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ABSTRACT
Relevance: PET/CT has become an integral part of the diagnostic algorithm in lymphoma patients since lymphomas actively accumu-

late 18F-FDG. The high accuracy of PET/CT in patients with certain lymphoma types allows effective use of this method in clinical practice 
for diagnosis, staging, re-staging, evaluating the effectiveness of treatment, and determining further patient management tactics.

The study aimed to evaluate the PET/CT capacity in assessing lymphoma treatment effectiveness.
Methods: We conducted a retrospective analysis of PET/CT 18F-FDG results in 109 patients with a verified lymphoma diagnosis. The 

patients underwent PET/CT examinations at “Orhun Medical” PET/CT center based in the JSC “Kazakh Institute of Oncology and Ra-
diology” (Almaty, Kazakhstan).

Results: According to PET/CT results in assessing the lymphoma treatment effectiveness, the stabilization of the process was achieved 
in 38.5% of cases, progression – in 33.03%, a partial metabolic response – in 18.35%, and a complete response – in 10.09% of cases.

Conclusion: PET/CT is the method of choice for evaluating the effectiveness of lymphoma treatment compared to other radiological 
techniques. PET/CT is based on determining metabolic treatment response, not only on size indicators. It plays an essential role in different 
stages of lymphoma treatment, providing new opportunities for personalized treatment.
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Introduction: Lymphomas are a heterogeneous 
group of malignant tumors that can be divided into two 
main subgroups: Hodgkin lymphomas and non-Hodgkin 
lymphomas [1]. After histological verification of the lym-
phoma diagnosis, the next step is staging, which is essen-
tial for monitoring and assessing the treatment effective-
ness and predicting the outcome [2].

Despite the significant progress in lymphoma treat-
ment, many patients still fail to respond positively to the 
therapy and later relapse [3, 4]. 

Current imaging techniques (ultrasound investigation, 
positron emission tomography (PET), computed tomogra-
phy (CT), magnetic resonance imaging) have some restric-
tions since they mainly rely on dimensional-anatomical 
criteria. At that, positron emission computed tomography 
(PET/CT) offers high diagnostic accuracy. PET/CT is gaining 
popularity in diagnosis, staging, and assessment of treat-
ment effectiveness [5].

18F-FDG PET/CT is a recognized imaging technique for 
FDG-avid lymphomas [6, 7]. Currently, there are several of-
fers on the response assessment techniques using 18F-FDG 
PET/CT from the point of view of the target lesions and 
quantitative indicators. One technique recommends mea-
suring a single representative lesion’s standardized uptake 

value (SUV), while the other recommends measuring the 
tumor diameters [8-10]. Thus, the techniques of assessing 
the treatment response using quantitative indicators pro-
vided by 18F-FDG PET/CT need further clarification and val-
idation [11-13].

The study aimed to evaluate the PET/CT capacity in 
assessing lymphoma treatment effectiveness.

Materials and Methods: We conducted a retrospective 
analysis of 18F-FDG PET/CT findings in 109 patients, including 
45 with verified Hodgkin lymphoma and 64 with non-Hod-
gkin lymphoma. The study involved 49 men and 60 women 
aged from18 to 87; the average age was 51.5 years. The pa-
tients underwent PET/CT examinations at “Orhun Medical” 
PET/CT center based in the JSC “Kazakh Institute of Oncolo-
gy and Radiology” (Almaty, Kazakhstan). 

Treatment effectiveness was assessed using the quan-
titative assessment of the metabolic response by measur-
ing the standardized uptake level 18F-FDG – SUVmax be-
fore and after treatment. The assessment results were 
distributed among the following categories: complete 
metabolic response, partial metabolic response, stabili-
zation, and advance. The criteria for quantitative assess-
ment of lymphoma treatment effectiveness according to 
18F-FDG PET/CT findings are provided in Table 1.

