma lesion. This allows tracking of both structural and met-
abolic changes in patients with lymphoma. The Deauville
classification is based on a 5-point scale that compares the
tumor uptake with the physiological levels of uptake in the
brain, liver, and mediastinum (Fig. 1).

Thus, Score 1 means no pathological FDG uptake;
Score 2 means moderate accumulation in the tumor < me-
diastinum; Score 3 means that accumulation in the tumor
is higher than in mediastinum but lower than in the liver;
Score 4 means that accumulation in the tumor is slightly
higher than in the liver; and Score 5 means a much high-
er accumulation compared to the liver (sometimes close to
the accumulation in the brain).

Previously it was believed that the mediastinum (blood
pool) and the liver have a relatively stable accumulation
level. This made it possible to level out differences related
to patients, examination protocols, the PET scanner’s char-
acteristics, and the knowledge level of the radiologist in-
terpreting this result.
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Figure 1 - The five-point Deauville scale [20]

Even if 5D performed better in terms of prognosis than
only SUV or the CT part comparison [5-7], this scale has
several further problems associated with its clinical use.

Score 5 on the Deauville 5D scale

One disadvantage of the 5D scale is an inefficient
ranking of results at high capture rates in two stud-
ies compared over time. For example, a patient Scored
five at the initial PET/CT. Then, an intermediate PET/CT
showed a decrease in the formation volume and maxi-

mum metabolic activity, with clear clinical progress.
However, SUVmax remained higher than in the liver, and
the report will still give 5 points on the 5D scale (Fig. 2).
Thus, the treating oncologist who will compare the pri-
mary and intermediate Scores may be misled that there
is no effect of therapy. This may lead to an unjustified in-
crease in treatment courses or the dose of chemoradio-
therapy, a change in the treatment protocol, and a de-
crease in treatment efficacy.
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Figure 2 - Score 5 on the 5D scale: a - before treatment, b — intermediate PET/
CT. Arrows indicate affected areas [20]

Score 3 on the Deauville 5D scale

Scores 1 & 2 on the Deauville 5D scale are consid-
ered a complete or partial metabolic response, that is, a
positive effect of treatment, while Scores 4 & 5 are per-
ceived as a lack of response or progress of the disease
[8], meaning ineffective therapy. However, Score 3 rais-
es doubts: is there a response to therapy or not? In most
cases, Score 3 is perceived as a complete metabolic re-
sponse, a positive treatment result [9]. Still, some stud-
ies on de-escalation of therapy consider Score 3 as a
non-adequate response meaning insufficient treatment.
[10]. This leads to over-diagnostics and over-treatment
to avoid relapse [5].

Congruency among doctors

Using SUV to measure relative accumulation by tis-
sues/organs facilitates comparison between patients and
has been proposed as a basis for diagnosis. However, SUV
is a semi-quantitative indicator. There are two main rea-
sons why using any threshold to decide on a positive or
negative result is wrong. First, primary detection and stag-
ing should not depend on the exact SUV level because, for
such purposes, it is often sufficient to compare the SUV
values in the area of interest and the surrounding tissue.
Second, SUV is highly variable due to physical and biolog-
ical parameters. In particular, studies have shown that us-
ing SUV thresholds (like SUV>2.5) to identify a nodule or
mass as benign or malignant often gives invalid results.
Many benign infectious/inflammatory processes may have
a high uptake of F18-FDG with a high SUV value. Converse-
ly, many indolent or slow-growing malignancies may have
minimal uptake and low SUV values.

Besides the variability of SUVs, the lack of a unified SUV
measurement algorithm produces a high risk of subjective
assessment by the describing radiologist. Thus, in sever-
al studies, the congruency between the analyzing doctors
using 5D was very low [11-13]; that is, different doctors
evaluated the same patients differently. Using a binary
scoring system increased the congruency between clini-
cians, allowing them to accept Scores 1, 2 & 3 as negative
and Scores 4 & 5 - as positive [11, 14].

The tumor-to-liver SUV ratio (SUVTLR)

As described above, the liver is one of the guides used
by nuclear medicine doctors for 5D scoring (Fig. 1). There
are several methods for measuring the level of uptake in
the liver: a round 2D on one slice [15, 16] and a spherical
3D [17]. 2D measurement considers the isotope capture
activity on only one slice, which reduces the reliability of
the results. Moreover, the accumulation in the liver does
not remain stable. It may be affected by chemotherapy
due to reversible changes in the liver parenchyma, such as
steatosis and duct obstruction, that CT, MR, or ultrasound
examination can detect. Besides, different chemotherapy
protocols can have a different effect on the level of metab-
olism and, therefore, on the SUV of the liver. For example,
the ABVD effect on liver metabolism differs much from the
effect of MOPP or BEACOPP schemes. Therefore, the inter-
pretation of the liver SUV at intermediate PET/CT shall con-
sider the duration of chemotherapy and the types of che-
motherapy drugs used in the treatment [18].

