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Abstract
Acute lymphoblastic leukemia (ALL) is a malignant neoplasm of the blood stem cells, charac-
terized by increased formation of immature lymphocytes. Ocular manifestations may vary 
with ocular, adnexal, and orbital involvement. In this case report, we describe the first case of 
extramedullary relapse of ALL limited to the anterior chamber of the eye treated with the 
novel chimeric antigen receptor T (CAR T)-cell therapy and provide a literature review of cas-
es of ALL relapse in the anterior chamber. A 21-year-old male with a history of B-cell ALL pre-
sented with a unilateral blurry vision in his left eye. Ocular examination revealed the presence 
of cells +3 in the anterior chamber and a 1.5-mm hypopyon. Anterior chamber aspiration con-
firmed a B-ALL relapse. The patient was successfully treated with radiotherapy of his left eye 
and received CTL-019 transduced T cells (tisagenlecleucel; Novartis) with cytarabine as a 
bridging chemotherapy treatment. On the last examination, 18 months after the first presen-
tation, the patient presented a complete ocular remission with no systemic or CNS involve-
ment. ALL relapse may involve the anterior chamber of the eye, and an accurate diagnosis is 
crucial to enable a fast and appropriate treatment. Novel CAR T-cell immunotherapy, com-
bined with ocular irradiation, may be considered in such cases.
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Introduction

Acute lymphoblastic leukemia (ALL) is a malignant neoplasm of the blood stem cells, 
characterized by increased formation of immature lymphocytes. ALL is classified into 2 main 
subtypes: B-cell and T-cell ALL, in which immature B/T-cell lymphocytes are formed. 
Treatment usually consists of intravenous chemotherapy with or without intrathecal chemo-
therapy and irradiation courses. Relapse may occur in up to 20% of patients [1, 2].

Ocular manifestations are formed either from direct leukemic infiltration or indirect due 
to anemia, thrombocytopenia, and hyperviscosity [3]. The disease may involve the eye, orbit, 
or adnexa. The anterior chamber can present with uveitis, hyphema, and pseudo-hypopyon. 
The retina may present with variant hemorrhages, infiltrates, vascular occlusions, and 
detachment [3, 4]. Generally, the eye is considered a pharmacological sanctuary for systemic 
chemotherapy, and thus irradiation is used for infiltration of the eyes and the orbit in addition 
to chemotherapy [5, 6].

Chimeric antigen receptor T (CAR T) cell is a novel immunotherapy treatment, in which 
engineered T cells eliminate specific tumor cells. Although gaining popularity, this new 
technique is not commonly used. First, blood is withdrawn from the patient, lympho-
pheresis is performed, and T cells are then extracted. These T cells are genetically modified 
and become chimeric T-cell receptors, comprising antigen-binding site and T-cell activation 
mechanism. Finally, the CAR T cells are injected back to the patient and target specific 
antigens on the patient’s tumor cells. Tisagenlecleucel (Kymriah; Novartis), anti-CD19-CAR 
T cell, has been commercially approved for the treatment of relapse/refractory ALL up to 
the age of 25 years [7].

We describe the first case of ALL relapse limited to the anterior chamber of the eye which 
was treated successfully with the novel CAR T-cell immunotherapy in combination with 
ocular irradiation. In addition, we present a literature review of ALL cases that showed 
relapse in the anterior chamber of the eye.

Case Report

A 21-year-old male with a history of B-cell ALL with central nervous system (CNS) 
involvement was referred to the ophthalmology clinic due to blurry vision in his left eye, 4 
months after a bone marrow transplantation (BMT). The patient was diagnosed with Phila-
delphia-negative B-ALL 1 year prior to his referral and was treated for 4 months with Berlin, 
Frankfurt, and Muenster protocol consisting of vincristine, daunorubicin, cyclophosphamide, 
cytarabine, prednisone, asparaginase, and 6-mercaptopurine. Two months after treatment 
cessation, he underwent a bone marrow aspiration that showed a measurable residual 
disease. He was treated with blinatumumab – a CD3/CD19 bispecific antibody – for 28 days 
to eliminate all residual disease and underwent a successful BMT from his sibling. The patient 
achieved a complete remission to allogeneic hematopoietic cell transplantation.

