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Daratumumab-based salvage
therapy enables umbilical
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in multiline refractory,
elderly T-lymphoblastic
lymphoma: a case report
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While patients with T-lymphoblastic lymphoma (T-LBL) now generally have a
favorable prognosis, with 3-year event-free survival rate approaching 69.2%,
refractory T-LBL in older adults is almost invariably fatal, exhibiting a dismal 5-
year overall survival rate of only 4%. This poor prognosis is exacerbated by
frequent exclusion from cellular therapies like CD7 CAR T-cell trials. We report
a case of a 60-year-old man with multi-refractory T-LBL exhibiting a partial
response to hyper-CVAD followed by progression on venetoclax plus azacitidine.
This patient achieved complete remission after a single cycle of DMPD salvage
therapy comprising daratumumab, liposomal mitoxantrone, pegaspargase and
dexamethasone. This readily accessible regimen circumvented the
manufacturing delays and prohibitive costs associated with CAR T-cell
platforms. It successfully bridged the patient to double umbilical cord blood
transplantation, resulting in full donor chimerism by day +21 and sustained
remission despite post-transplant complications. The remarkable efficacy
observed in this refractory T-LBL case, contrasting sharply with historical
treatment outcomes, suggests that the DMPD regimen may serve as both an
immediately actionable and potentially definitive therapeutic approach for elderly
patients who are ineligible for hematopoietic stem cell transplantation.

KEYWORDS
case report, daratumumab, elderly, refractory, T-lymphoblastic lymphoma, umbilical
cord blood transplantation

Introduction

T-cell lymphoblastic lymphoma (T-LBL) is a rare but highly aggressive neoplasm,
characterized by diffuse infiltration of T-lymphoblasts into the mediastinum, bone marrow
(BM), and central nerve system (CNS) (1). It is similar with T-cell acute lymphoblastic
leukemia (T-ALL) except for the latter has > 25% bone marrow blasts (2). Although the
prognosis of adult T-LBL has been improved during the past 10 years due to the
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introduction of pediatric-Like ALL therapy — achieving CR/CRu in
90.8% of patients and 3-year rates of 69.2% overall survival (OS) —
those patients over 50 years of age remain poorer in response and
outcome with 5-year OS rate as low as 26% (3-5). The outcome
remains dismal once the disease is relapsed, with median survival of
7.1 to 8 months and 2-year OS rate is merely 23% (6, 7). There are
few therapeutic salvage options for refractory or relapsed (R/R)
patients. New hope has been brought for R/R T-LBL patients by
novel agents such as nelarabine, venetoclax and daratumumab (8,
9). However, nelarabine is not yet available in China, while
venetoclax combinations demonstrate inconsistent efficacy due to
dynamic shifts in apoptotic dependencies (10).

Herein, we report a case of a 60-year-old man with refractory T-
LBL who achieved CR after one cycle of daratumumab combined
with liposomal mitoxantrone, pegaspargase and dexamethasone,
and then was successfully bridged to umbilical cord blood
transplantation (UCBT).

Case presentation

A 59-year-old male patient was admitted to other hospital on 26
December 2023, due to multiple enlarged lymph nodes and night
sweats for several days. Physical examination showed enlarged lymph
nodes in the neck, bilateral clavicle areas, and axilla. Positron
emission tomography-computed tomography (PET-CT) revealed
multiple enlarged lymph nodes in the neck, bilateral clavicle areas,
axilla, mediastinum, abdominal cavity, and retroperitoneum with
increased 18F-Fluorodeoxyglucose (18F-FDG) uptake (Figure 1A).
Laboratory examination revealed pancytopenia: hemoglobin 8.9 g/dL,
white blood cell count (WBC) 1.56x10°/L, and platelet count 68x10°/
L. Peripheral blood smear showed 6% blasts and 2% atypical
lymphocytes. Blood Epstein-Barr virus DNA was negative, and
serum lactate dehydrogenase was normal. Bone marrow (BM)
aspirate showed 5.2% lymphoblasts. Flow cytometric
immunophenotyping of BM for leukemia-associated
immunophenotypes (LAIP) showed positive for membrane CD3,
cytoplasmic CD3, CD7, CD34, and CD2, with negative CD5, CD48,

