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ARTICLE INFO ABSTRACT

Keywords: Purpose: Myeloproliferative neoplasms (MPNs) have been associated with increased systemic levels of vascular
Anti-Vascular endothelial growth factor endothelial growth factor (VEGF). This study investigated an association between systemic busulfan for treat-
Busulfan

ment of MPN and the requirement for intravitreal anti-VEGF injections for treatment of retinal pathology.
Methods: Retrospective chart review of patients receiving systemic busulfan for myeloproliferative neoplasm and
intravitreal anti-VEGF injections for macular and retinal vascular diseases from 2007 to 2021.

Results: Of seven patients receiving oral busulfan for a hematological neoplasm and having concomitant retinal
pathology requiring intravitreal anti-VEGF, all were white females >60 years old with MPN and exudative age-
related macular degeneration. Of these, two patients had a reduced anti-VEGF requirement while on systemic
busulfan, two took busulfan for fewer than 5 months, one developed retinal pathology over one year after
stopping busulfan, one developed new retinal pathology while taking busulfan, and one had limited follow-up. Of
the two patients with reduced anti-VEGF requirement while taking systemic busulfan, both had JAK2 V617F
mutated MPN, and subsequent busulfan discontinuation was associated with an increased requirement for
intravitreal anti-VEGF injections.

Conclusions and importance: Systemic busulfan for treatment of MPN was associated with a reduced requirement
for intravitreal anti-VEGF injections for retinal vascular disease in two patients. This association could be a result
of inhibition of proliferative angiogenesis or reduced systemic VEGF levels with effective systemic treatment for
MPN. Further study is required to confirm this association and determine whether this relationship is specific to
busulfan or extends to other systemic medications used to treat MPN.
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1. Introduction occlusion, are driven by elevated intraocular VEGF levels. Treatment

using intravitreal anti-VEGF therapy has revolutionized management

Angiogenesis plays a key role in the pathogenesis of myeloprolifer-
ative neoplasms (MPN), and BCR-ABL-negative MPNs, including essen-
tial thrombocythemia, polycythemia vera, and primary myelofibrosis,
have been associated with increased systemic levels of vascular endo-
thelial growth factor-A (VEGF-A).! More specifically, in JAK2 V617F
mutated MPNs, VEGF levels positively correlate with JAK2 mutation
burden, and targeted cancer treatment has the potential to reduce sys-
temic levels of VEGF.?

Many common macular and retinal vascular diseases, including age-
related macular degeneration, diabetic macular edema, proliferative
diabetic retinopathy, and macular edema associated with retinal vein

and has become the standard of care for these and other retinal condi-
tions.>* While local treatment with injections is highly effective, pa-
tients often require regular, monthly intravitreal injections. Many
ophthalmologists reduce this burden using a treat-and-extend (TAE)
approach to management, gradually extending the interval between
injections (based on optical coherence tomography imaging as a
biomarker of disease activity) with a goal of identifying the longest
effective injection interval or, if the disease process improves, stopping
injections altogether. Unfortunately, to maintain disease control and
preserve vision, many patients require injections over several years or
even indefinitely.
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Busulfan (Myleran, GlaxoSmithKline, London, England; Busulfex IV,
Otsuka America Pharmaceutical, Inc., Tokyo, Osaka, and Naruto, Japan)
is a cell cycle non-specific alkylating agent approved by the Food and
Drug Administration as part of the conditioning regimens for stem cell
transplant and is also used (off-label) for treatment of MPNs, typically
after hydroxyurea failure.® At a molecular level, busulfan causes DNA
crosslinking, which prevents DNA replication, ultimately leading to
apoptosis. Busulfan also has well-described toxic effects on endothelial
cells.® In patients with uncontrolled MPNs refractory to hydroxyurea,
busulfan may provide disease control, and, in addition to direct endo-
thelial toxicity, may also indirectly reduce systemic VEGF by reducing
the JAK2 mutation burden.” Herein, we report two patients with JAK2
V617F mutated MPNs responsive to busulfan, with a concomitant
decrease in the requirement for intravitreal anti-VEGF injection for
retinal disease.

