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Abstract

A retrospective, observational cohort study was conducted to generate real-
world evidence in adult patients diagnosed with sarcoidosis-associated
pulmonary hypertension (SAPH) at a referral center in England between
2012 and 2019. Data from the referral center electronic medical record
database were linked to the National Health Service Hospital Episode Statistics
database to collect and analyze patient demographics, clinical characteristics,
comorbidities, treatment patterns, health-related quality of life (HRQOL;
assessed using the EmPHasis-10 questionnaire), healthcare resource utiliza-
tion (HCRU), costs, and survival. Sixty-two patients with SAPH were
identified. At diagnosis, 84% were in WHO functional class III and presented
with significant pulmonary hemodynamic impairment. Cardiovascular and
respiratory comorbidities were commonly reported prediagnosis. Median
EmPHasis-10 score at diagnosis was 34, indicative of poor HRQoL. In the 1st
year after diagnosis, median (Q1, Q3) per-patient HCRU was 1 (0, 2) all-cause
inpatient hospitalizations; 3 (2, 4) same-day hospitalizations; and 9 (6, 11)
outpatient consultations. In 24 patients who were hospitalized longer than 1
day in the 1st year after diagnosis, the median duration of hospitalization was
4 days. With a median follow-up of 1.8 years, the median overall survival was
2.9 years. In this cohort of patients with SAPH, poor HRQoL and high HCRU
were observed following diagnosis. To our knowledge, this is the first study to
report on HRQoL and HCRU in patients with SAPH. More research is needed
on treatment options for this population with high unmet needs.
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INTRODUCTION

Sarcoidosis is an uncommon, chronic, multiorgan inflam-
matory disorder of unknown etiology.'” Non-caseating
granulomas develop in multiple tissues, commonly affecting
the lungs and lymphatic system and potentially causing
severe morbidity."*> Pulmonary hypertension (PH) is a
well-recognized and serious but poorly defined complication
of sarcoidosis.>*® Estimates from prospective screening
studies on the prevalence of PH in patients with sarcoidosis
range from 3% to 6% when PH is confirmed by right heart
catheterization (RHC) and from 6% to 21% for PH suspected
by echocardiography.>’2

Patients with sarcoidosis-associated pulmonary hyper-
tension (SAPH) most frequently present with persistent or
unexplained dyspnea,>® which has a negative impact on
patients' health-related quality of life (HRQoL).>'”'® More-
over, the development of SAPH is independently associated
with a 7- to 10-fold increase in the risk of death compared to
patients who have sarcoidosis without PH.>'** In a study of
452 patients with sarcoidosis, PH was a major independent
predictor of mortality; 10-year survival was estimated at 65%
in patients with PH, compared with 90% in patients
without PH.®

There are currently no approved drugs for the treatment
of SAPH and a lack of robust data from large randomized
controlled clinical trials.” Decisions regarding treatment are
challenging and reflect in part the heterogenous nature of
SAPH. Some improvement has been reported in patients
with SAPH treated with pulmonary vasodilators, endothelin
receptor antagonists, phosphodiesterase type 5 inhibitors,
and the soluble guanylate cyclase stimulator riociguat in case
series and small-scale studies.>*"*'>?'"** Qverall, drug
treatment has improved hemodynamics, but has not
consistently improved exercise capacity or functional class.
Single or bilateral lung transplant may be considered in
selected patients.>**

To date, the economic burden of SAPH has not been
studied alongside clinical outcomes for these patients.
This retrospective study was conducted to generate real-
world evidence on the demographic and clinical char-
acteristics, comorbidities, treatment patterns, HRQoL,
healthcare resource utilization (HCRU), and overall
survival in patients diagnosed with SAPH at a PH
referral center in England between 2012 and 2019.

METHODS
Data sources

Data were collected from the electronic medical record
(EMR) database used at the Sheffield Pulmonary

Vascular Disease (PVD) Unit (Sheffield EMR) based at
Royal Hallamshire Hospital and were linked with data
from the National Health Service (NHS) Hospital
Episode Statistics (HES) database, as previously
described.>>>°

The Sheffield EMR contains clinical management and
demographic data for all referred patients, including
confirmed diagnoses, diagnostic procedures, further
clinical tests, treatments prescribed, and specialist
consultations that have taken place at the Sheffield
PVD Unit. The HES database contains details on all
admissions, accident and emergency attendances (i.e.,
emergency room visits), and outpatient appointments at
all NHS hospitals in England.”’