Table 1 – Quantitative assessment of 18F-FDG PET/CT findings

Full metabolic response No 18F-FDG uptake 

Partial metabolic response Decrease in 18F-FDG uptake by more than 30%

Stabilization Decrease in 8F-FDG uptake by less than 30%

Advance Increase of 18F-FDG uptake by more than 30% and/or occurrence of the new nidus.
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Table 2 – Distribution as per nidus localization

Nidus localization
Hodgkin lymphoma Non-Hodgkin lymphoma

abs. (%) abs. (%)

Isolated lungs lesion 0 2 (3.1%)

System lesion of intramammary lymph nodes 5 (11.11%) 6 (9.4%)

Isolated palatine tonsil lesion 0 2 (3.1%)

Coexistent lesion of the organ + lymph nodes 14 (31.11%) 23 (35.9%)

System lesion of different groups lymph nodes 18 (40%) 22 (34.4%)

Isolated lesion of inguinal nodes 1 (2.22%) 0

Isolated lesion of cervical lymph nodes 6 (13.33%) 1 (1.6%)

Isolated lesion of suprailiac lymph nodes 1 (2.22%) 0

Mammary glands lesion 0 1 (1.6%)

Spleen lesion 0 1 (1.6%)

Bone lesion 0 5 (7.8%)

Thyroid gland lesion 0 1 (1.6%)

Total 45 (100%) 64 (100%)

Table 3 shows the average size of lesions and average SUVmax by lymphoma type and lesion localization.

Table 3 – Distribution of lesions according to average size and average SUVmax 

Nidus localization

Hodgkin Lymphoma 
n=45 (100%)

Non-Hodgkin Lymphoma 
n=64 (100%)

Max average size SUV  average Max average size SUV  average

Isolated lymph node involvement - - >2.5 cm (1.6%) 38.74

Coexistent lesions in lymph nodes - - >1.3 cm (3.1%) 5.74

Isolated lungs lesion - - >7.7 cm (1.6%) 16.5

Isolated palatine tonsil lesion - - >1.1 cm (1.6%) 6.01

System lesion of intramammary lymph nodes >4.45 cm (11.11%) 8.01 >1.42 cm (10.2%) 2.68

Coexistent lesion of the organ + lymph nodes >2.35 cm (31.11%) 7.63 >1.29 cm (34.5%) 4.43

System lesion of different groups lymph nodes >2.7 cm (40.12%) 6.18 >1.78 cm (34.5%) 7.58

Isolated lesion of inguinal nodes >1.0 cm (2.22%) 9.06 - -

Isolated lesion of cervical lymph nodes >1.76 cm (13.22%) 6.29 >1 cm (1.6%) 2.77

Isolated lesion of suprailiac lymph nodes >1,1 cm (2,22%) 2,19 - -

Bone lesions - - >8.8 cm (8.1%) 7.7

Mammary gland lesions - - >1.7 cm (1.6%) 5.25

Spleen lesions - - >1.1 cm (1.6%) 7.94

Table 4 offers the assessment details of lymphoma treatment effectiveness by quantitative criteria.

Table 4 – Assessment of lymphoma treatment effectiveness by quantitative criteria

Treatment effectiveness Hodgkin lymphoma,  
abs. (%)

Non-Hodgkin lymphoma, 
abs. (%)

Total, 
abs. (%)

Process stabilization 15 (33.33%) 27 (42.18%)    42 (38.5%)

Process advancement 19 (42.22%) 17 (26.56%) 36 (33.03%)

Partial metabolic response 8 (17.78%) 12 (18.75%) 20 (18.35%)

Full metabolic response 3 (6.67%) 8 (12.51%) 11 (10.09%)

Total 45 (100%) 64 (100%) 109 (100%)

Results: Frequent localizations of the nidus were ana-
lyzed during the study. Table 2 shows the most frequent 
system lesions of lymph nodes of different groups and co-
existing lesions of the organ and lymph nodes typical for 

both Hodgkin and non-Hodgkin lymphomas. At that, iso-
lated bone, mammary glands, and spleen thyroid gland, 
spleen lesions were less frequent and found only in pa-
tients with non-Hodgkin lymphoma. 
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During the analysis of treatment effectiveness based 
on the metabolic response, 42 patients showed process 
stabilization, 36 – process advancement, 20 – partial re-
gression, and 11 – complete regression (Table 4).

