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Abstract: Objective: To analyze the clinical characteristics and molecular biomarkers of adult T-cell lymphoblastic
lymphoma (T-LBL) to identify prognostic factors, and to evaluate the efficacy of different chemotherapy regimens,
providing a basis for optimizing treatment strategies for T-LBL. Methods: A total of 89 Patients aged 18-72 years
with T-LBL, confirmed via histopathological examination of lymph nodes, extranodal tissues, or bone marrow, were
retrospectively included. Clinical data, treatment details, and mutational profiles were collected. Prognostic factors
were assessed based on clinical and molecular characteristics, and the efficacy and safety of two chemotherapy
regimens were compared. Descriptive statistics were used to analyze the disease spectrum. Results: Most pa-
tients (84.00%) presented with advanced disease (stages llI-IV). Mediastinal invasion was observed in 63 patients
(70.80%), and 59 patients (66.30%) exhibited B symptoms. Bone marrow involvement occurred in 19 patients
(21.20%), and bulky mediastinum (>10 cm) was present in 50 patients (56.18%). Mutations were detected in 29
patients, with NOTCH1 being the most frequently mutated gene, followed by PHF-6, JAK-1, JAK-3, IL-7R, and TP53.
The complete response (CR) rate was 51.69%. The 3-year overall survival (OS) and progression-free survival (PFS)
rates were 74.9% and 58.80%, respectively. Multivariate analysis identified female sex, lack of CR, and elevated
lactate dehydrogenase (LDH) levels (>2x normal) as independent predictors of poor OS (58.25%). Chemotherapy
regimens, LDH levels, and sex were independent prognostic factors for PFS (21.24%). Conclusion: T-LBL is charac-
terized by high-frequency gene mutations across multiple signaling pathways. Mediastinal invasion (70.80%) and
extranodal involvement (39.33%) were prevalent in Chinese patients and were associated with poor prognosis.
Combined assessment of clinical and molecular features allows for improved prognostic stratification and facilitates
the development of targeted therapies for high-risk patients.
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Introduction

T-cell lymphoblastic lymphoma (T-LBL) is a rare
and aggressive precursor T-cell tumor, account-
ing for approximately 2% of all non-Hodgkin’s
lymphoma (NHL) cases. T-LBL and acute lym-
phoblastic leukemia (ALL) are lymphoblastic
tumors originating from lymphocytes, sharing
similarities in clinical, morphological, and im-
munophenotypic characteristics. These tumors
are part of the same disease spectrum and are
primarily distinguished by the degree of bone
marrow (BM) involvement.

The treatment of T-LBL has shifted from NHL-
like to ALL-like regimens, but large-scale case
studies remain scarce, and no standardized
treatment protocol has been established. Tra-
ditional CHOP-like regimens show limited effi-
cacy in T-LBL/ALL, particularly for high-risk
patients and those with disease progression or
relapse. Currently, high-intensity, short-course,
ALL-like regimens are commonly used for in-
duction chemotherapy in T-LBL/ALL, yielding
improved outcomes [1, 2]. The overall remis-
sion rate is approximately 60.00%, and the 3-5-
year disease-free survival (DFS) rate ranges
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from 30.00% to 50.00% [3, 4]. However, wheth-
er T-LBL and T-ALL are distinct diseases
remains a topic of debate.

The rarity of T-LBL and challenges in obtaining
adequate research materials have limited the
understanding of its molecular and prognostic
characteristics. Gaining insights into the clini-
cal and molecular features of T-LBL is crucial
for developing effective risk stratification strat-
egies and identifying targeted therapies to
improve outcomes. Therefore, this study retro-
spectively analyzed the clinical characteristics,
treatment regimens, and prognostic factors of
89 patients with T-LBL.

Materials and methods
Materials

On February 25, 2024, clinical data were col-
lected from patients aged 18-72 years diag-
nosed with T-LBL who visited Shanxi Province
Cancer Hospital between January 2010 and
November 2023.