Only aggregated, anonymised data were used in this
study; researchers did not have access to personally
identifiable information. HES data were linked by NHS
number and date of birth to Sheffield EMR data before
being deidentified and made accessible for analysis in
this study. Death data in the Sheffield EMR were
captured through linkage to NHS death records and
were refreshed immediately before data extraction.

Categories with <7 patients in tables have been
masked in line with data protection requirements to
ensure that patient confidentiality was maintained
(noted as “<7” in tables).”® Where only a single count
was masked as “<7” and, therefore, could be further
identified, the category with the next lowest number was
also suppressed (noted as “suppressed” in tables) to avoid
calculation of the small value. However, no data were
excluded from the analysis; small number suppression
was only applied to study outputs as a final step before
release. Kaplan-Meier curves were censored when the
number at risk dropped to <10% of the stratum size.

Study design

Adult patients (218 years old at diagnosis) were included
in this retrospective, observational cohort study if they
were diagnosed with SAPH between January 1, 2012 and
June 30, 2019. The observation period was from January
1, 2012 to September 30, 2019, from both databases.
Comorbidities and HCRU post-diagnosis were available
from the HES database from January 1, 2009. For all
included patients, the index date was defined as the first
diagnosis date within the study period, based on Sheffield
EMR records.

Patients were followed from diagnosis until the
earliest of the following: date of death (from Sheffield
EMR), date of lung transplant (from HES), date of
last contact, or end of the study observation period
(September 30, 2019).
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For the overall survival analyses, patients were
followed until death or censored at last contact according
to the Sheffield EMR or HES; that is, patients were
followed upon discharge from the Sheffield PVD Unit, if
there was evidence in HES that they survived longer.
Follow-up for overall survival ended on September 30,
2019, in line with the observation period. For the HCRU
analyses, patients were followed until the earliest of
death or last contact in the HES database, or September
30, 2019.

Outcomes

In line with the study objectives, the following outcomes
were collected from the Sheffield EMR: patient demo-
graphics, clinical characteristics, survival after diagnosis,
and changes in HRQoL based on EmPHasis-10 score
from diagnosis to 1 and 2 years after diagnosis. The
EmPHasis-10 is a quality-of-life score developed and
validated specifically for the assessment of HRQoL in
patients with PH (see Supporting Information).***
Higher scores are indicative of worse HRQoL.*

The following data were collected from HES:
comorbidities identified in the 5 years before diagnosis,
survival after diagnosis, and 1- and 3-year HCRU and
costs after diagnosis. For HCRU analyses, inpatient
hospitalizations were categorized as either longer than
1 day or “same-day spells,” meaning the discharge date
was the same as the admission date. Outpatient visits
were defined as any activity occurring in a hospital under
an outpatient setting.

Statistical analysis

This study was descriptive in nature, without predefined
hypotheses. Categorical variables are reported with
frequency (n) and percentage (%). Continuous variables
are reported as median (Q1, Q3) and mean (+standard
deviation). Median follow-up times were calculated.
Overall survival was evaluated with Kaplan-Meier
estimates with follow-up time starting from index date
and censoring at death or last contact in Sheffield EMR
or HES.

For HCRU analyses, hospitalization costs were
calculated from the first contact in HES until death or
the last contact in HES. Costs are described using
indicative tariff incomes, representative of the reimburse-
ment received by hospitals. In England, the cost of
secondary care to the health service (the payer) is
calculated according to national tariff prices in 2019,
based on the national average unit costs of providing
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each service (published as the National Schedule of
Reference Costs).>!

RESULTS
Overview

Overall, 62 patients diagnosed with SAPH were identified
in the database. The median time from the first record in
HES to diagnosis at Sheffield PVD Unit was 4.5 years.
The median follow-up time from diagnosis was 1.8 years
using Sheffield EMR data and 2.0 years using HES data.
The main reasons for study exit were death in 33 (53%)
patients and the last record in Sheffield EMR in 27 (44%)
patients. One patient was excluded from the analysis of
treatments prescribed due to data quality criteria.

Demographics

Demographics of the SAPH cohort at diagnosis are
presented in Table 1. The median age at diagnosis was 63
years; 55% of patients were female, and most patients
identified as white (84%).

Clinical characteristics, comorbidities, and
prescribed treatments

Clinical characteristics at diagnosis are presented in
Table 1 and Supporting Information: Table 1. At
diagnosis, most patients at the Sheffield PVD Unit were
in WHO FC III (84%), signifying substantial pulmonary
hemodynamic impairment.

