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Treatment of leukemic ocular infiltrations with intra-
arterial chemotherapy in very early mixed relapse of 
B-cell acute lymphoblastic leukemia

B-cell acute lymphoblastic leukemia (B-ALL) constitutes 
the most common pediatric neoplasm to have excellent 
cure rates in the standard-risk group, with event-free 
survival (EFS) of approximately 93%.1 Five percent of ALL 
patients have central nervous system (CNS) infiltration at 
diagnosis, as diagnosed by cytospin and imaging studies.2 
Roughly 20-30% patients have overt infiltration, which 
might be diagnosed with flow cytometry.3 This technique 
is not yet routinely implemented in treatment protocols. 
Considering the close anatomical and biological relation-
ship between the CNS and ocular structures, the eye may 
serve as a potential sanctuary site of disease. It is unclear 
whether retinal leukemic infiltration should be treated as 
CNS positivity. In addition, ophthalmological evaluation is 
not mandatory at diagnosis and is recommended only by 
selected ALL study groups, e.g., in the European Standard 
Clinical Practice (ESCP) protocol. No standardized protocol 
for ophthalmological examination has been established, 
despite various ocular manifestations in leukemia patients, 
before and during treatment.4,5 Treatment of ocular infil-
tration has not been standardized and only a few reports 
describe the use of standard chemotherapy protocols or 
orbital radiotherapy in a relapse setting.6,7

Here, we describe the treatment of a patient with very early 
mixed bone marrow-CNS relapse of B-ALL, with leukemic 
infiltration of the retina present from the primary diagnosis, 
who was successfully treated with intra-arterial chemo-
therapy and allogeneic hematopoietic stem cell transplan-
tation (alloHSCT) preceded by total body irradiation (TBI) 
with CNS boost. Additionally, the patients’ leukemic blasts 
were characterized by a IGH::MYC fusion, usually found in 
Burkitt lymphoma. The patient’s guardians consented to 
the use of the clinical data and their publication, and the 
study was performed in accordance with the Declaration 
of Helsinki and in respect of national ethical rules.
A twenty-month-old female patient was admitted with a 
suspected diagnosis of leukemia. Her medical history re-
vealed frequent infections over the previous two months. 
On examination, petechiae, hepatosplenomegaly, enlarged 
lymph nodes, and hematuria were noted. Laboratory re-
sults showed hemoglobin 8.6 g/dL, platelets 18x109/L, and 
leukocytes 40x109/L. B-ALL was diagnosed, with 37% blasts 
exhibiting the following phenotype: CD10posCD19posCD20neg 

CD22posTdTnegcytCD79aposCD38posHLA-DRposCD34negcytIgM-
posCRLF2negkappaneglambdaneg. CNS status was assessed 
as negative (1 leukocyte/µL in cerebrospinal fluid [CSF]). 
Karyotype analysis showed 47,XX,+i(1)(q10),t(8;14)(q24;q32) 

