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ABSTRACT

Objectives This study was conducted to evaluate the
ability of risk assessment to predict healthcare resource
utilisation (HCRU), costs, treatments, health-related quality
of life (HRQoL) and survival in patients diagnosed with
chronic thromboembolic pulmonary hypertension (CTEPH).
Design Retrospective observational study.

Setting Pulmonary hypertension referral centre in the UK.
Participants Adults diagnosed with CTEPH between 1
January 2012 and 30 June 2019 were included. Cohorts
were retrospectively defined for operated patients
(received pulmonary endarterectomy (PEA)) and not
operated; further subgroups were defined based on risk
score (low, intermediate or high risk for 1-year mortality)
at diagnosis.

Primary and secondary outcome

measures Demographics, clinical characteristics,
comorbidities, treatment patterns, HRQoL, HCRU, costs and
survival outcomes were analysed.

Results Overall, 683 patients were analysed (268 (39%)
operated; 415 (61%) not operated). Most patients in the
operated and not-operated cohorts were intermediate

risk (63%; 53%) or high risk (23%; 31%) at diagnosis.
Intermediate-risk and high-risk patients had higher

HCRU and costs than low-risk patients. Outpatient and
accident and emergency visits were lower postdiagnosis
for both cohorts and all risk groups versus prediagnosis.
HRQoL scores noticeably improved in the operated cohort
post-PEA, and less so in the not-operated cohort at 6-18
months postdiagnosis. Survival at 5 years was 83%
(operated) and 49% (not operated) and was lower for
intermediate-risk and high-risk patients compared with
low-risk patients.

Conclusions Findings from this study support that

risk assessment at diagnosis is prognostic for mortality

in patients with CTEPH. Low-risk patients have better
survival and HRQoL and lower HCRU and costs compared
with intermediate-risk and high-risk patients.

INTRODUCTION

Chronic thromboembolic pulmonary
hypertension (CTEPH) is characterised by
obstruction of the pulmonary arteries and
is frequently associated with a small-vessel
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= Using a rigorous methodology, we have linked two
databases to provide a real-world evidence profile of
a large cohort of patients treated for chronic throm-
boembolic pulmonary hypertension (CTEPH).

= Our study supports the use of a risk stratification
approach used in pulmonary arterial hypertension in
a large cohort of patients with CTEPH, demonstrat-
ing differences in survival in the three risk bands at
diagnosis.

= This study adds to a limited literature describing
the economic burden of CTEPH, with data available
prediagnosis and postdiagnosis and by risk status
at diagnosis.

= The duration of follow-up precluded meaningful
comparisons regarding the long-term economic
impact of pulmonary endarterectomy (PEA) surgery
compared with other treatment approaches.

= Although results of the risk assessment analysis are
reported separately by PEA status (ie, operated vs
not operated), it was not feasible to adjust the analy-
sis for differences in baseline variables between the
operated and not-operated cohorts.

vasculopathy.' It is caused by non-resolution
of pulmonary thromboembolic disease,
although some patients have no history of
previous venous thromboembolism.' When
left untreated, mortality is higher in CTEPH
than in many common cancers.’

Based on registry data from FEuropean
healthcare systems, the estimated annual
incidence of CTEPH is 3-6 cases per 1 000
000 population,” ® and the estimated 2-year
cumulative incidence after pulmonary embo-
lism (PE) is 2.3%.” CTEPH is challenging to
diagnose due to non-specific initial symptoms
and patients often present at an advanced
stage,” * by which time health-related quality
of life (HRQoL) is already substantially
impaired.®
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A multimodal approach is increasingly being used to
treat CTEPH, including pulmonary endarterectomy
(PEA), percutaneous balloon pulmonary angioplasty
(BPA) and drug therapies.”” Patients with CTEPH who
are candidates for surgery can experience substantial
symptom relief and a marked improvement in haemo-
dynamics after PEA,*? which offers the best prospect of
improved long-term outcomes, including survival."’ For
patients ineligible for surgery, BPA can improve pulmo-
nary haemodynamics, 6min walk distance and WHO
functional class (FC).> "' For the treatment of CTEPH
in patients with distal disease or residual PH post-PEA,
riociguat, an oral soluble guanylate cyclase stimulator,
and treprostinil, a subcutaneous prostacyclin analogue,
are approved by the European Medicines Agency.” '*™*
Pulmonary arterial hypertension (PAH)-targeted thera-
pies, such as phosphodiesterase type 5 inhibitors (PDE-
51) and endothelin receptor antagonists (ERA), are also
often used offlabel for treating CTEPH."” '° In the UK,
patients with both operable and inoperable CTEPH are
eligible for treatment with PDE-5i, ERA and prostanoids,
whereas riociguat is commissioned only for patients with
inoperable disease and residual PH post—PEA.17

