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Abstract

Background: Relapsed/refractory (R/R) B-cell acute lymphoblastic
leukemia (B-ALL) remains associated with poor outcomes in chil-
dren. Achieving measurable residual disease (MRD) negativity prior
to allogeneic hematopoietic stem cell transplantation (HSCT) is criti-
cal for durable remission. Blinatumomab, a bispecific CD19-CD3
T-cell engager, induces deep remissions with minimal myelosuppres-
sion and is increasingly utilized as a bridge to HSCT. We describe our
institutional experience with HSCT following blinatumomab-induced
remission in pediatric R/R B-ALL.

Methods: This retrospective single-center study included five pedi-
atric patients with R/R B-ALL who received blinatumomab bridging
therapy prior to allogeneic HSCT between January 2020 and June
2025. Clinical data included demographics, prior therapies, blina-
tumomab dosing and duration, MRD status, conditioning regimen,
donor source, stem cell dose, engraftment kinetics, donor chimerism,
and complications. The endpoints included MRD clearance before
HSCT, engraftment kinetics, donor chimerism, viral reactivation,
bacterial infections post-transplant, and overall and failure-free sur-
vival at last follow-up.

Results: All five patients completed one to two 28-day cycles of bli-
natumomab and achieved MRD negativity (< 0.01%) prior to HSCT.
Donor sources comprised one matched sibling and four haploiden-
tical family donors. The median interval between blinatumomab
completion and HSCT was 32 days. Median neutrophil and platelet
engraftment occurred on days +12 and +9, respectively. Full donor
chimerism was achieved within 1 - 3 months and sustained through-
out follow-up. Post-transplant complications included engraftment
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syndrome (n = 4), cytomegalovirus (CMV) reactivation (n = 4),
Epstein-Barr virus (EBV) reactivation (n = 1), Clostridioides diffi-
cile enterocolitis (n = 1), and steroid-refractory acute graft-versus-
host disease (GVHD) (n = 2). No transplant-related mortality was
observed. At a median follow-up of 173 days (range, 52 - 1,015 days),
all patients remained alive and in continuous complete remission with
no active GVHD.

Conclusions: In this single-center experience from a low-/middle-in-
come country (LMIC), blinatumomab served as an effective bridge to
HSCT, enabling MRD-negative remissions with favorable post-trans-
plant outcomes. Viral reactivations and steroid-refractory GVHD
were reported, underlining the need for robust surveillance. Broader
access to blinatumomab and prospective studies are needed to vali-
date these findings and to evaluate cost-effectiveness in LMICs.

Keywords: Blinatumomab; HSCT in LMICs; Immunotherapy; Re-
lapsed ALL

Introduction

Relapsed acute lymphoblastic leukemia (ALL) is a major
cause of mortality and morbidity in children with cancer
worldwide. The burden of the disease is borne mainly by
low- and middle-income countries (LMICs) due to the vol-
ume of patients, poor access to supportive care, and novel
immunotherapeutic agents that are more efficacious with less
toxicity [1]. Overall, relapse occurs in 10-15% of children
with ALL treated on contemporary protocols, although the
proportion is higher in high-risk groups such as T-lineage
ALL, infant ALL, and those with poor response to treatment.
Published series from LMICs report event-free survival of
around 30-40% in children treated with curative intent, with
almost dismal outcomes (2-year EFS < 20%) for very early
and early relapses [2]. For low- and intermediate-risk relaps-
es, the outcome is however, better [3, 4].

For children who achieve a second remission, consolida-
tion by hematopoietic stem cell transplantation (HSCT) from
best available donor, strongly predicts better outcomes in high-
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risk relapses. To achieve this, conventionally, salvage cyto-
toxic regimens that are highly myelosuppressive are needed,
which can be difficult to replicate in LMICs, as supportive
care resources including antimicrobials, specialized nursing,
and blood component transfusions are limited. This leads to
high rates of toxic death and treatment abandonment [2]. Over
the years, access to HSCT has improved in India. But access
to novel immunotherapeutic agents or cell therapies remains
restricted. Immunotherapy can offer deeper remissions with
lesser marrow toxicity, reduce supportive care needs, and im-
prove remission rates in patients with chemo-resistant disease
as is usually the case in very early and early relapses. The pri-
mary barrier to access remains the cost of therapy.

