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Bilateral retinal detachment after chimeric antigen receptor T-cell therapy
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Key Points

•CAR T-cell targeting of
leukemic infiltrates in
the optic nerve and
retina caused retinal
detachment as a pre-
sentation of
pseudoprogression.

• Treatment of this intra-
ocular inflammation
with intravitreal triam-
cinolone and orbital ra-
diation led to marked
improvement in visual
acuity.

Introduction

Chimeric antigen receptor (CAR) T-cell treatment is an effective therapy for relapsed or refractory B-cell
acute lymphoblastic leukemia with high rates of remission and durability.1,2 Achievement of remission is
associated with systemic expansion of CAR1 T cells, accompanied by cytokine release syndrome (CRS)
secondary to high levels of circulating interleukin-6 and other cytokines.3 Early treatment of CRS with the
interleukin-6 antagonist tocilizumab has been described, with good outcomes.1,4-6 Central nervous
system (CNS) complications have included confusion, aphasia, seizure, and rare cases of diffuse
cerebral edema.7 Localized CNS complications affecting the retina and optic nerve have not been
reported following CAR T-cell therapy.8-10

Case description

A 13-year-old girl presented with weight loss, night sweats, hair loss, and headaches and was found to
have hyperleukocytosis with 86% blasts, anemia, and thrombocytopenia. Peripheral blood flow
cytometry confirmed high-risk B-cell acute lymphoblastic leukemia, and lumbar puncture revealed CNS
involvement. She was treated with 4-drug induction and twice-weekly intrathecal chemotherapy,
achieving CNS-negative and minimal residual disease (MRD)–negative remission by the end of
induction. Despite initial clearance of her CNS disease, she had intermittent and then sustained
cerebrospinal fluid (CSF) cytology positive for blasts, consistent with CNS relapse, with detectable MRD
of 0.07% of mononuclear cells in her marrow at the end of consolidation therapy. With CNS- and MRD-
positive leukemic relapse, the patient was eligible for the phase 1/2 study PLAT-02 (NCT02028455)
with CD19-targeted CAR T-cell therapy and elected to enroll.

Following apheresis, the patient experienced sudden worsening of her vision, with visual acuity
decreasing to count fingers in the left eye and no light perception (NLP) in the right eye (supplemental
Table 1). Fundoscopic examination showed bilateral leukemic infiltration of the optic nerve and retina
(Figure 1A-B). Fluorescein angiography demonstrated poor retinal and choroidal perfusion in the right
eye corresponding to her NLP vision, whereas the left eye had relatively preserved perfusion (Figure 1C-
D). She was treated with 4 Gy of radiation to bilateral orbits in 2 fractions, along with 5 days of
dexamethasone. She regained light perception in the right eye after the second fraction of radiation. She
also received bridging chemotherapy with systemic cytarabine and etoposide, as well as intrathecal
triple therapy with methotrexate, hydrocortisone, and cytarabine. Her vision subsequently improved to
20/800 in the right eye and 20/40 in the left eye, but she had persistent leukemic infiltration of the optic
nerve and retina bilaterally on admission for CAR T-cell therapy.
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The patient received lymphodepleting chemotherapy with fludar-
abine and cyclophosphamide, followed by infusion of 0.5 3 106

CD19 CAR1 CD81 cells per kilogram and 0.53 106 CD19 CAR1

CD41 cells per kilogram.1 She developed grade 1 CRS with fever
on day 16. On the following day, her vision worsened bilaterally:
NLP in the right eye and light perception in the left eye. Fundoscopic
examination revealed total bilateral exudative retinal detachments,
intraretinal hemorrhage, retinal whitening, and 41 optic disc edema
(Figure 1E-F). Ultrasonography did not demonstrate choroidal

effusion in either eye (Figure 1G). CSF showed leukocytosis but no
malignancy, with 80% pleocytosis expressing T-cell–specific CD3
by flow cytometry. She did not develop any other neurologic
symptoms or any signs of worsening CRS; therefore, systemic CRS
treatment was not initiated.

We postulated that local CAR T-cell expansion and cytokine release
led to this sudden deterioration in the patient’s ocular status and,
therefore, attempted local control. An additional 10 Gy of radiation
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Figure 1. Ocular findings at presentation and

following treatment with CAR T-cell therapy.

(A-D) Color fundus photography and fluorescein angi-

ography at presentation. (A) The right eye features

optic disc infiltration and leukemic retinal infiltrates and

hemorrhages. (B) The left eye has leukemic disc

infiltration, as well as scattered retinal infiltrates sparing

the macula. (C) Fluorescein angiography of the right

eye shows minimal perfusion of the choroidal and

retinal circulations. (D) The left eye has relatively

maintained choroidal and retinal vascular filling, with

blockage in areas of leukemic infiltration and hemor-

rhage. (E-F) Color fundus photography following CAR

T-cell therapy. The right (E) and left (F) eyes demon-

strate worsened retinal whitening, hemorrhages, and

optic disc edema with total exudative retinal detach-

ments. (G) Ocular ultrasound of the right eye demon-

strates subretinal fluid (arrowhead) without evidence of

choroidal involvement. (H) Flow cytometry of the right

aqueous humor demonstrates a predominance of

CD31CD192 cells.
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to bilateral orbits was given in 5 fractions, and on day 112 she
received bilateral intravitreal triamcinolone injections. Anterior
chamber paracentesis was also performed on the right eye for
flow cytometry of the aqueous fluid (Figure 1H), which contained
white blood cells, with 35% expressing CD3 consistent with T cells,
22% expressing CD45 and side scatter patterns consistent with
monocytes, and the remainder characteristic of debris. No blasts
were noted. There was insufficient aqueous fluid for specific
detection of the CAR T-cell receptor. She had marked improvement
in her retinal detachments within 1 week after intravitreal triamcin-
olone. Bone marrow aspirate and CSF showed complete remission
on day120, with additional findings of CAR1 T cells in the peripheral
blood, bone marrow, and CSF with ongoing B-cell aplasia.