The patient’s body weight

The radiopharmaceutical dose administered to a pa-
tient is measured in mega becquerels (MBq) and de-
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pends on the patient’s body weight. The usual dose is
1.2 MBq of 18F-FDG per 1 kg of body weight. Formula 1
shows that SUV is calculated based on the patient’s body
weight. However, it has long been known that adipose
tissue uptakes much less 18F-FDG than other tissues so
SUV can vary greatly depending on the body structure.
Therefore, an alternative method for calculating SUV
normalized by lean body mass (SUL Lean body mass
(LBM) represents the weight of lean connective, muscle,
and nervous tissues. The classic formula for calculating
LBM considers gender, height, and body weight. Though
some studies reported the possibility of obtaining a reli-
able LBM by scanning a limited part of the body on a CT
scanner[19,20],themostcommonisthe Jamesequation:

LBM = 1,1bw - 123(3%)° for  man
LBM = 1,07bw — 148(%"’) for women. Modern

scanners use the James equation to calculate LBM. SUL is

calculated as SUL = % X LBM [21]. As in a
usual SUV equation, itis assumed that F18-FDG is evenly
distributed over the body. However, real and calculated
SUVs can vary greatly, especially in patients with large
body weights [22, 23]. Therefore, SUL is a more stable
and reliable value [24]. Studies also support the signif-
icant difference between SUV and SUL in the liver [25],
which is critical in evaluating treatment outcomes in pa-
tients with lymphomas. Unfortunately, in most cases, in-
cluding PET centers in Kazakhstan, they still use SUVs in-
stead of SUL.

Discussion: Lymphoma classification and staging have
evolved from 1950, when the three-component Peters clas-
sification was first introduced, to 2011, when the Lugano
classification was proposed. In 1976, the World Health Orga-
nization introduced the concept of a radiological and quan-
titative assessment of response to cancer therapy using CT
and quantitative tumor measurements [4]. Since then, ra-
diology has been tasked both with the initial diagnosis and
evaluating the treatment efficacy. Today, this task is becom-
ing increasingly important in light of the emergence of new
therapeutic drugs and the growing popularity of personal-
ized therapy. The ability of PET/CT to determine not only tu-
mor anatomy but also its metabolic status provides more re-
liable information about the effect of therapy much earlier
than traditional computer tomography [26, 271.

Lugano classification, approved in 2011 at the congress
of leaders in this field in Lugano, Switzerland, has become
the first specific system for evaluating the effectiveness of
therapy in malignant lymphoma. The first results of studies
evaluating response to treatment using this scale were pub-
lished as early as 2014 [5, 8, 9]. Lugano classification became
the standard to assess the response to treatment. This clas-

and

sification was based on CT measurements of up to 6 lesions
measuring at least 1.5 cm for nodal lesions and at least 1.0
cm for extranodal lesions. Each formation was measured in
2 projections, then these measurements were multiplied,
and the sum of multiplications before treatment was com-
pared with the sum of multiplications after treatment to
quantify response to therapy [5].

Such a procedure was very laborious and lengthy.
Even more significant in comparing the two surveys was
that such procedures were difficult to reproduce. Studies
showed a large variation in the assessments of the same for-
mations by different radiologists. Besides, in this case, it re-
mained unclear whether the formation was a fibrous tissue
remaining after treatment or a viable tumor [3].

Today, we evidence the rapid development of nucle-
ar medicine. More new radiopharmaceuticals become
available for clinical use; new calculation and image anal-
ysis methods emerge. However, the classical PET/CT with
18F-FDG and SUV calculation remains the most common
research method for a wide variety of pathologies, includ-
ing cancers.

18F-FDG is suitable for lymphoma visualization due to
the high proliferative activity of most lymphomas. PET/CT
can be used for primary detection, staging, and evaluating
the results of lymphoma treatment. Despite the clear advan-
tages of PET/CT over more traditional CT and MRl methods,
including the ability to assess both structural changes and
- even more important - the metabolic status, this meth-
od has its shortcomings, as described above. Now there is
a clear trend towards simplifying these methods due to too
complex and difficult to replicate the analysis methods, in-
cluding algorithms for evaluating PET/CT results [8].