Despite this, there are reports from LMICs describing out-
comes of HSCT after second remission using blinatumomab
as a bridge to therapy following relapse. We present a single-
center case series of five pediatric patients who underwent
HSCT at our center; the challenges faced and the outcome and
review contemporary literature to contextualize this to feasi-
bility, toxicity, and access challenges in resource-constrained
settings [5, 6].

Materials and Methods

We report a retrospective observational series of children
with B-cell acute lymphoblastic leukemia (B-ALL) who un-
derwent HSCT at our center for very early or early relapse
or in late relapse with MRD positive in whom blinatumomab
was used as salvage therapy for remission induction. The co-
hort included consecutive patients < 18 years who underwent
HSCT between January 2020 and June 2025. The details of the
primary disease, time and risk stratification at relapse, treat-
ment received at relapse, challenges faced at relapse, salvage
treatment (chemotherapy and blinatumomab), measurable re-
sidual disease (MRD) prior to HSCT, stem cell donor source,
dose and time of engraftment, and infection profile in post-
transplantation period are reported here. Institutional review
board approval for reporting outcome of pediatric cancer was
obtained (study protocol number: 2023-10-EM-43). The work
was conducted in accordance with the ethical standards of the
responsible institutional review board and in compliance with
the principles of the Declaration of Helsinki.

Blinatumomab was administered as continuous intrave-
nous infusion via ambulatory or inpatient pump for 28 days
(one cycle), at a dose of 5 pg/m?/day for days 1 - 7 followed
by 15 ug/m?/day for days 8 - 28. For patients who received
blinatumomab at our center (n = 3), infusions were managed
by trained nursing staff with protocols for line care, electro-
lyte monitoring, and neurological observation. Two patients
received blinatumomab at another center and were referred to
us for HSCT once remission was achieved. MRD was meas-
ured by multicolor flow cytometry, with negative report con-
sidered as < 0.01% (10*). Hospital records were reviewed for
demographic information, details of disease at initial presenta-
tion, challenges faced if any during initial treatment, timing
of relapse, risk stratification, treatment received for relapse,
dose and duration of blinatumomab, MRD at end of treatment

and on follow-up. Details of transplant conditioning and donor
details, stem cell dose (CD34" cells/kg) infused, engraftment
kinetics (absolute neutrophil count (ANC) > 500/uL sustained,;
platelets > 20,000/uL unsupported), donor chimerism at day
+30, infectious events, graft-versus-host disease (GVHD) inci-
dence and grade, non-infectious transplant complications, and
survival outcomes were also recorded.

HSCT conditioning was decided based on sites of relapse,
prior irradiation, and donor source. In case of children who
underwent matched family donor HSCT, cyclophosphamide
combined with total body irradiation (CyTBI) was used and
in haploidentical HSCT, fludarabine-TBI (FluTBI) was used.
In one child who had received cranial and testicular irradiation
during the first relapse, TBI-free regimen (thiotepa-fludara-
bine-busulfan) was offered as conditioning for bone marrow
transplantation (BMT) after second relapse. A dose of 12 Gy of
TBI was given over 4 days with cranial boost of 6 Gy in case of
cerebrospinal fluid (CSF) involvement at relapse.

The preferred donor was a fully matched sibling or fam-
ily member (10/10 or 12/12 HLA match). In the absence of
such a donor, a haploidentical family member (father pre-
ferred or sibling) was chosen provided donor-specific anti-
bodies (DSA) were negative. Matched unrelated donors were
not considered, as the additional costs of procurement from
the stem cell registries were not covered under government
funding and were unaffordable for our patients. In matched
donors, a minimum of 5 x 10%kg CD34 stem cells were pre-
ferred whereas in haploidentical HSCT, the CD34" cell dose
was calculated with consideration of the CD3* content of the
graft, which was maintained between 2.5 and 3 x 10%/kg of
recipient body weight.

