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ABSTRACT

Introduction: Paroxysmal nocturnal
hemoglobinuria (PNH) is a rare blood disorder
characterized by anemia and debilitating fati-
gue. Limited evidence characterizes the associ-
ation between hemoglobin, an indicator of
anemia and disease activity, and patient-re-
ported fatigue scales. This review identifies
benchmarks for clinically meaningful improve-
ments in patients with and without PNH.
Methods: MEDLINE, Embase, Cochrane, and
PsycINFO databases were searched along with
Google Scholar to identify publications for
patients with and without PNH. Full-text arti-
cles and conference abstracts of clinical trials or

observational studies that examined patient-re-
ported fatigue or associations between fatigue
and hemoglobin were included.
Results: Fourteen publications were included
in this study. Four clinical trials conducted in
patients with PNH reported that patients
achieved and sustained clinically meaningful
improvements in fatigue. However, these stud-
ies did not examine the association between
fatigue and hemoglobin. Ten studies conducted
in patients with cancer and anemia (with or
without chemotherapy) demonstrated an asso-
ciation between increased hemoglobin and
improvements in fatigue (P\0.05). The great-
est incremental gain in fatigue improvement
was observed when hemoglobin increased from
11 to 12 g/dL.
Conclusion: Evidence among patients with
cancer without PNH demonstrates that
increased hemoglobin levels are associated with
clinically significant improvements in fatigue.
Future studies should validate this relationship
among patients with PNH.
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Key Summary Points

Fatigue is among the most common
unrelieved symptoms reported by patients
with paroxysmal nocturnal
hemoglobinuria (PNH).

This targeted literature review (TLR)
identified benchmarks related to change
in fatigue following treatment with C5
complement inhibitors among patients
with PNH.

Evidence from this TLR demonstrates that
a substantial proportion of patients with
PNH experience limited clinical benefit
related to fatigue.

Among patients with cancer and anemia,
increased hemoglobin levels were
associated with clinically meaningful
improvements in patient-reported fatigue.

Future studies are needed to validate the
relationship between hemoglobin and
patient-reported fatigue among patients
with PNH.

INTRODUCTION

Paroxysmal nocturnal hemoglobinuria (PNH) is
a rare, chronic, and life-threatening blood dis-
ease caused by a somatic mutation of the PIG-A
gene in hematopoietic stem cells [1]. PNH stem
cells and their progeny lack glycosylphos-
phatidylinositol (GPI)-anchored surface pro-
teins, including key regulators of the
complement pathway, and complement dys-
regulation leads to chronic intravascular and
extravascular hemolysis [1]. While evidence is
limited, the prevalence of PNH is estimated to
be 12–13 cases per million persons [2], and an
estimated 5000–6000 patients live with PNH in
the USA [3, 4]. Retrospective studies suggest that
10-year survival of patients with untreated PNH
ranges from 50% to 70% [5]. Two C5 comple-
ment inhibitors, eculizumab (Soliris�) and

ravulizumab (Ultomiris�), are currently
approved in the USA and the European Union.

Clinical manifestations of PNH are hetero-
geneous and may include core complications
such as hemolytic anemia, thrombosis, and
bone marrow failure, as well as other symptoms
such as fatigue, abdominal pain, and renal
impairment [6–10]. Evidence suggests that
among non-fatal patient-reported symptoms,
fatigue is experienced by as many as 80% of
patients with PNH [11]. Fatigue is a common
effect of hemolytic anemia that may restrict
patients’ ability to perform daily activities and
have a profound impact on their quality of life
(QoL). A cross-sectional analysis using data
from the International PNH Registry found that
patients who had experienced fatigue were sig-
nificantly more likely to be hospitalized than
those who had not ( *25% vs. *15%; P\ 0.01)
[9]. Given the burden and severity of fatigue
among patients with PNH, routine assessment
of this debilitating symptom may represent a
critical component of treatment and manage-
ment among these patients.

Numerous instruments exist that measure
patient-reported symptoms such as fatigue and
QoL. For example, originally designed to cap-
ture anemia-associated fatigue in patients with
cancer, the Functional Assessment of Chronic
Illness Therapy (FACIT)-Fatigue scale (previ-
ously referred to as the Functional Assessment
of Cancer Therapy [FACT]-Fatigue scale) is a
13-item questionnaire that assesses patient-re-
ported tiredness, weakness, and difficulty con-
ducting usual activities as a result of fatigue over
the past 7 days [12, 13]. In addition to being
validated for use among patients with cancer
[14], the content validity of the FACIT-Fatigue
scale was also confirmed in larger cohorts of
patients with PNH with diverse clinical and
demographic characteristics [15]. Other instru-
ments include the FACT-Anemia scale, a
20-question scale that includes the 13 questions
of the FACIT-Fatigue scale in addition to seven
anemia-related questions [16]; the German
Exhaustion Scale, an 8-item instrument based
on the FACT-Anemia and FACT-Fatigue scales
[17]; the Fatigue Symptom Inventory (FSI), a
14-itemmeasure that assesses the frequency and
severity of fatigue as well as its perceived
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disruptiveness with patient QoL [18]; and the
simple, single-item linear analog scale assess-
ments (LASAs) that assess patient perceptions
related to fatigue and physical well-being [19].