Comorbidities identified in the 5 years before
diagnosis are shown in Table 2. Cardiovascular and
respiratory comorbidities were common.

Of the 61 patients included in the analyses, 50 (81%)
were prescribed pulmonary arterial hypertension (PAH)-
specific therapies within 90 days following diagnosis.
Most patients (76%) were prescribed phosphodiesterase
type 5 inhibitor monotherapy.

HCRU following SAPH diagnosis

A total of 42 (68%) patients had at least 1 year of observable
data available after diagnosis. Total HCRU, median HCRU
per patient, and median cost per patient in the first year after
diagnosis of SAPH are presented in Figure 1.

During the 1st year after diagnosis, there were a total
of 59 all-cause inpatient hospitalizations longer than 1
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TABLE 1 Demographics and clinical characteristics at
diagnosis of patients with SAPH

Characteristic SAPH cohort (N = 62)
Age (years), median (range) 62.5 (33-84)
Sex, female, n (%) 34 (55)
Ethnicity, n (%)

White 52 (84)

Other?® 10 (16)
WHO functional class, n (%)

I <7’

I 0 (0)

11 52 (84)

v Suppressed®

Exercise capacity

ISWT (m) (n = 58) 100 (40, 180)

RHC at diagnosis, n (%) 54 (87)
Hemodynamics
Heart rate, bpm (n = 51) 85 (75, 92)

MAP (mmHg) (n = 50) 102 (92, 110)

mRAP (mmHg) (n = 42) 11 (6, 13)

mPAP (mmHg) (n=53) 46 (41, 55)

mPAWP (mmHg) (n =47) 12 (9, 14)

Cardiac index (L/min/ 2.5 (1.9, 2.8)
m?) (n = 50)

PVR (Wood units) (n = 45) 8.2 (6.3,11.0)

SvO, (%) (n=51) 62.7 (58.7, 70.1)
Lung function
FEV,/FVC (%) 70 (58, 75)

DLCO (% predicted) (n =39) 29.3 (22.7, 41.2)

Note: Values are expressed as median (Q1, Q3) except as noted.
Abbreviations: bpm, beats per minute; DLCO, carbon monoxide transfer
factor; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; ISWT, incremental shuttle walk test; MAP, mean arterial pressure;
mPAP, mean pulmonary artery pressure; mPAWP, mean pulmonary artery
wedge pressure; mRAP, mean right atrial pressure; PVR, pulmonary
vascular resistance; RHC, right heart catheterization; SAPH, sarcoidosis-
associated pulmonary hypertension; SvO,, mixed venous oxygen saturation;
WHO, World Health Organization.

“Includes patients identifying as Indian, Pakistani, Bangladeshi, or Black,
and missing or unknown data.

®Small numbers were suppressed in line with data protection requirements.
A result of “<7” substitutes any patient count that is below 7 unique patients
and, therefore, masked for data privacy reasons. “Suppressed” substitutes
the next lowest number in a row or column that can be used to reverse
calculate a masked value of “<7.” This means that a number that has been
“Suppressed” could substitute a number >7. Values of zero or missing do
not require suppression.

TABLE 2 Most common comorbidities (>10%) in patients with
SAPH in the 5 years before diagnosis, identified from HES data

Number of patients

Comorbidity (%) (N =62)
Respiratory conditions
Chronic obstructive pulmonary 21 (34)
disease
Asthma 10 (16)
Other obstructive lung diseases 23 (37)
Cardiovascular conditions
Heart failure 22 (36)
Hypertension 22 (36)
Ischemic heart disease 14 (23)
Valvular heart disease 11 (18)
Other comorbidities of interest
Diabetes 9 (15)
Depression 7 (11)
Pulmonary embolism 7 (11)

Other conditions associated with SAPH

Interstitial lung disease 24 (39)
Pulmonary hypertension
Primary pulmonary 12 (19)
hypertension
Secondary pulmonary 41 (66)

hypertension

Note: Comorbidities were identified from the NHS Hospital Episode
Statistics (HES) database based on ICD-10 codes. Comorbidities in <7
patients were not included in the table due to data suppression.

Abbreviations: NHS, National Health Service; SAPH, sarcoidosis-associated
pulmonary hypertension.

day in 24 patients. Of these, 43% (25) were elective and
58% (34) were nonelective; 46% (27) of hospitalizations
were PH-specific. For these 24 patients, the median
duration of hospitalization was 4 (2, 7) days. Overall, the
median (Q1, Q3) number of all-cause inpatient hospital-
izations longer than 1 day was 1 (0, 2) per patient,
representing a median cost of £1202 (£0, £3677) per
patient. The median duration of PH-specific hospitaliza-
tions was 2 (2, 7) days; for elective and nonelective
hospitalizations, the medians were 2 (2, 3) and 7 (3, 11)
days, respectively.