Abbreviations: T-LBL, T-cell lymphoblastic lymphoma; BM, bone marrow; CNS,
central nerve system; T-ALL, T-cell acute lymphoblastic leukemia; R/R, relapsed
or refractory; CR, complete remission; Cru, unconfirmed complete remission; OS,
overall survival; PR, partial response; PD, progressive disease; PFS, progression-
free survival; TRM, treatment-related mortality; 18F-FDG, 18F-
Fluorodeoxyglucose; WBC, white blood cell count; RBC, red blood cell; TdT,
terminal deoxynucleotidyl transferase; PET-CT, positron-emission tomography-
computed tomography; CAR T therapy, chimeric antigen receptor T-cell therapy;
LAIP, Leukemia Associated Immunophenotype; FCM, flow cytometry; HSCT,
hematopoietic stem cell transplantation; UCBT, umbilical cord blood
transplantation; allo-PBSCT, allogeneic peripheral blood stem cell
transplantation; non-SCT, non-stem cell transplantation; IAT, indirect
antiglobulin test; DTT, dithiothreitol; hyper-CVAD, hyper-fractionated
cyclophosphamide, vincristine, doxorubicin, and dexamethasone; DMPD,
daratumumab, liposomal mitoxantrone, pegaspargase and dexamethasone;
DFM, daratumumab, fludarabine, melphalan; MRD, minimal residual disease;

GVHD, graft-versus-host disease.
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and CD99. BM biopsy demonstrated normal cellular with infiltration
of immature cells with positive CD34 and negative CD3. Left neck
lymph node biopsy and immunohistochemistry demonstrated T-LBL
with positive stains of terminal deoxynucleotidyl transferase (TdT),
CD4, CD7, CD43, and LMO2, and with Ki-67 positivity in
approximately 70% of cells. Weak positivity was observed for CD3,
CD5, and PAX-5. CD2, CD8, CD19, CD21, and AE1/AE3 were
negative. Chromosomal analysis showed normal karyotype. Based on
the comprehensive findings, the patient was diagnosed with T-LBL
(IV, B, IPI 2) in the hospital outside. Four cycles of modified hyper-
CVAD scheme were administered from 30 January 2024. Intrathecal
injection of methotrexate, cytarabine, and dexamethasone was
performed, without sign of central nervous system (CNS) disease
infiltration. However, only partial remission (PR) was obtained
(Figure 1B). The regimen of venetoclax combined with azacitidine
(VA) were further given. Measurable residual disease (MRD) of BM
before the second cycle of VA regimen identified 0.63% of T
lymphoblasts with positive CD34, CD38, CyCD3, CD7, CD5,
CD117 and CD13 (Supplementary Figure 1). Unfortunately, BM
aspiration still showed 8.5% blasts with obvious pancytopenia after
three more cycles. Furthermore, PET-CT scan revealed that the
number and size of infiltrated lymph nodes significantly increased
(Figure 1C), indicating the disease progressed. The patient was
referred to our hospital for further treatment. Routine blood test
showed WBC 0.22 x 10°/L, ANC 0.16 x 10°/L, Hb 5.5 g/dL, and
platelet count 37 x 10°/L.

Based on the documented ubiquitous expression of CD38 on T-
lymphoblasts which was also confirmed in our case (11), a DMPD
salvage regimen (Figure 2A), composed of daratumumab (12 mg/
kg, day 0), liposomal mitoxantrone (30 mg/m? day 1), pegaspargase
(2500 IU/m?, day 7), and dexamethasone (16 mg qd, days 1 to 7),
was administered from 24 September 2024. After one cycle of this
treatment, complete remission (CR) was obtained, (Figure 1D)
while MRD of BM assessed by FCM turned negative. There was
no obvious treatment emergent adverse event occurred. Then,
UCBT was subsequently proceeded, using the conditioning
regimen of DFM (daratumumab 12mg/kg day -9, fludarabine 30
mg/m? from days -8 to -4, melphalan 70 mg/m? for days -3 and -2).
Acute graft-vs-host disease (aGVHD) was prevented with
mycophenolate mofetil and cyclosporin. Two units of
mismatched unrelated UCBs (8/10 and 7/10 matched,
respectively) were transfused on day 0. Short tandem repeat
(STR) analysis of peripheral blood on day +21 demonstrated
complete chimerism (99.63% donor-derived cells). Neutrophil
and platelet engraftments were obtained on days +26 and + 67,
respectively. The patient maintained sustained CR to date, although
several complications occurred successively, including hemorrhagic
cystitis with dysuria, skin chronic GVHD of grade 1, HHV-6
encephalitis, and herpes zoster virus reactivation. The UCBT
treatment process is shown on Figure 2B.

Discussion and conclusions

High-intensity chemotherapy remains the frontline treatment
for children, adolescents and young T-ALL/LBL adults. For the
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FIGURE 1

Dynamic evaluation of enlarged lymph nodes using PET-CT and CT. Enlargement and reduction of lymph nodes at initial diagnosis (A), PR (B), PD