2. Methods

This was a retrospective cohort study. This study complied with the
Health Insurance Portability and Accountability Act (HIPAA) and
adhered to the tenets of the Declaration of Helsinki. After IRB approval
with a waiver of written informed consent was obtained from Mayo
Clinic to conduct a retrospective chart review, 203 patients were iden-
tified who received oral busulfan between 2007 and 2021. Patients who
received both oral busulfan and had retinal pathology requiring anti-
VEGF treatment were reviewed in detail.

3. Results

There were seven patients (all were white females) who 1) received
oral busulfan 2) had a hematological neoplasm and 3) had retinal pa-
thology requiring intravitreal anti-VEGF injections (Table 1). Of these,
two patients (Case 1 and 2), both with unclassifiable MPN, had a
reduced requirement for anti-VEGF while on systemic busulfan therapy
as detailed below. Of the other patients, none had unclassifiable MPN,
two took busulfan for fewer than 5 months (Case 3 and 4), one devel-
oped retinal pathology that began over one year after stopping busulfan
(Case 5), one developed new retinal pathology while taking busulfan
(Case 6), and one had limited follow-up due to patient relocation (Case
7). All patients used hydroxyurea as the immediate prior MPN treatment
except for one who used anagrelide. The reason for MPN treatment
switch was intolerance in 5 patients and active non-healing wounds in 2
patients. Only 2 patients had well controlled blood counts prior to
switching to busulfan such that 5 patients had previously uncontrolled

Table 1
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disease, potentially associated with elevated systemic VEGF levels.
3.1. Case 1

A 71-year-old female with JAK2 V617F mutated MPN-unclassifiable
developed a right ankle ulcer related to suspected infrapopliteal arterial
occlusive disease while taking hydroxyurea. To avoid further potential
side effects, she was switched to busulfan. Prior to starting busulfan, the
patient had a longstanding history of exudative age-related macular
degeneration with subfoveal pigment epithelial detachments and sub-
retinal fluid, requiring anti-VEGF injections in the right eye (Fig. 1A).
She was initially diagnosed with exudative age-related macular degen-
eration 8 months after MPN diagnosis and required injections every 4
weeks, with no improvement on attempted switch from bevacizumab to
an agent with stronger binding affinity for VEGF, aflibercept. Immedi-
ately prior to starting busulfan, visual acuity in her affected eye was 20/
40, and she continued every 4-week injections of bevacizumab. The
injection interval could not be extended due to persistent and progres-
sive disease.

While taking busulfan, her MPN was well-controlled, and the inter-
val between injections was extended up to 12 weeks using bevacizumab
with resolution of subretinal fluid and visual acuity improvement up to
20/25 (Fig. 1B). After 6 months of busulfan use, she was required to stop
the medication due to dropping platelet counts. Visual acuity decreased
to 20/40, and the bevacizumab injection interval was reduced to every
4-5 weeks. Approximately one year after stopping busulfan, she had
further worsening of her exudative age-related macular degeneration
despite every 4-week bevacizumab, necessitating escalation to afli-
bercept every 4 weeks. Despite every 4-week aflibercept, she had a
persistent thin layer of subfoveal subretinal fluid (Fig. 1C).

3.2. Case 2

An 87-year-old female with JAK2 V617F mutated MPN had
decreasing blood counts and numbness on hydroxyurea. Updated bone
marrow biopsy showed persistent MPN with myelofibrosis grade 1. The
patient was switched to busulfan. The patient also had a history of
diabetic macular edema in the right eye (Fig. 1D), with visual acuity
reduced to 20/40, requiring anti-VEGF injections with bevacizumab
every 6-8 weeks. The diabetic macular edema was first noted approxi-
mately 13 months prior to MPN diagnosis, and she was unable to suc-
cessfully stop anti-VEGF injections due to recurrence of macular edema,
with progression of ocular disease concomitant to progression of MPN.
Three months after starting busulfan, a trial off injections was

Myeloproliferative neoplasm managed with busulfan and response of retinal disease.

