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Abstract 
Minimal residual disease (MRD) appears to have a strong negative predictive 
value for disease recurrence in children with anaplastic large cell lymphoma 
(ALCL). Brentuximab vedotin (BV) can be a therapeutic option for MRD- 
positive patients to achieve molecular remission and to decrease risk of sub-
sequent relapse. We here report a 4-year-old child with ALCL progression 
during relapse treatment who received BV as a bridging therapy before hap-
loidentical hematopoietic stem-cell transplantation, and as a maintenance 
therapy post-transplant alone or combined with simultaneous low dose do-
nor-lymphocyte infusions. MRD monitoring showed a complete molecular 
response and reflected both BV efficiency and graft-versus-lymphoma effect. 
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1. Introduction 

Despite the high remission rate in childhood anaplastic large cell lymphoma 
(ALCL) achievable through various conventional chemotherapy treatments, 
disease recurrence occurs in approximately one third of patients, without signif-
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icant progress over the last decade [1] [2] [3]. Nucleophosmin-anaplastic lym-
phoma kinase (NPM1-ALK) expressing cells can be detected in peripheral blood 
in around half of children with ALK-positive ALCL and are a useful tool for 
chemotherapy response assessment [4]. Minimal residual disease (MRD) ap-
pears to have a strong negative predictive value for disease recurrence in child-
ren with ALCL [5]. 

The majority of relapsed patients are required to undergo allogeneic hemato-
poietic stem-cell transplantation (alloHSCT). Low relapse rate after alloHSCT, as 
well as effective donor-lymphocyte infusions (DLI) provides evidence for a graft- 
versus-lymphoma (GvL) effect [6] [7]. Incomplete immune reconstitution in the 
early post-alloHSCT phase, especially after haploidentical transplantation, leads 
to an increased risk of subsequent relapse. One of the new strategies to prevent 
relapse after alloHSCT is the target therapy. Brentuximab vedotin (BV), which is 
an antibody-drug conjugate that targets CD30, demonstrated sustained res-
ponses in patients with recurrent ALCL and had a very moderate adverse-effect 
profile [8]. BV has been suggested both as a bridge to alloHSCT and as a post- 
transplantation maintenance therapy, including combination with DLI [9] [10] 
[11]. The data of using BV in pediatric patients is very limited but encouraging 
[12] [13] [14]. 

Here is a report of a child with ALCL progression during relapse treatment 
who received BV before and after T-cell receptor (TCR)-αβ-depleted haploiden-
tical HSCT, alone or combined with simultaneous DLI. MRD monitoring showed 
a complete molecular response and reflected both BV efficiency and GvL effect. 

2. Case Report 

A 4-year-old female presented with high fever, right inguinal swelling, traces of 
blood in stool and enlarged right leg due to lymphostasis. Computerized tomo-
graphy (CT) and magnetic resonance imaging demonstrated lymphadenopathy 
in her inguinal, iliac and para-aortic nodes bilaterally, as well as involvement of 
pelvic soft tissues (Figure 1). An inguinal node biopsy revealed ALCL, common 
type, CD30+, ALK+, with t(2;5)(p23;q35). Cerebrospinal fluid did not show 
presence of lymphoma cells. Bone marrow was negative for CD30 and ALK ex-
pressing cells. But NPM1/ALK by TaqMan-based quantitative real-time poly-
merase chain reaction (RQ-PCR) was positive either in bone marrow or in peri-
pheral blood in a quantity of 7 and 140 copies NPM1/ALK per 10,000 copies of 
ABL (normalized copies numbers – NCNs), respectively (Figure 2). She started 
her treatment according to the ALCL99 regimen [1]. As the patient remained 
MRD-positive after prephase (12NCNs), the treatment was intensified after the 
1st inductive course, and she received 5 cycles with high dose methotrexate/cy- 
tarabin and L-asparaginase, designed for patients with high risk acute lymphob-
lastic leukemia [15]. She responded well and complete remission after the 2nd 
chemotherapy course was achieved. She became MRD-negative before the 2nd 
course and remained negative during the subsequent treatment. Two months 
after the therapy RQ-PCR showed a high positive NPM1/ALK-level in blood,  
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Figure 1. Magnetic resonance imaging demonstrates enlarged inguinal, iliac, para-aortic 
lymph nodes and involved pelvic soft tissues (denoted by red arrows) at diagnosis. 
 