Over the last decade, recognition of the importance
of assessing prognosis in patients with PAH has grown.'®
Categorising patients as at low, intermediate or high risk
of 1-year mortality at diagnosis is used to guide initial treat-
ment decisions. Regular assessments are recommended
to improve morbidity and mortality by reaching low-risk
status.? 12 In CTEPH, risk assessment is less established.
The 2015 European Society of Cardiology (ESC) and
European Respiratory Society (ERS) risk assessment tool
to predict l-year mortality in patients with PAH® has been
investigated in CTEPH within COMPERA (Comparative,
Prospective Registry of Newly Initiated Therapies for
Pulmonary Hypertension) and SPAHR (Swedish PAH
Registry).'"#* %

This retrospective observational study was conducted to
generate real-world evidence (RWE) from a high-volume
PH referral centre on the demographic and clinical
characteristics, treatment patterns, economic burden,
HRQoL and overall survival (OS) for patients diagnosed
with CTEPH. Second, we sought to compare these char-
acteristics prediagnosis and postdiagnosis based on oper-
ated (PEA) status and 1-year risk of mortality at diagnosis.

METHODS

Data sources

Data were collected from the electronic medical record
database used at the Sheffield Pulmonary Vascular Disease
Unit (SPVDU) based at Royal Hallamshire Hospital and
linked with data from the National Health Service (NHS)
Hospital Episode Statistics (HES) database, as previously
described.” ** The SPVDU is a nationally commissioned
PH referral centre covering a population of approxi-
mately 15-20 million.”’

The SPVDU database contains clinical management
and demographic data for all referred patients, including
confirmed diagnoses, diagnostic procedures, clinical
tests, treatment prescribed and specialist consultations.
Missing data on reasons for not operating were supple-
mented by manual searching and reviewing of clinical
records for each patient in the not-operated cohort. The
HES database contains details on patient comorbidities,
hospital admissions, accident and emergency (A&E)
visits and outpatient consultations at all NHS England
hospitals.*®

Aggregated, pseudoanonymised data were used in this
study. HES data were linked by NHS number and date
of birth to SPVDU data before being deidentified and
made accessible for analysis in this study. Death data in
the SPVDU database were captured through linkage to
NHS death records.

Categories with <7 patients in tables have been masked
in line with data protection requirements to ensure that
patient confidentiality was maintained.” 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 to avoid calculation of the
small value. No data were excluded from the analyses due
to suppression. Kaplan-Meier (KM) curves were cut when
the number at risk dropped to <10% of the stratum size.”

Study design

Adult patients (=18 years old at diagnosis) with a diag-
nosis of CTEPH (mean pulmonary artery pressure
225mm Hg and persistent perfusion defects following
at least 3 months of anticoagulation and other causes of
PH excluded) were included in this retrospective obser-
vational cohort study if they were diagnosed with CTEPH
between 1 January 2012 and 30 June 2019 and had >90
days of follow-up in the SPVDU database. No minimum
follow-up or look-back time for the HES was required.

For the analyses, patients were categorised as operated
(defined as having received PEA surgery after diagnosis
and within the study period) or not operated (no PEA
surgery during the study period). The annual incidence
of new CTEPH diagnoses was calculated based on the
referral population.”” !

For all study participants, the study index date was
defined as the first CTEPH diagnosis date within the
study period. The date of PEA was defined as a secondary
index date in the operated cohort for additional survival
analyses. Patients were followed from diagnosis until date
of death or last contact, or end of study observation (30
September 2019).

