SAGE Open Medical Case Reports
Case Report i i

SAGE Open Medical Case Reports
Volume I1: 1-5

© The Author(s) 2023

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/2050313X231175020
journals.sagepub.com/home/sco

S Sage

Acute lymphoblastic leukemia relapse
presenting with optic nerve infiltration

Gianluca Dini'”| llaria Capolsini2, Carla Cerri2,

Maria Speranza Massei?, Elena Mastrodicasa?, Katia Perruccio?,
Paolo Gorello?, Maurizio Caniglia?, Alberto Verrotti'

and Francesco Arcioni?

Abstract

Acute lymphoblastic leukemia is the most common childhood malignancy. Despite many advances in therapy, about |5%—
20% of children with acute lymphoblastic leukemia experience a disease relapse. Isolated ocular relapse is relatively rare. A
|4-year-old male with T-cell acute lymphoblastic leukemia in remission presented with sudden onset of right eye pain and
visual acuity impairment. Fundoscopic examination of the eye and magnetic resonance imaging of the orbits were consistent
with optic nerve infiltration. The patient was treated with salvage chemotherapy, orbital radiation and eventual bone marrow
transplantation, with notable improvement in vision and regression of retinal and optic nerve findings. Optic nerve infiltration
represents an ophthalmic emergency and requires urgent management. The use of radiation therapy is a helpful adjunct with

systemic chemotherapy in obtaining disease remission.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common
childhood malignancy.! Despite many advances in therapy,
ALL remains an important cause of morbidity and mortality
in children and adults. About 15%-20% of children with
ALL experience a disease relapse.>> The most important
prognostic factors for determining post-relapse survival rate
are the relapse site, duration of first complete remission (CR)
and disease phenotype.* Relapses occur in bone marrow in
50%—-60% of cases. Other sites of recurrence include central
nervous system (CNS) in approximately 20%, isolated tes-
ticular relapse in approximately 5% and a combination of
marrow and extramedullary disease in the remainder. A vari-
ety of ophthalmic complications may occur in patients with
leukemia. These ocular manifestations can be due to a direct
cancerous infiltration, or they can be indirect and linked to
hematological disorders such as anemia, thrombocytopenia
and coagulopathy, opportunistic infections or related to med-
ical therapy.® Primary ocular infiltration can involve orbit,
anterior segment, uvea and the optic nerve.® We describe the
case of a pediatric patient with optic nerve infiltration as ini-
tial manifestation of ALL relapse.

Case report

A 14-year-old male with no significant past medical history
was diagnosed with high-risk T-cell ALL in October 2018. At
the time of diagnosis, complete blood count showed a leuko-
cyte count of 533,100/uL. T-cell ALL was documented upon
ensuing immunophenotypic studies (the leukemic cells were
positive for CD7, CD34, CD5, CD2 and CDla and negative
for cytoplasmic MPO, CD19, CD10, CD45RA, TCRgd,
TCRab, CD33, CD56, CD20, CD22 and CD66¢). Brain mag-
netic resonance imaging (MRI) and testicular ultrasound were
normal, while the abdominal ultrasound showed splenomeg-
aly. Patient’s induction therapy started according to the modi-
fied Berlin-Frankfurt-Miinster (BFM) protocol (prednisone,
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Figure I. (a) MRI Tl-weighted brain and orbits. Surrounding the
right optic nerve, pronounced gadolinium uptake can be seen. (b)
MRI orbit scan repeated after completion of therapy. The right
optic nerve is no longer thickened.

vincristine, daunomycin and L-asparaginase) and then, con-
tinued from November 2018 according to the Associazione
Italiana di Ematologia-Oncologia Pediatrica (AIEOP) ALL
2009 protocol.” The bone marrow smear on day 7 of induction
revealed a total of 45% of blasts. CNS prophylaxis was carried
out with intrathecal methotrexate and holocranial radiotherapy
(total dose: 12 Gy). The treatment was well tolerated, and bone
marrow examination on day 33 revealed CR, with negative
minimal residual disease (MRD). Twelve months after docu-
mentation of remission, the patient presented to the emergency
department after having acute onset of unilateral diplopia, sco-
tomas and pain of right eye.

