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INTRODUCTION METHODS

Childhood acute lymphoblastic leukemia (ALL) is highly curable in high-income countries (HICs), with survival Design: Prospective, multicenter cohort study under the PSPO national childhood ALL protocol (PSPO ALL-2020-01).
approaching 85-90%. Outcomes in low- and middle-income countries (LMICs) remain substantially inferior, Setting: Five tertiary pediatric oncology centers across Pakistan, participating in a coordinated national network.
reflecting disparities in early diagnosis, access to standardized treatment, supportive-care infrastructure, and
treatment adherence.

Population: Children aged 1-18 years with newly diagnosed ALL (immunophenotyping by flow cytometry / IHC),

enrolled June 2021-February 2025. Previously treated patients were excluded.
Most LMIC data derive from single-center series that cannot capture national-level disease patterns or health-

system challenges. To address this gap, the Pakistan Society of Pediatric Oncology (PSPO) developed a national,
standardized, risk-adapted treatment protocol (PSPO ALL-2020-01) in 2021, enabling harmonized care and
prospective multicenter data collection across the country, with post-induction therapy adapted to each center's
minimal residual disease (MRD) testing capacity.

We report the clinical characteristics, treatment course, and survival outcomes of the total (all-phenotype)
prospective cohort treated under this protocol — the first national, multicenter, prospective benchmark for

Risk stratification: NCI criteria, immunophenotype, CNS status, cytogenetics (where available), and response to a 7-
day prednisolone prophase (Day-8 peripheral blast count).

Treatment: 3-drug induction (standard risk) or 4-drug induction (high risk), risk-adapted post-induction therapy by
MRD (= 0.01% = positive) or morphology per institutional capacity (Figure 1).

Outcomes: Overall survival (OS) and event-free survival (EFS); EFS events = induction failure, relapse, death, and
treatment abandonment.

Statistical analysis: Kaplan—Meier survival estimation; group comparisons by appropriate tests; two-sided p < 0.05
considered significant.

pediatric ALL outcomes in Pakistan.

Prednisolone Prophase (Day 1-7, IT MTX Day 1) = Induction: SR (3-drug) or HR (4-drug)

Assigned by NCI risk x immunophenotype x CNS status x Day-8 prednisolone-prophase response

|
SR induction, end-induction MRD <0.01 + no unfavorable cytogenetics SR induction, risk assigned by end-of-induction marrow morphology HR induction or reclassified SR (EOI MRD +/M2 marrow/unfavorable
Consolidation: 4 weeks — vincristine x2 doses + oral 6-MP x28 days Consolidation: Augmented BFM (HR-type backbone) genetics)
Interim Maintenance: non-escalating MTX, no asparaginase Interim Maintenance: SR-type - non-escalating MTX, no asparaginase Consolidation: Augmented BFM

*Interim Maintenance: Capizzi or HD-MTX (by center capacity)

Delayed Intensification (8 weeks) — all patients - Maintenance ( VCR/Dexa pulses, 6-MP, oral MTX) — all patients
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irradiation for CNS3 disease was given at the end of Delayed Intensification.

Figure 1. PSPO ALL-2020-01 Risk-Adapted Treatment Schema Table 1. Baseline Demographic & Clinical Characteristics (N = 1,534)

*Double Interim-Maintenance

Sex — Male / Female 992 (64.7%) / 542 (35.3%)
RESULTS Center E %6 Age — median (IQR), years 6.0 (3.5-10.0)
Cohort characteristics and enrollment: The updated analytic cohort included 1,534 children with ALL, with Age =10 years 410(26.7%)
. . . . . h — B- E ixed 1234 (80.4%) / 296 (19.3%) / 2 (0.1%,
enrollment distributed across five treating centers and concentrated at the largest-volume center. Patients were Center D 187 e B b s kvt ek s
. . . . . NClI risk (B-ALL) — Standard / High 727 (58.9%) / 507 (41.0%,
predominantly male, with a median age of 6 years. B-ALL accounted for about four-fifths of the cohort, while T-ALL risk (B-ALL) — Standard / Hig (58.9%) /507 (41.0%)
Center C 960 Day-1 WBC — median (IQR), x10°/L 17.8 (5.8-71.1)

represented 19.3%; nearly one-third presented with WBC >50 x10°/L. Baseline demographic, disease, and WBC 2 50 x10°/L 485 (31.6%)
cytogenetic characteristics are summarized in Table 1, and center-wise enrollment is shown in Figure 2. Center B 216 CNS status — CNS1 / CNS2 / CNS3 1442 (94%) / 14 (0.9%) / 61 (4%)
Treatment course and induction response: Of 1,660 records collected, 1,534 were retained after verification and Center A 75 Good-risk ploidy - high hyperdiploid/triploid (n=999) | 162 (16.2%)
data cleaning. Most patients completed induction (82.3%), whereas 17.7% did not, primarily due to early mortality. EUVE= NS (off tesice], 0] 0 ({2579

. . . . . . 0 500 1000 1500 | BCR-ABLI (of tested, n=1078) 63 (5.8%)
Among patients who completed induction, 96.6% achieved complete remission. Subsequent treatment completion S — 19 (18%)

. . _ -r (of tested, n= 8%
and the overall treatment pathway are summarized in Figure 3. Figure 2. Enrollment by treating center (N = 1,534) brednisolone response — Good / Poor 1163 (88.7%) / 148 (11.3%)
MRD response: End-induction MRD was available in 866 patients, with approximately 30% remaining MRD-positive. Induction regimen — 3-drug / 4-drug 543 (35.4%) /976 (63.6%)
r . P . . . ) . o

Among 240 end-induction MRD-positive patients with an interpretable post-consolidation assessment, 157 (65.4%) u End-induction MRD status (n = 866 tested)
converted to MRD negativity, demonstrating substantial further disease clearance during consolidation. MRD .
response patterns are shown in Figure 4A and 4B. Verified Data (N = 1,534)

(126 patients were excluded for various reasons, including different phenotypes, duplication, 30%,
etc.)

