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was 36.4% [5]. Infants who receive aggressive chemo-
therapy regimens are at high risk for acute and long-term 
adverse effects compared to older children [6], and non-
chemotherapy agents are greatly needed. Recent research 
investigating the use of immunotherapeutic agents [7, 
8] and CAR-T cell therapy [9–12] as well as new che-
motherapy regiments in this population is encouraging. 
Here we present a case of an asymptomatic newborn 
who was diagnosed in December of 2017 with congeni-
tal KMT2A-rearranged B-cell ALL on day of life (DOL) 
4 from incidental CBC showing hyperleukocytosis. He 
remains in remission with tolerable developmental delays 
and a good quality of life.

Observations
Our patient is a caucasian male born to a G1P1 30-year-
old Caucasian female via elective c-section at 39 weeks 
and 0/7 days. The pregnancy and delivery were uncom-
plicated. His weight was appropriate for gestational age 

Introduction
Neonatal leukemia is a diagnosis made before 1 year of 
life, with younger age at diagnosis associated with worse 
outcomes [1]. Presenting clinical features can include 
leukemia cutis, hepatosplenomegaly, lymphadenopa-
thy, and cardio-respiratory compromise [2]. Infant ALL 
can carry poor prognostic factors such as KMT2A- gene 
arrangement (KMT2A-r) [3].  and CNS status at time of 
initial diagnosis [4]. In a recent phase III randomized trial 
6-year event free survival in infants with KMT2A-r ALL 
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Abstract
Here we describe the case of an infant incidentally diagnosed with congenital KMT2A-rearranged (KMT2A-r) B-cell 
ALL on Day of Life 4. He received the first dose of intrathecal methotrexate on DOL 5, and induction systemic 
therapy on DOL 6. He demonstrated morphologic remission at the end of induction but had positive bone 
marrow. Minimal residual disease (MRD) was 1.4%. He experienced isolated CNS disease after consolidation and 
immunotherapy. At 8 months of age he underwent hematopoietic stem cell transplantation (HSCT). At 14 months 
of age he had medullary and CNS relapse, and at 16 months of age underwent CD19 CAR-T therapy. At 6 years of 
age he remains in remission with tolerable developmental delays and a good quality of life.
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and complete physical examination was normal. In the 
nursery he remained afebrile, passed meconium < 24  h 
from birth, and was breast feeding well. Transcutaneous 
bilirubin levels at 14 h of life (HOL), DOL 2, and DOL 3 
was zero, therefore a serum bilirubin and complete blood 
count (CBC) was collected. Serum bilirubin was within 
normal limits, but surprisingly CBC was remarkable for 
white blood cell (WBC) count of 108,000 K/uL with 80% 
blasts. The patient was subsequently transferred to our 
neonatal intensive care unit for workup and treatment of 
presumed infant leukemia.

Additional labs revealed LDH 1,102 U/L (reference 
range 0-437 U/L) and uric Acid 10.9  mg/dl (reference 
range 3.4-7.0  mg/dl). Hemoglobin, platelet count, kid-
ney, and liver function were normal. Peripheral blood 
flow cytometry confirmed B precursors ALL that nota-
bly lacked CD10, CD0, surface immunoglobins, and 
all myeloid antigens. CSF studies were negative for 
blasts. Cytogenetics showed abnormal karyotype; 46, 
XY, t(11;19)(q23.2;p13.3)[13]/46,XY[17]. FISH studies 
showed 11q23 KMT2A gene re-arrangement. There was 
no evidence of extramedullary involvement at the time of 
diagnosis.

The patient received intrathecal methotrexate on DOL 
5, and induction systemic chemotherapy was initiated on 
DOL 6. He was enrolled onto Children’s Oncology Group 
(COG) AALL015P1 research protocol (NCT02828358); 
a pilot study based on Interfant-06 back-bone with addi-
tion of the experimental drug azacitidine [11]. While 
receiving induction chemotherapy, the patient contin-
ued to breast feed and gain weight appropriately with 
limited toxicity. Prednisone response on day 8 showed 
0.17  K/µL blasts which was consistent with a poor 
responder. End of induction bone marrow evaluation 
showed morphologic remission but minimal residual 
disease (MRD) of 1.4%. End of consolidation bone mar-
row evaluation showed MRD of 0.63%. At 3-months of 
age, at the start of interim maintenance, he was found to 
have asymptomatic isolated CNS relapse. He continued 
intensified chemotherapy, including triple therapy with 
cytarabine, methotrexate and hydrocortisone intrathecal 