Risk categorisation

The Kylhammar et al risk-assessment tool was adapted to
categorise patients at diagnosis as being at low, interme-
diate or high risk of 1-year mortality (online supplemental
information).” The Kylhammar tool is based on the 2015
ESC/ERS risk-assessment framework and has been used
previously in patients with PAH from the SPAHR.** The
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composite risk score used measurements at diagnosis for
six clinical variables: WHO FC, incremental shuttle walk
test (ISWT), right atrial pressure, cardiac index, mixed
venous oxygen saturation and right ventricular ejection
fraction as assessed by cardiac magnetic resonance.” Previ-
ously published thresholds for the ISWT were used.*
Each variable was graded from 1 to 3 (1=lowrisk, 2=inter-
mediaterisk and 3=highrisk). A mean grade was calcu-
lated and rounded to the nearest integer to determine
the risk group.” WHO FC and ISWT were required as a
minimum to calculate a risk score. If either was unavail-
able, the score was labelled ‘missing/undetermined’.

Study measures

Variables and outcomes collected from the SPVDU data-
base included patient demographics and clinical charac-
teristics; treatments prescribed at or within the 90 days
following diagnosis; 1-year, 3-year and 5-year survival after
diagnosis; and changes in HRQoL. HRQol was measured
using the EmPHasis-10, a PH-specific questionnaire.
Scores range from 0 to 50, with higher scores indicative
of worse HRQoL.***" In the operated cohort, HRQoL
was assessed within 90 days of diagnosis but prior to PEA
surgery, and 6-18 months post-PEA. In the not-operated
cohort, the assessments were within 90 days of diagnosis
and 6-18 months postdiagnosis.

Variables and outcomes collected from the HES data-
base included: comorbidities in the 5 years prior to diag-
nosis; l-year, 3-year and b-year survival after diagnosis;
healthcare resource utilisation (HCRU) Il-year, 2-year
and 3-year prediagnosis and 1-year, 3-year and 5-year post-
diagnosis; and costs for patients who had 1 and 3 years
of follow-up data in HES. Inpatient hospitalisations were
categorised as either longer than 1 day or ‘same-day visits’,
meaning the admission and discharge date was the same.

Outpatient visits were defined as any activity occurring in
hospital under an outpatient setting.

Statistical analysis

This study was descriptive, without predefined hypoth-
eses. Although results for the operated and not-operated
cohorts are reported, no direct comparison between
these cohorts was undertaken. Categorical variables are
reported as frequency (n) and percentage (%). Contin-
uous variables are reported as median (Ql, Q3) and
mean (+SD). OS was evaluated with KM estimates, with
follow-up time starting from index date and censoring at
date of last contact. Costs are described using national
average tariff prices in England for 2019.%

Patient and public involvement
Patients were not involved in the conception, design or
conduct of this retrospective research.

RESULTS

A total of 683 patients were diagnosed with CTEPH
between January 2012 and June 2019. Based on a referral
population of 15-20million, the annual incidence of
CTEPH was 4.6-6.1.77 *' The median period from first
record in HES to diagnosis at SPVDU was 4.3 years
(figure 1). The median follow-up time from diagnosis to
study exit was 2.2 years in SPVDU and 2.5 years in HES.
Overall, 193 (28%) patients died during the study period.

Demographics and clinical characteristics

Patient demographics and clinical characteristics at
diagnosis are presented in table 1. Overall, 285 (42%)
patients received PEA prior to 30 September 2019; 398
(58%) were not operated. At the time of the analysis,

Diagnosis

Median date PEA
4

Baseline characteristics (Day 0)

Risk assessment (Day 0)
Pharmacological treatment (within 90 days)

HCRU (-3 years, Day 0)

Comorbidities (-5 years, Day 0)

HRQoL (within 90 days &
6—18 months post-PEA)

HCRU (1, 3, and 5 years)
Overall survival (1, 3, and 5 years)

e

@
-4 years

@
-3 years

@
-2 years

-5 years -1 years

HES pre-diagnosis data
Median observation: 4.3 years

Figure 1

Day 0

@
2 years

@
3 years

@
4 years

>

1 year 5 years

HES post-diagnosis data
Median observation: 2.5 years

SPVDU data
Median observation: 2.1 years

Overview of observation times and database coverage in the study. Purple boxes represent HES database; green

boxes represent Sheffield PVDU database. EMR, electronic medical record; HCRU, healthcare resource utilisation; HES,
Hospital Episode Statistics; HRQoL, health-related quality of life; PEA, pulmonary endarterectomy; PVDU, Pulmonary Vascular