Inclusion and exclusion criteria: Patients were
included if they aged 18-72 years and had a
definitive diagnosis of T-LBL based on histopa-
thology, histochemistry, immunophenotyping,
molecular biology, and cytogenetics, according
to the WHO classification criteria for lymphohe-
matopoietic tissue tumors. T-LBL was diag-
nosed when tumor involvement in blood and
bone marrow (BM) was minimal or absent
(primitive and naive lymphocyte percentage
<25.00% in BM). Patients were excluded if they
were under 18 years old, had a BM blast cell
percentage >25.00%, or had incomplete clini-
cal and disease-related data.

Diagnostic and staging methods: Classification
and differential diagnosis were performed
using cellular immunophenotyping via multipa-
rameter flow cytometry [5]. T-LBL cells expre-
ssed the T-cell-specific antigen cluster of differ-
entiation 3 (CD3), along with markers such as
CD38, CD7, CD99, cytoplasmic terminal deoxy-
nucleotide transferase (cTdT), and CD2. Addi-
tionally, CD1a, CD2, CD4, CD5, and CD8 were
expressed to varying degrees, with co-expres-
sion of CD4 and CD8 observed. Myeloid mark-
ers CD13 and CD33 were found in 20.00%-
30.00% of T-ALL/LBL cells. The Ann Arbor stag-
ing system was used to classify lymphomas.
BM involvement was defined as a blast cell
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percentage >5.00% and <25.00%, while ALL
was diagnosed when BM lymphoblasts exceed-
ed 25%.

Genetic testing: Of the 89 patients included,
37 underwent next-generation sequencing
(NGS) to detect genetic mutations (51 or 302
genes). These included mutations in N/K-RAS,
NOTCH1/FBXW7 (N/F), PTEN, and T-cell recep-
tor (TCR) genes. Specimens were derived from
lymph nodes, BM fluid, or BM tissue. Genomic
DNA was extracted from BM or peripheral blood
samples using commercial kits at Sino-US
Diagnostics Laboratories, Tianjin, China. DNA
libraries were constructed using Kapa Bio-
systems’ library construction kit (Wilmington,
MA), and somatic mutations were identified
using the “Lymphoblastic Leukemia Gene
Mutation Detection Panel (113 genes)” on the
Ilumina NextSeqg550 platform.

Clinical evaluation and ethics: Patient general
status was assessed using the Eastern Coo-
perative Oncology Group Performance Status
(ECOG-PS) criteria. All participants provided
informed consent, and the study was approved
by the Ethics Committee of Shanxi Province
Cancer Hospital (Approval No.: 1IT-2024-015).
The study adhered to the ethical guidelines out-
lined in the Declaration of Helsinki.

Treatment

The first-line treatment options included the
German Multicenter Study Group for Adult ALL
(GMALL) 07/2003 protocol or the hyper-CVAD
A/B protocol. Additionally, 23 patients received
local intensity-modulated radiation therapy
(IMRT), 12 underwent allogeneic hematopoietic
stem cell transplantation (HSCT), and 5
received sequential autologous hematopoietic
stem cell transplantation (ASCT) as consolida-
tion therapy. The median number of chemo-
therapy cycles was 6 (range: 3-11).

After completing treatment, patients were fol-
lowed up every 3 months during the first 2
years, every 6 months from years 3 to 5, and
annually thereafter. Follow-up assessments
included blood cell counts and serum lactate
dehydrogenase (LDH) levels [6].

Evaluation of short-term treatment efficacy

At diagnosis, the treatment efficacy at lesion
invasion sites was assessed. Patients with BM
involvement underwent BM examination during
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each treatment cycle. Complete response (CR)
was defined as a neutrophil count >1000/uL, a
platelet count >100,000/uL, a BM blast cell
percentage <5.00%, and the absence of extra-
medullary lesions. Relapse was defined as a
BM leukemic blast percentage >5.00% and/or
the reappearance of extramedullary lesions.