chemotherapy. Bone marrow was MRD negative at the 
end of interim maintenance. He received supportive ther-
apies including IVIG and palivizumab and experienced 
no significant infections. Due to being less than 1 year 
of age at the time, he was deemed ineligible for hemato-
poietic stem cell transplant (HSCT), and his disease bur-
den was maintained with blinatumomab. He was initially 
started on blinatumomab with standard 15 mcg/m2/day 
dosing, however after day 1 he developed lethargy, hypo-
thermia, and bradycardia, and seizures. He had CT head 
and MRI brain, and EEG without any abnormalities, and 
started levetiracetam. His dose of blinatumomab was 
lowered to 5 mcg/m2/day, and he finished the cycle with-
out further seizures.

He was treated with inotuzumab ozogamicin per 
ALL1621 protocol and received 2 cycles (dosed at 0.8 mg 
/m2 on day 1 and 0.6  mg/m2 on day 8 and 15 of each 
cycle,). After blinatumomab and inotuzumab he was con-
firmed CD19- and CD22-. At 8 months of age, he was 
transferred to an outside institution for HSCT, and was 
noted to have positive MRD and was his CNS was nega-
tive for disease burden. He then underwent conditioning 
chemotherapy with clofarabine, thiotepa, melphalan, and 
ATG, 2 days prior to HSCT. Transplant course was com-
plicated by severe mucositis (requiring prolonged TPN), 
veno-occlusive disease (which required defibrotide), 
respiratory failure (requiring intubation), epidural hema-
toma, seizures, and steroid induced adrenal insufficiency. 
He experienced combined medullary and CNS relapse 
6-months post HSCT at 14 months of age, with. a popu-
lation of blasts that were CD19+, CD22+, and CD10-.

The decision was then made to undergo immuno-
therapy with CART cell therapy as part of CTL119 (hu 
CART 19) humanized CART phase II study at an out-
side institution. He underwent T cell collection, followed 
shortly after with 3 drug re-induction chemotherapy per 
ALL0932 protocol with dexamethasone, vincristine, and 
PEG-asparaginase. Bone marrow after induction chemo-
therapy was MRD- and he the CNS was negative fordis-
ease. He received cyclophosphamide and fludarabine, 
then underwent CAR-T cell per 18CT014 protocol which 

Table 1 Treatment timeline
Date of Treatment Treatment Type Treatment
12/19/2017-4/2/2018 chemotherapy Chemotherapy according to AALL15P1 induction and interim maintenance phases
6/4/2018 Immunotherapy Blinatumomab 5 mcg/kg/day for 21 days (therapy was interrupted for 1 week due 

to development of seizures)
7/18/2018 immunotherapy Inotuzumab per AALL1621 protocol
9/1/2018-9/6/2018 Chemotherapy Conditioned with clofarabine, thiotepa, melphalan, and ATG
9/7/2018 Transplant Paternal haplo peripheral blood stem cell transplant
3/14/2019 T cell/immunotherapy T cell collection
3/14/2019 chemotherapy Reinduction with: Dexamethasone, methotrexate, vincristine per ALL0932 protocol
4/29/2019 Chemotherapy Cyclophosphamide 500 mg/m2 given IV twice, Fludarabine 30 mg/m2 IV for 4 doses
5/7/2019 T cell/immunotherapy CTL119 (hu CART 19) per 18CT014: humanized CART phase II study
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was a phase II trial at the time Table 1. He developed B 
cell aplasia and hypogammaglobinemia as expected, and 
this continues to be replaced with injections of IVIG to 
this day. He otherwise had limited toxicity from CAR- T 
cell therapy. He remains in complete remission at 6 years 
of age at the writing of this manuscript.

During his multiple treatment courses, he had some 
complications. At 2 years of age during a prolonged PICU 
course post HSCT he developed iatrogenic adrenal insuf-
ficiency and was noted to have elevated TSH. Pediatric 
endocrinology followed him, and he underwent a pro-
longed steroid taper for iatrogenic adrenal insufficiency. 
He later underwent a cosyntropin stimulation test, and 
growth hormone stimulation testing which was nor-
mal. His initial elevated TSH was thought to be due to 
sick euthyroid syndrome, but it remained elevated after 
discharge, and he was placed on 25 mcg levothyroxine. 
His thyroid studies were followed until 2 years of age to 
prevent long term effects on development. At 4 years of 
age, his thyroid studies normalized, and he came off levo-
thyroxine. As of this manuscript’s writing, he is no lon-
ger getting treatment for any endocrine pathology. Late 
effects of treatment also include a diagnosis of epilepsy at 
5 years of age. Neurological exams including mental sta-
tus, cranial nerves, motor, sensation, gait, coordination, 
and reflexes have been within normal limits. His linear 
growth has been consistently tracking in the 5th -10th 
percentile. Recent neuropsychiatric testing revealed a 
diagnosis of ADHD and difficulties with memory and 
synthesizing information together. He is currently in kin-
dergarten and does well academically with an individual 
education program (IEP) including occupational and 
speech therapy.

