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ABSTRACT

AIM: Because no approved medications exist for eosinophilic esoph-
agitis (EoE), patients must use off-label drugs or create their own for-
mulations. We assessed the efficacy of a standardized compounded
budesonide suspension for treatment of EoE.

MATERIALS AND METHODS: We conducted a retrospective co-
hort study of EoE patients at the University of North Carolina treated
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with compounded budesonide dispensed by a specialty compounding
pharmacy. Outcomes [symptomatic global response (yes/no), endo-
scopic response (% with individual findings), and histologic response
[absolute eosinophil count; % with < 15 eos/hpf)] were assessed after
the initial and last treatment in our system.

RESULTS: We identified 48 patients treated with compounded
budesonide (mean age 33.6; 69% male; 96% white; 2.4 mg mean initial
dose). After a mean length of follow-up of 17.0 months (range: 4.2 -
56.3), there was a significant decrease in symptoms of dysphagia (95%
vs 32%, p < 0.001), improvements in heartburn (37% vs 11%, p = 0.06)
and global symptom response (81%). The median of the peak eosinophil
counts decreased from 55 to 20 eos/hpf (p < 0.001) with 42% achieving
aresponse of < 15 eos/hpf. Esophageal candidiasis was rare (6%). In the
18 patients with prior non-response to corticosteroids or dietary elimina-
tion, 83% had symptomatic and 38% had histologic response.
CONCLUSION: Compounded budesonide suspension produced a
durable symptomatic, endoscopic, and histologic response in a cohort
followed for more than a year. Many patients previously refractory
to prior therapy responded to compounded budesonide. This for-
mulation can be used clinically until there are approved drugs with
esophageal formulations for EoE.
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INTRODUCTION

Eosinophilic esophagitis (EoE) is a chronic immune/antigen-
mediated clinicopathologic condition characterized by eosinophilic-
predominant inflammation and esophageal dysfunction. A diagnosis
of EoE requires the presence of at least 15 eosinophils per high-power
field in esophageal biopsies and the exclusion of alternative etiologies
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of esophageal eosinophilial'.

Corticosteroids improve the clinical symptoms and histologic
features of EoE!® and represent the first-line pharmacologic therapy
for this condition after non-response to proton pump inhibitors
(PPIs)!'>71. As no FDA approved medications or esophageal-specific
corticosteroid preparations are currently clinically available for
EoE™®), patients are forced to swallow asthma-specific preparations
in an attempt to coat the esophagus. This is not ideal. Metered-dose
inhalers produce sub-optimal esophageal delivery and unintentional
pulmonary deposition, and the off-label use of budesonide slurries
mixed by patients results in variable drug concentrations and mucosal
contact times'®. As such, a budesonide formulation compounded
by a specialty pharmacy may represent a preferable alternative until
drugs with esophageal-specific formulations are approved!'”.

In this study, we aimed to assess the efficacy of a standardized
pharmacy compounded budesonide suspension for treatment of EoE
in patients who were steroid naive as well as previously refractory to
other steroid or dietary treatments.

METHODS

We conducted a retrospective cohort study at the University of
North Carolina (UNC) at Chapel Hill utilizing the UNC EoE
Clinicopathologic database. The UNC EoE Clinicopathologic
database has previously been described!'®?!). Cases of EoE were
diagnosed per consensus guidelines including the exclusion of PPI-
responsive esophageal eosinophilia!'l. The University of North
Carolina Institutional Review Board approved this study.

Using the UNC EoE Clinicopathologic Database, we identified
all EoE patients treated with compounded budesonide suspension
between 2010 and 2017. To help isolate the effect of compounded
budesonide, data were abstracted from treatment periods when
patients received compounded budesonide without systemic
corticosteroids, additional topical corticosteroids, or other second-
line EoE pharmacologic therapies, but patients who previously
received these modalities were not excluded from the analysis.
Patients maintained on a stable food elimination diet were included in
this patient cohort. Patient inclusion required repeat endoscopy with
biopsy subsequent to initiating compounded budesonide, in order to
have both baseline and follow-up data.