Unfortunately, bone marrow evaluation on day 160 demonstrated
loss of CAR1 T cells and recovery of B cells. She presented on day

1105 with vomiting and headache and was found to have isolated
CNS relapse. Visual changes were not noted. Following reinduction
with systemic dexamethasone and intrathecal triple therapy, she
underwent a haploidentical peripheral blood stem cell transplant
and has remained in remission for 21 months posttransplant and
27 months post–CAR T-cell therapy at this time.

With regard to the patient’s ocular findings, the subretinal fluid in
both eyes resolved by 6 weeks postinjection with associated optic
nerve pallor and photoreceptor loss. By 6 months postinjection, her
visual acuity had improved to 20/200 in the right eye and 20/60 in
the left eye, but she subsequently developed visually significant
posterior subcapsular cataracts. After undergoing cataract surgery
with intraocular lens placement in both eyes (18 months after CAR
T-cell therapy), her visual acuity was 20/350 in the right eye and 20/
40 in the left eye with stable retinal findings (Figure 2).
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Figure 2. Multimodal retinal imaging at 18 months

post–CAR T-cell therapy. (A) The right eye has severe

optic disc pallor, diffuse retinal atrophic changes, and

sclerotic vessels. (B) The left eye has moderate-severe op-

tic disc pallor and retinal atrophic changes. (C-D) The ret-

ina is entirely attached in both eyes. Fundus

autofluorescence shows bilateral stippled and nummular

areas of hyper- and hypoautofluorescence representing

areas of photoreceptor and retinal pigment epithelium dam-

age. Late-phase fluorescein angiography reveals peripheral

window defects in the right eye (E) that are more common

than in the left eye (F) with staining of the disc bilaterally.

(G) Spectral-domain optical coherence tomography shows

diffuse photoreceptor loss in the right macula. (H) The left

macula has relative preservation of the photoreceptor

bands and corrugation of the inner retina.
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Methods

This study (NCT02028455) was approved by the Institutional
Review Boards of Children’s Hospital Los Angeles and Seattle
Children’s Hospital. Retinal imaging was performed on the following
devices: fundus photography on Retcam 3 (Natus, Pleasanton, CA),
Canon 50D (Canon Medical Systems, Tustin, CA), and Optos
California (Optos, Dunfermline, Scotland); fluorescein angiog-
raphy on the Retcam 3 and Optos California; optical coherence
tomography on Cirrus HD-OCT 5000 (Carl Zeiss Meditec,
Dublin, CA); and ultrasound on Eye Cubed (Ellex, Minneapolis,
MN). Flow cytometry data were acquired using CellQuest Pro
software on a BD FACSCalibur instrument (BD Biosciences,
San Jose, CA).

Results and discussion

Leukemic infiltration of the optic nerve has been reported in 1.4% of
cases of pediatric acute lymphoblastic leukemia.11 Infiltration of the
retina is extremely rare, occurring in ,1% of relapses of acute
lymphoblastic leukemia.12,13 Management typically includes radia-
tion to the orbits with doses $20 Gy over multiple fractions.12,14,15

After her initial visual loss, this patient received a suboptimal dose of
orbital radiation. Although she experienced a remarkable improve-
ment in vision bilaterally, she still had evidence of ocular leukemic
infiltrate just prior to CAR T-cell therapy. She then developed severe
optic nerve swelling and exudative retinal detachment secondary to
local inflammation vs leukemic progression. Our sampling of
aqueous fluid showed no evidence of leukemic cells and a clear
presence of T cells, likely CAR T cells. This local inflammation
produced a transient increase in perceived disease burden after
immune-targeted treatment, or pseudoprogression, which has been
described in CAR T-cell therapy for non-Hodgkin lymphoma.16 This
case emphasizes the danger associated with CAR T-cell expansion
and tumor targeting in the setting of active retinal disease.

Without severe CRS or neurologic toxicity necessitating systemic
therapy, and with concern for losing CAR T-cell efficacy, we chose
to deliver local intravitreal steroids and sample the aqueous
humor of the right eye, which showed T cells and no evidence
of lymphoblasts. Along with radiation, we were able to rapidly
control the local inflammation and improve vision while preserving
systemic CAR T-cell function. Studies published after this patient

was treated have shown that tocilizumab intervention for symp-
tomatic CRS does not impact the long-term presence of CAR
T cells17; therefore, in retrospect, systemic therapy may have been
appropriate.

This patient subsequently developed cataracts, a complication of
intravitreal triamcinolone,18 which was likely exacerbated by several
courses of systemic steroids, local radiation, and total body
irradiation.19,20 Whether radiation alone would have been adequate
to control the retinal inflammation remains unknown, but she has
enjoyed sustained remission in the retina and optic nerve, despite
progression elsewhere prior to her hematopoietic stem cell
transplantation. This is the first report, to our knowledge, of vision
loss due to local inflammation in CAR T-cell therapy, highlighting the
importance of recognizing and aggressively managing less common
toxicities with this novel anticancer therapy.
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