Disease Unit.
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Table 1 Demographics and clinical characteristics at diagnosis of patients with CTEPH

Characteristic All patients Operated Not operated
Cohort size, n (%) 683 (100) 268 (39) 415 (61)
Median age (range), years 67 (19-93) 63 (19-86) 70 (23-93)
Gender; male, n (%) 352 (52) 144 (54) 208 (50)
Ethnicity, n (%)

White 606 (89) 237 (88) 369 (89)

Other* 71 (10) 28 (10) 43 (10)
WHO functional class, n (%)t

I <7 <7 <7

Il 67 (10) 26 (10) 41 (10)

11l 558 (82) 229 (85) 329 (79)

v 52 (8) Suppressed 39 (9)
Risk category, n (%)

Low 56 (8) 27 (10) 29 (7)

Intermediate 390 (57) 170 (63) 220 (53)

High 188 (28) 61 (23) 127 (31)

Missing/undeterminedf 49 (7) 10 (4) 39 (9)

Exercise capacity, median (Q1, Q3) (n)
ISWT, m

Haemodynamics, median (Q1, Q3) (n)
Heart rate, bpm
MAP, mm Hg
RHC at diagnosis, availability, n (%)
mRAP, mm Hg
mPAP, mm Hg
PAWP, mm Hg
Cardiac index, L/min/m?
PVR, Wood units
SvO,, %

Lung function, median (Q1, Q3) (n)
FEV1/FVC, %
DLCO, % predicted

180 (70-320) (616)

78 (68-88) (578)
103 (91-115) (577)
597 (87)

9 (6-13) (451)

45 (36-52) (579)

12 (9-14) (465)

2.3 (1.9-2.8) (574)
7.6 (5-11.1) (406)
64 (57.7-68.4) (564)

70 (63-75) (493)
59.5 (48.1-71.9) (472)

250 (110-370) (254)

77 (69-89) (249)
103 (91-114) (252)
258 (96)

9 (6-13) (199)

47 (37-54) (249)

12 (9-14) (195)

2.2 (1.9-2.7) (244)
7.7 (5.3-11.3) (172)
63 (57.8-68.4) (248)

71 (63-75) (193)

67.4 (54.4-75.0) (186)

130 (60-260) (362)

78 (68-87) (329)
103 (91-115) (325)
339 (82)

9 (6-13) (252)

43 (35-51) (330)

12 (9-14) (270)

2.3 (1.9-2.8) (330)
7.4 (4.5-10.9) (234)
64 (57.5-68.4) (316)

70 (62-76) (300)
55.8 (42.3-68.2) (286)

*Includes patients identifying as Indian, Pakistani, Bangladeshi, or black, and missing or unknown data. A number of patients identifying as

Asian or Mixed were suppressed.

TSmall 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 0 or missing do not require suppression.

FA mean grade was calculated and rounded off to the nearest integer to define the patient’s risk group. At minimum, two variables (WHO
functional class and ISWT) were required to calculate a risk score. If either was not available, the score was ‘missing/undetermined’.

bpm, beats per minute; CTEPH, chronic thromboembolic pulmonary hypertension; DLCO, carbon monoxide transfer factor; FEV1/FVC, forced
expiratory volume in 1 s/forced vital capacity; ISWT, incremental shuttle walk test; MAP, mean arterial pressure; mPAP, mean pulmonary artery
pressure; mRAP, mean right atrial pressure; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular resistance; RHC, right heart
catheterisation; RVEF, right ventricular ejection fraction; SvO,, mixed venous oxygen saturation.

not all patients with operable disease had undergone
PEA, and therefore, 268 (39%) patients were included in
the operated cohort and 415 (61%) in the not-operated
cohort. In a post hoc data check using clinical records,
the major reasons for not operating were identified in

398 not-operated patients as follows: 91 (23%) declined
PEA; 69 (17%) had surgically inaccessible disease; 133
(33%) were medically inoperable (due to comorbidities);
47 (12%) had disease that was considered too mild by the
surgical team to benefit from intervention and 24 (6%)

4
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Not operated m Operated

Atrial fibrillation 14%

Valvular heart disease

Ischemic heart disease

Cardiovascular

Heart failure

Hypertension

Sleep apnea
Asthma

Other obstructive lung disease

Respiratory

COPD

Malignancy

Anxiety

Renal failure (CKD)
Depression

Obesity

Other conditions of interest

Diabetes

Pulmonary embolism

74%
74%

Figure 2 Comorbidities recorded as present in the 5 years prior to CTEPH diagnosis. Data were collected from the HES
database. CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CTEPH, chronic thromboembolic

pulmonary hypertension; HES, Hospital Episode Statistics.

were awaiting PEA. For the remaining patients, reasons
for not operating were missing or unclear (n=34 (9%)).