All-cause same-day spells totaled 130 in 39 patients in
the year after diagnosis; of these, 80% (104) were PH-
specific. Overall, the median (Q1, Q3) number of same-
day spells in the 1st year after diagnosis was 3 (2, 4) per
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patient, representing a median cost of £2645 (£1660,
£4140) per patient (Figure 1). The median number of
outpatient consultations in the 1st year after diagnosis
was 9 (6, 11) per patient, representing a median cost of
£1059 (£780, £1483) per patient.

HRQoL

The median (Q1, Q3) EmPHasis-10 score in 33 (53%)
patients with available assessments at diagnosis was 34
(26, 41). The median EmPHasis-10 score was 33 (30, 36)
for the 27 patients who completed the assessment 1 year

Inpatient hospitalisations
(same-day spells)

Outpatient consultations

after diagnosis and 31 (11, 34) for the 18 patients who
completed the assessment 2 years after diagnosis.

The median (Q1, Q3) change in EmPHasis-10 score
between diagnosis and 1 year after diagnosis for the 20
(32%) patients with available assessments at both time
points was —2 (—6, 0). The median change in score
between 1 year and 2 years after diagnosis was 1 (0, 7) for
the 16 (26%) patients with available assessments at both
time points.

A comparison with previously published HRQoL
assessments in PAH and chronic thromboembolic
pulmonary hypertension (CTEPH), using EmPHasis-10,
is shown in Figure 2.
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FIGURE 2 Median (Q1, Q3) EmPHasis-10 scores in studies of patients with SAPH (current study), CTEPH, and PAH (30, 33, 35).
CTD-PAH, connective tissue disease pulmonary arterial hypertension; CTEPH, chronic thromboembolic pulmonary hypertension;
I/D/H PAH, idiopathic/drug-induced/heritable pulmonary arterial hypertension; PAH, pulmonary arterial hypertension; SAPH,

sarcoidosis-associated pulmonary hypertension.

Overall survival

With a median follow-up of 1.8 years, the median (Q1,
Q3) overall survival of patients with SAPH was 2.88 (1.04,
not reached) years. Survival probabilities (95% CI) were
77% (67%, 88%) at 1 year and 46% (34%, 63%) at 3 years.

DISCUSSION

This retrospective study has generated pre- and post-
diagnosis real-world evidence on outcomes in patients
with SAPH at a large PH referral center. Patients had
significant pulmonary hemodynamic impairment at
diagnosis and a high prevalence of cardiovascular and
respiratory comorbidities before diagnosis. Poor survival
rates were observed. To our knowledge, this is the first
study to report on HCRU and HRQoL in patients with
SAPH. We have shown that patients with SAPH exhibit
high HCRU in the first year following diagnosis. They
also reported poor HRQoL at diagnosis and follow-up.
HCRU data for patients with SAPH were collected at
1 and 3 years post-diagnosis, although we have not
presented results from the third year due to low patient
numbers. The results demonstrate that SAPH incurs
a high HCRU burden on a per-patient basis in the
1st year following diagnosis when considering in-patient
hospitalizations longer than 1 day, same-day spells, and
out-patient consultations collectively. Same-day spells
accounted for the majority of costs, and it appears that
multiple same-day admissions are common in patients
with SAPH in the 1st year after diagnosis. The number of

in-patient admissions and out-patient consultations in
our study is comparable with recently published HCRU
data for patients with PAH in England.**