Benchmarks for the FACIT-Fatigue scale have
been identified for the US general population
(mean = 43.6 points; standard deviation [SD] =
9.4 points) and patients with cancer and ane-
mia (mean = 23.9 points; SD = 12.6 points)
[20]. Anchor-based analyses of fatigue and
clinical indicators such as hemoglobin, perfor-
mance status, and response to treatment have
established that an increase or decrease of
3 points or more represents a minimum clini-
cally meaningful difference in patients with
cancer and anemia [21] and has been used
among patients with PNH [22]; the European
Medicines Agency has adopted a slightly more
conservative level of 4 points [23]. Investigators
of this study conducted a targeted literature
review (TLR) to identify benchmarks for patient-
reported fatigue among patients with PNH. In
addition, this study aimed to identify clinical
evidence that reported the association between
hemoglobin level, a key measure of hemolysis,
and patient-reported fatigue or QoL among
patients with and without PNH.

METHODS

This TLR utilized relevant guidelines from the
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) and the
Cochrane Handbook for Systematic Reviews of
Interventions. While the PRISMA guidelines
were developed for systematic literature
reviews, they are broadly applicable to the
methodology implemented in this study.

Eligibility Criteria

Participant Intervention Comparison Outcome
Study (PICOS) criteria were used to identify
studies for inclusion in this TLR (Supplementary
Table 1). Studies must have enrolled patients
aged 18 years or older with PNH. However, as a
result of limited availability of literature among
patients with PNH, the TLR was expanded to
include patients with cancer and anemia who

might or might not be receiving chemotherapy.
Similar to patients with PNH, patients with
cancer and anemia report low hemoglobin val-
ues and fatigue as one of the most frequently
reported symptoms accompanying cancer and
cancer treatment [24].

Several outcomes of interest were examined
in this TLR, including benchmarks related to
mean patient-reported fatigue scores at base-
line, change in patient-reported fatigue score
over follow-up, and the proportion of patients
who experienced clinically meaningful
improvements for patient-reported fatigue
scores following treatment. In addition, this
TLR examined the association between hemo-
globin and patient-reported fatigue or QoL. This
included the change in patient-reported fatigue
by level of hemoglobin response, the propor-
tion of patients who achieved a clinically
meaningful improvement in patient-reported
fatigue or QoL by level or hemoglobin response,
and the association between incremental
improvements in hemoglobin level and incre-
mental improvements in patient-reported fati-
gue or QoL.

Clinical trials and observational studies were
eligible for inclusion in this TLR. Studies must
have been conducted in the USA, where both
eculizumab and ravulizumab were approved for
use at the time of study conduct. However,
multicountry studies that included US sites, and
studies conducted in North American or Wes-
tern European countries without US sites were
also eligible for this TLR if investigators pre-
sented results stratified by geographic region.
Published, English-language full-text articles
(no date restriction) and conference abstracts
(published in 2017 or later) were included in
this TLR.

Search Strategy and Study Selection

Four electronic databases, MEDLINE, Embase,
Evidence-Based Medicine Reviews–Cochrane
Central Register of Controlled Trials, and Psy-
cINFO (Supplementary Table 2), were searched
using pre-defined search terms that reflect the
PICOS elements described earlier (Supplemen-
tary Table 3). This search was limited to patients
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with PNH. A Google Scholar search was con-
ducted for patients with cancer and anemia
using pre-defined search terms consistent with
the electronic database search; patents were not
included. Google Scholar has been shown to
efficiently identify relevant, in addition to
highly cited, publications when compared with
electronic databases [25]. Electronic searches
were conducted on November 6, 2019.

Unique results identified by the four elec-
tronic databases were divided among three
reviewers. Using the same PICOS criteria,
reviewers screened the title and abstract of
results. Publications that clearly did not meet
the criteria were excluded. The full text of
published articles and conference abstracts were
then screened by two reviewers to determine
whether they met all eligibility criteria. Reasons
for exclusion were documented. Differences in
the decision to exclude publications were rec-
onciled between reviewers. Results from the
Google Scholar search were sorted by relevance
and titles of the first 100 search results were
reviewed for inclusion in this TLR.