 
Figure 2. Detection of NPM1-ALK in peripheral blood and bone marrow measured by 
means of RQ-PCR, and treatment overview after relapse diagnosis in patient with ALCL. 
BV, brentuximab vedotin; DLI, donor-lymphocyte infusion; PB, peripheral blood; BM, 
bone marrow; TFMA, a conditioning regimen of treosulfan (42 g/m2), fludarabine (150 
mg/m2), melfalan (140 mg/m2), rabbit anti-thymocyte globuline (7.5 mg/kg); CC, a che-
motherapy course of dexamethasone, vinblastine, cytarabine, etoposide, and intrathecal 
triplet; CVA, a chemotherapy course of lomustine, vinblastine, cytarabine. 
 
and just one week later she again presented with fevers and left axillary multiple 
lymph nodes enlargement. Early relapse of ALCL was confirmed by biopsy. In 
spite of lymphoma cells were not present in bone marrow smears, both bone 
marrow and peripheral blood were strongly positive for NPM1/ALK (10 and 
383NCNs, respectively). 

A second-line treatment was performed with ALCL relapse 2004 protocol [6]. 
Clinical response was observed after the 1st cycle. But after the 2nd cycle, chest CT 
revealed mixed dynamics in a size of lymph nodes involved and appearance of 
loci in both lungs, while NPM1/ALK-level in blood remained high (Figure 3). 
ALCL progression was diagnosed. The break between 2nd and 3rd courses (from 
start to start) was extended up to 30 days because of chickenpox. After the 3d 
chemotherapy course, 18F-fluorodeoxyglucose positron emission tomography 
(PET)/CT revealed stable disease, with the maximum standard uptake values 
(SUV max) 0.9 in lymph nodes. There was no evidence of CD30+ ALK+ cells in 
residual tumor obtained in second look biopsy of axillary lymph node. Due to 
absence of matched donor and persistence of NPM1/ALK positivity (103NCNs), 
monotherapy with BV 1.8 mg/kg every 21 days was initiated as a bridge to al-
loHSCT. Informed consent for treatment with BV was obtained from parents. 
Patient received 4 doses of BV and tolerated well. NPM1/ALK positivity de- 
creased rapidly and MRD returned to negative after the 1st BV. Twelve days after 
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Figure 3. Positron emission tomography/computerized tomography at progression dur-
ing relapse treatment reveals loci in both lungs (denoted by red arrows) without uptake, 
and residual tumor at left axillary area (denoted by red arrows) with SUV of 0.9. 
 
the 4th dose of BV TCR-ɑβ-depleted haploidentical HSCT from her father was 
performed (Figure 2). A myeloablative conditioning regimen of treosulfan, flu-
darabine, melfalan, and rabbit antithymocyte globulin was administered. The 
donor had KIR-receptors to C1 ligand (KIR2DL2/KIR2DL3), whereas the pa-
tient had C2 and Bw4KIR-ligands. The patient achieved neutrophil and platelet 
engraftment on days 16 and 11, respectively. She showed 100% donor chimerism 
on day 30 (STR-PCR, FISH). Immunosuppressive therapy was weaned to day 30. 
Her alloHSCT was complicated by cytomegalovirus infection. There were no 
signs of graft versus host disease (GvHD). RQ-PCR testing on day 30 showed 
NPM-ALK negativity in bone marrow, but 20NCNs NPM1-ALK in peripheral 
blood. Considering reappeared MRD, BV was administered at the dose of 1.2 
mg/kg every 3 weeks from the day 50 (Figure 2). Complete but very short-term 
molecular response was obtained, and rapid molecular relapse occurred after the 
3d BV infusion (241NCNs NPM1-ALK on day 100). The absence of GvHD signs, 
very low level of CD3+cells, and high NPM1-ALK-level were the reasons for DLI 
administration. The patient received totally 3 DLI every 21 days at the increasing 
doses (2x105/kg, 5x105/kg and 1x106/kg, respectively). BV was administered on 
the same days shortly after DLI. Both were tolerated very well. MRD conversed 
to negative after the 1st cycle of DLI and BV. She developed no clinical signs of 
GvHD afterwards. A PET/CT scan on day 180 showed that the lung loci have 
disappeared, SUV max 0.9 again in lymph nodes and negative in lungs. The pa-
tient continued to receive BV approximately every 3 weeks until T-cells recovery 
on day 255. Totally the patient received 14 doses of BV. The only side effects 
were moderate anemia and neutropenia. A PET/CT scan on day 280 showed 
neither evidence of active disease no residual tumor (Figure 4). The patient is  
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Figure 4. Positron emission tomography/computerized tomography demonstrates com-
plete clinical and metabolic remission on day 280 after haploidentical hematopoietic 
stem-cell transplantation. 
 
now 12 months from alloHSCT and 4 months from completion of BV in com-
plete clinical and molecular remission. 