Discussion: CT was viewed as the technique of choice in 
the ongoing monitoring of oncology patients for the treat-
ment response assessment. However, the results were based 
on the changes in tumor size that different observers may 
identify differently. The CT does not make it possible to de-
tect the changes that occurred in treatment response [14]. 
It is challenging to differentiate necrotic tissue or a fibrous 
scar from the residual tumor [15]. Changes in the tumor siz-
es are not actual markers of therapeutic efficiency since tu-
mor tissue comprises different components, not all of which 
fully regress over time [16]. Thus, more satisfactory assess-
ment techniques for accurate quantitative measuring of the 
tumor response are necessary. PET with 18G-FDG overcomes 
these restrictions and has become an essential part of man-
aging lymphoma patients to identify the stage and assess 
the treatment response [17-20]. The 18F-FDG PET/CT tech-
nique, which is the integrated anatomic and metabolic imag-
ing, gave origin to using PET to assess the treatment response 
with solid tumors and hematological malignant tumors [21].

This study aimed to identify the PET/CT capacity in as-
sessing the lymphoma treatment effectiveness. We made 
a quantitative analysis of treatment effectiveness assess-
ment in 109 patients with Hodgkin and non-Hodgkin lym-
phomas. Quantitative analysis was held based on changes 
in the SUV indicators before and after treatment to assess 
metabolic treatment response.  

Following the study results, process stabilization was 
achieved in most of the patients studied (46/109); the ad-
vance occurred in 36 patients; the partial metabolic re-
sponse was achieved in 20 patients, and the complete 
metabolic response – in 11 patients.   

Our study had some restrictions: analysis was held ret-
rospectively; there was no follow-up of the patients to 
correlate our results with patients’ survival. A multi-cen-
ter study and the cooperation of research groups may be 
needed to recruit more lymphoma patients in the study 
and achieve more accurate results.

Conclusion: According to the PET/CT data, in lympho-
ma treatment, process stabilization was achieved in 38.5% 
of cases; the advance has occurred in 33.03%; the partial 
metabolic response was achieved in 18.35%, and com-
plete response – in 10.09% of cases. 

PET/CT is the method of choice for evaluating the ef-
fectiveness of lymphoma treatment compared to other 
radiological techniques. PET/CT is based on determining 
metabolic treatment response, not only on size indicators. 
It plays an essential role in different stages of lymphoma 
treatment, providing new opportunities for personalized 
treatment.

References:
1. Buchpiguel C. A. Current status of PET/CT in the diagnosis and 

follow up of lymphomas // Rev. Bras. Hematol Hemoter. – 2011. – Vol.  
33(2). – P. 140-147. https://doi.org/10.5581/1516-8484.20110035.

2. Kwee T.C., Kwee R.M., Nievelstein R.A.J. Imaging in staging of ma-
lignant lymphoma: a systematic review // Blood. – 2008. – Vol.  111 (2). – 
P. 504–516. https://doi.org/10.1182/blood-2007-07-101899

3. Burggraaff C.N., Jong A., Hoekstra O.S., Hoetjes N.J., Nievelstein R.A.J., 
Jansma E.P., Heymans M.W., Vet H.C.W., Zijlstra J.M. Predictive value of in-
terim positron emission tomography in diffuse large B-cell lymphoma: a sys-
tematic review and meta-analysis // Eur J. Nucl. Med. Mol. Imaging. –2019. – 
Vol.  46(1). – P. 65–79. https://doi.org/10.1007/s00259-018-4103-3. 