Data Extraction and Synthesis of Results

Data were extracted from selected studies using
a standardized data extraction form. Specifi-
cally, publication details (i.e., author, year, title,
journal, disease area, abstract) and study char-
acteristics (i.e., study population, fatigue
instrument, endpoint, and primary results) were
collected. All data recorded in the data extrac-
tion form were audited; the primary abstractor
and auditor resolved any discrepancies. All data
extracted in this TLR were synthesized by
patient population (i.e., patients with PNH;
patients with cancer and anemia).

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Study Selection

A total of 144 unique full-text articles and
conference abstracts were identified through
the four electronic databases (Fig. 1). After
reviewing the title, abstract, and full-text of all
unique references identified through the four
electronic databases, we excluded 140/144
publications (97%). Among these references,
the most common reason for exclusion was date
range (n = 75 [54%] unique references pertained
to conference abstracts that had been published
more than 2 years prior to the date of the elec-
tronic search). Among the first 100 results of the
Google Scholar, 90 results were excluded on the
basis of a review of the title and abstract. A total
of 14 relevant publications met all eligibility
criteria and were included in this TLR. Among
these 14 publications, 4 (29%) were conducted
among patients with PNH and were identified
through the electronic database search
[22, 26–28]. Each of these four publications
reported benchmarks related to patient-re-
ported fatigue; however, none of these studies
reported results describing the association
between hemoglobin level and patient-reported
fatigue or QoL. Ten publications (71%) included
in this TLR were identified through the Google
Scholar search [17, 29–37] and were conducted
among patients with cancer and anemia who
might or might not be receiving chemotherapy.
Each of these studies described the association
between hemoglobin level and patient-reported
fatigue, while two studies described the associ-
ation between incremental improvement in
hemoglobin level and incremental improve-
ment in patient-reported fatigue or QoL.

Benchmarks Related to Patient-Reported
Fatigue Among Patients with PNH

Change from Baseline in Patient-Reported
Fatigue
Each of the four studies conducted among
patients with PNH reported the mean change
from baseline of FACIT-Fatigue score (Table 1).
The earliest study conducted among patients
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with PNH included in this TLR, the TRIUMPH
Study (NCT00122330), was a double-blind,
randomized, placebo-controlled, multicenter,
phase 3 trial comparing eculizumab to placebo
[22]. Eighty-seven complement inhibitor-naı̈ve
adult patients with PNH were enrolled and
randomized to receive eculizumab (n = 43) or
placebo (n = 44) for 26 weeks. After 26 weeks of
follow-up, Hillmen et al. [22] reported that
FACIT-Fatigue scores improved on average by
6.4 points (standard error [SE] = 1.2 points)
from baseline for patients who received eculi-
zumab, and decreased by a mean of 4.0 points
(SE = 1.7 points) from baseline for patients who
received placebo.

The SHEPHERD Study (NCT00130000) was a
single-arm, open-label, phase 3 study that
examined the long-term safety and efficacy of
the complement inhibitor eculizumab [26].
Among 97 adult patients who received eculizu-
mab for 52 weeks, FACIT-Fatigue scores signifi-
cantly improved within 1 week of treatment
initiation, and the improvement was

maintained over 52 weeks of follow-up [26].
Specifically, investigators reported a mean
change from baseline of 12.2 points [SE = 1.1
points] in FACIT-Fatigue score at 52 weeks of
follow-up [26].

The ‘‘301 Study’’ (NCT02946463) was an
open-label, multicenter, phase 3 study evaluat-
ing the non-inferiority of ravulizumab to eculi-
zumab in complement inhibitor-naı̈ve patients
with PNH [28]. A total of 246 adult patients
were randomized to receive ravulizumab
(n = 125) or eculizumab (n = 121) for 26 weeks
[28]. Least squares mean increase from baseline
(95% confidence interval [CI]) in FACIT-Fatigue
score was 7.07 points (95% CI 5.55–8.60 points)
and 6.40 points (95% CI 4.85–7.96 points) for
patients with PNH who received ravulizumab
and eculizumab, respectively.

Finally, the ‘‘302 Study’’ (NCT03056040) was
an open-label, multicenter, phase 3 study eval-
uating the non-inferiority of ravulizumab to
eculizumab in patients with PNH who showed
stability during previous eculizumab treatment

Fig. 1 Search results. aSearch conducted November 6, 2019. Electronic databases include MEDLINE, Embase, Evidence-
Based Medicine (EBM) Reviews–Cochrane Central Register of Controlled Trials, and PsycINFO

Adv Ther (2022) 39:1959–1975 1963



Table 1 Description of studies conducted among patients with PNHa

Author, year Patients Treatment
period

Instrument Findings

Hillmen et al.

2006 [22]

TRIUMPH

Study:

NCT00122330

87 complement inhibitor-naı̈ve adult

patients

26 weeks FACIT-

Fatigue

Change from baseline,

mean (SE)

Eculizumab: 6.4 points (1.2)

Placebo: - 4.0 points (1.7)

Brodsky et al.