Treatment efficacy was evaluated using fluoro-
deoxyglucose positron emission tomography
(18F-FDG PET/CT) or computed tomography
(CT) after every two chemotherapy cycles,
based on the revised 2014 Lugano Efficacy
Evaluation Criteria for lymphomas. Efficacy was
categorized as CR, partial response (PR), or no
response (NR). The overall response rate (ORR)
was calculated as the sum of CR and PR rates.

The cut-off date for follow-up was November 1,
2023. The endpoint for follow-up was the time
of death. Overall survival (OS) was defined as
the time from diagnosis to death or the last
follow-up, while progression-free survival (PFS)
was defined as the time from initial disease
progression or recurrence to death.

Statistical analysis

Sample size calculations were based on the pri-
mary endpoint. Data were processed using R
software (version 4.3.0, released April 21,
2023) and Storm software (www.medsta.cn/
software). Patients were grouped based on
chemotherapy regimens, and data were ana-
lyzed using the t-test and chi-square (x?) test.
Survival analyses were performed using the
Kaplan-Meier method and Cox regression anal-
ysis, with comparisons made using the log-rank
test. A P-value <0.05 was considered statisti-
cally significant.

Results
Clinical characteristics

This study included 89 patients with T-LBL.
Among them, 63 patients (70.80%) presented
with mediastinal invasion, with primary symp-
toms including dyspnea, chest pain, cough,
pleural-pericardial effusion, and superior vena
cava syndrome. CNS and BM involvement were
relatively rare. The median age was 30.44
years (range: 18-72), with a male-to-female
ratio of 69:20.
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Most patients (84.00%) presented with highly
aggressive, advanced-stage disease (stages Ill-
IV) at onset, and 59 patients (66.29%) exhibit-
ed B symptoms. BM involvement was noted in
9 patients (10.11%), and serous cavity effusion
(e.g., pleural or pericardial effusion) was
observed in 40 patients (45.60%). Bulky medi-
astinum (>10 cm) was present in 50 patients
(56.18%), extranodal lesions in 35 patients
(39.33%), and CNS invasion in 11 patients
(12.36%).

Elevated lactate dehydrogenase (LDH) levels
were observed in 54 patients (60.67%), with 30
patients (33.71%) having LDH levels exceeding
1x the normal level and 24 patients exceeding
2x the normal level. Additionally, 63 patients
(70.79%) presented with anemia, and spleno-
megaly was observed in 49 patients (55.06%).
Clinical characteristics are summarized in
Table 1.

Immunophenotyping

Immunophenotyping and immunohistochemi-
cal analysis are essential diagnostic tools for
T-LBL, especially in cases where tissue biopsy
specimens are unavailable. For patients with
mediastinal masses and pleural-pericardial
invasive lesions, tumor cell immunophenotyp-
ing from pleural or pericardial effusions facili-
tates rapid diagnosis [3].

Among 89 patients, 15 with mediastinal mass-
es were diagnosed with T-LBL via immunophe-
notyping of pleural or pericardial effusions and
immunohistochemical analysis (Figure 1).
Terminal deoxynucleotidyl transferase (TdT), a
critical marker for small round cell tumors,
including LBL, was expressed in 79 patients.
Combined expression of TdT with CD99 and
CD10 supported the identification of blast cell
differentiation.