in all 21 analyzed metaphases, indicating an IGH::MYC fu-
sion. A single-nucleotide polymorphism (SNP) array study 
revealed monoallelic deletions of CDKN2A and CDKN2B. 
Initial diagnostics included an ophthalmological evalua-
tion, which revealed small and medium-sized intraretinal 
hemorrhages in the posterior poles and periphery of both 
eyes. Brain magnetic resonance imaging (MRI) showed no 
abnormalities. The patient began treatment following the 
Associazione Italiana di Ematologia e Oncologia Pediatrica 
(AIEOP) and the Berlin-Frankfurt-Munster (BFM) collabo-
rative study group 2017 Poland protocol. Due to the de-
velopment of a hematoma and a subsequent infection at 
the port site, chemotherapy on day 15 was delayed by five 
days. Minimal residual disease (MRD) was negative at day 
15, and the patient was classified as early non-high-risk. 
She completed the entire protocol I up to day 64. Before 
starting protocol M, the patient was admitted with symp-
toms of apathy and vomiting.
Subsequent examinations revealed a very early mixed bone 
marrow-CNS relapse, with 6,060 leukocytes/µL in CSF, 
of which 99.9% were lymphoid blasts; 56% blasts were 
found in the bone marrow. The phenotypic characteristics 
were consistent with the initial diagnosis. The patient be-
gan treatment according to the IntReALL 2010 High-Risk 
protocol, arm A. Fundus examination revealed significant 
abnormalities. In the right eye (RE), the optic disc margins 
were blurred; in the left eye (LE), the disc was completely 
obscured by creamy masses. The peripapillary retinal nerve 
fiber layer was edematous with multiple creamy, round foci, 
the largest measuring approximately two disc diameters 
(DD). In the RE, additional creamy masses were seen along 
the proximal segment of the temporal venous arcade. Re-
peated brain MRI showed no signs of leukemic infiltration. 
The patient responded well to the induction phase, with a 
negative MRD, and CSF negative for leukemic blasts on flow 
cytometry. Fundus changes had almost completely resolved; 
however, six weeks later, subtle peripapillary infiltrates 
recurred (Figure 1). To ensure no evidence of leukemia by 
targeting the ocular infiltrations, and suitably prepare the 
patient for alloHSCT, intra-arterial chemotherapy inspired 
by retinoblastoma protocols was discussed. Two cycles 
of chemotherapy administered directly to the ophthalmic 
artery were performed. The first cycle included a 0.5 mg 
topotecan injection into the right ophthalmic artery, and 0.5 
mg topotecan and 4 mg melphalan into the left ophthalmic 
artery. The second cycle involved 0.5 mg topotecan and 4 
mg melphalan for the left eye, and 0.5 mg topotecan and 
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30 mg carboplatin for the right eye. This approach led to 
the resolution of the leukemic infiltration.
The patient was eligible for an alloHSCT from a matched 
unrelated donor (9/10 HLA match, with a mismatch at locus 
A; matched for blood group). MRD before transplantation 
was 0.002%. The conditioning regimen included a CNS 
boost (3 fractions of 2 Gy), 12 Gy TBI, etoposide phos-
phate 60 mg/kg, and thymoglobulin 7.5 mg/kg. Complete 
donor chimerism was achieved on day +83. On follow-up 
post-alloHSCT ophthalmic examination, the patient had 
exotropia and a relative afferent pupillary defect (RAPD) 
in the right eye (RE). Fundus examination showed retinal 
atrophy and occlusion of retinal vessels, with no signs of 
leukemic infiltration. The left eye (LE) was unremarkable 
(Figure 2). At subsequent follow-up, degenerative fundus 
changes progressed secondary to retinal vascular occlu-
sion and hypoxia, with neovascularization developing in 
both the anterior and posterior segments of the RE, lead-
ing to neovascular glaucoma and vitreous hemorrhage. 

After treatment with intraocular pressure (IOP)-lowering 
medications and an intravitreal anti-vascular endothelial 
growth factor (VEGF) injection (ranibizumab), the condi-
tion of the right eye stabilized. At the last follow-up visit, 
visual acuity was no light perception in the RE and 6/6 
in the LE. The patient remains under close ophthalmic 
monitoring. She has been in remission for more than one 
year after alloHSCT. 
To the best of our knowledge, this is the first case report 
of ALL with ocular and CNS involvement treated with in-
tra-arterial chemotherapy with a retinoblastoma-inspired 
protocol, targeting ocular leukemic infiltrations. Previous 
reports show the efficacy of using intravitreal methotrexate 
to treat ocular leukemia.8 In our case, despite a good MRD 
response and clearance of blasts from the CSF, progressive 
fundus infiltration was observed, raising concerns about 
treatment efficacy in ocular sanctuary sites and adequate 
preparation for alloHSCT. Historically, extramedullary ocular 
involvement in ALL has been rare and has been associated 