Median age at diagnosis was 67 years. Median time from
diagnosis to PEA in the operated cohort was 8.6 months.
Haemodynamic values were largely similar between the
two cohorts. Most patients in both cohorts were assessed
as intermediate risk or high risk at diagnosis.

Comorbidities identified prior to diagnosis

PE was the most commonly reported comorbidity (74%)
in both cohorts (figure 2). Hypertension, chronic obstruc-
tive pulmonary disease, other obstructive lung disease,
heart failure, ischaemic heart disease and valvular heart
disease were reported in >25% of not-operated patients.
Hypertension was reported in >25% of operated patients.

Treatment prescribed at diagnosis

Most patients were prescribed PAH-specific therapies at
or within 90 days following diagnosis: 74% (197/267) of
operated patients and 75% (306/410) of not-operated

patients. PDE-5i monotherapy was most commonly
prescribed in 96% (190/197) of operated and 92%
(280/306) of not-operated patients, respectively. Among
low-risk, intermediate-risk and high-risk groups, treat-
ment was prescribed in 33%, 75% and 87% of operated
patients and in 34%, 72% and 90% of not-operated
patients.

HCRU and costs

Inpatient hospitalisations, same-day visits and outpa-
tient consultations were similar between operated and
not-operated patients at prediagnosis and postdiagnosis
(figure 3 and online supplemental table 1). Outpatient
consultations among operated patients 1-year postdiag-
nosis decreased compared with l-year prediagnosis; this
measure also decreased in not-operated patients. A&E
visits fell to 0 in both cohorts after diagnosis. Among
patients who had inpatient hospitalisations during the
first year postdiagnosis, median (Q1, Q3) duration was

Kiely DG, et al. BMJ Open 2024;14:2080068. doi:10.1136/bmjopen-2023-080068

5



A Operated patients

m Pre-diagnosis (n=222) = 1 year post-diagnosis (n=237) = 3 years post-diagnosis* (n=134)

10 1
9

9 4

8 4
®
e 74
o}
o
E 6 1 5.7
g 5
g 957
(o
z
S 4
I
§ 3
E 2.5
= 2 2

2 1.7 1.7

1 1
1 4
. . 0'3
0
0
Inpatient hospitalizations Same-day visits Outpatient consultations A&E visits
(>1 day)
B Not-operated patients
10 m Pre-diagnosis (n=362) © 1 year post-diagnosis (n=292) = 3 years post-diagnosis* (n=149)
9 4
8

8 4
] 7 7
S 74
o}
(o}
T 6 1
2
©
Q.
& 9
(o
=)
X 4
O
T
c 3
S 3
el
(]
= 2

2 1 1.7

1 1 1
1 4
0.3 . 0.3
0 - O mem
Inpatient hospitalizations Same-day visits Outpatient consultations A&E visits
(>1 day)

Figure 3 Median HCRU per patient per year, 1 year before and 1 and 3 years after CTEPH diagnosis in (A) operated patients
and (B) not-operated patients. *HCRU at 3 years postdiagnosis represents median per year over 3 years, not during the

third year. Same-day visits defined as inpatient visit where admission and discharge date are the same. A&E, accident and
emergency; HCRU, healthcare resource utilisation.
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A Operated patients

= Low risk
Pre-diagnosis

Inpatient

hospitalization
(>1 day)

Post-diagnosis

Pre-diagnosis

Same-day
visits

Post-diagnosis

Pre-diagnosis

Outpatient
consultations

Post-diagnosis

Pre-diagnosis

A&E visits

Post-diagnosis

Intermediate risk  ® High risk

5 6 7 8 9 10

Median HCRU, per patient, per year

B Not-operated patients

0 = Low risk
Pre-diagnosis 1

Inpatient

hospitalization
(>1 day)