(C), and CR (D) by PET-CT evaluation. The red arrows indicate the

lymph nodes
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FIGURE 2

complete chimerism

The timeline of DMPD salvage regimen treatment and UCBT process and in this case. (A) Hyper-CVAD: hyper-fractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone; VA, venetoclax and azacitidine; Dara, daratumumab; Lipo-MIT, mitoxantrone liposomal; Dex,
dexamethasone; PegAsp, pegaspargase; PR, partial response; PD, progressive disease; CR, complete remission. (B) Dara, daratumumab; Flu,
fludarabine; Mel, melphalan; CSA, cyclosporin; MMF, mycophenolate mofetil; UCBT, umbilical cord blood transplantation; NEUT, engraftment

neutrophil engraftment; PLT, engraftment: platelet engraftment
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elderly patients, the optimal treatment plan has not yet been
determined. Targeted therapy is still lacking due to few available
agents for both newly diagnosed and R/R patients. CD38 represents
a compelling therapeutic target due to its homogeneous, stable
expression on malignant T-lymphoblasts across all disease phases—
newly diagnosed, minimal residual disease positive, refractory, and
relapsed, preventing loss of patient response to daratumumab (11).
Preclinically, daratumumab eliminates T-lymphoblasts via direct-
on tumor, and apoptosis induction, mechanisms independent of
BCL-2 inhibition pathways (12, 13). Clinically, the DELPHINUS
trial demonstrated daratumumab’s activity in pediatric R/R T-ALL/
LBL, with a 30% CR rate after one cycle and successful HSCT
bridging in 30% of T-LBL patients (14). However, evidence
remained absent for patients over 60 years with sequential multi-
agent chemotherapy failure (15), underscoring the novelty of this
case. Although nelarabine is used as salvage therapy for R/R T-LBL,
its efficacy remains suboptimal, with reported 1-year OS rates
ranging from only 37% to 52.4% (9, 16). Furthermore, the
accessibility of nelarabine in China has not been established. On
the other hand, venetoclax-based regimen is an effective approach
to R/R T-LBL (17), Yahia et al. reported a relapsed 65-year T-LBL
case that achieved CR with one cycle of venetoclax combined with
the CHG regimen (18). However, BH3 profiling in ALL
demonstrates that during venetoclax treatment, BCL-2
dependence shifts to BCL-xL or BCL-2/BCL-xL dependence,
thereby driving venetoclax resistance (10). This may explain why
our patient progressed after underwent four courses of the VA
regimen. While CD7-directed CAR T-cell therapy achieves high
remission rates, pivotal trials excluded patients >47 years (19).
Crucially, daratumumab offers immediate accessibility as an
approved off-the-shelf agent, bypassing CAR T-cell

TABLE 1 Salvage regimens and outcomes in R/R T-LBL.

References and year Classification Regimen

Shi H et al (2024) (8) A single-arm, open-

Dara and Ven combined with CAGE regimen: Up to 2 cycles (28-
day: Day 0, Dara 12 mg/kg; Days 0-7, Ven 100 mg+ G-CSF 150

10.3389/fimmu.2026.1743398

manufacturing delays (typically 3-6 weeks), logistical complexity,
and high costs. The salvage therapies are listed in Table 1.

The DMPD salvage regimen leveraged critical synergistic
properties: Liposomal mitoxantrone enhanced lymphoid
malignancy penetration while potentially mitigating cardiotoxicity
(20), pegaspargase exploited metabolic vulnerabilities through
asparagine depletion, disrupting protein synthesis in lymphoblasts
(21), daratumumab provided immunomodulation and direct tumor
targeting, independent of apoptotic dependencies compromised in
venetoclax-resistant disease (22). Dexamethasone, a cornerstone of
most therapeutic regimens for lymphoid malignancies in adults,
exerts its effects through growth arrest, induction of programmed
cell death, and mitigation of chemotherapy-related side effects (23).
This combination approach achieved rapid tumor debulking within
a single cycle, indicating a faster response than the daratumumab
plus bortezomib and dexamethasone regimen in another R/R T-
LBL case (24), and greater efficacy than daratumumab plus
nelarabine salvage therapy in another case (25).

The DMPD regimen demonstrated manageable toxicity in this
elderly patient. No treatment-related mortality (TRM) occurred,
contrasting with the 11.8% TRM observed in some salvage regimens
(26). This study has several important limitations inherent to its
design as a single-center case report. First and foremost, the
experience of a single patient cannot be generalized to establish
the safety, efficacy, or optimal dosing of the DMPD regimen for the
broader population with R/R T-LBL. The observed favorable
outcome may be influenced by unique patient characteristics,
including disease biology, prior treatment history, and overall
fitness. Furthermore, the retrospective nature of the analysis
means that data collection was not prospective or protocol-
defined, which may introduce reporting bias. Despite these

Outcomes

57.1% (ORR), 47.6% (CR)

label, and phase I study

ug daily; Days 1-7, cytarabine 25 mg/m” + aclarubicin 7.5 mg/m*
+ etoposide 25 mg/m” daily.

A multicent
Candoni A et al (2019) (9) multicenter
retrospective study

Nelarabine based regimens: At least one cycle (21-day) of
nelarabine at standard dose (1500 mg/m?/day, days 1, 3, 5), as
monotherapy or in combination.