4. Cheson B.D., Fisher R.I., Barrington S.F., Cavalli F., Schwartz L.H., 
Zucca E., Lister T.A., Alliance, Australasian Leukaemia and Lymphoma 
Group, Eastern Cooperative Oncology Group, European Mantle Cell 
Lymphoma Consortium, Italian Lymphoma Foundation, European Or-
ganisation for Research, Treatment of Cancer/Dutch Hemato-Oncology 
Group, Grupo Espanol de Medula Osea, German High-Grade Lympho-
ma Study Group, German Hodgkin’s Study Group, Japanese Lymphor-
ra Study Group, Lymphora Study Association, NCIC Clinical Trials Group, 
Nordic Lymphoma Study Group, Southwest Oncology Group, United Ki-
gdom Natinal Cancer Research Institute. Recommendations for initial 
evaluation, staging, and response assessment of Hodgkin and non-Hod-
gkin lymphoma: the Lugano classification // J. Clin. Oncol. – 2014. – Vol.  
32(27). – P. 3059–3068. https://doi.org/10.1200/JCO.2013.54.8800. 

5. Dauytova Yu.Т., Zholdybay Zh.Zh. Capabilities of whole body 
magnetic-resonance tomography in diagnostics, staging and evalu-
ating the treatment effectiveness  of lymphomas // Vestnik KazNMU. – 
2019. – № 4. – P. 83-86.

6. https://kaznmu.kz/press/wp-content/uploads/2021/01/capabili-
ties-of-whole-body-magnetic-resonance-tomography-in-diagnostics-.pdf.

7. Xie M., Zhai W., Cheng S., Zhang H., Xie Y., He W. Predictive val-
ue of F-18 FDG PET/CT quantization parameters for progression-free 
survival in patients with diffuse large B-cell lymphoma //  Hematolo-
gy. – 2016. – Vol.  21(2). – P. 99-105. https://doi.org/10.1179/16078454
15Y.0000000033

8. Kanoun S., Tal I., Berriolo-Riedinger A., Rossi C., Riedinger J.M., Vri-
gneaud J.M., Legrand L., Humbert O., Casasnovas O., Brunotte F., Co-
chet A. Influence of Software Tool and Methodological Aspects of Total 
Metabolic Tumor Volume Calculation on Baseline [18F] FDG PET to Pre-
dict Survival in Hodgkin Lymphoma // PLoS One. – 2015. – Vol.  10(10). – 
P. e0140830. https://doi.org/10.1371/journal.pone.0140830.

9. Hyun J.O., Lodge M.A., Wahl   R.L. Practical PERCIST: A Simplified 
Guide to PET Response Criteria in Solid Tumors 1.0 // Radiology. – 2016. – 
Vol. 280, No. 2. – P. 576-584. https://doi.org/10.1148/radiol.2016142043.  

10. Khong P.L.,  Huang B.,  Lee E.Y.P.,  Chan W.K.S.,  Kwong Y.L. 
Midtreatment 18 F-FDG PET/CT Scan for Early Response Assessment of 
SMILE Therapy in Natural Killer/T-Cell Lymphoma: A Prospective Study 
from a Single Center // Journal of Nuclear Medicine. – 2014. – Vol. 
55 (6). – P. 911-916. https://doi.org/10.2967/jnumed.113.131946.

11. Metser U., Hussey D., Murphy G. Impact of (18) F-FDG PET/CT on 
the staging and management of follicular lymphoma // Br. J. Radiol. – 
2014. – Vol. 87(1042). – P. 360. https://doi.org/10.1259/bjr.20140360.

12. Meerten E.L.P., Gelderblom H., Bloem J.L. RECIST revised: im-
plications for the radiologist. A review article on the modified RECIST 
guideline // Eur. Radiol. – 2010. – Vol. 20(6). – P. 1456-1467. https://doi.
org/10.1007/s00330-009-1685-y.