Post-diagnosis

Pre-diagnosis

A aa aa

Same-day
visits

Post-diagnosis

NN N

Pre-diagnosis

Outpatient
consultations

Post-diagnosis

Pre-diagnosis 2

A&E visits

Post-diagnosis

ooo

Intermediate risk  ® High risk

7.5

@

4

T T 1

5 6 7 8 9 10

Median HCRU, per patient, per year
Figure 4 Median HCRU per patient in the year before and after CTEPH diagnosis, stratified by risk category at diagnosis in
(A) operated and (B) not-operated patients. Same-day visits defined as inpatient visit where admission and discharge date are
the same. A&E, accident and emergency; HCRU, healthcare resource utilisation.

8.7 (6.0, 12.0) days in the operated cohort and 3.0 (2.0,
8.0) days in the not-operated cohort.

Intermediate-risk and high-risk patients had higher
HCRU than low-risk patients (figure 4). In both cohorts,
outpatient and A&E visits were lower postdiagnosis for all
risk groups versus prediagnosis. In the first year following
diagnosis, high-risk patients in the operated cohort
had the highest costs, due to inpatient hospitalisations

(figure 5). Across risk groups in both cohorts, costs for
inpatient hospitalisations were the most variable while
costs for same-day visits and outpatient consultations were
similar.

Health-related quality of life
Paired analysis of median EmPHasis-10 scores at diag-
nosis and follow-up by cohort and risk group are shown

Kiely DG, et al. BMJ Open 2024;14:2080068. doi:10.1136/bmjopen-2023-080068
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£5,000 1 H Inpatient hospitalizations (>1 day)
Same-day visits
£4,500 - 4456 _ ,
Outpatient consultations
£4,000 -
©
Q £3,500 A
@
o
% £3,000 - 2798
® 2,476
2 £2,500 A
)]
2 078 004 1,992
‘g £2,000 - 1,837
O
£1,500 - 1444
1,241 ”» 173 1,174
£1,000 - Dt ’ 928 889
643
£500 -
0 0
£0
Low Intermediate High Low Intermediate High
n=21 n=152 n=55 n=17 n=166 n=83
Operated (n=237) Not operated (n=292)

Figure 5 Median cost (GBP) per patient in the year after CTEPH diagnosis. Costs were obtained from HES, which is for
administrative use; therefore, practices might vary across hospitals/clinical coders. Costs associated with PEA surgery in
patients with CTEPH are reimbursed separately and the values quoted for cost of care do not include those associated with
PEA surgery. Same-day visits defined as inpatient visit where admission and discharge date are the same. CTEPH, chronic
thromboembolic pulmonary hypertension; GBP, British Pound Sterling; HES, Hospital Episode Statistics; PEA, pulmonary

endarterectomy.

in figure 6. Overall, there was a median (Q1, Q3) decline
(improvement) from diagnosis to follow-up of 10 (19, 1)
in the operated cohort and 2 (8, 3) in the not-operated
cohort. Intermediate-risk and high-risk patients in the
operated cohort showed a median decline of 10.5 (20.5,
0.5) and 14 (19, 1), respectively, at follow-up, while in the
not-operated cohort, median declines were 2 (7, 3) and
3 (9, 3). Due to data suppression rules, paired analysis of
low-risk patients could not be conducted. At diagnosis,
median EmPHasis-10 score was 18 for all low-risk patients,
20 for operated low-risk patients and 13 for not-operated
low-risk patients.

Overall survival

The probability of survival at 1, 3 and 5 years was 98 %, 91%
and 83%, respectively, in the operated cohort and 85%,
63% and 49%, respectively, in the not-operated cohort.
When stratified by risk category at diagnosis, survival was
lower for intermediate-risk and high-risk patients versus
low-risk patients (figure 7).