After starting compounded budesonide, most commonly at a total
daily dose of 2 mg, or following a dose change, the typical clinical
protocol was to repeat an upper endoscopy to assess for endoscopic
and histologic response following approximately 8 to 12 weeks.
For patients with a histologic response to compounded budesonide,
defined as esophageal biopsies with < 15 eosinophils/high-powered
field (eos/hpf)**?, compounded budesonide dosing was subsequently
modified at the discretion of the provider. In some cases of complete
response, the approach was to decrease the dose and to subsequently
assess if response was maintained on the lower dose.

Compounded budesonide suspension was prescribed at a
concentration of 1 mg/ 8 mL during the course of routine clinical
care and both prepared and dispensed by a single specialty
outpatient compounding pharmacy (Chapel Hill Compounding
Pharmacy). The medication was formulated as a viscous suspension
comprised of a micronized powder form of API Budesonide BP/EP
(Medisca, Plattsburg, NY), Methocel E4AM Premium hydroxypropyl
methycellulose USP, and a sugar free sweetener and flavoring
agent (Letco Medical, Decatur, AL). The suspension was prepared
using strict quality control guidelines. Budesonide powder was first
weighed on an analytical balance and validated by compounding
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software. The powder was then wet with a small amount of preserved
water and incorporated into the methycellulose vehicle using
geometric dilution. Each bottle was subsequently shaken thoroughly
for 5 minutes to assure even dispersion. The final preparation was
dispensed into an oval plastic amber bottle to protect the contents
from light. Patients were instructed to store compounded budesonide
suspension at room temperature and to discard the medication after
30 days per USP guidelines. In addition, patients were instructed to
take compound budesonide 30 minutes prior to or after eating.

Following cohort assembly, data were extracted from medical
records using a standardized data collection form. Abstracted data
included demographics, symptoms, previous treatment, endoscopic
findings, and outcomes [symptomatic global response (yes/no),
endoscopic response (% with individual findings), and histologic
response (absolute eosinophil count; % with < 15 eos/hpf)]. As this
was a retrospective study and validated patient reported outcome
measures were not uniformly applied in clinical settings, symptoms
were coded using dichotomous variables signifying their presence or
absence (yes/no) and as a global symptomatic response (yes/no per
patient perception of disease activity at follow-up appointments)!'*22,
Additionally, given that the initiation of compounded budesonide
preceded widespread adoption of the EFEFS scoring system[®¥,
endoscopic findings were coded by the presence or absence of
individual findings (% with individual findings). Data were collected
for three time points: at baseline, after the initial compounded
budesonide course, and following the last budesonide treatment in
our system.

For analysis, descriptive statistics including the mean, standard
deviation, and the shape of the distribution were calculated for all
continuous variables. Frequencies were tabulated for categorical
variables. Bivariable statistics analyzed the relationship between
baseline and post-treatment symptomatic, endoscopic and histologic
outcomes. As repeat measures were analyzed, McNemar’s chi-
squared test was used for dichotomous variables (symptomatic
and endoscopic response) and paired Wilcoxon Signed-Rank for
continuous variables (peak eosinophil counts). Pearson’s chi-squared
test was otherwise used when comparing non-paired categorical
variables. The Wilcoxon Rank Sum test was used for non-parametric
and non-paired continuous variables. All analyses were performed
using Stata 14.2 (StataCorp, College Station, TX).

RESULTS

Baseline characteristics and prior treatments
A total of 48 patients with EoE met eligibility criteria for the study.
The mean age was 33.6 years old, 69% were male, and 96% were
white (Table 1). There were 9 (19%) patients younger then 18 years
old at the time of compounded budesonide initiation. An associated
atopic condition was reported in 56% of patients. The mean length of
symptoms prior to diagnosis was 10.8 years. Patients were followed
for a mean length of 13.2 months (range: 1.8-56.3 months) while
treated with compounded budesonide suspension. There were 8
(17%) patients maintained on a stable food elimination diet at the
time of compounded budesonide initiation. In 4 (50%) of these
patients, a portion of the eliminated foods consisted of triggers
for immediate-allergic food reactions, and all of the 8 still had
active inflammation (>15 eos/hpf) at the start of the compounded
budesonide treatment despite the dietary elimination.