Patient-reported outcomes (PROs) can improve our
understanding of how patients experience SAPH.'’
HRQoL was assessed in our study by EmPHasis-10 score.
The median baseline EmPHasis-10 score of 34 is
considerably higher than the median EmPHasis-10
scores reported for patients with PAH from a large UK
multicentre study, which included patients from our
center, and a large multicenter study from the United
States (score range: 20-30), and for patients with CTEPH
(score: 24).°%%** This suggests that patients with SAPH
have a worse quality of life than other forms of PH for
which we have treatment interventions. EmPHasis-10
scores have been found to correlate with WHO FC and
survival in patients with PAH, with higher scores
associated with worse WHO FC and a significant
increase in mortality seen with scores >34.%%333%
Analysis of registry-based data from the United States
in patients with PAH has suggested a minimally
important difference for the EmPHasis-10 of six points
(range: 5-7.6).>* The median change in EmPHasis-10
scores in this study was -2 in the 1st year and +1 in the
2nd year. However, it is difficult to draw firm conclusions
about the change, given the low number of patients in
our study with available assessments at multiple time
points and the likelihood of survival bias. It is worth
noting that the EmPHasis-10 may not fully capture all
aspects of HRQoL relevant to patients with SAPH and
that there are currently no SAPH-specific PROs
available.'”
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Published data on patients with sarcoidosis and
pulmonary hypertension are relatively limited. The
demographic and clinical characteristics of our cohort
at diagnosis are broadly comparable to published data in
patients with SAPH, although overall, the mean age in
these studies was lower (range: 52-58 years vs. 63 years
in our study) and our patients had a large number of
comorbidities.”**®° Previous European studies include
a retrospective chart review conducted at the National
Pulmonary Hypertension Unit of the Royal Free Hospital
in London from 1999 to 2011 and an analysis of newly
diagnosed patients with severe SAPH from the French
Pulmonary Hypertension Registry.”**® In the UK-based
study (24 patients, mean age 58 years, 54% female),
hemodynamic impairment was similar to our study.
Almost 90% of patients were in WHO FC III or IV,
compared with 84% in WHO FC III in our study. The
French registry study included 126 patients (mean age 58
years, 52% male; 83% WHO FC III-1V) with severe SAPH,
defined as mPAP >35mmHg or mPAP 25-35mmHg
with mean cardiac index <2.5 L/min/m?. By this defini-
tion, all patients in our cohort had severe PH at diagnosis
(mean mPAP: 48 mmHg; mean mRAP 10.5mmHg;
cardiac index: 2.5L/min/m* (see Supporting Informa-
tion: Table 1).

Studies from the United States and international
registries have shown more variability in demographic
and clinical characteristics than in our cohort. A similar
level of hemodynamic impairment was described in a
retrospective study of 95 patients with SAPH treated at
the Duke Medical Center from 1990 to 2010, which
included younger patients (mean age: 52 years) and a
larger proportion of female (76%) and African American
(86%) patients than our study.’’ International registries
by Baughman et al. and Shlobin et al. reported more
female patients with SAPH (71%-72%) than our study
and the hemodynamic impairment in these cohorts was
less severe.”®*? In both studies, around 55% of patients
were African American.

The clinical management of SAPH is challenging and
requires individualized approaches. Treating sarcoidosis
alone may not be sufficient.*** In contrast to PAH, for
which there are several approved drugs from different
classes,” there is currently no drug approved for the
treatment of SAPH, although patients treated with off-
label PAH-specific therapies have demonstrated some
improvement in small-scale studies.>*'*'>*'"2* Most
patients in this study initiated phosphodiesterase type 5
inhibitor monotherapy at diagnosis, in line with NHS
clinical commissioning policy.** Eleven (18%) patients
had no record of any PAH-specific therapy at or within
the 90 days following diagnosis. These findings reflect the
lack of evidence-based management pathways and the

on Access

availability of treatment options for these patients. For
patients with end-stage SAPH, a single or bilateral lung
transplant is an option.’* Lung transplant data for our
cohort were masked; however, the proportion of patients
receiving this curative intervention was low (<7
patients).

Results from the present study confirm that SAPH is
associated with a poor prognosis and high mortality. In
our cohort, the overall survival probability was 77% at 1
year and 46% at 3 years, and the median overall survival
was 2.9 years. Patients referred in this study were highly
co-morbid and with significant hemodynamic impair-
ment. These survival figures are lower than some
registry-based studies in patients with SAPH by Boucly
et al. and Shlobin et al., and may in part reflect an older
and more co-morbid population.”*>°

A rigorous methodology was used in our study to link
two databases. Our results demonstrate that patients
with SAPH present with severe hemodynamic impair-
ment and support their poor survival prognosis. While
the number of patients included in our study is small
(n=162), this represents a reasonably sized cohort for
SAPH, which is a rare disease.

In conclusion, this real-world evidence study based
on 62 patients treated at one of the largest specialist PH
centers in Europe adds to the limited body of evidence
for SAPH and begins to address data gaps with regard to
HCRU and HRQoL. Patients with SAPH have high levels
of HCRU, poor quality of life, and high unmet needs, and
more research is needed on the optimal medical and
surgical treatment options that can reduce disease
progression and improve quality of life and survival in
this population.
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