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SUMMARY

Introduction Spinal muscular atrophy (SMA) and acute lymphoblastic leukemia (ALL) are rare diseases,
with usual onset in childhood. To date, no cases have been reported where these conditions co-exist in
one patient. Nusinersen has not been used concurrently with chemotherapy for ALL in children. The aim
of the paper is to present two patients with two rare diseases and the results of their therapy.
Outlines of cases We describe two patients diagnosed with SMA and ALL. The first patient received
nusinersen, while the second did not receive SMA treatment. ALL in both patients was successfully cured
by the appropriate treatment protocol. In the first patient, nusinersen was temporarily discontinued but
restarted during the maintenance phase of chemotherapy. The chemotherapy regimen in the first patient
was modified during the maintenance of ALL treatment.

Conclusion The concomitant use of nusinersen and chemotherapy for ALL in our first case was safe,
demonstrating good efficacy and tolerance without significant interactions or adverse events. We consider
the occurrence of ALL and SMA in our both patients to be just coincidental; however, further research is

needed to clarify many dilemmas about potential connections between these two rare diseases.
Keywords: rare disease; nusinersen; chemotherapy; concomitant

INTRODUCTION

Spinal muscular atrophy (SMA) is a rare neu-
rodegenerative disorder characterized by pro-
gressive muscular weakness and hypotonia. It
is caused by the homozygous deletion of the
survival motor neuron 1 gene (SMN1), leading
to the degeneration of alpha motor neurons in
the spinal cord. The incidence of SMA is ap-
proximately 1 in 6000 to11,000, but the carrier
frequency is much higher [1, 2].

Until recently, SMA had a devastating prog-
nosis. A new therapeutic era began when the
first SMA treatment, nusinersen, was approved.
[3]. Administered intrathecally, nusinersen
targets the SMN2 gene, resulting in increased
production of SMN proteins. It has shown ef-
ficacy, improving global motor function and
quality of life [4].

Acute lymphoblastic leukemia (ALL) is the
most prevalent malignant disease in childhood
[5]. The incidence of ALL ranged from 1-2 per
100,000 [6]. Despite being the most common
malignancy in childhood, ALL remains a rare
condition.

This paper presents two patients diagnosed
with two rare diseases - SMA and ALL - as
an unusual comorbidity, as well as the results
of their therapy. In our cases, neither disease
significantly influenced the clinical course of
the other.

REPORTS OF CASES
Case 1

Our first patient was a four-year-old girl
who was diagnosed with SMA type 2 at three
months of age, with three copies of the SMN2
gene. The diagnosis had been suspected prena-
tally due to a positive chorionic villus test. At
the time of diagnosis, she was asymptomatic,
and neurological examinations were normal.
The first clinical symptoms became observ-
able at seven months of age, presenting as mod-
erate hypotonia, weakness, and areflexia. She
achieved independent sitting at nine months of
age, but there was no further improvement. The
initial CHOP-INTEND score was 44/64. The
HINE score was 4/26. Other pediatric exami-
nations and blood tests were normal, with no
respiratory complications. Over time, moder-
ate disease progression was observed consistent
with the natural course of the disease.
Nusinersen was started at the age of two
years and two months according to a standard
protocol. After the fourth dose, a mild motor
improvement was observed. All laboratory
tests had been normal over time. However, 1.5
months after the fourth dose of nusinersen,
she began to feel sick, with poor appetite, pal-
lor, and anorexia. The blood samples revealed
anemia (hemoglobin 3.1 g/dL) and thrombo-
cytopenia (17,000/mm?*). The bone marrow
aspiration showed 95% L1-type lymphoblasts,
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and B-cell ALL was diagnosed, with no central nervous
system involvement (CNS stage 1) [6]. All genetic tests
were normal without any common genetic mutations (e.g.,
Bcr/Abl, MLL/AF4, PBX1/E2A gene fusions etc.) [7].