Prior to therapy, the most commonly reported symptom was
dysphagia (92%) followed by heartburn (38%) (Figure 1A). Typical
endoscopic findings of EoE were prevalent at baseline including
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rings (81%), furrows (83%), and edema/decreased vascularity
(67%) (Figure 1B). The median eosinophil count prior to treatment
was 58 eos/hpf (IQR: 39-80) (Figure 1C). Most patients (67%)
had previously been treated with a topical corticosteroid or food
elimination diet before compounded budesonide suspension
(Table 2). More specifically, 27% and 60% of all patients had been
prescribed a food elimination diet or topical corticosteroid before
compounded budesonide suspension was started, respectively. Non-
response and/or loss of response to topical corticosteroids or food
elimination diet had been recorded in 18 of 32 (56%) patients.

Initial Response to Compounded Budesonide

Each included patient underwent at least one follow-up endoscopy
with biopsies. There were 33 patients who had two or more follow-
up endoscopies with biopsies while being treated with compounded
budesonide suspension. The median interval between compounded
budesonide initiation and initial follow-up examination was 3.1
months (IQR: 2.3 - 5.0).

For the 48 patients in this study, the mean initial daily dose of
compounded budesonide was 2.4 mg (range 1-6 mg/day). The
average initial monthly dose was 72 mg (range 30-180 mg). There
were 26 patients (54%) who initiated compounded budesonide at
once daily dosing. The remainder of patients started the medication
at twice daily dosing (Table 1). A significant decrease in symptoms
of dysphagia (90% vs 39%, p < 0.001), heartburn (33% vs 3%, p =
0.001), chest pain (18% vs 0%, p = 0.008), abdominal pain (10% vs
0%, p = 0.05), and vomiting (21% vs 0%, p = 0.005) was documented
after initiating compounded budesonide. An improvement in nausea
trended toward statistical significance (11% vs 3%, p = 0.18). Global
symptomatic improvement was recorded in 78% of treated patients
(Figure 1A). Statistically significant improvements in endoscopic
features of EoE were also recorded after the initiation of treatment
for the cohort. These included improvement in rings (81% vs 48%, p
=0.002), furrows (83% vs 46%, p < 0.001), white plaques (58% vs
29%, p = 0.006), and decreased vascularity (67% vs 29%, p < 0.001).
Narrowing also significantly improved (29% vs 17%, p = 0.03), but
strictures did not. Overall, the incidence of esophageal candidiasis
was rare after the initiation of therapy and documented in 4% of the
cohort; this was typically asymptomatic and noted incidentally on
follow-up endoscopy. Esophageal dilation was performed in a similar
number of patients at baseline and after compounded budesonide
suspension was started (46% vs 50%, p = 0.56) (Figure 1B).

After initial treatment with compounded budesonide, the median
of the peak eosinophil count decreased from 58 to 15 eos/hpf (IQR:
0-95) (p < 0.001), and 48% achieved a post-treatment eosinophil
count of < 15 eos/hpf (Figure 1C). The mean initial steroid dose did
not differ between patients who did and did not have a histologic
response to compounded budesonide (2.4 vs 2.4 mg; p = 0.85).

Sub-group analysis

A sub-group analysis was conducted comparing the initial outcomes
between patients without and with at least a second follow-up
endoscopy while receiving compounded budesonide. For the 15
patients who did not complete an additional follow-up endoscopy,
the median eosinophil count was 3 eos/hpf (60 vs 3, p = 0.005) with
80% achieving a response of < 15 eos/hpf after starting compounded
budesonide. Additionally, 11 (73%) of these patients had an initial
global symptomatic response. The 33 patients in whom there were
additional follow-up endoscopies had a median eosinophil count of
30 (55 vs 30, p = 0.003) following compounded budesonide initiation.
Of these 33 patients, 39% achieved a histologic response of < 15
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Table 1 Patient demographics (1 = 48).