The immunophenotypes of T-LBL cells were
predominantly CD2+, CD4+, CD8+, CD1a+/-,
and CD7+. Notably, CD7 and CD43 alone are
insufficient as T-lymphocyte markers. Cortical
CD1a+ expression was detected in 23 patients.
An early T phenotype (), characterized by the
lack of CDl1a, CD8, and CD5 (CD5-negative
or dim), was observed in only 5 patients.
Additionally, 13 patients co-expressed stem
cell and myeloid markers, indicating a mixed
phenotype.
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Table 1. Clinical features of T-LBL

Variable Total (n=89) GMALLO7/2003 (n=58) Hyper-CVAD (n=31) Statistic P
Age, Mean + SD 30.44 +12.15 29.84 + 11.50 31.55 + 13.42 t=-0.628 0.532
LDH, M (Q,, Q,) 327.00 (188.00-587.00) 310.00 (186.50-565.25) 332.00 (200.50-661.50) 7=0.396 0.692
Sex, n (%) x?=0.000 0.986
Female 20 (22.47) 13 (22.41) 7 (22.58)
Male 69 (77.53) 45 (77.59) 24 (77.42)
Clinical Response, n (%) x?=4.220 0.121
CR 46 (51.69) 26 (44.83) 20 (64.52)
PR 18 (20.22) 15 (25.86) 3(9.68)
NR 25 (28.09) 17 (29.31) 8(25.81)
Bone Marrow Involvement, n (%) x?=0.073 0.788
No 80 (89.89) 53(91.38) 27 (87.10)
Yes 9(10.11) 5(8.62) 4 (12.90)
Clinical Stages, n (%) - 0.911
1 1(1.12) 1(1.72) 0 (0.00)
2 4 (4.49) 3(5.17) 1(3.23)
3 5(5.62) 4 (6.90) 1(3.23)
4 79 (88.76) 50 (86.21) 29 (93.55)
Whether stage 4, n (%) x?=0.480 0.489
0 10 (11.24) 8(13.79) 2 (6.45)
1 79 (88.76) 50 (86.21) 29 (93.55)
B symptoms, n (%) x?=0.465 0.495
No 30(33.71) 21(36.21) 9(29.03)
Yes 59 (66.29) 37 (63.79) 22 (70.97)
LDH abnormal level, n (%) x?=0.136 0.934
0 35 (39.33) 22 (37.93) 13 (41.94)
1 time 30(33.71) 20 (34.48) 10 (32.26)
2 times 24 (26.97) 16 (27.59) 8(25.81)
B2MG Abnormal, n (%) x?>=1.740 0.187
No 61 (68.54) 37 (63.79) 24 (77.42)
Yes 28 (31.46) 21(36.21) 7 (22.58)
ECOG, n (%) - 0.971
0 4 (4.49) 3(5.17) 1(3.23)
1 49 (55.06) 31 (53.45) 18 (58.06)
2 27 (30.34) 17 (29.31) 10 (32.26)
3 8(8.99) 6(10.34) 2 (6.45)
4 1(1.12) 1(1.72) 0 (0.00)
ECOG level, n (%) x?=0.060 0.807
22 36 (40.45) 24 (41.38) 12 (38.71)
0-1 53 (59.55) 34 (58.62) 19 (61.29)
IPI, n (%) - 0.770
0 4 (4.49) 3(5.17) 1(3.23)
1 24 (26.97) 17 (29.31) 7 (22.58)
2 35 (39.33) 23(39.66) 12 (38.71)
3 21 (23.6) 11 (18.97) 10 (32.26)
4 3(3.37) 2(3.45) 1(3.23)
5 2(2.25) 2(3.45) 0 (0.00)
IPI level, n (%) x?=0.904 0.342
0 63 (70.79) 43 (74.14) 20 (64.52)
1 26 (29.21) 15 (25.86) 11 (35.48)
Central invasion, n (%) x?=0.000 1.000
No 78 (87.64) 51 (87.93) 27 (87.10)
Yes 11 (12.36) 7 (12.07) 4 (12.90)
Anemia, n (%) x?=0.267 0.605
No 26 (29.21) 18 (31.03) 8(25.81)
Yes 63 (70.79) 40 (68.97) 23 (74.19)
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No 39 (43.82)

Yes 50 (56.18)
Splenomegaly, n (%)

No 40 (44.94)

Yes 49 (55.06)
Extranodal invasion, n (%)