Case Age Sex Race Mutation MPN Retinal Visual Acuity Injection Interval Before Visual Acuity Injection Interval on Busulfan
classif- Disease Before Busulfan ~ Busulfan on Busulfan
ication
1 71 F w JAK2 MPN-U ARMD 20/40 4 weeks 20/25 12 weeks
2 87 F w JAK2 MPN-U DME right ~ 20/40 right 6-8 weeks 20/25 No need
ARMD 20/60 left 6 weeks 20/25 No need
left
3 90 F w JAK2 ET ARMD Hand motions Injections stopped due to ~ Hand motions  No change, off injections with poor
poor visual prognosis vision
4 80 F w JAK2 ET ARMD Count fingers No injections, poor visual ~ Count fingers No change, off injections with poor
prognosis vision
5 87 F w CALR ET ARMD 20/20 No retinal disease before 20/20 No retinal disease until after busulfan
busulfan stopped
6 61 F w JAK2 PV ARMD 20/20 No retinal disease before 20/70 right 4 weeks, developed new exudative
busulfan 20/30 left ARMD in both eyes 2 months prior to
stopping busulfan
7 87 F w negative ET ARMD 20/125 Attempted injection 20/100 4 weeks, limited follow-up due to

holiday prior to starting
busulfan

patient relocation

F = female, W = white, ARMD = age-related macular degeneration, DME = diabetic macular edema, MPN-U = myeloproliferative neoplasm-unclassifiable, ET =

essential thrombocytosis, PV = polycythemia vera.
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Fig. 1. Busulfan Treatment for Myeloproliferative
Disease may Reduce Injection Burden in Vascular
Endothelial Growth Factor-Driven Retinopathy: Clin-
ical images. Case 1. A 71-year-old female with
exudative age-related macular degeneration (ARMD)
in her right eye had (A) subfoveal pigment epithelial
detachments (PEDs) and subretinal fluid by optical
coherence tomography (OCT), necessitating every 4-
week intravitreal anti-vascular endothelial growth
factor (anti-VEGF) injections. (B) Subretinal fluid
resolved after starting busulfan, and injections were
extended to a 12-week interval. After busulfan was
stopped, (C) subfoveal subretinal fluid recurred,
necessitating return to every 4-week injections. Case
2. An 87-year-old female with (D) diabetic macular
edema by OCT in her right eye requiring intravitreal
anti-VEGF injections had (E) improvement with no
need for further injections after starting busfulan. Her
left eye developed new exudative ARMD with (F)
subretinal fluid while on a busulfan holiday, which
(G) improved with anti-VEGF injections. She did not

require any further injections after restarting busulfan, but when busfulan was stopped again, she had (H) recurrence of subretinal fluid with PEDs in her left eye,

requiring resumption of anti-VEGF injections.

attempted, and the patient maintained visual acuity of 20/25 in the right
eye with no recurrence of diabetic macular edema (Fig. 1E) and no
further need for anti-VEGF injections in the right eye over 15 months
follow-up.

Approximately 6 months after starting busulfan, the patient had to
hold the medication due to thrombocytopenia. During this time, the
patient developed subretinal fluid in the left eye (Fig. 1F) consistent with
a new diagnosis of exudative age-related macular degeneration with
visual acuity reduced to 20/60. Intravitreal anti-VEGF injections with
bevacizumab were started. Due to rising blood counts, she restarted
busulfan. While taking busulfan, she required no further anti-VEGF in-
jections, and visual acuity improved to 20/25 with resolution of sub-
retinal fluid (Fig. 1G). Due to thrombocytopenia, busulfan was again
stopped. The patient had no recurrent fluid one month later, but at her
next ophthalmology follow-up 7 months after stopping busulfan, she had
recurrence of subretinal fluid (Fig. 1H) with visual acuity reduced to 20/
40, and intravitreal bevacizumab injections were restarted.

4. Discussion

Herein, we presented two patients with JAK2 mutated MPN neces-
sitating treatment with busulfan. Each patient had an underlying retinal
disease, which required intravitreal anti-VEGF injections. Both patients
experienced improvement in their retinal disease with reduced
requirement for anti-VEGF while on busulfan (but not on hydroxyurea),
with disease progression when busulfan was stopped. Given the known
relationship between systemic VEGF levels and JAK2 mutated MPNs,>
we hypothesize that these patients had elevated systemic VEGF levels
due to their underlying cancer with high JAK2 mutation burden, which
could have contributed to more severe VEGF-driven retinal disease. In
fact, patients with MPNs have a well-described increased risk of
age-related macular degeneration, which is associated with higher
JAK2V617F allele burden,®’ and Bak et al. described a 1.4-fold
increased risk of neovascular age-related macular degeneration in pa-
tients with MPNs. '°