Patient descriptor N £SD, N (%) or range
Age at diagnosist 33.6 £16.1

Male 33 (69%)

White 44 (96%)

Private insurance 37 (82%)

Atopic disease diagnosis 27 (56%)

Food allergy 16 (33%)

Length of follow-up in patient months

All patients 13.2+11.8;1.8-56.3

Time to first follow-up biopsy 62+81;1.4-42.0

Time to final available biopsy 17.0 £12.3; 4.2-56.3
g;i:i:};(;rlrillllaic;l:iesd budesonide 24+091-6
Final compounded budesonide dose 22+1.3;05-4
Concurrent food elimination diet} 8 (17%)

1SD: standard deviation; $Compounded budesonide was added to a
targeted food elimination diet in 8 patients. The targeted elimination
diets varied from a single food removed (i.e. low-heat eggs) to 8 separate
foods removed from a patient’s diet (i.e. nuts, chocolate, soy, oats,
barley, sesame, and shellfish, coconut, peaches, and apples). In 4 of these
patients, a portion of the eliminated foods was a trigger of immediate-
allergic food allergies.

Table 2 Prior treatment history (n, %).

Treatment history N (%)
Fluticasone (multi-dose inhaler) 19 (40)
Budesonide (mixed into a slurry from the respule formulation) |20 (42)
Systemic steroids 3 (6)
Leukotriene receptor antagonist 6 (13)
Dilation 19 (40)
Patients receiving FED{ or tCS# before compounded budesonide |32 (67)
Food elimination diet 13 (27)
Targeted elimination 10 (21)
Six food elimination diet 3 (6)
Patients receiving tCS before compounded budesonide 29 (60)
No response to or loss of response to tCS or FED 18 (56)

1FED: food elimination diet; $tCS: topical corticosteroids.

eos/hpf and 81% reported global improvement in symptoms. These
two groups of patients did not differ by initial post-treatment median
eosinophil count (3 vs 30, p = 0.08), or by the proportion of patients
with global symptomatic improvement (73% vs 81%, p = 0.58).

Final Response to Compounded Budesonide

There were 33 patients included in the analysis of treatment outcomes
at the end of the follow-up period. The average dose at the end of
the available follow-up was 2.2 mg (Table 1). The mean number of
follow-up endoscopies after initiating compounded budesonide was
2.8. Among these 33 patients, 19 (59%) were on a different dose
of compounded budesonide at the end of follow-up. There were 13
patients whose dose was decreased after histologic improvement, and
1 patient in whom the dose was decreased for esophageal candidiasis.
The dose was increased in 5 patients after an inadequate initial
histologic response. After a mean 17.0-month follow-up interval,
durable responses were seen in symptomatic, endoscopic, and
histologic outcomes. When compared to the pre-treatment findings of
patients with final follow-up data, 81% of patients reported a global
improvement in symptoms. There remained a significant decrease in
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symptoms of dysphagia (95% vs 32%, p < 0.001), while heartburn
(37% vs 11%, p = 0.06) and chest pain trended toward significant
improvements (10% vs 5%, p = 0.56) (Figure 1A). Similarly, the
previously documented statistical improvements in endoscopic
features persisted: rings (85% vs 53%, p = 0.002), furrows (88%
vs 59%, p < 0.002), white plaques (68% vs 35%, p = 0.005),
and decreased vascularity (74% vs 35%, p = 0.005) (Figure 1B).
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Figure 1 (A) Symptom reporting across the study period and statistical
comparison between baseline and last available findings; (B) Endoscopic
features across the treatment period and statistical comparison between
baseline and last available findings; (C) Peak median eosinophil count
across the treatment period and statistical comparison between baseline
and initial findings as well as baseline and last available findings.
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Esophageal candidiasis was more prevalent at this point in treatment
(3% vs 6%, p = 0.56) but did not statistically differ from baseline
findings.