Twelve months after initial diagnosis and 4 months after BMT, the patient displayed 
unilateral blurry vision in his left eye. His best-corrected visual acuity (BCVA) was 20/20, and 
intraocular pressure was 12 mm Hg in both eyes. Clinical examination of the right eye (RE) 
was normal. Left eye (LE) examination revealed cells +3 in the anterior chamber and a 1.5-mm 
hypopyon (Fig. 1). The lens and the vitreous were clear. A funduscopic examination revealed 
normal appearance of the macula and retina.

A diagnostic aspiration from the left anterior chamber was performed. Preliminary smear 
revealed blasts, and a flow cytometry test revealed abnormal CD19 population comprising 
98% of the eye fluid compatible with B-ALL (Fig. 2). A diagnosis of an ocular relapse of B-ALL 
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was established. Two days later, the patient underwent a lumbar puncture that was found 
normal with no evidence for blast cells. Magnetic resonance imaging of the brain was normal 
with no brain tissue involvement, assuring no systemic or CNS involvement. Bone marrow 
aspiration excluded recurrence of the disease, and a whole marrow chimerism showed 100% 
of donor cells.

In consultation with the hemato-oncologist and radiotherapist and due to of the fact this 
was an isolated ocular relapse of B-ALL, the patient was referred for an eye irradiation (23.4 
Gy divided into 13 daily fractions), bridging with cytarabine chemotherapy to prevent dissem-
ination of leukemia and CAR T-cell therapy. Six days after diagnosis, the patient started 
receiving radiotherapy for the left eye. Four days later, the patient underwent apheresis 
treatment for lymphocyte extraction for CAR T-cell preparation.

On examination, 9 days after radiotherapy initiation, the BCVA was 20/20 in both eyes. 
RE examination was normal. LE examination revealed a clear anterior chamber with no cells 
or hypopyon (Fig. 3), the lens and vitreous were clear, and fundoscopic examination demon-
strated a normal macula and retina.

The patient completed cytarabine bridging chemotherapy treatment, and 2 months after 
diagnosis (1 month after irradiation), he was admitted for CAR T-cell therapy and received 

Fig. 1. A color picture of the anterior segment of the left eye demonstrating hypopyon. White asterisk = 
hypopyon level.

Fig. 2. Flow cytometry test results. 
The abnormal CD19 population com-
prising 98% of the eye fluid.
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CTL-019 transduced T cells (tisagenlecleucel, Kymriah; Novartis). Two days after treatment, 
the patient developed neutrophil aplasia and was treated with Neupogen with no hemor-
rhagic complications. He did not develop cytokine release syndrome or neurologic toxicity.

Ocular examination, 8 days after CAR T infusion and 2 months after irradiation, revealed 
a mild swollen eyelid and a mild enophthalmos of the LE. These were considered to be related 
to the radiotherapy (Fig. 4). No ocular movement restriction or diplopia was reported.

Three months after CAR T-cell therapy, the patient presented with few small macular 
hemorrhages in both eyes and disc hemorrhage in his right eye (Fig. 5). Complete blood count 
revealed low levels of hemoglobin (8.5 g/dL) and platelets (59,000/μL).

A month later and 4 months after CAR T-cell therapy, the patient’s BCVA was 20/20 in 
both eyes. The only finding was a mild swollen upper eye lid of the left eye. All retinal hemor-
rhages completely absorbed in both eyes, and there was no evidence of ocular B-ALL recur-
rence in the LE (no cells were found in clinical examination).

At the last follow-up, 18 months after the initial ocular relapse and 12 months after 
completing CAR T-cell therapy, BCVA was 20/20 in both eyes, and the only clinical finding 
was a mild swollen upper eyelid of the LE (Fig. 6). There was no systemic or ocular disease 
relapse.

