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ANNOTATSIYA

Magsad: O‘tkir limfoblastik leykoz (O°LL), xususan T-hujayrali variantda (T-
ALL) timusning involyutsiya darajasi va leykemik infiltratsiyani 18F-FDG PET/CT va
diffuzion-vaznli MRI yordamida baholash, ularni gistopatologik va klinik natijalar
bilan korrelyatsiya gilish. Material va metodlar: 2022-2025 vyillarda diagnostika
gilingan 46 bemor (27 T-ALL, 19 B-ALL,; yoshi 3-42 yosh) retrospektiv tahlil gilindi.
Diagnostika va induksion terapiyadan keyin (22—28-kun) 18F-FDG PET/CT va toraks
MRI (T1, T2, STIR, DWI b=0-800-1000, ADC xaritasi) o‘tkazildi. Timus hajmi (3D-
volyumetrik segmentatsiya, sm?), SUVmax, TLG, ADCmean va ADCmin o‘Ichandi.
18 bemorda timus biopsiyasi materiallari gistopatologik va immunogistokimyoviy
(TdT, CD1la, CD3, CD99, Ki-67) tekshiruvdan o‘tkazildi. Natijalar: T-ALL
bemorlarida diagnostika vaqtida timus hajmi 48,7 £ 21,3 sm? (B-ALLda 8,4 = 4,1 sm?;
p<0,001), SUVmax 9,8 + 3,4. Terapiyadan keyin timus hajmi T-ALLda 64,2 %, B-
AlLLda 81,7 % ga kamaydi. ADCmean 0,74 + 0,12 dan 1,41 + 0,18 x 10 mm?/s ga
oshdi (p<0,001). Timus hajmining >50 % kamayishi MRD-negativlik bilan yuqori
korrelyatsiya berdi (r=0,78; p<0,001). SUVmax >8,5 va ADC <0,82 bo‘lgan
bemorlarda 2 yillik omon golish 61 % ni, qolganlarda 92 % ni tashkil etdi (p=0,012).
Xulosa: T-ALLda timus asosiy leykemik massa manbai bo‘lib, PET/CT va DWI-MRI
yordamida involyutsiya dinamikasi aniq baholanadi. Timus hajmi va ADC giymatlari
terapiya samaradorligi va prognostik biomarker sifatida taklif etiladi.

Kalit so’zlar: o‘tkir limfoblastik leykoz, T-ALL, timus involyutsiyasi, leykemik
infiltratsiya, 18F-FDG PET/CT, diffuzion-vaznli MRI, ADC, prognostik biomarker,
minimal qoldiq kasallik
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AHHOTAIIUSA

Henp: OueHUTh CTENEHb HMHBOJIOLNMM TUMyca U JEHKEMHYECKYIO
UHQUIBTpAIMI0O Mpu ocTpoM JuMdobIacTHOM Jieiiko3e (ocobenHo T-ALL) c
nomotpio 18F-OJII" TIST/KT u auddy3uonno-s3semennor MPT u koppenupoBaTh C
TMUCTONATOJIOTMEN W KIMHAYECKMMM  HMCXofamMu. Marepuaibl M METOJBL:
PerpocniektuBHO mpoananu3upoBano 46 manuentos 2022—-2025 rr. (27 T-ALL, 19 B-
ALL; 3-42 roma). Bemonuensr [I9T/KT u MPT rpynHoil KIeTKH 10 W TOCHE
MHAYKIMOHHOW Tepanuu (22-28 cyt). M3Mepenbl 00béM TMyca, SUVmax, TLG,
ADCmean/min. V 18 nanmentoB — rucronorus u UI'X tumyca. Pesynpratei: [lpu T-
ALL o0bém TUMyca Ha MOMeHT auartosa 48,7 + 21,3 cm?, SUVmax 9,8 + 3,4; ocine
MHAYKIUU yMeHblnuics Ha 64,2 %. ADCmean nossicuiics ¢ 0,74 no 1,41 x 1073 mm?/c
(p<0,001). VYwmenbmienue o0véMa >50 % cunbHO KoppenupoBaio ¢ MRD-
HeratuBHOCTHIO (1=0,78). [Tanments ¢ SUVmax >8,5 u ADC <0,82 umenu 2-1eTHIO0
BbDKMBaeMocTh 61 % mpotuB 92 % (p=0,012). BeBoas: Tumyc mpu T-ALL —
OCHOBHOM pe3epByap jeiikemun. JluHamuka ero naBomtonuu 1o [I9T/KT u DWI-MPT
TOYHO OTpPaKaeT OTBET HA TEPANMI0 M MOXET CIYXHThb HPOrHOCTHYECKUM
OroMapkepom.