ALL therapy was immediately started according to IC-
BFM 2009 protocol [six-month induction phase of chemo-
therapy, followed by a maintenance phase including four
intrathecal methotrexate (MTX) doses] [8], while nusin-
ersen was discontinued. Complete remission established
on the 33rd day, classified into the intermediate-risk group
[9]. Consequently, ALL treatment continued with the IC-
BFM 2002 protocol for the next 23 months.

Four months after the beginning of the maintenance
phase of ALL therapy and 13 months after the last dose of
nusinersen, the SMA therapy was continued. Regarding to
ALL therapy, slight modifications were made to the MTX
regimen in the maintenance phase, with the reduction of
two intrathecal MTX doses (administered on the fourth
and 20th weeks instead of the fourth, eighth, 12th and 16th
weeks of the maintenance phase).

Despite the successive administration of two different
drugs through the same route and the modification to the
MTX regimen, our patient did not experience significant
adverse effects and drug interactions. No significant SMA
progression was observed during ALL therapy, and the
results of the follow-up motor tests were almost identical
to the previous ones (12/26 vs. 13/26 in the HINE test).

Case 2

Our second case is a 20-year-old woman diagnosed with
SMA type 3 at 20 months of age with three copies of the
SMN2 gene. The first clinical symptoms appeared at 18
months of age, after she had started walking. She did not
receive any causal SMA therapy due to the unavailability
of treatment at that time. Clinical progression followed
the natural course of the disease, and she lost the ability
to walk by six years of age.

At the age of four years, she began to feel unwell, tired,
apathetic, and pale. The complete blood count revealed
anemia (hemoglobin 8.7 g/dL) and thrombocytopenia
(60,000/mm?), raising suspicion of malignant blood dis-
ease. The results of bone marrow aspiration showed 97%
L1-type lymphoblasts, leading to a diagnosis of pre-B type
ALL with no central nervous system involvement (CNS 1)
[6]. The standard ALL treatment according to the ALL IC-
BFM 2002 protocol was initiated, and complete remission
was achieved on the 33rd day of treatment. Classified as
an intermediate-risk group [9], she continued treatment
according to the same ALL protocol for the remaining 23
months.

Despite the concurrent SMA, our patient showed a fa-
vorable clinical response to ALL therapy and did not expe-
rience any unexpected adverse effects related to SMA. The
course of SMA followed its natural progression without
any unexpected deterioration due to ALL.

All procedures involving human participants were in ac-
cordance with the ethical standards of the institutional and
national research committees and with the 1964 Helsinki
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Declaration and its later amendments or comparable ethi-
cal standards. Written consent to publish all shown mate-
rial was obtained from the patient.

DISCUSSION

We present two patients diagnosed with two rare diseases —
SMA and ALL. SMA in the first patient treated with nusin-
ersen, while the second did not receive any SMA treatment
due to the unavailability of specific therapy at the time.
ALL in both patients was successfully treated according to
the appropriate treatment protocol [10]. In the first patient,
simultaneous therapy with nusinersen and chemotherapy
demonstrated good efficacy and tolerance, with no interac-
tions or significant adverse events. This paper may serve
as an example of a clinical approach for managing ALL in
children with SMA treated with nusinersen.

The question arises: is there a relationship between the
two diseases — genetic, geographical, or environmental - or
are they merely coincidental? To the best of our knowledge,
we did not find any observable direct or indirect associa-
tion in the occurrence, development, and course of these
two rare diseases. SMA is a rare autosomal recessive mono-
genic disease caused by biallelic mutations — deletion in
the SMNI gene located on the 5913 chromosome in 95%
of cases. In less than 5% of cases, it may be caused by a
heterozygous mutation of the SMN1 gene associated with
a point mutation on the other SMNT allele [2]. ALL is an
acute sporadic malignant disease of the blood character-
ized by abnormal proliferation of the malignant immature
B- or T-cells of the blood. Its etiology is unknown and
involves multifactorial influences, including environmen-
tal and genetic factors such as translocations (e.g., t(1;19)
[TCF3-PBX1], t(12;21) [ETV6-RUNXI1], t(9;22) [BCR-
ABL1]), MLL rearrangements, hypo/hyperdiploidy, intra-
chromosomal amplification of chromosome 21, mutations
of the JAK2 gene [11, 12, 13].