No differences in esophageal narrowing (29% vs 32%, p = 0.71) or
stricturing (56% vs 44%; p = 0.16) were found compared to baseline.
Furthermore, the same proportion of patients was dilated at baseline
and at the end of follow-up (56% vs 56%, p = 1.00).

At the end of the mean 17.0-month follow-up period, esophageal
eosinophil counts remained significantly lower that at baseline. The
median eosinophil count was 20 eos/hpf (55 vs 20, p <0.001) with
42% achieving a response of < 15 eos/hpf (Figure 1C). Of the 48%
who achieved an initial histologic response, 69% maintained this
response at the end of the follow-up period.

Additional sub-group analyses

In a sub-group analysis of the 18 patients who previously did not
respond to or lost response to a topical corticosteroid or a food
elimination diet, compounded budesonide suspension was variably
efficacious. Among these 18 patients, 83% had a global symptomatic
response, but only 38% had a histologic response of < 15 eos/hpf
at the time of their final available evaluation while on compounded
budesonide suspension. In a second subgroup analysis, among the
8 patients who were concurrently treated with a food elimination
diet and compounded budesonide suspension, 50% achieved a final
post-treatment histologic response of < 15 eos/hpf. The median peak
eosinophil count for these 8 patients (14 eos/hpf) did not differ from
the rest of the cohort (20 eos/hpf) at the end of follow-up (p = 0.38).
Finally, assessing differences by patient age, the mean peak histologic
counts (8 vs 23, p = 0.12) did not differ between children and adults
at the end of treatment, but a greater proportion of adults reported a
global symptom response (50% vs 87%, p = 0.02).

For the 23 patients with an initial histologic response to
compounded budesonide, final eosinophil counts remains suppressed
but slightly attenuated by the end of the study. Here, the median
eosinophil counts after the initial therapy and last available therapy
were 0 and 9 eos/hpf, respectively (p = 0.002). Approximately two-
thirds of initial responders maintained histologic response at the
available follow-up time. However, the final daily compounded
budesonide dose in the initial responders had decreased by 1.0 mg
(p = 0.005). Lastly, we separately examined patients with 2 or more
follow-up endoscopies that did not have an initial histologic response
to compounded budesonide. Among these 20 patients, only 5 (25%)
attained a histologic response of < 15 eos/hpf at the end of follow-up,
even with a mean compounded budesonide dose increase of 0.3 mg

(p=0.35).

DISCUSSION

Topical corticosteroids improve the clinical, histologic, and
endoscopic features of EoE and are the first line medical therapy for
the management of this disease after PPI non-response!®!. At present,
however, no FDA approved steroid preparations are available for
EoE. This predicament forces patients to utilize off-label steroid
inhalers or liquid corticosteroids, such as budesonide respules,
which they use to produce their own budesonide formulations.
In clinical practice, a simpler means of supplying topical steroid
suspensions may be preferable for patient care!'"). For this study,
we evaluated the efficacy of a pharmacy-dispensed compounded
budesonide suspension in a cohort of adults and children with EoE.
We found that a compounded budesonide suspension produced
statistically significant and durable symptomatic, endoscopic, and
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histologic responses in a cohort followed for a mean length of 17.0
months. Furthermore, after restricting the analysis to those patients
who previously had no response to or loss of response to a topical
corticosteroid and/or a food elimination diet, we found that 38% of
the cohort exhibited a histologic response of < 15 eos/hpf. Given the
notable clinical response to a compounded budesonide suspension,
this formulation may represent a viable option in the primary or
secondary treatment of EoE patients in routine clinical practice.