No 54 (60.67)

Yes 35(39.33)
Lymphocytosis, n (%)

0 33(37.08)

1 56 (62.92)
Age group, n (%)

1 44 (49.44)

2 45 (50.56)
LDH 2X abnormal, n (%)

0 65 (73.03)

1 24 (26.97)
CR or not, n (%)

CR 46 (51.69)

notCR 43 (48.31)

X°=4.226 0.040

30 (51.72) 9(29.03)

28 (48.28) 22 (70.97)
X2=0.174 0.677

27 (46.55) 13 (41.94)

31 (53.45) 18 (58.06)
x*=0.136 0.713

36 (62.07) 18 (58.06)

22 (37.93) 13 (41.94)
x?=0.052 0.820

22 (37.93) 11 (35.48)

36 (62.07) 20 (64.52)
X2=0.021 0.885

29 (50.00) 15 (48.39)

29 (50.00) 16 (51.61)
x2=0.032 0.857

42 (72.41) 23 (74.19)

16 (27.59) 8(25.81)
X*=3.136 0.077

26 (44.83) 20 (64.52)

32 (55.17) 11 (35.48)

Gene expression frequency and characteristics

Gene mutation analysis: Genetic mutation test-
ing via NGS was performed on 37 patients, cov-
ering 143 genes. Mutations were detected in
29 patients, with the most frequently mutated
gene being NOTCH1, followed by PHF6, JAK1,
JAK3, IL7R, and TP53.

The analyzed genes were predominantly in-
volved in key signaling pathways, including the
JAK-STAT, NOTCH, Ras/protein phosphatase/
MAPK, and transcription factor regulation path-
ways. Mutation frequencies are detailed in
Table 2.

Efficacy and survival analysis

All 89 patients received treatment after the
diagnosis of T-LBL was confirmed, with no
induction-related deaths reported. Patients
were divided into two groups based on the
treatment protocol: hyper-CVAD A/B and
GMALLO7/2003.

Hyper-CVAD A/B Group: This regimen (8 cours-
es) included Scheme A (cyclophosphamide
[Baxter Oncology GmbH, H20160467], vincris-
tine [Shenzhen Wanle Pharmaceutical Co., Ltd.,
H44021772], idarubicin [Nanjing Chia Tai Tian-
ging Pharmaceutical Co., Ltd., H20203344],
and dexamethasone [Henan Runhong Phar-
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maceutical Co., Ltd., H41020330]; Scheme B:
high-dose methotrexate [Pfizer (Perth) Pty Ltd.,
H20140206] and cytarabine [PHARMACIA lItal,
X20010272)).

GMALLQ7/2003 Group: This protocol included
VDCLP induction therapy (vincristine, daunoru-
bicin, cyclophosphamide, L-asparaginase, and
prednisone), dose-intensive consolidation, late
intensification, 2-year maintenance therapy,
and CNS prophylaxis with intrathecal chemo-
therapy and cranial irradiation.

A total of 23 patients received local intensity-
modulated radiation therapy (IMRT) and 17
patients underwent hematopoietic stem cell
transplantation (HSCT) as consolidation thera-
py. Among these, 12 received allogeneic HSCT
(allo-HSCT) and 5 received autologous HSCT
(auto-HSCT).

The CR rate was 64.52% and 44.83% for the
hyper-CVAD A/B and GMALLO7/2003 groups,
respectively. However, the difference in CR
rates was not statistically significant (x?=3.136,
P=0.077). Kaplan-Meier analysis revealed 3-
year OS and PFS rates of 74.90% and 58.80%,
respectively (Figure 2).