Investigations

Physical examination of the chest, heart and abdomen was
unremarkable. Ocular motility was normal. Laboratory tests
showed the following results: white blood cell (WBC) count,
1320/uL; neutrophil rate, 14.4%; lymphocyte rate, 61.4%;
monocyte rate, 24.2%; hemoglobin count, 9.6 g/dL and plate-
let count, 39,000/uL. Cerebral and orbital MRI showed a
thickening of the right optic nerve with enhancement after
contrast, but no other CNS involvement (Figure 1). On oph-
thalmologic evaluation, visual acuity was 6/20 in the right eye
and 20/20 in the left eye. Fundus examination of the right eye
revealed optic disk edema, tortuosity of the retinal vessels and
hemorrhages (Figure 2). The rest of ocular examination was
normal. Serological testing for Toxoplasma, Bartonella, HIV,
parvovirus, Cyfomegalovirus, Borrelia, Rickettsia and Herpes
virus 1 and 2 were negative. A lumbar puncture was performed
but no malignant cells were detected in the cerebrospinal fluid
(CSF), while the bone marrow examination revealed 40%
blast cells. Based on these findings, the patient was diagnosed
with a recurrence of ALL with CNS involvement.

Treatment and outcome

The patient was treated with chemotherapy according to the
high-dose cytarabine and mitoxantrone (HAM) scheme

Figure 2. (a) Fundus photographs at initial presentation. Right
eye and left eye, respectively. The left eye was normal, while

the right showed significant disk edema, tortuosity of the retinal
vessels and hemorrhages. (b) Fundus photographs of the right and
left eye, 3months following bone marrow transplant. Resolution
of disk edema can be noted.

(cytarabine 6 g/m? on days 1-4 and mitoxantrone 10 mg/m? on
day 4) together with radiotherapy targeted to the right optic
nerve (total dose: 24 Gy in 8 fractions, spread over 2 weeks).
Bone marrow transplant was programmed. Evolution was
marked by an improvement of visual acuity to 12/20 in the
right eye, with a regression of edema at fundus examination.
The treatment was well tolerated, and the patient had no ocular/
orbital side effects after radiotherapy. In May 2020, the patient
underwent allogeneic hematopoietic stem cell transplantation
from an human leukocyte antigen-haploidentical family donor
(39-year-old patient’s mother) with infusion of T-regulatory
(T-reg) cells as prophylaxis of graft-versus-host disease
(GvHD). The conditioning regimen was based on cyclophos-
phamide (15mg/kg for 2days), thiotepa (4 mg/kg for 2days),
fludarabine (40mg/m? for 4days) and total body irradiation
(total dose: 13.5Gy). During all the follow-up, the patient
remained in continuous complete morphological/molecular
remission with 100% CD34+ donor chimerism.

Discussion

Relapse is the main reason for treatment failure in childhood
ALL. The most common sites of extramedullary relapse are
the CNS and skin in acute myeloid leukemia (AML), and CNS
and testis in ALL.® Relapse of childhood ALL involving the
eye is a rare event and represents only 2.2% of ALL relapses.’
Although the retina is the most common site of ocular mani-
festations of leukemia, all parts of the eye can be involved
either prior to systemic diagnosis or during the disease course.
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Table |. Published studies of ALL relapse presenting with optic nerve infiltration in pediatric patients.

Author (year)

Clinical data

Laterality MRI

Treatment

Reported outcome

Schwartz et al.'"  3-year-old girl, history of  Left Not reported
early pre-B-cell ALL
9-year-old girl, history of ~ Right Not reported
early pre-B-cell ALL
2-year-old boy, history of  Left Not reported
early pre-B-cell ALL
Dua et al.'? Male, 8years, ALL treated  Bilateral Not performed
with chemotherapy, in (computed tomography
remission showed bilateral optic
nerve thickening)
Madani et al.'? |0-year-old boy with a Bilateral  Bilateral asymmetrical
history of ALL enlargement of the optic
nerves extending to the
chiasm
Bandyopadhyay = Male, 6years, pre-B- Right Not performed
etal'* cell ALL treated with (computed tomography
chemotherapy, in remission of brain and orbit showed
thickened right optic
nerve)
Puvanachandra |4-year-old boy, ALL in Bilateral  Diffuse bilateral optic
etal'® remission nerve infiltration
Shah et al.'® | 6-year-old male with Bilateral Hyperintensity and
T-cell ALL, in remission thickening of the optic
nerves
Wong and Berry'’ Female teenager with a Left Diffuse thickening of the
history of ALL, diagnosed left optic nerve without
7 years before presentation orbital mass
and treated with
chemotherapy
Caty et al.'® 4-year-old boy with a Left NA
history of ALL
Pflugrath and 7-year-old female, T-cell Bilateral ~ Enhancement of the right
Brar'? ALL, complete remission optic nerve
after consolidation therapy
Rachwani Anil 8-year-old patient with an  Right Normal
et al.? history of T-cell ALL
Kuan et al.2' 7-year-old girl with Left Left intraorbital optic

standard risk B-cell ALL,
in complete remission for
2months

nerve thickening
associated with perineural
enhancement and
intraconal fat involvement