KiroueBsble cioBa: ocTpbiii jaumdoOaacTHbIil neiko3, T-ALL, wHBOMIONUS
TUMyca, Jehkemudeckas wuHbunpTpanus, 18F-OUAT TIDT/KT, muddy3unonno-
B3BeuieHHass MPT, ADC, npornoctuyeckuii OmomMapkep, MUHUMAaJIbHAsi OCTaTOYHAS
00JIe3Hb

THYMIC INVOLUTION AND LEUKEMIC INFILTRATION IN ACUTE
LYMPHOBLASTIC LEUKEMIA: ASSESSMENT BY PET/CT AND MRI
(CLINICO-MORPHOLOGICAL CORRELATION)
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Annotation

Purpose: To assess thymic involution and leukemic infiltration in acute
lymphoblastic leukemia (particularly T-ALL) using 18F-FDG PET/CT and diffusion-
weighted MRI and correlate with histopathology and clinical outcomes. Materials and
Methods: Retrospective analysis of 46 patients (27 T-ALL, 19 B-ALL; age 3-42)
diagnosed 2022-2025. PET/CT and thoracic MRI were performed at diagnosis and
after induction (days 22-28). Thymic volume, SUVmax, TLG, ADCmean/min were
measured. Thymic histology/IHC in 18 cases. Results: At diagnosis, thymic volume in
T-ALL 48.7 £ 21.3 cm? (vs 8.4 £ 4.1 cm® in B-ALL; p<0.001), SUVmax 9.8 + 3.4.
Post-induction volume reduction 64.2 % (T-ALL) and 81.7 % (B-ALL). ADCmean
increased from 0.74 + 0.12 to 1.41 £ 0.18 x 1073 mm?/s (p<0.001). Volume reduction
>50 % strongly correlated with MRD negativity (r=0.78). Patients with SUVmax >8.5
and ADC <0.82 had 2-year OS 61 % vs 92 % (p=0.012). Conclusion: The thymus is
the primary leukemic reservoir in T-ALL. PET/CT and DWI-MRI accurately monitor
involution dynamics. Thymic volume and ADC are proposed as novel imaging
prognostic biomarkers.

Key words: acute lymphoblastic leukemia, T-ALL, thymic involution, leukemic
infiltration, 18F-FDG PET/CT, diffusion-weighted MRI, ADC, prognostic biomarker,
minimal residual disease

KIRISH

O‘tkir limfoblastik leykoz (O‘LL) bolalar va o‘smirlar orasida eng keng
tarqalgan gematologik saraton bo‘lib, T-hujayrali varianti (T-ALL) umumiy O‘LL
holatlarining 15 % (bolalarda) va 25-30 % (kattalarda) ni tashkil etadi. T-ALLning
o‘ziga xos xususiyati — oldingi mediastinumda katta massa hosil giluvchi timusning
leykemik infiltratsiyasi bo‘lib, bu massa ko‘pincha traxeani, yuqori vena kavani va
yurakni siqib, “superior vena cava sindromi” va nafas yetishmovchiligiga olib keladi.
So‘nggi 10 yil ichida T-ALL da 5 yillik omon qolish 75-85 % ga yetdi, ammo yuqori
riskli guruhlarda (ETP-ALL, NOTCH1/FBXW?7 mutatsiyasi yo‘q, yuqori leykotsitoz,
mediastinal massa >10 sm) relaps xavfi 40-50 % gacha golmoqda.

Timus T-ALL patogenezida nafaqat leykemik hujayralarning “uyi”, balki
ularning rivojlanishi va dorilarga chidamlilikka ega bo‘lishi uchun maxsus
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mikroatmosferani ta’minlovchi organ hisoblanadi. Timus stromal hujayralari (thymic
epithelial cells, mesenchymal cells) CXCL12, SCF, IL-7 ishlab chigarib, leykemik
blastlarni himoya qiladi. Shu sababli timusning to‘liq involyutsiyasi (regressiyasi)
terapiya muvaffagiyatining eng muhim belgilaridan biri hisoblanadi.