Busulfan reduces JAK2V617F allele burden,” and, therefore, may
indirectly decrease systemic VEGF levels, which could have translated to
reduced intraocular VEGF levels, explaining improvement in retinal
disease and decreased need for local anti-VEGF injections. Reduced
serum VEGF levels have previously been observed in patients treated
with another alkylating agent, cyclophosphamide.'' Thus, this effect
may not be limited to busulfan but was not seen when patients were on
hydroxyurea. Another possible explanation for this phenomenon

includes direct endothelial toxicity related to busulfan’s inherent prop-
erties as a potent alkylating agent.® This toxicity may directly inhibit
proliferative angiogenesis, preventing further neovascularization within
a choroidal neovascular membrane and, thereby, decrease risk for fluid
recurrence. A similar hypothesis of angiogenic inhibition was consid-
ered prior to the advent of intravitreal anti-VEGF agents when proton
irradiation was utilized to treat exudative age-related macular
degeneration.'>!*

Because this observation is limited to two patients, and the natural
history of the disease(s) may be variable, any definitive conclusion
cannot be made. Of the seven reviewed patients, only those two with
unclassifiable MPN had an apparent association between busulfan use
and anti-VEGF requirement. The mechanism by which busulfan may
reduce anti-VEGF injection burden is speculative, and further studies
measuring systemic and intraocular VEGF levels before and after
busulfan treatment would better elucidate whether there is a true
association.

5. Conclusions

In conclusion, in two patients with MPN presented here, reduced
requirement for intravitreal anti-VEGF therapy coincided with the time
of busulfan initiation, and conversely, increased requirement for intra-
vitreal anti-VEGF therapy coincided with busulfan discontinuation
(Fig. 2). Further investigation is warranted to determine whether sys-
temic myeloproliferative processes which cause elevated VEGF levels
are associated with more severe presentations or higher likelihood of
VEGF-driven retinal disease. Additionally, a more directive therapy like
JAK inhibitors (ruxolitinib or fedratinib) may have a similar effect but
this was not studied in our cohort. Future studies could investigate
whether treatment for MPN reduces systemic VEGF levels and improves
retinal pathology in a larger cohort and determine whether this effect is
specific to busulfan or extends to other systemic medications used to
treat myeloproliferative disease.

Patient consent

Written consent to publish this brief report has not been obtained. An
IRB waiver of written informed consent was obtained from Mayo Clinic.
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A Case 1
Before busulfan: After stopping busulfan:
Intravitreal bevacizumab Intravitreal bevacizumab
every 4 weeks every 4-5 weeks
Visual acuity 20/40 Visual acuity 20/40

After 3 months of
busulfan: Intravitreal Q

bevacizumab extended to

Busulfan every 12 weeks Busulfan
Start Visual acuity 20/25 Stop
B Case 2

Before busulfan: After stopping busulfan:

Intravitreal Intravitreal bevacizumab

bevacizumab every 6-8 every 4-6 weeks for new

weeks (right eye) subretinal fluid (left eye)

Visual acuity 20/40 Visual acuity 20/60

After 3 months of
busulfan: Intravitreal s

bevacizumab stopped
Busulfan (right eye)

One year after stopping
busulfan: Escalated
therapy to intravitreal
aflibercept every 4 weeks

Visual acuity 20/30

7 months after stopping
busulfan: Intravitreal
bevacizumab every 4-5
weeks (left eye)

Visual acuity 20/40

After restarting
busulfan: Intravitreal Q

bevacizumab stopped

Start Visual acuity 20/25 Stop

(left eye), i off

Start  injections (right eye) Stop

Visual acuity 20/25

Fig. 2. Busulfan Treatment for Myeloproliferative Disease may Reduce Injection Burden in Vascular Endothelial Growth Factor-Driven Retinopathy: Timeline of
events. Two patients had reduced requirement for intravitreal anti-vascular endothelial growth factor (anti-VEGF) injections (bevacizumab, aflibercept) while on

systemic busulfan. A timeline of events is detailed for (A) Case 1 and (B) Case 2.
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