13. Cheson B.D., Kostakoglu L. FDG-PET for Early Response Assess-
ment in Lymphomas: Part 1-Hodgkin Lymphoma // Oncology (Willis-
ton Park). – 2017. – Vol. 31(1). – P. 45-49. https://pubmed.ncbi.nlm.nih.
gov/28090622/. 

14. Liao C.C., Qin Y.Y., Tan X.H., Hu J.J., Tang Q., Rong Y., Cen H., Li 
L.Q. Predictive value of interim PET/CT visual interpretation in the prog-
nosis of patients with aggressive non-Hodgkin’s lymphoma // Onco. Tar-
gets Ther. – 2017. – Vol. 10. – P. 5727-5738. https://doi.org/10.2147/OTT.
S154995. 

15. Sheikhbahaei S., Mena E., Yanamadala A., Reddy S., Solnes L.B., 
Wachsmann J., Subramaniam R.M. The Value of FDG PET/CT in The treat-
ment response Assessment, Follow-Up, and Surveillance of Lung Cancer 
// AJR Am. J. Roentgenol. – 2017. – Vol. 208(2). – P. 420-433. https://doi.
org/10.2214/AJR.16.16532.

16. Suzuki C., Jacobsson H., Hatschek T, Torkzad MR, Bodén K, Eriks-
son-Alm Y., Berg E., Fujii H., Kubo A., Blomqvist L. Radiologic measure-
ments of tumor treatment response: practical approaches and lim-
itations // Radiographics. – 2008. – Vol. 28(2). – P. 329-44. https://doi.
org/10.1148/rg.282075068. 

17. Shang J., Ling X., Zhang L., Tang Y., Xiao Z., Cheng Y., Guo B., 
Gong J., Huang L., Xu H. Comparison of RECIST, EORTC criteria and PER-
CIST for evaluation of early response to chemotherapy in patients with 
non-small-cell lung cancer // Eur. J. Nucl. Med. Mol. Imaging. – 2016. – 
Vol. 43(11). – P. 1945-53. https://doi.org/10.1007/s00259-016-3420-7. 

18. William W.N., Pataer A., Kalhor N., Correa A.M., Rice D.C., Wistuba 
I.I., Heymach J., Lee J.J., Kim E.S., Munden R., Gold K.A., Papadimitrako-



ДИАГНОСТИКА

35Онкология и радиология Казахстана, №1 (63) 2022

poulou V., Swisher G., Erasmus J.J., Anderson Lung Cancer Collaborative 
Research Group. Computed tomography RECIST assessment of histo-
pathological response and prediction of survival in patients with resect-
able non-small cell lung cancer after neoadjuvant chemotherapy // J. 
Thorac Oncol. – 2013. – Vol. 8(2). – P. 222–228. https://doi.org/10.1097/
JTO.0b013e3182774108.

19. Fletcher J.W., Djulbegovic B., Soares H.P., Siegel B.A., Lowe V.J., 
Lyman G.H., Coleman R.E., Wahl R., Paschold J.C., Avril N., Einhorn L.H., 
Suh W.W., Samson D., Delbeke D., Gorman M., Shields A.F. Recommen-
dations on the use of 18F-FDG PET in oncology // J. Nucl. Med. – 2008. – 
49(3). – P. 480-508. https://doi.org/10.2967/jnumed.107.047787.

20. Wahl R., Jacene H., Kasamon Y., Lodge M.A. From RECIST to PER-
CIST: evolving considerations for PET response criteria in solid tumors // 
J. Nucl. Med. – 2009. – Vol. 50. – P. 122S – 150S. https://doi.org/10.2967/
jnumed.108.057307.

21. Al Tabaa Y., Bailly C., Kanoun S. FDG-PET/CT in Lymphoma: 
Where Do We Go Now? // Cancers (Basel). – 2021. – Vol. 13(20). – P. 5222. 
https://doi.org/10.3390/cancers13205222.