Conclusion: Since nuclear medicine is one of the young-
est fields of medicine and due to the general trend of de-
scribing only the positive aspects of various methods of di-
agnosis and treatment, only a few publications reveal the
weaknesses of a particular method. However, this review
summarizes the most obvious shortcomings of PET/CT in
diagnosing lymphomas. Some of the existing deficiencies,
such as PET/CT adjustment for LBM, can be improved at the
software level and through educating staff about the im-
portance of changing the SUV calculation method. How-
ever, other deficiencies, such as classifications that do not
meet clinical requirements, require more efforts at the lev-
el of international experts and much more in-depth study
of this issue to avoid such shortcomings of new staging
methods. Therefore, even being the most high-tech and ex-
pensive radiological procedure, PET/CT with F18-FDG has
shortcomings that should be known to both nuclear medi-
cine physicians and oncologists involved in diagnosing and
treating lymphomas.
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aypyaapobvl emoey Homuicerepin an2auikbl AHbIKmMay, Cmaoupey dHcoHe 6asanay Yulin J#cac sHeoHe nepcnekmusanst 90ic 601vin mabdwviiadel. Anaioa,
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SAOPONBIK MEOUYUHAHBIY OAMYbIHbIY 0cbl KezeHinoe 18 ¢hmop-/ezoxcuentokoszben (F18-FDG) aumepomanapoviy I1OT / KT ouacnocmukaceinoa
onvly cenimoinieine beneini 6ip dopesicede nemece backa 0a bipKkamap kemuinikmep oap.

3epmmeyoin maxcamol — F18-FDG men [1DT/KT-nbiy o1ci3 scakmapbii aum@omanaposl OUaeHOCMUKANAYOa (pusuKa-mexHuKaublK HeazblHaH
0da, KOpbIMbIHObIHBIY OYPLICIbIZbIHA dCEP emenin manoay 90icmepin 0e 3epmmey.

AQoicmepi: Maxanaoa 2012-2022 sxcvinoapza apranzan PABMED Oepexkopvinoazbl 0epekkezoepee ulony depiizeH. iumpomanapobiy OuazHo-
cmukacvinoa F18-FDG 6ap PET/CT xoadany, onviy cenimoiniai dcone ocvl 3epmmeyoi oymainanovipy oicmepi nyparnol.

Homuorcenepi: Jlumpomanvr ouacnocmuranayoazvl FI18-FDG men IIDT/KT-nviy 6acmol kemwinikmepiniy OIpi-KIUHUKALbIK maianmapaa
monvlx cotikec keametmin Deauville emoey nomuoicenepin 6azanay wikanacel. byn wixana oipkamap oncis sgcakmapea ue, onviy iwinoe oopieepiep
apacvinoazvl memer cotikecmix dcore F'18-FDG owcunakmayowiy ceHimoi emec opeanvlOnap coHOAU-aK NAyUeHmmiy caimazblH my3emyoiy mame-
MAMUKANBIK, AIOPUMMIH OHMATIAHObIPYObl MANAN emeoi.

Kopvimuoinowi: Keiioip kemuinikmepoi 6a20apramansix sxcacaxmama oeneeliinoe uteutyee 601aovl sxcore Koizsmemrepiepee SUV ecenmey 90icin
032epmy0in MaybI30bLIbIZLL MYPAIbLL MYCiHOIpY2ee 601a0bl, OIpak 6acka 0a KeMUINIKmep, MblCabl, HCIKMeYOiy KIUHUKATLIK MALANMAPbIHA MOLbIK
collKec Keameyl XanblKapaiblK, capanmubliap 0eHeeuliHoe aumapivlKmail Kyl canyobl JHCOHe JHCAHA Ke3eH d0ICMEPIHIH OCbIHOA KeMUiIKmepin
6010bIpMAy Yulin 0col Moceseni mepenipek sepmmeyoi Kaxcem emeoi. [lecenmen, minmi cunammaiean 0apavik KeMuinikmepoi eckepe omuipbin,
Q18-DNI [IDT/KT kaszipei yakpimma aumpomarsvl 6acmankpl aHbIKMay yutin oe, emoeyoiy muiMoinicin 6a2anay ywin 0e Ko dHcemimoi ey ceHimoi
o0icmepoiy 6ipi 6oabIN MAOLLIAOGL.

Tyuinoi co30ep: nozumponovi-smuccusinviy momoepagusi (IIT/KT), aumepoma, Deauville, SUV, 18-¢pmop-oesoxcuentoxosa (®18-P/T), icik
camulcol.