DISCUSSION
This retrospective study has evaluated real-world HCRU,
costs, HRQoL and survival data from a European PH
referral centre for patients diagnosed with CTEPH, strat-
ified by operated status and risk score at diagnosis. To
our knowledge, this is the first study to analyse economic
burden and HRQoL for CTEPH by risk stratification.
Risk assessment, with the aim of guiding treatment
decisions, is not yet established in CTEPH. Our risk strat-
ification method was based on the risk-assessment tool
developed for PAH™ and consistent with previous studies
in patients with CTEPH that used the ESC/ERS 2015
framework, showing most patients are at intermediate or
high risk at diagnosis.'”* More notably, our study supports
the finding that CTEPH patients stratified by risk at diag-
nosis show considerable differences in survival.'’ ** *
Using CTEPH data on not-operated patients from the
COMPERA registry, for example, Delcroix et al estimated
l-year and 5-year survival rates at 76% and 33% for
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Figure 6 Median EmPHasis-10 scores at diagnosis and follow-up in the (A) operated cohort and (B) not-operated cohort

by risk score at diagnosis. Due to suppression rules, paired analysis of low-risk patients could not be conducted. The
EmPHasis-10 is a quality-of-life instrument developed and validated specifically for assessment of HRQoL in patients with
PH.% % Higher scores are indicative of worse HRQoL.*” HRQoL, health-related quality of life; PEA, pulmonary endarterectomy;
PH, pulmonary hypertension; Supp, suppressed.
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Figure 7 Survival from diagnosis in the operated and not-operated cohorts by risk score at diagnosis. Solid lines represent the
not-operated cohort and dashed lines represent the operated cohort.

high-risk patients and 99% and 88% for low-risk patients;
by comparison, rates in this study in the not-operated
cohort were 76% and 29% for high-risk patients and 91%
at both time points for low-risk patients.” Sandqvist et
al compared survival among operated and not-operated
patients who were diagnosed with CTEPH between 2008
and 2016 and found significant differences (p<0.001).
Survival at 1, 3 and 5 years stratified by risk assessment
at diagnosis was 100%, 98% and 82%, respectively, in
the low-risk group; 93%, 81% and 71%, respectively, in
the intermediate-risk group; and 75%, 48% and 38%,
respectively, in the high-risk group.10 While these rates for
low-risk and intermediate-risk patients are similar to our

study (in both the operated and not-operated cohorts),
high-risk patients in the operated cohort of our study had
notably better survival (97%, 85% and 79% at 1, 3 and 5
years, respectively). In the Sandqvist ¢t al study, 32% of
patients underwent PEA; in these patients, survival was
96%, 92% and 88% at 1, 3 and 5 years, which is more
comparable to our study."

There are few studies reporting on the HCRU and costs
of care for patients with CTEPH, and none that are recent
or include risk stratification. For both operated and not-
operated patients in this study, the pattern of HCRU
remained similar prediagnosis and postdiagnosis. The
exceptions were A&E visits, which decreased following a
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CTEPH diagnosis, regardless of surgery and outpatient
consultations, which noticeably decreased postdiagnosis
in the operated cohort. This finding may reflect the impact
of confirming a diagnosis of CTEPH and establishing
a treatment regimen. Analysing HCRU by risk showed
no major differences in the operated cohort, with the
exception of prediagnosis A&E visits for low-risk patients
compared with intermediate-risk and high-risk patients.
In the not-operated cohort, low-risk patients had notably
lower HCRU (eg, no inpatient hospitalisations before
or after diagnosis). It seems that routine, preplanned
follow-up helps prevent A&E visits and unplanned hospi-
talisation postdiagnosis, an important consideration for
healthcare systems.

A retrospective chart review of 119 patients from 6
European countries who were diagnosed with CTEPH
between 2006 and 2009 reported a median of 1.0 inpatient
hospitalisations per patient per year'’; this is consistent
with our study. Similarly, a previous UK study quantified
the median inpatient stay during PEA to 11 days; in this
study, operated patients had a median inpatient stay of
8.7 days, which included PEA and was averaged over the
first year after diagnosis. HCRU in our study was consid-
erably lower than that reported in a retrospective anal-
ysis of a US commercial claims database in 161 patients
with CTEPH between 2004 and 2009.*" In this study,
mean per-patient-per-year HCRU across all measures was
higher than our results, including outpatient visits (11.2
prediagnosis vs 14.0 postdiagnosis), inpatient visits (6.7
prediagnosis vs 23.6 postdiagnosis) and A&E visits (3.0
prediagnosis vs 5.3 postdiagnosis). The increased HCRU
after diagnosis also contrasts with our results. These
differences may be attributable to advances in and access
to medical and surgical therapies for CTEPH patients
over time (given the different study periods), and to
differences between the UK and US healthcare systems.
Our study is also based on clinical data, as opposed to
claims data.