22. Moghbel M.C., Mittra E., Gallamini A., Niederkohr R., Chen D.L., 
Zukotynski K., Nadel H., Kostakoglu L. Response Assessment Criteriaand 
Their Applicationsin Lymphoma: Part 2 // J. Nucl. Med. – 2017. – Vol. 
58(1). – P. 13-22. https://doi.org/10.2967/jnumed.116.184242.

ТҰЖЫРЫМ

ЛИМФОМАЛАРДЫ ЕМДЕУ ТИІМДІЛІГІН БАҒАЛАУДАҒЫ ПЭТ/КТ
Ю.Т. Дауытова1, Ж.Ж. Жолдыбай1, Ж.К. Жакенова1, Ж.М.Аманкулов1,2, С.С. Байгулова1

1«С.Д. Асфендияров атындағы Қазақ ұлттық медицина университеті», Алматы қ., Қазақстан Республикасы;
2«Қазақ онкология және радиология ғылыми-зерттеу институты» АҚ, Алматы қ., Қазақстан Республикасы

Өзектілігі: ПЭТ/КТ 18F-FDG белсенді жинақталуымен сипатталатын лимфомасы бар науқастарда диагностикалық алгоритмнің құ-
рамдас бөлігіне айналды. Лимфомалардың белгілі бір түрлерімен ауыратын науқастарда ПЭТ/КТ жоғары дәрежедегі диагностика, сатысын 
анықтау, сатысын қайта анықтау, емдеу тиімділігін бағалау және пациентті одан әрі басқару тактикасын анықтау үшін әдісті клиникалық 
тәжірибеде тиімді пайдалануға мүмкіндік береді.

Мақсаты: Лимфомаларды емдеудің тиімділігін бағалауда ПЭТ/КТ мүмкіндіктерін бағалау.
Материалдар мен тәсілдер: лимфома диагнозы расталған 109 пациентке 18F-FDG ПЭТ/КТ зерттеулерінің деректеріне ретроспек-

тивті талдау жүргізілді. ПЭТ/КТ зерттеулері «Қазақ онкология және радиология институты» АҚ (Алматы, Қазақстан) базасында «Орхун 
Медикал» ПЭТ/КТ орталығында жүргізілді.

Нәтижелер: Лимфомаларды емдеудің тиімділігін бағалауда ПЭТ/КТ деректері бойынша 38,5% жағдайда процестің тұрақталуына қол 
жеткізілді, 33,03% жағдайда прогрессия, 18,35% жағдайда ішінара метаболикалық жауап, толық жауап 10,09% жағдайда қол жеткізілді.

Қорытынды: ПЭТ/КТ басқа радиологиялық әдістермен салыстырғанда лимфоманы емдеудің тиімділігін бағалаудың таңдау әдісі болып 
табылады, өйткені ол тек өлшемдік көрсеткіштер бойынша ғана емес, емдеуге метаболикалық жауапты анықтауға негізделген және лим-
фоманы емдеудің әртүрлі кезеңдерінде маңызды рөл атқарады және жеке емдеуге бағытталған қадамды білдіреді.

Түйінді сөздер: позитронды-эмиссиялық компьютерлік томография, 18F-ФДГ, лимфома, емдеу тиімділігі.

АННОТАЦИЯ

ПЭТ/КТ В ОЦЕНКЕ ЭФФЕКТИВНОСТИ ЛЕЧЕНИЯ ЛИМФОМ

Ю.Т. Дауытова1, Ж.Ж. Жолдыбай1, Ж.К. Жакенова1, Ж.М.Аманкулов1,2, С.С. Байгулова1

1НАО «Казахский Национальный медицинский университет имени С.Д. Асфендиярова», Алматы, Республика Казахстан;
2АО «Казахский научно-исследовательский институт онкологии и радиологии», Алматы, Республика Казахстан

Актуальность: ПЭТ/КТ стала неотъемлемой частью диагностического алгоритма у пациентов лимфомами, которые характе-
ризуются активным накоплением 18F-ФДГ. Высокая точность ПЭТ/КТ у пациентов с некоторыми типами лимфом позволяет эффек-
тивно использовать метод в клинической практике для диагностики, стадирования, рестадирования, оценки эффективности лечения и 
определения дальнейшей тактики ведения пациента.