Discussion

This is the first case to describe a combined treatment of the novel CAR T-cell treatment 
with ocular irradiation for ALL relapse in the anterior chamber of the eye. The patient, a 
21-year-old male, presented with anterior chamber cells and pseudo-hypopyon in his left eye, 
4 months after completing chemotherapy and a BMT. Aspiration from the anterior chamber 
confirmed an ocular B-ALL relapse. Systemic recurrence was ruled out.

Recurrence may occur with currently available therapies in up to 20% of ALL patients 
[1]. To date, a limited number of case series described ALL relapse in the anterior chamber 
(Table 1) [8, 9, 12, 14]. In these previous publications, most patients presented with pseudo-
hypopyon or cells in the anterior chamber within several months up to few years after 
completing chemotherapy, radiotherapy, or BMT. Most ocular relapses reported were 

Fig. 3. A color picture of the anterior segment of the left eye 
9 days after irradiation initiation demonstrating a clear an-
terior chamber.

Fig. 4. A color picture of the left eye demonstrating a mild 
swollen eyelid and a mild enophthalmos.
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unilateral, whereas only few patients had a bilateral disease. The most common treatment 
was the combination of chemotherapy and radiotherapy or chemotherapy alone. Two patients 
were also treated with BMT. Follow-up time was within few months to several years with 
most reports specifying at least 1–2 years of follow-up. Mortality in cases of ocular relapse 
limited to the anterior chamber was reported in 40% of patients. Visual outcomes were not 

a

b

Fig. 5. A color picture (a) and fundus autofluorescence (b) of both eyes demonstrating retinal hemorrhages 
in both eyes (and disc hemorrhage in the right eye). Black arrows indicate the bleedings.

a

b

Fig. 6. A color picture of the left eye at the last follow-up 
(anterior chamber (a) and eyelids (b)). The only finding 
is a mild swollen upper eyelid.
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reported in most publications and were mentioned only in one report including 2 patients in 
whom visual acuity improved to 20/20 after receiving a combined treatment of chemo-
therapy and radiotherapy, but unfortunately one of them died after CNS recurrence. Our 
patient presented with a unilateral disease including malignant cells in the anterior chamber 
and a pseudo-hypopyon, 4 months after allogeneic hematopoietic cell transplantation. 
Treatment included 13 fractions of radiotherapy and the novel CAR T-cell therapy with cyta-
rabine as a bridging chemotherapy. Follow-up time was 18 months.

Traditional treatments for ALL are intravenous chemotherapy, intrathecal chemo-
therapy, irradiation, and stem cell transplantation. CAR T-cell therapy is gaining popularity 
over the last decade, but is not used worldwide as standard of care [19]. To the best of our 
knowledge, no study, so far, has described the novel CAR T-cell treatment alone or in combi-
nation with radiotherapy for ocular ALL relapse. The result of the combined treatment of 
radiotherapy to the left eye and CAR T-cell therapy was excellent, with complete remission of 
the disease and a final visual acuity of 20/20. It is crucial to diagnose ALL relapse, and espe-
cially when systemic disease is yet to come. In a patient with a history of ALL who presents 
with abnormal ocular examination, with the presence of cells or “hypopyon” in the anterior 
chamber, a relapse of ALL must be considered and ruled out. Anterior chamber aspiration is 
useful in identifying malignant cells in the anterior chamber and in establishing the diagnosis 
[20–22]. Rapid diagnosis is crucial to enable an appropriate and fast treatment in order to 
control the disease and prevent further systemic involvement. The patient presented a 
complete ocular remission with no systemic or CNS involvement 18 months after the first 
presentation.

In conclusion, this is the first case of ALL relapse limited to the anterior chamber of the 
eye and treated with the novel CAR T-cell technology in combination with radiotherapy. On 
the last examination, 12 months after CAR T-cell therapy, the patient demonstrated 
outstanding ocular results; visual acuity was excellent in both eyes, and there was no ocular 
or systemic disease recurrence.
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