Figure 1. The pictures of eye fun-
di obtained with a Zeiss Clarus 
camera six weeks after the ini-
tiation of the relapse treatment. 
(A) The right eye and (B) the left 
eye fundus, both with recurring 
subtle leukemic infiltrates round 
both optic discs.
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Figure 2. The pictures of eye fun-
di obtained with a Zeiss Clarus 
camera before the start of the 
conditioning regimen. (A) The 
right eye fundus, in which retinal 
atrophy and occlusion of retinal 
vessels are seen. (B) The left eye 
fundus, which is unremarkable 
for any pathological changes.
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with a poor prognosis. Patients were treated with orbital 
radiotherapy and a standard chemotherapy backbone, 
and sometimes alloHSCT.9 This report shows the possible 
efficacy of additional chemotherapy in advanced ocular 
involvement. The use of intra-arterial chemotherapy via 
direct catheterization of the ophthalmic artery provided 
targeted delivery to the ocular vasculature, achieving high 
local drug concentrations at the sites of leukemic infiltra-
tion, while limiting systemic exposure. Such an approach 
led to complete resolution of leukemic infiltrates in both 
eyes, with no evidence of leukemia and demonstrating its 
therapeutic efficacy in a carefully selected case. However, 
the therapy was associated with significant ocular toxic-
ity. The patient developed retinal atrophy, likely related 
to intra-arterial chemotherapy, followed by neovascular 
complications. These ultimately resulted in the irrevers-
ible loss of vision in one eye. The observed findings raise 
concerns about the long-term ocular safety profile of this 
treatment, despite its well-established use in intra-arterial 
chemotherapy protocols for retinoblastoma.10 There is a 
growing body of evidence of melphalan’s ocular toxicity, 
especially in pigmented eyes (which were a characteristic 
of our patient), and possible development of cataracts, 
and retinal and vascular complications.11 Bearing these in 
mind, the ultimate goal was to prepare the patient appro-
priately for alloHSCT, providing the best possible CNS and 
ocular control. This was achieved, and the complications 
developed after alloHSCT, ultimately raising concerns of 
the impact of the additive CNS boost and TBI on the overall 
toxicity profile.
Earlier reports describing ALL with ocular involvement do not 
characterize the disease immunologically and genetically. 
In our patient, leukemic blasts were of pre-B immunophe-
notype (cytIgMposCD10posCD34negTdTneg), suggesting a switch 
to a more mature form of ALL. The immunophenotype does 
not meet the criteria for Burkitt leukemia, as CD20 and 
sIgM kappa/lambda are negative, indicating a late pre-B 
ALL phenotype, rather than a Burkitt leukemia phenotype, 
as CD34 and TdT are also negative.12 Genetic changes ob-
served in cases of pre-B ALL with IGH::MYC, as reported in 
the literature, were associated with positive TdT expression, 
suggesting this is the first negative case of its kind.13

The leukemic blasts were positive for t(8;14)(q24;q32), 
which leads to IGH::MYC rearrangement, and confers a 
more aggressive course of the disease. It is characteristic 
of Burkitt lymphoma or L3 ALL. Notably, the presence of the 
isochromosome 1, i(1)(q10), is also worth mentioning, as it is 
non-specific for ALL but is associated with disease aggres-
siveness.14 CDKN2A/B deletions are recurrent in pediatric 
ALL, and are linked with a poor prognosis and early relapse, 
as seen in this patient.15 The genetic profile, particularly the 
presence of IGH::MYC, raises the question of whether this 
case represents a biologically distinct subtype of B-ALL or 
a leukemia with features overlapping Burkitt leukemia/lym-
phoma, which may require tailored therapeutic strategies. 

This report contributes to the evolving understanding of 
how to effectively treat extramedullary involvement in an 
aggressive form of ALL, characterized by uncommon ge-
netic findings. 
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