Prognostic factors: Seventeen potential prog-
nostic factors were analyzed. Univariate analy-
sis identified sex, IPI scores, CNS invasion,
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Figure 1. Hematoxylin- and eosin-stained T-LBL tissue
s sections (x400) and results of immunohistochemical
analysis (x400). A: A high proliferation rate as indicated
" by proliferation cell nuclear antigen (Ki-67); B: Terminal
deoxynucleotidyl transferase (TdT) is an important mark-
¢ er for the differential diagnosis of T-LBL. The nuclei of

v~ tumor cells exhibited a positive reaction for TdT; C: Tumor
, cell membrane/cytoplasm of tumor cells showed specific
¢ positivity for CD3; D: The cell membrane was positive for
? CD99 expression; E: Representative images of hematoxy-
~ = lin-and eosin-stained sections (x400).

Table 2. T-LBL gene expression

Signaling Pathways Gene Incidence Rate (%)
JAK-STAT IL7R, JAK1, JAK3, SH2B3 27.50
NOTCH NOTCH1, FBXW7 65.70
RAS/Protein phosphate/MARK/PI3K TP53 17.10
Transcription factors/regulation PAX5, CREBBP, PHF6, PTEN 6.20
Tyrosine kinase recetor/non-receptor FLT3 3.20
Other NT5C2 1.00

splenomegaly, LDH levels, and treatment effi-
cacy as significant factors affecting OS
(P<0.05). Additional potential factors included
ECOG scores, extranodal invasion, and chemo-
therapy regimen. However, age, BM invasion, B
symptoms, disease stage, tumor mass, (2
microglobulin levels, CR rate, and increased
peripheral blood lymphocyte counts were not
significantly associated with OS.
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Multivariate Cox regression analysis identified
9 independent prognostic factors (Table 3). A
nomogram incorporating these factors (Figure
3A) highlighted that LDH levels exceeding twice
the normal value contributed the most to prog-
nosis, followed by splenomegaly, CR rate, and
sex. Female sex, failure to achieve CR, and ele-
vated LDH levels were independent predictors
of poor OS (Figure 3B).
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Figure 2. The 3-year clinical outcomes of 89 T-LBL patients. (A) Overall survival (0S), (B) Progression-free survival

(PFS).

Table 3. Multivariate cox regression of the training set

worse PFS compared to the

GMALLO7/2003 group. Treatment

Variables Beta S.E Z P HR (95% ClI)

Sex protocol selection did not signifi-
Male Ref cantlly affggt 0S, and achley|ng CR

was identified as a protective fac-

Female 1.79 053 3.34 <001 5.98(2.10-17.05) tor for OS.

Splenomegaly
1 Ref Discussion
0 -1.43 0.65 -2.21 0.027 0.24 (0.07-0.85)

LDH 2X abnormal Patients with T-LBL frequently
0 Ref present with a bulky mediastinum.
1 402 1.04 3.86 <001 55.51(7.20-427.72) 1ypical clinical manifestations in-

CR or not clude superior vena cava syn-
notCR Ref drome c.aused by a Iarge anterior
CR -1.18 0.56 -2.12 0.034 0.31(0.10-0.91) mediastinal mass, airway com-

Ref= Reference group; HR= Hazard Ratio; Cl= Confdence Interval; CR= com-

plete response; LDH= serum lactate dehydrogenase.

Univariate analysis identified sex, BM invasion,
disease stage, B symptoms, IPI scores, CNS
invasion, bulky disease, LDH levels, and che-
motherapy regimen as potential factors influ-
encing PFS. Among these, IPI scores, LDH lev-
els, and chemotherapy regimen were statisti-
cally significant (all P<0.05).

Multivariate Cox regression analysis confirmed
LDH levels, chemotherapy regimen, and sex as
independent factors associated with PFS
(Table 4). A nomogram developed based on
these factors (Figure 4A) demonstrated that
LDH levels exceeding twice the normal value
had the highest prognostic weight, followed by
chemotherapy regimen and sex. The nomo-
gram enabled calculation of total scores, which
were mapped to PFS probabilities (Figure 4B).