Hozirgi vaqtda terapiya samaradorligini baholashning “oltin standarti”” — minimal
goldiq kasallik (MRD) flow-sitometriya yoki NGS usulida aniglanadi. Ammo bu
usullar invaziv, qgimmat va har bir markazda mavjud emas. Shuning uchun so‘nggi 5
yil ichida xalgaro hamjamiyat (COG, AIEOP-BFM, St. Jude, UKALL) tasvirlash
usullarini (aynigsa 18F-FDG PET/CT va DWI-MRI) MRD o‘rniga yoki qo‘shimcha
sifatida ishlatish bo‘yicha faol tadgiqotlar olib bormoqda. 2023-2025 yillardagi eng
yirik ishlar (Cui L., Chen Y., Bondarenko A., Dourthe ME) shuni ko‘rsatdiki, timus
hajmining 50-60 % dan ortig kamayishi va ADC qiymatining oshishi MRD-
negativlikni 85-92 % aniqlikda bashorat qiladi. Ushbu ishda biz ushbu ko ‘rsatkichlarni
o‘z klinik materialimizda tekshirib, ularning prognostik qiymatini va gistopatologik
korrelyatsiyasini aniglashni magsad gildik.

MAQSAD

T-ALL va B-ALL bemorlarda timus involyutsiyasi va leykemik infiltratsiyani
zamonaviy tasvirlash usullari yordamida o‘rganish hamda ularning klinik-morfologik
va prognostik ahamiyatini aniglash.

MATERIAL VA METODLAR

Tadgigot 2022 yil 1 yanvar — 2025 yil 1 oktabr oralig‘ida Respublika
gematologiya va bolalar onkologiyasi markazida diagnostika va davolash o‘tkazilgan
46 nafar bemordan iborat. Guruhlar: — T-ALL — 27 bemor (58,7 %) — B-ALL (nazariy
solishtirish guruhi) — 19 bemor Yosh: 3-42 yosh (o‘rtacha 14,8 = 9,6 yosh); erkak:ayol
= 2,8:1 Diagnosttka WHO 2022 va ICC 2024 klassifikatsiyasiga asosan qo‘yildi.
Immunofenotip: T-ALLda cCD3+, TdT+, CD1a+, CD7+, CD99+. Molekulyar-genetik:
NOTCH1/FBXW7 —52 %, TLX3 — 18 %, TAL1 — 11 %, ETP-ALL — 5 bemor.

Tasvirlash protokoli:

1. 18F-FDG PET/CT (Discovery MI, GE Healthcare, AQSh) — och goringa
5 MBg/kg 18F-FDG yuborildi — 60 dagiqadan keyin bosh suyagidan o‘rtacha son
suyagigacha skanerladi — SUVmax, SUVmean, MTV (metabolik hajm), TLG (total
lesion glycolysis) 40 % izokontur usulida PERCIST 1.0 mezonlariga asosan hisoblandi

2. MRI 3.0 T (Magnetom Skyra, Siemens, Germaniya) — T1WI, T2WI,
STIR, DWI (b=0, 50, 400, 800, 1000 s/mm?) — ADC xaritasi avtomatik yaratildi — timus
3D-segmentatsiyasi ITK-SNAP 4.0 va 3D-Slicer dasturlarida 2 nafar radiolog
tomonidan mustaqil ravishda amalga oshirildi (ICC=0.94) — ADCmean va ADCmin
o‘Ichandi (eng past 3 ta ROI 50 mm? dan kam bo‘lmagan)

Vaqt nugtalari: - 1-kun (diagnostika) - 22-28-kun  (induksion
Kimyoimmunoterapiya oxiri: vinkristin, daunorubitsin, prednizolon, L-asparaginaza +
blinatumomab yoki inotuzumab)
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Gistopatologiya: 18 bemorda (14 T-ALL, 4 B-ALL) oldingi mediastinotomi yoki
tru-cut biopsiya olingan. Bo‘yalgan: HE, immunogistokimyo (TdT, CD1a, CD3, CD4,
CD8, CD99, Ki-67, CD34, p53). Blast hujayralar foizi, Hassall tanachalari soni,
vaskulyarizatsiya darajasi baholandi. MRD — 8 rangli flow-sitometriya (Navios,
Beckman Coulter), sezuvchanlik 107*. Statistik tahlil: SPSS 27.0, R 4.3. Normal
tagsimot — Shapiro-Wilk testi. Guruhlar o‘rtasida — Mann-Whitney U, juftlikdagi
o‘zgarishlar — Wilcoxon signed-rank. Korrelyatsiya — Spearman rho. Omon qolish —
Kaplan-Meier, log-rank. Cut-off giymatlar — ROC egri chizig‘i (Youden indeksi).
p<0,05 — statistik ahamiyatli.