3. Discussion 

A majority of ALK-positive ALCLs express NPM1-ALK fusion gene, which is a 
suitable target for a minimal disease assessment. As shown previously, high 
number of circulating lymphoma cells at diagnosis and their slow clearance 
during inductive treatment multiply risk of ALCL recurrence in children [4] [5]. 
Our patient had high initial NPM1-ALK-level in blood, remained MRD-positive 
after cytoreductive prephase, and relapsed shortly after the end of the treatment 
in spite of therapy intensification. Moreover, we observed very short time inter-
val between molecular relapse detection and first clinical symptoms of lympho-
ma recurrence. In spite of negative morphology of residual relapsed tumor and 
its minimal metabolic activity, patient preserved very high NPM1-ALK-expres- 
sion in blood, which reflected the evidence of active ALCL and made soon-to-be 
lymphoma progression almost inevitable. Therefore, we found it meaningful to 
perform and correct our patient’s treatment considering MRD data as well as 
PET/ CT and morphological response. 

In cases of limited chemosensitivity immunotherapy proves to be the rescue 
option. The efficiency of BV at the doses from 1.2 to 1.8 mg/kg in heavily pre-
treated children with ALCL was demonstrated in case reports and a small series 
of patients, with encouraging results [12] [14]. In our case we used BV as a mo-
notherapy before alloHSCT and observed rapid NPM1-ALK-expressing cells 
clearance from blood. As our patient was highly likely to relapse into early post- 
transplantation, before any graft-versus-tumor effect appeared, BV was admi-
nistered to prevent an early post-transplantation relapse. Retreatment with BV 
after alloHSCT demonstrated preserved sensitivity to BV and complete but very 
short-term molecular response, as rapid molecular relapse occurred after the 
third BV infusion. As it was previously published, retreatment with BV can in-
duce repeated complete remission in relapsed systemic ALCL when considering 
combining BV with other therapeutic options [16]. Lower dose of BV (1 mg/kg) 
also showed its efficiency in a young child treatment with refractory ALCL, mi-
nimizing toxic effects [13]. Our patient received BV at a dose of 1.8 mg/kg be-
fore alloHSCT, which was allowed to perform transplantation during molecular 
remission, and at a dose of 1.2 mg/kg after alloHSCT, which was adequate to 
induce molecular and sustain clinical response. 
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AlloHSCT has curative potential as a result of the underlying GvL effect, even 
in patients without complete clinical or molecular response. But haploidentical 
HSCT implies T-lymphocyte depletion, which postpones GvL manifestation, 
and increases the risk of an early post-alloHSCT relapse. Combined administra-
tion of BV and DLI leads to synergistic anti-tumor effect, and at the same time 
decreases risk and severity of GvHD due to immunomodulating effect of BV [7] 
[11]. DLI can result in potentially life-threatening GvHD, while administered to 
specifically induce or enhance CvL efficacy. We administered very moderate 
doses of CD3+cells, much lower, than previously reported. And an obvious CvL 
effect developed after the first DLI of only 2 × 105/kg and BV, resulted in rapid 
MRD negativity. It shows that even low doses of DLI can induct CvL effect. After 
3 DLI doses, there were no clinical signs of GvHD. The girl had a good quality of 
life during the treatment and attended the hospital only for a therapeutic infu-
sion. We didn’t find another report of combined BV with DLI post-transplant 
treatment in children with ALCL. 

The patient described here, failed 2 chemotherapy regimens. Administration 
of BV before and post alloHSCT resulted in a complete molecular response, 
whilst toxicity was minimal. Post-transplant efficacy should not be attributed to 
BV alone but rather to the combination of BV with low doses of DLI. MRD 
monitoring seems to be useful tool in management of children with NPM1- 
ALK-positive recurrent ALCL. 
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