While the hyper-CVAD A/B group exhibited a
slightly higher CR rate, this group experienced
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pression leading to cough and
dyspnea, and, in some cases,
pleural or pericardial effusion [7,
8]. Approximately 15%-20% of
newly diagnosed patients have BM or CNS inva-
sion, and many exhibit elevated white blood cell
counts and B symptoms at diagnosis.

Among the 89 patients included in this study,
63 (70.80%) had mediastinal invasion, 50
(56.18%) had a bulky mediastinum, and 11
(12.36%) exhibited CNS invasion at diagnosis,
consistent with previous reports [1]. Additiona-
lly, 35 patients (39.33%) had extranodal
lesions, commonly involving the pericardium
and pleura (15/35), as well as other sites such
as the liver, kidney, skin, spine, and muscles.
Extranodal involvement, particularly in the peri-
cardium and pleura, may contribute to the poor
prognosis of T-LBL.

Despite improvements in treatment efficacy
with ALL-like regimens, 30.00%-40.00% of
T-LBL patients experience refractory relapse
with poor prognosis and survival rates of only

Am J Cancer Res 2024;14(12):5851-5862
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Figure 3. The results of multivariate cox regression. A: Nomogram for predicting 1-year, 2-year and 3-year survival
probability of T-cell lymphoblastic lymphoma (T-LBL patients). To use the nomogram, an individual patient’s value is
located on each variable axis, and a vertical line is drawn upward to determine the number of points corresponding
to each variable value. The sum of these numbers is located on the Total Points axis, and a line is drawn downward
to the survival axes to determine the survival probability. B: The results showed female sex, lack of CR, serum lactate
dehydrogenase (LDH) levels more than twice times normal, and independent adverse prognostic factors associated

with overall survival (OS).

10.00.0%-30.00% [3]. Identifying high-risk
patients and employing more aggressive treat-
ments or targeted therapies remain critical for
improving outcomes.

The molecular features of T-LBL have gained
attention in recent years, given their potential
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to enhance risk stratification and guide individ-
ualized treatment. Although T-LBL and T-ALL
share overlapping genetic and molecular char-
acteristics, T-ALL risk stratification strategies
cannot be directly applied to T-LBL [7-9]. Recent
studies have also highlighted genetic predispo-
sition syndromes (e.g., Nijmegen breakage syn-
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Table 4. Multivariate cox regression of the training set

Variables Beta Z P HR (95% ClI)
Sex

Male Ref

Female 1.06 2.78 0.005 2.88 (1.37-6.06)
Classification of chemotherapy

1 Ref

2 0.72 1.95 0.051 2.04 (1.00-4.19)
LDH 2fold abnormal

1 Ref

0 -2.49 -5.87 <.001 0.08 (0.04-0.19)

Ref= Reference group; HR= Hazard Ratio; Cl= Confdence Interval; LDH= serum lactate dehydrogenase.

drome, constitutional mismatch repair deficien-
¢y, and ataxia telangiectasia) and environmen-
tal factors (e.g., ionizing radiation and viral
infections such as HTLV-1, HHV-8, HIV, and
HCV) as contributors to T-LBL/ALL development
[10, 11].

In this study, 37 of the 89 patients underwent
genetic mutation testing, with mutations identi-
fied in 29 patients. The most frequently mutat-
ed pathway was NOTCH (65.70%), followed by
the JAK-STAT pathway (27.50%). NOTCH1 was
the most frequently mutated gene, followed by
PHF6, JAK1, JAK3, IL7R, and TP53. NOTCH1
and FBXW7 mutations co-occurred in 13
patients, 11 of whom achieved CR after induc-
tion chemotherapy, with a 3-year OS rate of
86.20%. These findings align with previous
studies suggesting better outcomes in patients
with NOTCH1/FBXW7 mutations [12, 13].