RT + systemic and
intrathecal CT

RT + systemic and
intrathecal CT

RT

RT + systemic and

intrathecal CT

CT

Intrathecal

methotrexate + RT

RT + intrathecal CT

Systemic and
intrathecal CT

RT

Intrathecal CT

Systemic and

intrathecal CT + RT

and eventual
bone marrow
transplantation
RT

Systemic and
intrathecal CT

In remission, 57 months
since her ocular relapse
In remission, 49 months
since her ocular relapse
He had a testicular and
bone marrow relapse
Improvement in vision in
the right eye

The child has been in
complete remission
for 2years after this
recurrence
Improvement of visual
acuity and reduction of
disk edema

Visual improvement and
fully resolution of disk
swelling

Improvement of vision

NA

The mass resolved

Improvement in vision and
regression of retinal and
optic nerve findings

There was no
improvement in the visual
acuity of the right eye, yet
there was a substantial
reduction of the papillary
mass

Her left eye remained
without perception to
light

ALL: acute lymphoblastic leukemia; MRI: magnetic resonance imaging; RT: radiotherapy; CT: chemotherapy; NA: not available.

Optic nerve involvement occurs more frequently in acute
compared with chronic leukemia, in children compared with
adults and in ALL compared with AML.!® The cases of ALL
relapse with optic nerve infiltration in pediatric age are
reported in Table 1. Leukemic infiltration of the optic nerve
can manifest as blurred vision, photophobia and ocular pain,

progressing to occlusion of the central retina artery and central
retinal vein if not treated properly.

Despite survival rate of children with ALL significantly
improved over the last decades, management of ocular
involvement in ALL is a challenging problem; prompt diag-
nosis and early treatment are required to preserve the
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patient’s vision. Indeed, the eye is considered as a pharmaco-
logic sanctuary,”? which may not be treated adequately by
systemically administered drugs. Given the limitations of
chemotherapy, targeted radiotherapy along with systemic
therapy is probably the best approach. However, radiother-
apy may induce cataracts or ptosis, either of which may
require future surgical intervention.?’

Optic neuropathy in the context of leukemia has a broad
differential diagnosis, including infiltration, infections,
compression, vasculitis, radiotherapy-induced complica-
tions or adverse effects of chemotherapeutic agents. All
these possibilities should be excluded through careful
investigations. A lumbar puncture must be performed in
every case to aid in this differentiation. Leukemia and
chemotherapy can weak the immune system and lead to
opportunistic infections. Multiple viral and bacterial dis-
eases can present as optic neuritis. Common infections
include syphilis, tuberculosis, Lyme discase, Bartonella,
herpetic disease, West Nile virus and HIV.>* In leukemic
infiltration of the optic nerve, fundus examination usually
reveals optic disk edema and diffuse hemorrhages, while is
normal in other patients.”> Radiological and ophthalmo-
logic evaluations are effective modalities to confirm the
diagnostic suspicion. MRI may show thickening of the
optic nerve or be normal.?® Camera et al.?’ proposed ultra-
sound as a study method, while other authors diagnosed a
leukemic relapse on the optic nerve using the fine needle
aspiration biopsy (FNAB).?® A review by Myers et al.”’
found that malignant cells are identified in the CSF in a
majority of patients with leukemic infiltration of the optic
nerve. Vitreous biopsy may be helpful in accurate diagnosis
when CSF analysis is negative for leukemic cells.*

In our patient, diminished visual acuity together with
radiological findings, in absence of signs of cranial hyper-
tension and negativity of immunological and infectious tests,
led us to the diagnosis of leukemic optic nerve infiltration.
Although in this case the patient achieved a second CR, the
prognosis for patients with ocular involvement is generally
poor. Routine ophthalmologic screening may antedate the
diagnosis of relapse and positively impact on prognosis.

Conclusion

Although leukemic infiltration of the optic nerve is a rare
event, clinicians should be aware of this possible site of
relapse. Ocular symptoms should be investigated without
delay in patients with a previous history of acute leukemia,
and an early treatment is critical for visual recovery and pro-
longed survival.
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