Topical corticosteroids were developed to mitigate the associated
risk of systemic corticosteroids. Among the topical formulations,
fluticasone, dispensed from an MDI, and budesonide, dispensed as
viscous slurry or a swallowed nebulized vapor, are best described
in the medical literature!®2%. The evidence for their efficacy,
largely assessed by histologic improvement but also with clinical
improvement, is robust and has been synthesized within 4 meta-
analyses of 7 randomized controlled trials?®>?* as well as a meta-
regression®!. More recent studies have suggested that the formulation
and/or preparation is of paramount importance for the efficacy of
the corticosteroid®!7**3!, One study showed that an effervescent
budesonide tablet is effective as a delivery vehicle in a phase 2
placebo-controlled RCTEY, and this medication also proved highly
efficacious in a phase 3 trial®". An additional phase 2 RCT found
a muco-adherent viscous budesonide formulation to be effective
in improving the clinical, endoscopic and histologic features of the
disease. This medication is now being studied in a phase 3 placebo-
controlled RCTP?. Improvement in clinical symptoms, remission
of histolopathological features, and the avoidance of long-term
complications embody the goals of EoE treatment!'”). Our study
shows that compounded viscous budesonide is effective in all of
these domains but also over an extended period of follow-up time.
For patients with an initial histologic response to compounded
budesonide, over two-thirds continued to demonstrate a histologic
response to the medication despite a 1 mg reduction from the initial
dose. These results are similar though more favorable than findings
from previous long-term studies of tCS in the management of
EoER*¥! and they lend credence to some patients losing disease
control with time. Our results also support previous work suggesting
that steroid doses should be carefully reduced to avoid loss of
histologic response®. Lastly, we also demonstrated that continued
steroid treatment at a fixed dose does not significantly increase
the proportion of patients responding to therapy after initial non-
responsel®,

One issue to consider with using a compounded medication is
cost. Both food elimination strategies and tCS (e.g. oral viscous
budesonide slurries and fluticasone delivered via multi-dose inhaler)
are expensive and potentially burdensome for patients and payers
alike*¥!, But data to directly compare these therapies are scant. We
performed a cost utility comparison of topical corticosteroids and the
6-food elimination diet (SFED) Compounded budesonide may be
an exception to this paradigm. In an analysis of several pharmacies
in Minnesotal®®, a formulation of budesonide respules at 1 mg twice
daily cost $1,613 for 6 weeks of treatment®). This compared to
compounded budesonide at a dose of 3 mg twice daily that cost $141
for 6 weeks of therapy™!, which is similar in cost to the product used
in this study ($80/mo). However, though often much more expensive,
insurance companies may reimburse commercially available products
but may not pay for compounded formulations.

There are some limitations to this study. First, it has a retrospective
design, so symptoms were assessed subjectively, and symptom
response data must be interpreted with caution. However, we were
able to use endoscopic findings clearly documented at the time of
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the procedure, as well as histologic findings, which are relatively
objective. Second, the study was from a single center, so results
may not be generalizable. This cohort, though, had symptomatic
and endoscopic findings similar to a non-referral population’®”.
Third, a small proportion of the cohort received a concomitant food
elimination diet. This may conceivably confound the measured
treatment effect. However, in these cases, budesonide was an add-
on therapy to a food elimination diet because there was incomplete
response to the dietary treatment. Finally, this study did not include
a placebo arm, so it would not be possible to conclude how the
medication would fare in an intervention study. This is salient, as
multiple prior trials in EoE showed an improvement in symptoms in
both the treatment and placebo arms when non-validated outcome

91340431 Multiple strengths also characterize

measures were applied!
this study. Data extraction was rigorous, the cohort was homogenous
and included patients only meeting a consensus diagnosis of EoE,
and the compounded budesonide, while provided clinically, was
compounded in a standard fashion ensuring all patients received the
stated doses and concentrations.

In conclusion, compounded budesonide suspension produced
a durable symptomatic, endoscopic, and histologic response in a
cohort of patients followed for more than a year. Just under a half of
patients who were previously refractory to a prior therapy, including
topical corticosteroids, responded to compounded budesonide. This
formulation can be used clinically until there are approved drugs with
esophageal formulations for EoE.
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