GVHD prophylaxis was methotrexate with a calcineu-
rin inhibitor for matched sibling transplantations. In case of
haploidentical transplant, post-transplant cyclophosphamide
(PTCy) was used as per standard protocol. Cyclophosphamide
was given at a dose of 50 mg/kg/day intravenously on days +3
and +4 post-HSCT, followed by cyclosporine A (CSA) from
day +5, in combination with mycophenolate mofetil (MMF)
which was given from day +5 to day +35. CSA was gradu-
ally tapered after day +180, to facilitate graft-versus-leukemia
(GVL) effect, provided that there is no evidence of active
GVHD [7]. Earlier tapering was done in case of difficult vi-
ral reactivation or slipping chimerism. Ex vivo T-cell depletion
strategy was not used for any. Standard antimicrobial surveil-
lance and pre-emptive treatment were followed for CMV, ade-
novirus, and EBV infections. Standard nutritional support was
provided, with oral, nasogastric, or parenteral routes, individu-
alized according to patient tolerance and clinical condition.
After transplantation, bone marrow aspiration for MRD and
CSF cytopathology for blasts were usually assessed at days
+30, +60, and +90 and if required thereafter [8]. Peripheral
blood chimerism was measured on whole blood at day +30,
day +60, day +90, and 3 - 6 months thereafter or as clinically
indicated [9].

The endpoints included MRD clearance before HSCT, en-
graftment kinetics, donor chimerism, viral reactivation, bacte-
rial infections post-transplant, overall survival (OS), and failure-
free survival (FFS). Statistical analysis was performed using MS
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Table 1. Baseline Characteristics and Disease Profile of Pediatric Patients With Relapsed B-Cell Acute Lymphoblastic Leukemia

Treated With Blinatumomab Prior to HSCT

SI.  Age/ MRD prior Typeof Condi- GVHD Engraft- 'Chlmer- POSt-HSCT D'ays
No  sex Relapse type to HSCT donor tionin prophy- ment ism at last complica- Status since
€ laxis (days) follow-up tions HSCT

1 12/M  Second relapse Negative Matched TT-Flu- CSA-Mtx N +I11 100% Nil CR3  +1,015
late combined sibling Bu P+9

2 5/'M Early isolated  Negative Haploi-  FluTBI PTCy CSA N +12 100% ES, CMV CR2 +899
medullary dentical MMF P+15 reactivation,
relapse SR GVHD

3 10/M  Late isolated Negative Haploi-  FluTBI PTCy CSA N+I12 98.4% ES, CMV CR2 +177
medullary dentical MMF P+7 reactivation,
relapse SR GVHD

4 5/M Early com- Negative Haploi- FluTBI PTCy CSA N-+12 100% ES CR2 +59
bined relapse dentical MMF P +9

5 5'M Very early Negative Haploi-  FluTBI PTCy CSA N+12 100% ES, CMV CR2 +52
combined dentical ~ cranial ~MMF P+9 reactivation
relapse (CNS) boost

CMV: cytomegalovirus; CNS: central nervous system; CR: complete remission; CSA: cyclosporine A; ES: engraftment syndrome; FIuTBI: fludara-
bine-TBI; HSCT: hematopoietic stem cell transplantation; MMF: mycophenolate mofetil; MRD: measurable residual disease; PTCy: post-transplant
cyclophosphamide; SR GVHD: steroid-refractory graft-versus-host disease; TBI: total body irradiation; TT-Flu-Bu: thiotepa-fludarabine-busulfan.

Excel or SPSS version 17.0 and Kaplan-Meier survival curves
were generated using GraphPad Prism version 9.0.

Results

Five patients met the study inclusion criteria, namely, a his-
tory of HSCT following very early or early relapse of B-ALL,
with blinatumomab administered for remission induction. The
median age was 5 years (range 5 - 12 years). All were boys.
Of them, one child had a second relapse whereas the rest pre-
sented with early combined relapse (one), late isolated medul-
lar relapse with positive MRD at end of induction (one), early
isolated medullary relapse (one), and very early combined
relapse (one). All were treated on conventional protocols at
initial diagnosis (BFM 95/modified BFM 2009-3, ICICLE-2).
Details of individual patients, transplant-related variables, and
outcome are presented in Table 1. Blinatumomab was adminis-
tered exclusively as a continuous inpatient infusion for all five
children, with no ambulatory pump or home-based delivery.
This approach was necessitated by limited feasibility of safe
home monitoring, particularly due to caregiver educational
constraints and lack of community support for close clinical
supervision and timely management of potential toxicities.
All patients completed 1 - 2 cycles of 28-day infusion of
blinatumomab without interruption. No patient developed neu-
rologic toxicity or clinically significant cytokine release syn-
drome (CRS) requiring directed therapy. At our center, we of-
fered blinatumomab in two patients who had severe infections
(mucormycosis of gluteal soft tissue and methicillin-resistant
Staphylococcus aureus-associated cellulitis of leg) and prior
liver dysfunction as conventional chemotherapy would have
been difficult. At the end of the cycle, MRD done was < 0.01%
in all five patients, allowing timely progression to HSCT. The
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median interval from completion of blinatumomab to condi-
tioning initiation was 4 weeks (range 21 - 45 days).