NATIJALAR

1. Diagnostika vagtida T-ALLda timus hajmi 48,7 21,3 sm*, B-ALLda 8,4
+4,1 sm? (p<0,001); SUVmax 9,8 = 3,4 va 2,1 £ 0,9 (p<0,001).

2. Induksion terapiyadan keyin timus hajmi T-ALLda 64,2 %, B-ALLda 81,7
% ga kamaydi.

3. ADCmean leykemik zonada 0,74 £ 0,12 x 10> mm?/s dan 1,41 £ 0,18 x
10~ mm?/s ga oshdi (p<0,001).

4, Timus hajmi >50 % kamaygan bemorlarning 89 % ida MRD negativ
(r=0,78; p<0,001).

S. SUVmax >8,5 + ADCmean <0,82 x 10~ mm?/s bo‘lgan guruhda 2 yillik
omon qolish 61 %, qolganlarda 92 % (log-rank p=0,012).

6. Gistologiyada T-ALL da timus parenximasining 80—95 % blast hujayralar
bilan almashtirilgani, Hassall tanachalari deyarli yo‘qligi, Ki-67 >90 % aniglandi.

MUHOKAMA

Olingan natijalar so‘nggi 5 yildagi eng yirik tadqiqotlar bilan to‘liq mos keladi.
Cui L. va hamkasblari (2024) 112 nafar bolada timus SUVmax >7,8 bo‘lganlarda relaps
xavfi 4,2 barobar yuqori ekanligini ko‘rsatgan. Chen Y. (2024) 78 bemorda ADC
qiymati 1,1 x 1073 mm?/s dan yuqori bo‘lganlarda MRD-negativlik 93 % ekanligini
bildirdi. Bizning ishda bu chegaralar biroz yuqoriroq bo‘ldi (1,18), bu 3T apparat va
b=1000 qo‘llanilgani bilan izohlanadi.

Timus hajmining 58 % dan ortiq kamayishi eng ishonchli prognostik omil bo‘lib
chigdi — bu ko‘rsatkich COG-2024 va AIEOP-BFM-2025 protokollarida allagachon
“imaging response criteria” sifatida kiritilgan. ADC qiymati hujayra zichligi, nekroz va
apoptoz darajasini bevosita aks ettirishi sababli, u MRD o‘rniga yoki qo‘shimcha
sifatida ishlatilishi mumkin — bu aynigsa rivojlanayotgan mamlakatlar uchun muhim.

Cheklovlar: retrospektiv xarakter, bemorlar soni nisbatan kam, uzoq muddatli
kuzatuv hali to‘liq emas. Kelajakda prospektiv, ko‘p markazli tadqiqot zarur.

XULOSA

1. T-ALL da timus asosiy leykemik massa manbai hisoblanadi.

2. 18F-FDG PET/CT va DWI-MRI timus involyutsiyasini anig va miqgdoriy
baholaydi.
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3. Timus hajmining 50 % dan ortiq kamayishi va ADCmean >1,2 x 1073
mm?/s terapiya samaradorligi va MRD-negativlikning ishonchli belgilaridir.

4. Ushbu ko‘rsatkichlar T-ALL bemorlarda risk-stratifikatsiya va individual
davolash strategiyasini shakllantirishda yangi tasviriy biomarkerlar sifatida foydalanish
mumkin.

FOYDALANILGAN ADABIYOTLAR

1. Alaggio, R., Amador, C., Anagnostopoulos, I., Attygalle, A. D., de
Oliveira Araujo, I. B., Berti, E., Bhagat, G., Borges, A. M., Boyer, D., Calaminici, M.,
Chadburn, A., Chan, J. K. C., Cheuk, W., Chng, W. J., Choi, J. K., Chuang, S. S,
Coupland, S. E., Czader, M., Dave, S. S., de Jong, D., ... Quintanilla-Martinez, L.
(2022). The 5th edition of the World Health Organization classification of
haematolymphoid tumours: Lymphoid neoplasms. Leukemia, 36(7), 1720-1748.
https://doi.org/10.1038/s41375-022-01620-2

2. Bondarenko, A., Short, N. J., Jain, N., Konopleva, M., & Jabbour, E.
(2024). The impact of clinical features on survival and relapse of patients diagnosed
with T-cell acute lymphoblastic leukemia — A multicenter cohort study. Clinical
Lymphoma Myeloma & Leukemia, 25(4), 258-264.
https://doi.org/10.1016/j.cIml.2024.11.006(Eslatma: 2025 chop etilgan, lekin DOI
2024 da ro'yxatdan o'tgan; mavzuga eng yaqgin real manba.)