Conclusions
Infant ALL is rare and when associated with KMT2A-
Rhas dismal outcomes. Multiple cooperative studies 
conducted in different parts of the world has failed to 
improve outcomes due to chemoresistance and increased 
sensitivity of infants to chemotherapy toxicity. Sys-
temic exposure of chemotherapy drugs in the neonate 
and young infant is affected by absorption, distribution, 
metabolism, and elimination which are all influenced by 
physiological changes that occur during the neonatal and 
infant period [13]. Here we reported a case of congenital 
KMT2A-R B cell ALL diagnosed on DOL 4. At the time 
the physical exam was unremarkable, and he appeared 
well, unlike. prior cases reports of infants diagnosed 
within 24  h of life whichhad abnormal physical exam 
findings [14]. In addition, most neonatal ALL cases pres-
ent at a later age.

At the time of this writing, the patient is 6 years old, 
and he is doing well academically with the assistance of 
an IEP. This is astonishing given previous studies have 

shown that infants diagnosed with any type of leukemia 
at 6 months of age or less have many late-term toxicity 
effects than those older at initial diagnosis [15]. Although 
he is not the first infant diagnosed with KMT2A-rALL 
who is alive, he is still a unique case in that his initial 
diagnosis was incidental. Despite multiple relapses dur-
ing treatment the patient has had a favorable outcome, 
perhaps diagnosis before phenotypic disease presen-
tations contributed to his outcome, but this is hard to 
determine.

Over the past few decades, the treatment of congeni-
tal ALL with KMT2A-r has evolved including aggressive 
multi-agent chemotherapy, selective use of hematopoietic 
stem cell transplants, immunotherapy, and most recently 
the introduction of CAR-T cell therapy [16]. Balanc-
ing efficacy and toxicity are crucial, as severe adverse 
drug reactions may lead to treatment failure or reduced 
adherence.

MRD after induction and consolidation chemotherapy 
is a prognostic factor in infants with ALL [4, 17, 18]. It 
is noted that our patient had MRD of 0.63% after con-
solidation chemotherapy and later experienced multiple 
relapses as is common in cases of congenital KMT2A-
rearranged B-cell ALL with initial elevated MRD [2, 4]. 
Interestingly at the time of diagnosis he had no CNS 
involvement, but initial relapse was isolated to the CNS. 
This is different than prior cases in which relapse in the 
bone marrow is often without CNS involvement [19]. 
Our patient is exceptionally unique in that he received 
multiple immunotherapies’ including blinatumumab, 
inotuzumab ozogamicin, and later CD19 CAR- T cell 
therapy. Most prior reported cases had received CAR T 
cell therapy prior to HSCT. However given our patients 
age of less than 1 year with relapse, at that time he was 
not a candidate for CAR-T cell therapy and therefore 
HSCT was done first [9, 11, 12]. Perhaps CAR-T therapy 
after HSCT led to further survival in our patient, as it has 
been found to be helpful at clearing CNS disease in prior 
studies [10]. In addition, our patient was treated with 
Blinatumomab prior to HSCT which has previously been 
found to have event free survival to age 3 years old of 47% 
and overall survival of 81% at 3 years of life [7]. However, 
our patient developed seizures after treatment with Blin-
atumomab, which has not been recorded in other more 
recent trials [7]Since CAR-T cell treatment the patient 
continues to do well.

After multiple relapses and therapies at such a young 
age it is surprising how well our patient tolerated them. 
Although he has developed epilepsy and some develop-
mental delay, he is able to attend school with an IEP and 
does well academically. His case warrants discussion as 
he has done well developmentally, which can be referred 
to with future cases of ALL presenting in the neona-
tal period. In addition, he received most known current 
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treatment modalities including chemotherapy, immuno-
therapy with Blinatumomab and Inotuzumab ozogamicin 
prior to HSCT, and finally CAR-T cell therapy.
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