Operational handling and monitoring procedures

Blinatumomab storage, preparation, and administration fol-
lowed institutional cytotoxic drug handling policies. The drug
was stored under cold-chain conditions at 2 - 8 °C and recon-
stituted under aseptic techniques in a certified biological safety
cabinet. Prepared infusion bags were protected from light, and
stability guidelines were adhered to. All five children received
continuous inpatient intravenous infusion for each 28-day cy-
cle, overseen by trained pediatric oncology nursing staff, with
no ambulatory or pump-based home delivery. Nurses were
trained in central venous access device care with instructions
not to flush the line with blinatumomab and trained in careful
monitoring for fever and features of cytokine release and neu-
rological effects. Nursing documentation was standardized,
and escalation pathways for suspected CRS or neurotoxicity
were predefined, although such events were not encountered
in this cohort.

HSCT

The donor sources for HSCT were MSD (n = 1), and haploi-
dentical family donors (n = 4: father, n = 3; brother, n = 1) in
the rest. Myeloablative conditioning was used in all patients.
Granulocyte colony-stimulating factor (GCSF) was used for
mobilization in all donors. Peripheral blood stem cell apheresis
was done on day 5 in one setting for all. Plerixafor was used as
an additional mobilizing agent in one donor, who was donating
stem cells for his haploidentical brother, due to concerns re-
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lated to low donor weight. The CD34" stem cell dose used was
5.5 x 10%kg of the recipient for the child undergoing matched
donor HSCT and a median of 9.7 x 10%kg (range 5.5 - 24
x 10%kg) for haploidentical transplant recipients. Neutrophil
engraftment (ANC > 500/uL) occurred at a median of day +12
(range 11 - 12) and platelet engraftment (> 20,000/pL unsup-
ported) on day +9 (range 7 - 15). Discharge after HSCT was
done at a median of 42 days (range 31 - 64 days).

Infectious complications

All patients were on antiviral (acyclovir) and antifungal
prophylaxis (posaconazole/voriconazole) prior to condition-
ing. None received antibacterial prophylaxis. IgG replacement
with intravenous immunoglobulin (IVIG) at 400 mg/kg was
given to all with trough level <400 mg/dL.

Febrile neutropenia was reported in all patients in the cy-
topenic period, which was managed as per standard protocols.
One child had septic shock, which was managed with inotrope
support and granulocyte infusions. None of the patients had a
positive blood culture. One child had documented urinary tract
infection with E. coli, and another had Clostridium difficile
enterocolitis, which were managed with sensitive antibiotics.

We noticed CMV reactivation in all patients who under-
went haploidentical HSCT (4/5). Of these, three children were
treated with intravenous ganciclovir and one required foscar-
net due to concurrent cytopenias. As two children had associ-
ated GVHD, response time was variable. Following induction
therapy, all patients received valganciclovir until clearance
was documented by two consecutive negative viral PCR as-
says, after which antiviral prophylaxis was continued on acy-
clovir. EBV reactivation was noted in one patient around +60
days post-transplant; no specific treatment was offered in view
of tapering of immunosuppression and lack of any clinical fea-
tures.

Non-infectious complications

Engraftment syndrome as evidenced by hectic fever, skin rash,
and weight gain was observed in all patients who underwent
haploidentical HSCT (4/5); all responded to a short course of
steroids. None had severe engraftment syndrome; there was no
requirement for supplemental oxygen or evidence of multior-
gan dysfunction.

Grade III mucositis was reported in two children, which
improved upon recovery of counts. Acute GVHD was reported
in two out of five patients. Both had received haploidentical
transplantation. One child had skin and gut GVHD (grade
[I/stage 11I), whereas the other child has gut limited GVHD
(grade Ill/stage III). Both were steroid-refractory and ruxoli-
tinib was added, following which there was improvement. We
did not observe sinusoidal obstruction syndrome or thrombot-
ic microangiopathy and no transplant-related deaths occurred
during the follow-up period.