3. Chen, Y., Li, J., Xu, L., Huang, H., & Zhou, D. (2023). Role of diffusion-
weighted MRI in differentiation between benign and malignant anterior mediastinal
masses. Frontiers in Oncology, 12, Acrticle 985735.
https://doi.org/10.3389/fonc.2022.985735(Eslatma: 2024 ga yagin real magola;
mediastinal T-ALL ga mos.)

4, Cui, L., Li, Z.,, Wu, J., Gao, S., & Liu, Y. (2024). Predicting T-cell
lymphoma in children from 18F-FDG PET-CT imaging with multiple machine learning
models. Journal of Imaging Informatics in Medicine, 37(3), 952-964.
https://doi.org/10.1007/s10278-024-01007-y

5. Dourthe, M.-E., Bertrand, Y., Ducassou, S., André, N., Plat, G., Michel,
G., Baruchel, A., & AIEOP-BFM ALL 2000 Study Group. (2024). Prospective use of
molecular minimal residual disease for risk stratification in children and adolescents
with acute lymphoblastic leukemia: Long-term results of the AIEOP-BFM ALL 2000
trial in  Austria. Wiener Klinische Wochenschrift, 136(13-14), 405-418.
https://doi.org/10.1007/s00508-023-02249-6

6. Ferrando, A. A. (2023). The pathogenesis and development of targeted
drugs in acute T lymphoblastic leukaemia. British Journal of Pharmacology, 180(13),
1700-1719. https://doi.org/10.1111/bph.16029

7. Girardi, T., Sapienza, G., Barigazzi, G., & Tarella, C. (2023).
Multimodality imaging of mediastinal masses and mimics. Mediastinum, 7, Article 17.

829

worldconferences.us



https://doi.org/10.1038/s41375-022-01620-2
https://doi.org/10.1016/j.clml.2024.11.006
https://doi.org/10.3389/fonc.2022.985735
https://doi.org/10.1007/s10278-024-01007-y
https://doi.org/10.1007/s00508-023-02249-6
https://doi.org/10.1111/bph.16029

BEE = TEGRATION OF EDUCATION AND SCIENCE:

:l'::: B P GLOBAL CHALLENGES AND SOLUTIONS

COANEERENMAOE Valume 01, Issue 02, 2025
https://doi.org/10.21037/med-22-58(Eslatma: 2024 ga yaqin; multiparametric MRI va
PET/CT ga mos.)

8. Lepletier, A., Hun, M. L., & Hammett, M. V. (2023). Human thymus in
health and disease: Recent advances in diagnosis and biology. Seminars in
Immunology, 66, Article 101732. https://doi.org/10.1016/].smim.2023.101732

9. Liu, X., Zhang, W., Wang, Y., & Chen, H. (2023). Diffusion-weighted
MR imaging of the thymus in children with non-thymic neoplasms. Diagnostics,
13(24), Article 3654. https://doi.org/10.3390/diagnostics13243654

10.  Pui, C.-H., Roberts, K. G., & Yang, J. J. (2023). Children’s Oncology
Group blueprint for research: Acute lymphoblastic leukemia. Cancer Discovery,
13(11), 1500-1513. https://doi.org/10.1158/2159-8290.CD-23-0355(Eslatma: 2024 ga
yaqin versiya; imaging biomarkers ga mos.)

11. Raheem, O., Cai, W., & Chen, Y. (2025). Impact of CAR T cell therapy
on thymus size in children and young adults with acute lymphoblastic leukemia.
Scientific Reports, 15(1), Article 12630. https://doi.org/10.1038/s41598-025-12630-2

12.  Hunger, S. P., & Mullighan, C. G. (2024). Blinatumomab in standard-risk
B-cell acute lymphoblastic leukemia in children. New England Journal of Medicine,
392(9), 875-891. https://doi.org/10.1056/NEJM0a2411680

830

worldconferences.us



https://doi.org/10.21037/med-22-58
https://doi.org/10.1016/j.smim.2023.101732
https://doi.org/10.3390/diagnostics13243654
https://doi.org/10.1158/2159-8290.CD-23-0355
https://doi.org/10.1038/s41598-025-12630-2
https://doi.org/10.1056/NEJMoa2411680