Risk category at diagnosis appeared to influence the
cost of treatment for both operated and not-operated
patients. Costs for inpatient hospitalisations (>1day and
same-day visits) were higher for operated patients and
highest among intermediate-risk and high-risk patients.
This finding may reflect the cost of PEA for follow-up
visits at the surgical centre and management of complica-
tions. Both measures fell by 3 years postdiagnosis.

HRQoL was assessed in our study using the patient-
reported EmPHasis-10; median scores at diagnosis were
31 for operated and 30 for not-operated patients. A lower
average score of 24 was reported in a US study of 30 newly
diagnosed patients with CTEPH.”® The higher score in
our study is influenced by the proportion of high-risk
patients in both cohorts, who reported worse HRQoL at
diagnosis than low-risk and intermediate-risk patients.
Notably, low-risk not-operated patients in our study
reported the lowest score of any group. Although our low-
risk groups were small, their better HRQoL may be an
important consideration for treatment decision-making.

Several studies have shown that patients undergoing
PEA have improved HRQoL following surgery, partic-
ularly those with no residual PH, while not-operated,
medically treated patients are less likely to experience
marked improvements in HRQoL.® This is supported by
our study, where median EmPHasis-10 scores improved
dramatically post-PEA but only slightly postdiagnosis in
the not-operated cohort. Given that survival was largely
unchanged in low-risk operated and not-operated
patients compared with intermediate-risk and high-risk
patients, it may be reasonable not to perform PEA and
closely observe operable patients with a low-risk status
and good HRQoL.

In this study, 43% of patients underwent PEA, a
similar rate as reported in other publications and the
UK National Audit of Pulmonary Hypertension.* In
some international registries, the percentage of patients
undergoing PEA is higher, but this likely reflects in part
the more selected nature of patients in these registries
(which are often dominated by surgical centres), whereas
the ASPIRE registry used in this study includes all consec-
utive patients seen in a PH referral centre. Indeed, the
population-based PEA rate for our centre is in the range
of 1.9-2.5/million population/year, based on our esti-
mated referral population of 15-20million and a total
of 285 patients operated over 7.5 years. This is similar to
the rate of 2.2/million population/year based on data
from the UK National Audit between 2010 and 2020,*
and higher than the reported rates of 1.7/million/year
in Europe and 0.9/million/year in the USA.*2* Further
work is required to understand factors that underlie ther-
apeutic decision-making for patients with CTEPH, given
that surgical intervention in suitable patients is associated
with improved survival.*’

This study has a number of limitations. Sample size
limitations made it infeasible to stratify the risk assess-
mentanalysis by PEA status (ie, operated vs not operated).
Some analyses were limited due to a lack of follow-up
data at 1 and 3 years. Due to small patient numbers
within subgroups by risk category, data suppression was
applied to comply with data privacy rules, although this
did not prevent interpretation of planned measures.
Missing data were completed in a post hoc analysis of
clinical records, showing 17 (4%) patients who had PEA
but were not included in the operated cohort due to data
availability at extraction, and 7 (2%) who were catego-
rised as not having CTEPH. Due to the small numbers,
inclusion of these misclassified patients in the analysis
is unlikely to have meaningfully impacted the results.
Given the limited duration of follow-up we were unable
to make meaningful comparisons regarding the long-
term economic impact of PEA surgery compared with
other treatment approaches. In addition, due to the
timing of this study, few patients in the UK underwent
BPA or received treatment with riociguat.** Nonetheless,
using a rigorous methodology, we linked two databases
to provide an RWE profile of patients treated for CTEPH
in a large cohort.
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Our results confirm that the economic burden of
CTEPH is high and that HCRU and costs are higher in
intermediate-risk and high-risk patients. Low-risk patients
with CTEPH also have better survival and HRQoL,
compared with intermediate-risk and high-risk patients.
Whether treatment strategies aimed at achieving, where
possible, a low-risk profile in patients with CTEPH can
improve patient outcomes requires further research. In
addition, the diagnosis of CTEPH reduces unplanned
HCRU (via A&E visits) among operated and not-operated
patients, regardless of risk group, emphasising the impor-
tance of achieving a diagnosis and its positive impact on
health-seeking behaviour.
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