AHHOTALIUA

HEJOCTATKMH IIIT/KT UCCJIEJAOBAHUS ITPU JTUATHOCTHUKE
JUM®O®ONPOJIM®EPATUBHBIX 3ABOJIEBAHUM:
OB30P JIMTEPATYPbI

@.A. Baemobaes', P.H. Paxumoncanosa', T.B. [laymos®, A.b. Cadyakacosa®, A.7K. Temupoexos*

«Astana THAO «MeanumHckuit yauBepcuteT AcTanay, ActaHa, Pecnybnuka Kazaxcta;
2KopnopatusHbii hoHg “University Medical Center”, Actana, Pecny6nuka KazaxctaH;
3P «bonbHUua MeauumHckoro ueHTpa Ynpasnenus denamu MpesugeHta Pecny6nuku Kasaxctany» Ha MXB, ActaHa, Pecny6nnka KasaxcTaH

Axmyanvrhocms: [103umpoHHO-5MUCCUOHHAA MOMOZPAhus coemeujeHHas ¢ Komnvromeprot momoepagueit (I1T/KT) asensemcs monoooi
U NePCREeKMUBHOT MEMOOUKOU OJIs NePEUUHO2O0 8bIABNEHUS, CINAOUPOBAHUS U OYEHKU PEe3VIbINAMOS IeUeHUs TUMPONPOIUPepamusHsLx 3a601e-
sanutl. Oonako, Ha danHom smane pazeumus s0epHou meduyunsl, 6 [IDT/KT ouaznocmuxe numgom ¢ 18@mop-/lesoxcuzntoxosou (F18-FDG)
ecmb ps0 HedOCMAmK08, 8 MOl U UHOL CIEeNneHU OKA3bLealoujue Ha ee 00CMOBEPHOCIb.

Iens uccnedosanusn — uzyyume caabvie cmopoust [IDT/KT ¢ FIS-FDG 6 ouaznocmuke 1um@om ¢ hpusuko-mexHuueckol CmopoHsl u me-
MOObl AHANU3A, GAUAIOUUE HA OOCTNOBEPHOCb 3AKIIOUCHUSL.

Memoowi: B cmamve npedcmasner 0030p ucmounukos uz 6aszet PUBMED 3a 2012-2022 22. no npumenenuro I19T/KT ¢ FI8-FDG 6 duae-
HOCIMUKe TUMPOM, €20 00CMOBEPHOCTU, U MEMOO08 ONMUMUAYUL OAHHOLO UCCACO0BAHUSL.

Pesynvmamot: Oonum us enasneix Heoocmamkos IIDT/KT ¢ FI8-FDG 6 ouaznocmuxe 1umghom s651emes He NOTHOCHbI0 0meeuaouas
KAUHUYECKUM MPeDOSAHUAM WIKANA OYeHKU pe3yibmamog aedenus Deauville. Jlannas wixana umeem pso ciadvix cmopoH, 6KII0OUAs HUKYIO
CO2NACOBAHHOCHIL MENCOY BPAYAMU U HEOOCTOBEPHbIIL Opean-opuenmup Hakonaenus F18-FDG. Takoice mpeGyiom onmumuzayuy Mamemamu-
yeckie aneopummel KOppeKyuu K 6ecy nayueHmd.

3axntouenue: Hexomopovie u3 uMerowuxcs HedoCmamK08 MONCHO Peuiils Ha YPOGHe NPOZPAMMHO20 00eCneyeHs: U pa3bACHeHUs nepco-
Hany o eaxchocmu usmenenus memooda pacuema SUV, Ho Opyeue Hedocmamku, KAk HARpUMep He CO8CeM Omeeuanujie KIuHUYeCKuMm mpedo-
6aHUAM KaAccuurayuu mpedyom bonee SHAUUMENbHbIX YCUTULL HA YPOGHE MEHCOYHAPOOHBIX IKCHEPMO8 U SHAUUMENbHO20 Doee 21y60K020
U3yUeHUsT OAHHO20 8ONPOCA 80 usbedcanue NOOOOHbIX U3bAHOE HOGBIX Meno0006 cmaoupoganus. QOHAKO, dadice YUumol8ds 6ce ONUCAHHbIE
nedocmamiu, Ha dannwiii momenm, IHOT/KT ¢ @I18-D/I" sensiemcs 00HOU U3 cambiX 00CMOBEPHBIX MOOANIbHOCIEN U3 UMEIOWUXCS, KAK O
NepPeUtHO20 BbIAGNCHUA, MAK U 0I5 OYSHKU IPPekmueHocmu ieueHuss IUM@PoM.

Knruesvie cnosa: Ilosumponno-smuccuonnas momozpapus (IIT/KT), numgpoma, Deauville, SUV, 18@mop-/lezokcueniokosza (F18-FDG),
cmaouposarue onyxoiell.
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