According to the literature, there is limited information
regarding chromosome 5 abnormalities in the context of
B-cell ALL. Trisomy of chromosome 5 has been reported
in some cases B- or T-cell ALL and now presents one of the
cytogenetic subgroups of ALL in the pediatric population
with a poor prognosis [14]. Deletion of the long arm of
chromosome 5 (5q) has been observed in myelodysplastic
syndromes (10-15%) and acute myeloid leukemia, and
rarely in T-cell ALL in both adults and children, but not
in B-cell leukemia [15]. Among the rare cases reporting
chromosome 5 abnormalities in ALL patients, none have
5q13 abnormalities, which is a significant gene locus for
SMA occurrence [16].

According to our best knowledge, this paper is the first
presentation of two patients with both SMA and ALL.
Although there have been a few reported cases of SMA
co-occurring with other malignancies, none of these pa-
tients were treated with nusinersen [17-21]. Yaris et al.
[17] reported a case of a child with SMA and disseminated
alveolar rhabdomyosarcoma. Three years later, Rudnik-
Schoneborn et al. [18] described two cases of SMA type
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Figure 1. Schedule of spinal muscular and acute lymphoblastic leukemia (ALL) treatment in case presentation 1

II and IIla associated with alveolar rhabdomyosarcoma,
diagnosed at the age of 15 and 19 years, respectively. In
2015, Sag et al. [19] documented a four-month-old infant
with SMA type 1 and neuroblastoma, while Blatt and Gold
[20] reported a three-year-old diagnosed with stage-4 neu-
roblastoma, whose sister had SMA type 1. Additionally,
there is one documented case of ependymoma in an adult
female with SMA type 4 [21].

The revolution in SMA treatment and the availability
of specific therapy for SMA raise several questions: Are
there any connections between SMA therapy and the oc-
currence of ALL? How might SMA therapy influence ALL
treatment, and vice versa? What are the implications of ad-
ministering different medications through the same route?
According to previous clinical studies, nusinersen, the first
approved specific therapy for SMA for patients of all age
groups, has proven to be effective, especially in presymp-
tomatic patients, and is considered to be safe treatment as
well. The adverse effects of nusinersen are generally mild
and temporary [3, 4, 22]. Myotoxicity, a common adverse
effect of chemotherapy, has not been reported as a side
effect of nusinersen, although it can lead to mild throm-
bocytopenia. Besides mild changes in urine protein levels,
nusinersen does not significantly change other laboratory
parameters [23, 24].

Considering the well-known adverse effects of chemo-
therapy, we had several concerns about the simultaneous
use of nusinersen and ALL therapy in our first patient,
especially considering the same route of administration for
nusinersen and MTX [25]. According to literature on the
pharmacokinetics, nusinersen has demonstrated minimal
drug-to-drug interactions. Intrathecal administration of
nusinersen results in low plasma concentration, with mini-
mal impact on peripheral tissues, blood, and the CYP450
system in the liver [26]. Given this consideration, we an-
ticipated no significant interactions between nusinersen
and chemotherapy in our patient. However, due to limited
knowledge regarding the concurrent use of these medica-
tions, we temporarily discontinue nusinersen during the
induction phase of ALL treatment and restart it during
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the maintenance phase, when the ALL treatment regimen
is less intense. We resumed nusinersen four months after
the initiation of the maintenance phase of ALL therapy.
Despite the significant interval between nusinersen doses
(almost 13 months between the fourth and fifth dose), we
opted to continue nusinersen according to the standard
maintenance protocol every four months. In addition, we
modified the intrathecal MTX schedule during the main-
tenance phase of ALL therapy to mitigate potential inter-
actions between nusinersen and intrathecal MTX, and to
reduce the frequency of lumbar punctures. Throughout
the maintenance phase, our patient received four doses of
nusinersen and two doses of MTX intrathecally, with at
least one-month interval between nusinersen and MTX
(Figure 1). Our patient did not experience adverse effects
or interactions from either therapy [3, 4, 26].