Цель исследования – оценить возможности ПЭТ/КТ в оценке эффективности лечения лимфом.
Материалы и методы: проведен ретроспективный анализ данных ПЭТ/КТ исследований с 18F-ФДГ, 109 пациентов с верифици-

рованным диагнозом лимфома. ПЭТ/КТ исследования проведены в центре ПЭТ/КТ «Орхун Медикал» на базе АО «Казахский институт 
онкологии и радиологии» (Алматы, Казахстан).

Результаты: По данным ПЭТ/КТ, при лечении лимфом стабилизация процесса была достигнута в 38,5% случаев, прогрессирование –  
в 33,03%, частичный метаболический ответ– в 18,35%, полный ответ – в 10,09% случаев. 

Заключение: ПЭТ/КТ является методом выбора для оценки эффективности лечения лимфом в сравнении с другими радиологически-
ми методами, так как основывается на определении метаболического ответа на лечение, а не только на размерных показателях, и игра-
ет важную роль на различных этапах лечения лимфом представляя собой новые возможности на пути к персонализированному лечению.

Ключевые слова: позитронно-эмиссионная компьютерная томография, 18F-ФДГ, лимфома, эффективность лечения.

Transparency of the study – Authors take full responsibility for the content of this manuscript.
Conflict of interests – Authors declare no conflict of interest.
Financing: Authors declare no financing.
Authors’ input: contribution to the study concept – Zholdybay Zh.Zh.; study design – Amankulov J.M., Dauytova Yu.T., Baigulova S.S.; 
execution of the study – Dauytova Yu.T.; interpretation of the study – Zhakenova Zh.K., Dauytova Yu.T.; preparation of the manuscript – 
Dauytova Yu.T.
Authors' data:
Amankulov Jandos Muktarovich – Head of Radiology and Nuclear Medicine Department at the Kazakh Institute of Oncology and Radiology, 
Almaty, the Republic of Kazakhstan, assistant of Visual Diagnostics Department at Asfendiyarov Kazakh National Medical University, Almaty, 
the Republic of Kazakhstan, tel.: +77013514213, e-mail: zhandos.amankulov@gmail.com,  
ID ORCID: https://orcid.org/0000-0001-7389-3119;
Zholdybay Zhamilya Zholdybayevna – Doctor of Medical Sciences,  Professor, Head of Visual Diagnostics Department, Asfendiyarov Kazakh 
National Medical University, Almaty, the Republic of Kazakhstan, tel.: +77772101612, e-mail: joldybay.j@gmail.com,  
ID ORCID: https://orcid.org/0000-0003-0553-9016;
Zhakenova Zhanar Kabdualiyevna – Candidate of Medical Sciences,  Associate professor, Visual Diagnostics Department, Asfendiyarov 
Kazakh National Medical University, Almaty, the Republic of Kazakhstan, tel.: +77754983950, e-mail: jja18@yandex.kz,  
ID ORCID: https://orcid.org/0000-0002-6764-6821;
Baigulova Saule Spandiyarovna – Assistant of Visual Diagnostics Department at Asfendiyarov Kazakh National Medical University, Almaty, the 
Republic of Kazakhstan, tel.: +77751669999, e-mail: saule-baigulova@mail.ru, ID ORCID: no;
Dauytova Yulduzkhan Turehanovna (corresponding author) – Assistant, Visual Diagnostics Department, Asfendiyarov Kazakh National Medical 
University, Tole bi St. 94, Almaty, the Republic of Kazakhstan, tel.: +77077474580, e-mail: juldiz.dauytova@mail.ru,  
ID ORCID: https://orcid.org/0000-0002-9411-7589.