Univariate analysis revealed that sex, IPl scores,
CNS invasion, splenomegaly, LDH levels, and
treatment efficacy significantly affected OS.
ECOG scores, extranodal invasion, and chemo-
therapy regimen emerged as potential prognos-
tic factors but did not achieve statistical signifi-
cance in this study. Multivariate analysis identi-
fied female sex, lack of CR, elevated LDH levels
(>2x normal), and splenomegaly as indepen-
dent factors associated with OS.

For PFS, univariate analysis identified sex, BM
invasion, stage, B symptoms, IPI scores, CNS
invasion, bulky disease, LDH levels, and che-
motherapy regimen as potential factors, with
seX, IPI scores, LDH levels, and chemotherapy
regimen being statistically significant. Multiva-
riate analysis confirmed that chemotherapy
regimen, LDH levels, and sex were independent
prognostic factors for PFS.
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Although the hyper-CVAD A/B group had a
slightly higher CR rate than the GMALLO7/2003
group, PFS was worse in the hyper-CVAD A/B
group. This suggests that treatment protocol
selection did not significantly influence OS, with
CR serving as a protective factor for survival.

T-LBL is a rare malignancy with a poor progno-
sis, and no standardized treatment regimen
has been established. Historically, standard
treatments for non-Hodgkin’s lymphoma yield-
ed suboptimal outcomes [14, 15]. The introduc-
tion of high-intensity, short-course, AlLL-type
multidrug regimens has significantly improved
treatment efficacy [16, 17].

Although the clinical characteristics of patients
with LBL and ALL in China are similar to those
observed in other countries, treatment out-
comes differ. In the GMALL study [18, 19], 45
T-LBL patients received two sequential ALL-
targeted regimens, comprising an 8-drug induc-
tion protocol, a 6-drug reinduction regimen,
and various consolidation treatments. Both
groups underwent mediastinal and CNS irradia-
tion alongside intrathecal chemoprophylaxis,
achieving 7-year OS, CR, and DFS rates of
51.00%, 65.00%, and 62.00%, respectively
[20].

In a subsequent trial, 149 patients (Cohort I:
101; Cohort II: 48) were treated with the ALL
07/2003 chemotherapy protocol without medi-
astinal radiotherapy [20, 21]. However, similar
outcomes were not replicated in Chinese
cohorts. A study on 74 Chinese LBL patients
reported overall response, CR, 3-year OS,
5-year OS, 3-year PFS, and 5-year PFS rates of
70.20%, 48.60%, 38.00%, 26.60%, 34.80%,
and 23.20%, respectively. Subgroup analysis
revealed worse outcomes in the T-LBL group,
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with a 5-year OS of only 22.70% among 57
patients [22].

Differences in clinical characteristics and prog-
nosis between T-LBL and B-LBL were evident in
the above studies [23-25]. In the present study,
the CR rate among 89 T-LBL patients was
51.69% after 1-2 treatment courses. CR rates
were 64.52% and 44.83% for the hyper-CVAD
A/B and VDCLP groups, respectively, but the
difference was not statistically significant
(x>=3.136, P=0.077). The 3-year OS and PFS
rates were 74.90% and 58.80%, respectively.
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Adverse effect profiles between the two regi-
mens were also comparable. Additionally, 23
patients received local IMRT, 12 underwent
allo-HSCT, and 5 underwent auto-HSCT. In the
cases included in this study, new drugs such as
chidamide and venetoclax were not used in
combination for high-risk patients. In future
studies, we will further explore regimens involv-
ing the combination of these new drugs.

In conclusion, T-LBL is characterized by distinct
molecular features, with high-frequency gene
mutations across multiple signaling pathways.

Am J Cancer Res 2024;14(12):5851-5862



Prognostic factors in adult T lymphoblastic lymphoma

This study highlighted that mediastinal invasion
and extranodal lesions were more prevalent in
Chinese T-LBL patients and may contribute to
poor prognosis. Integrating molecular charac-
teristics into prognostic assessments can
enhance the identification of high-risk patients,
paving the way for improved therapeutic strate-
gies using novel targeted agents.
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