Finally, we question whether nusinersen has had any
impact on carcinogenesis in our first patient. Preclinical
studies have suggested that subcutaneous nusinersen ad-
ministration in mouse models could increase the risk of
vascular tumors [26]. However, according to current ref-
erences, there is no evidence suggesting that nusinersen
influences the development of other malignancies. To the
best of our knowledge, we do not believe nusinersen af-
fected malignancy in our patient; nevertheless, further
research is needed to resolves these concerns.
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CnuHanHa muwuhHa atpoduja U akyTHa iMmdobnacTHa neyKemuja — aa 1M je camo

CAyyajHoCT?

KpuctuHa JoBaHoBuh', JoaHa lumuh', Munow bpkywanuH?, ejan Hukonuh'?, Nejan LLkopuh'3

'YHnBep3uTETCKa Aeyja KNnHUKa, beorpag, Cpbuja;

2YHneep3uTet y beorpaay, brionolwku dakyntet, LieHTap 3a xymaHy MonekynapHy reHetrky, beorpag, Cp6uja;

YHneep3uTet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja

CAMETAK

YBopa CnviHanHa muwmhHa atpoduja (CMA) 1 akyTHa numdo-
6nactHa neykemuja (AJ1J1) peTke cy bonectu Koje ce 06MYHO
jaBmajy y aeturcTy. [lo cafa Huje 3abenexkeHo fa oBe ABe
6onecTn Koeramctmpajy Kog jegHor 6onecHuka. HycuHepceH
joL yBeK HUje MprMereH y KOMOMHaLIMjX ca XeMOTepanujom
Kop feLle.

Linb oBor pafa je Aa npencTaBy ABa 6onecHMKa ca ABe peTke
6onecty, Kao 1 pe3ynTaTe HUXOBOT leyetba.

Mpukas 6onecHuka MprikasyjeMo gBa 6oecH1Ka KOA Kojux
je anjarHocTukosaHa CMA un AJIJ1. MpBewy 6onecHK je npumao
HYCMHepCeH, AOK Apyru 6onecHnK Huje fobro HujegHy CMA
mopudukyjyhy Tepanujy. AJIJ1 je kof 06a 6onecHuKa ycnewHo
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n3neyeHa nomohy ogrosapajyhux Tepanujckux npotokona. Kog
npBor 601eCHUKA HYCUHEPCEH je MPUBPEMEHO 00yCTaBIbeH,
anu je NoHOBO yBefeH TOKOM dpase ofpaBatba. [poTokon ne-
yerba AJJT je mogndrkoBaH ToKOM dase ogpKaBama.
3ak/byuak Kog npBor 6onecHrKa NCToBpeMeHa nprmMeHa
HyCVHepCeHa 1 xeMunoTepanuje 6una je curypHa, ebukacHa u
[ob6po TonepricaHa, 6e3 3HauajHUX HTeppeaKLyja 1 Hexerbe-
HuXx edpekarta. CmaTtpamo Aa je nojasa AJIJ1 n CMA Kop Hawwmx
6onecHrKa cnyyajHa; MehyTrm, noTpebHa Cy Aarba NCTPaXuBa-
tba Kako 6u ce pasjacHune guneme o moryhum Besama nsmehy
OBe [iBe peTke 6onecty.

KmbyuHe peun: peTke 6051eCTI; HYCMHEPCEH; XeMUoTepanuja;
NCTOBPEMEHO
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