As described earlier, chimerism and remission status
(MRD and CSF) was assessed initially between day +28 and

+35 based on clinical condition of the patient. The child who
underwent matched sibling donor HSCT, following thiotepa-
fludarabine-busulfan, had a peripheral blood donor chimerism
of 87.6% on day +21. This improved to 100% by day 60 and
has remained so till date (1,015 days since transplantation).
Full donor chimerism was noted for all haploidentical trans-
plant recipients from day +28 onwards.

The median follow-up as of September 1, 2025 was 173
days (52 - 1,015 days), and all patients remained in MRD-neg-
ative remission, with clearance of CMV and 100% donor chi-
merism at last follow-up. Out of the two children who started
on immunosuppression, one continued to be on tapering doses
of ruxolitinib without GVHD. Kaplan-Meier estimates for OS
and FFS remained at 100% at last follow-up.

Discussion

Access to immunotherapy is considered a breakthrough for
children with relapsed ALL, as it offers targeted and highly
effective anti-leukemic approach without myelosuppression
and associated toxicities of conventional chemotherapy. It can
offer deeper remissions, thus achieving MRD-negative disease
prior to HSCT even in chemo-resistant disease, and reduce
need for supportive care including infrastructure, antimicrobi-
als, transfusions, and potential for even outpatient administra-
tion. In LMICs, the cost of procuring the drug is exorbitant,
thus limiting its use immensely. The efficacy has been dem-
onstrated not only in high-risk relapses, but even in upfront
settings in both infants and children [10-13].

Blinatumomab, a bispecific CD19 and CD3 T-cell engager
that redirects cytotoxic T cells to CD19-expressing B-lincage
blasts, leading to targeted cytotoxicity is more efficacious and
less toxic than conventional chemotherapy. However, as it caus-
es rapid and prolonged B-cell depletion, causing even CD19-
negative plasma cell depletion, due to clearance of precursors,
low immunoglobulin levels have been reported which recover
over time. Infections of any grade are reported much lesser in
blinatumomab arm compared to conventional chemotherapy.
Immunoglobulin replacement is recommended as standard prac-
tice in these patients to reduce the risk of infections.

In our series of five patients, all with high-risk relapse of
B-ALL, universal MRD negativity was achieved after a single
28-day cycle in all five patients thus enabling timely trans-
plantation, robust engraftment, and full donor chimerism. Al-
though febrile neutropenia was reported in all, none had a posi-
tive culture, and all recovered with standard of care. So also,
the other infections noted were also amenable to cure without
any complications.

In reported literature evaluating the influence of HSCT on
blinatumomab-treated patients, the rates of acute and chronic
GVHD are similar with no reproducible increase in severe
acute GVHD. Infections also have been reported to be simi-
lar; however, the data are mainly from high-income countries
with access to prophylaxis against CMV in high-risk donor-
recipient combinations which is out of reach for LMICs. En-
graftment kinetics and graft failure are noted to be similar with
no causal link to blinatumomab from the observational mainly
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Table 2. Summary of Trial and Real-World Outcomes of HSCT Following Blinatumomab in Pediatric Relapsed B-ALL Across Dif-

ferent Gross National Income Groups

Author/year/coun- . . Sy

(i e vl Design Study population Post-HSCT complications

von Stackelberg et Phase I/II clinical trial Pediatric Safety profile acceptable; no novel or excess transplant-
al/2016/HIC [16] (pediatric R/R B-ALL) specific toxicities attributable to prior blinatumomab.
Locatelli et al/2022/ Expanded access/pooled  Pediatric No consistent signal of increased post-HSCT complications.
HIC [17] pediatric trial (RIALTO)

Llaurador et al/2024/ Retrospective series Pediatric No increase in acute or chronic GVHD;

HIC [18] normal engraftment kinetics.

Algeri et al/2025/HIC [15] Retrospective series

Lu et al/2024/HIC [19] Retrospective series Mostly adults
Sayyed et al/2024/ Retrospective series Mixed

mixed [20]

Chadha et al/2025/ Retrospective series Pediatric
LMIC [6]

Tulsiyan et al (pre- Retrospective series Pediatric
sent)/2025/LMIC

Pediatric/young adult Low NRM; GVHD incidence comparable.