37% (1-year OS), 18% (5-year OS)

A Iticent
Shimony § et al (2023) (16) m lcefl e
retrospective study

Nelarabine based regimen: At least one cycle (21-day), pediatric
650 mg/m?*/day for 5 days; adult 1500 mg/m?/day, days 1, 3, and
5), as monotherapy or in combination.

52.4% (1-year OS), 37.6% (2-year OS)

Pullarkat VA et al (2021) (10) | A phase I study

Ven based regimen: venetoclax 400 mg + navitoclax at three dose
levels:25 mg (245 kg), 50 mg (245 kg); 25 mg (20 to <45 kg), 100
mg (245 kg); 50 mg (20 to<45 kg)

66.7% (1-year OS)

Bhatla T et al (2024) (14) A phase II study

A multicent
Cerrano M et al (2022) (15) mu lcef1 er
retrospective study

Dara based regimen: Dara (16mg/kg) combination

Dara based regimens: Dara 16 mg/kg weekly x8, then Q2W x8,
then monthly until PD (monotherapy or combination)

20% (2-year OS), 50% (2-year RFS)

20% (ORR)

Lu P et al. (2022) (19) A phase I trial

Guan W et al. (2020) (26) A phase I/II trial

CD7 CAR-T therapy: NS7CAR T cells: 0.5, 1-1.5, or 2 x 10° cells/
kg (single infusion)

Chi based regimen: Chi combination for 2 cycles

Day 28: 95% CR/CRi (19/20; all are
BM MRD negative.

54.2% + 16.2% (2-year PFS)

Ven, venetoclax; Dara, daratumumab; Q2W, every 2 weeks; ORR, objective remission rate; CR, complete remission; OS, overall survival; RFS, relapse-free survival; CAR T therapy, chimeric
antigen receptor T-cell therapy; NS7CAR T, naturally selected 7CAR; CRi, complete remission with incomplete hematologic recovery; BM, bone marrow; MRD, minimal residual disease; Chi,

chidamide; PFS, progression-free survival.
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limitations, our findings warrant further investigation. Future
prospective studies should systematically validate CD38 and other
biomarkers, optimize chemotherapy backbones to reduce toxicity,
and explore rational combinations, such as with BCL-xL inhibitors
for venetoclax-resistant disease. Crucially, clinical trials should
prioritize the inclusion of elderly patients, who constitute one-
third of T-LBL cases yet remain underrepresented in current studies
(4, 27).

Hematopoietic stem cell transplantation (HSCT) is an essential
intervention for R/R T-LBL, significantly improving prognosis
compared to patients not receiving this treatment (7). Moreover,
in a T-LBL cohort study, the allo-PBSCT group demonstrated
significantly higher 2-year OS and PFS compared to the non-SCT
group (27). Rapid availability with no risk to the donor, low
immunogenicity and less HLA-match stringency of umbilical
cord blood expand donor options for elderly patients (28), thus
serving as a viable alternative for critically ill seniors requiring
emergency transplantation, evidenced by 100% donor chimerism by
day 21 post-transplant. Prior daratumumab may interfere with the
indirect antiglobulin test (IAT) of blood typing. To minimize the
requirement for red blood cell transfusions during transplant,
several considerations must be taken into account. Firstly, it is
advisable to choose donor stem cells of the same blood type as much
as possible. Secondly, hemoglobin levels can be increased before
transplantation if high blood transfusion demand is expected.
Moreover, corresponding methods should be used to block the
binding of anti-CD38 antibody with CD38 molecule and eliminate
this interference, such as treating reagent RBCs with dithiothreitol
(DTT), if a patient requiring blood transfusion shows signs of
hemolysis (29). Lastly, erythropoiesis-stimulating agents may be
used off-label in the early stages of hematopoietic reconstitution.
Meanwhile, the two major risks (transplant failure and increased
TRM) of UCBT appear to have been avoided in this case (28),
potentially attributable to daratumumab’s immunomodulatory
properties facilitating prompt engraftment. Despite the
occurrence of transplant-associated complications, the patient
attained sustained remission, defying the documented 5-year OS
rate of only 4% in historical cohorts with comparable disease
characteristics (6).

We report the first published successful use of daratumumab-
based chemoimmunotherapy as salvage therapy enabling UCBT in
a 60-year-old with refractory T-LBL, this strategy overcame age-
related therapeutic exclusion and achieved rapid, deep remission
where conventional hyper-CVAD and novel agents (VA) failed.
Additionally, it bypassed the clinical obstacle of nelarabine
inaccessibility in China currently, providing a viable alternative. It
offers a clinically accessible blueprint for bridging high-risk elderly
patients to curative transplantation and underscores CD38’s
therapeutic relevance in T-cell malignancies beyond
multiple myeloma.
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