Factors associated with mortality: In a univariate analysis, mortality differed significantly by presenting WBC, NCI B MRD-negative (69.8%)

risk, cytogenetic variables, induction regimen, end-of-induction remission, MRD status, and treating center; a 2 0% B MRD-positive (30.0%)
. . i h : .5%. y
smaller difference was also observed by sex. In contrast, age group, immunophenotype, CNS status, and PR eSS 7L
prednisolone response were not significantly associated with mortality. See Table 2. L 2
Induction Completed Induction Not Completed: 272 (17.7%)
Events and survival: Death was the leading adverse outcome, followed by treatment abandonment and relapse, 1262 (82.3%) Death: 213, Abandoned: 58 [ consolidation MRD among end-induction MRD-positve (n = 240 retested)
with infection accounting for most classified deaths. At a median follow-up of approximately 1.4 years, estimated 3- $
CR Achieved CR not achieved .
year OS was 66.6% and 3-year EFS was 47.2% when abandonment was included as an event, increasing to 1219 (96.6%) 43 (3.4%) Remained... 83
approximately 55% when abandonment was censored. See Figures 5 and 6. a4 Converted to... 1570
Consolidation Chemotherapy completed in 1194/1260 (94.8%) T T (65'44))
Deaths: 45, Abandoned: 21 0 50 100 150 200

Table 2. Outcome Comparison by baseline characteristics and treatment factors (Univariate)

- Figure 3. Treatment Course — Total Cohort Figure 4. End-Induction MRD status & consolidation dynamics
T T T T
Sex

100
Male / Female 709 /357 283 /185 0.023
Age group 0-9.99y / 10-18y 786 / 280 338/130 0.54
3-yr 0S: 66.6%
Day-1 WBC <50/ 50-100 / =100 (x10°/L) 764 /124 /177 284 /78 /106 <0.001 ~ 80-
o
NCI risk Standard / High 543 /321 184 / 186 <0.001 é
Immunophenotype B-ALL / T-ALL 864 / 200 370/96 0.46 4?
CNS status CNS1 / CNS2 / CNS3 1007 /11 /39 435/3/22 0.47 % 60+ 3yr_EF5 (censor abandonment): 55%
Ploidy Good-risk / Not good-risk 170/ 538 50/179 <0.001 '8 |_|_\—‘
ETV6-RUNX1 Present / Absent / Not done 102 / 595 / 369 17 / 206 / 245 <0.001 E. 1
BCR-ABL1 Present / Absent / Not done 39/776 /251 24 /239 /205 <0.001 g 401
Prednisolone response Good / Poor 816 /103 347 / 45 0.671 E 3-yr EFS (with abandonment): 47.2%
3
Inducti i 3-d / 4-d 427 /631 116/ 345 0.001 1)) ,
nduction regimen rug rug <l 20* — Overa” Suwlval (OS) 1
End-induction CR Yes / No 979/ 30 239/13 <0.001 —— EFS - abandonment censored %
]
End-induction MRD Negative / Positive 519/114 86 /45 <0.001 = EFS - abandonment as event r:
Treating center A/B/C/DJ/E 70/145/708 /79 / 64 5/42 /252 /137 /32 <0.001 0- T T T T ]
1 2 3 4 5
Years from diagnosis
DISCUSSION Figure 5. Kaplan—Meier Overall and Event-Free Survival
* This updated cohort is one of the largest prospectively assembled childhood ALL datasets from a resource-constrained setting and
demonstrates the feasibility of coordinated national protocol-based care with centralized outcome monitoring. n First-event outcome status (N = 1,534)
* The cohort carries a substantial high-risk burden, including frequent hyperleukocytosis, a relatively high T-ALL proportion, poor prednisolone 1000 771
response in 11.3% of evaluable patients, and end-induction MRD positivity in approximately 30% of tested patients. 800
* Disease control among children able to complete induction was strong: 96.6% achieved CR. However, 17.7% of the cohort did not complete 600 404
induction, predominantly because of death, substantially lowering population-level remission and survival. 400
169 147
* Deaths represented more than half of all first events, and treatment abandonment accounted for a further 22%, indicating that non-relapse 200 43
events are major drivers of the survival gap. 0
* The difference between EFS with abandonment included (47.2%) and with abandonment censored (55%) quantifies the additional impact of n c fdA:L"(e 226) Dead Abandoned Relapsed '"Fc:i‘lc:::"
ause ot dea n=
treatment discontinuation on outcome.
* Significant variation by treatment center highlights the need for minimum supportive-care standards, standardized diagnostics/MRD access, Cause not known 1 3
and cross-center quality-improvement strategies in addition to a shared chemotherapy backbone.
Other TRM... ll 18
CONCLUSION Disease-related N 59
PSPO ALL-2020-01 provides a prospective national benchmark for childhood ALL outcomes in Pakistan. High remission rates among induction .
. . . . . . . . Infection-related... I 346 (81%)
completers demonstrate that effective leukemia control is achievable within the protocol; however, overall survival remains constrained by
early mortality, treatment abandonment, persistent MRD in a substantial subset, and inter-center variability. Improving outcomes will require 0 50 100 150 200 250 300 350 400

strengthened infection prevention and supportive care, broader standardized MRD assessment, structured abandonment-mitigation strategies, Figure 6. Outcome events & cause of death

and coordinated cross-center quality improvement.
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