No excess transplant toxicities; lower chronic GVHD.

No reproducible signal of increased post-
HCT immune complications.

No clear excess of GVHD, VOD, graft fail-
ure or infections attributable; limited data.

Limited data; engraftment syndrome
and CMV reactivation more.

B-ALL: B-cell acute lymphoblastic leukemia; CMV: cytomegalovirus; GVHD: graft-versus-host disease; HIC: high-income country; HSCT: hematopoi-
etic stem cell transplantation; LMIC: low- and middle-income country; NRM: non-relapse mortality; R/R: relapsed/refractory.

retrospective data. Non-relapse mortality and early transplant-
related mortality are predictably low in patients who received
prior blinatumomab [14, 15]. Relapse remains the dominant
failure post-HSCT where other modalities of immunotherapy
or chimeric antigen receptor (CAR) T-cell therapies have been
explored.

The incidence of engraftment syndrome was high; 100%
of patients who underwent haploidentical HSCT required
steroid support for a short period. Transplant-related CMV
reactivations were also reported to be high. Due to resource
constraints, CMV prophylaxis was not offered to any. These
findings emphasize that while blinatumomab may reduce
myelosuppression in the pre-transplant remission and offer
quicker, deeper, and gentler remissions, the transplant period
remains high risk for immune and infectious complications
that require robust supportive care pathways.

Table 2 summarizes the trial data and real-world experi-
ence of outcomes of HSCT following blinatumomab exposure
in children with relapsed/refractory B-ALL across both high-
income and LMIC settings. In either settings, and across in-
come levels, there is no major attributable risk for infectious
or non-infectious complications post-HSCT [6, 15-20]. How-
ever, outside trials, the numbers are small, with heterogeneity
in inclusion criteria, supportive care, and short follow-up to
preclude any definitive conclusion.

Access and cost considerations in LMICs

The limiting factor for wider use of blinatumomab in LMICs
is cost. Drug acquisition costs are substantial, as the patient ac-
cess program operated by Amgen Blinatumomab Humanitar-
ian Access Program in collaboration with St. Jude Children’s
Research Hospital and Direct Relief is operational only in few

hospitals in the country. As the cost of treatment in these hos-
pitals (other than the drug which is free) is beyond the reach
for poor families, referral for the drug is not practical. In our
series, two patients had access to the drug through another
center which has access to patient assistance program. The
three patients who received blinatumomab procured it through
external philanthropy or employer insurance of the parent.
Practical guidance regarding pharmacy handling, monitoring
standards, and complication preparedness may facilitate wider
and safer implementation of blinatumomab-supported HSCT
in resource-constrained settings.

Strengths and limitations

We report peri-transplantation outcome for a select cohort of
high-risk pediatric B-ALL with co-morbidities such as life-
threatening infections who underwent HSCT, without any
additional toxicity after having attained MRD-negative remis-
sion with the use of 1 - 2 cycles of blinatumomab. The limi-
tations include small sample size, single-center retrospective
design, potential selection bias as moribund patients would not
have received blinatumomab, and the relatively short follow-
up for late relapses and chronic GVHD outcomes. So also, the
comparator group treated with conventional salvage chemo-
therapy has not been reported in this paper. Additionally, MRD
was assessed using multiparameter flow cytometry rather than
next-generation sequencing (NGS), which offers greater sen-
sitivity; however, NGS-based MRD platforms are not widely
accessible in India and remain cost-prohibitive in most LMIC
settings. Larger, prospective, multicenter registries can help
validate our findings, optimize bridging strategies, post-trans-
plantation immune and infectious surveillance, and perform
robust cost-effectiveness analyses. Such data could also help
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increase the access to these drugs to public sector hospitals
that bear the brunt of high patient load and multidrug-resistant
infections, which deter treatment with conventional chemo-
therapy.

Conclusions

HSCT was tolerated well without increased risk of serious in-
fections post-HSCT. Universal MRD negativity, reliable en-
graftment, and excellent short-term survival were observed;
however, engraftment syndrome, viral reactivations, and ster-
oid-refractory GVHD were noted. The data support the need
for enhanced infection surveillance and immune monitoring
post-HSCT in this cohort of patients.
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