2008 [26]

SHEPHERD

Study:

NCT00130000

97 complement inhibitor-naı̈ve adult

patients

52 weeks FACIT-

Fatigue

Change from baseline,

mean (SE)

Eculizumab: 12.2 points (1.1)

Fatigue significantly improved

within 1 week of eculizumab

treatment

Improvement in fatigue was

maintained throughout the

52-week study period

(P\ 0.001)

Lee et al. 2019

[28]

301 Study:

NCT02946463

246 complement inhibitor-naı̈ve adult

patients: 125 ravulizumab and 121

eculizumab

26 weeks FACIT-

Fatigue

Change from baseline, least

squares mean (95% CI)

Ravulizumab: 7.07 points (5.55,

8.60)

Eculizumab: 6.40 points (4.85,

7.96)

Proportion of patients with ‡ 3

point improvement in

FACIT-Fatigue score

Ravulizumab: 61.6%

Eculizumab: 58.7%

1964 Adv Ther (2022) 39:1959–1975



[27]. A total of 195 adult patients previously
treated with eculizumab were randomized to
receive ravulizumab (n = 97) and eculizumab
(n = 98) for 26 weeks. Least squares mean
change from baseline in FACIT-Fatigue score
was 2.01 points (SE = 0.7 points) and 0.54
points (SE = 0.7 points) for patients who
received ravulizumab and eculizumab, respec-
tively [27].

Proportion of Patients Who Experienced
a Clinically Meaningful Improvement
in Patient-Reported Fatigue
Two publications reported the proportion of
patients who experienced a clinically mean-
ingful improvement in patient-reported fatigue
[27, 28]. Among patients with PNH who had
not previously been treated with a complement
inhibitor enrolled in the 301 Study, more than
half experienced an increase of at least 3 points
in FACIT-Fatigue score during follow-up (61.6%
of patients who received eculizumab; 58.7% of
patients who received ravulizumab) [28].
Meanwhile, the percentage of patients with at
least a 3-point improvement in FACIT-Fatigue
score was reduced among patients with PNH
and prior complement inhibitor treatment with

ravulizumab (37.1%) and eculizumab (33.7%)
in the 302 Study [27].

Association Between Hemoglobin
Response and Patient-Reported Fatigue
or QoL Among Patients with Cancer
and Anemia

FACIT-Fatigue or FACT-Anemia Scales
Eight studies assessed fatigue using the FACIT-
Fatigue or FACT-Anemia scales among patients
with cancer and anemia [29–35, 37] (Table 2). In
general, studies reported that increases in
hemoglobin levels were associated with
improvements in fatigue; two studies reported a
correlation coefficient of 0.27 between hemo-
globin levels and the FACT-Anemia scale
[34, 37], and two additional studies reported
statistically significant P values, but not coeffi-
cients [30, 31].

Several studies examined the association
between patient-reported fatigue, as measured
by the FACIT-Fatigue or FACT-Anemia scale,
and hemoglobin response. A study in 607
patients with solid tumors and anemia [29]
reported that 55.0% of patients whose

Table 1 continued

Author, year Patients Treatment
period

Instrument Findings

Kulasekararaj

et al. 2019

[27]

302 Study:

NCT03056040

195 complement inhibitor (i.e.,

eculizumab)-experienced adult

patients: 97 ravulizumab and 98

eculizumab

26 weeks FACIT-

Fatigue

Change from baseline, least

squares mean (SE)

Ravulizumab: 2.01 points (0.697

points)

Eculizumab: 0.54 points (0.704

points)

Proportion of patients with ‡ 3

point improvement in

FACIT-fatigue score

Ravulizumab: 37.1%

Eculizumab: 33.7%

CI confidence interval, FACIT Functional Assessment of Chronic Illness Therapy, SE standard error
aStudies were identified through four electronic databases
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Table 2 Description of studies conducted among patients with cancer and anemiaa

Author,

year

Patients Treatment

Period

Instrument Findings

Gabrilove

et al.

2001

[32]

2946 patients receiving epoetin alfa as

an adjunct to chemotherapy

16 weeks FACT-An Mean change in FACT-An score by

hemoglobin (Hgb) response

Hgb change 0–2 g/dL: 4.8 points

Hgb change 2–4 g/dL: 7.7 points

Hgb change[ 4 g/dL: 11.0 points

Crawford

et al.

2002

[37]

3116 patients enrolled in two open-

label, community-based trials of

epoetin alfa as an adjunct to

chemotherapy

16 weeks FACT-An; LASA

(overall QoL; energy

levels; ability to

perform daily

activities)

Association between Hgb level and

patient-reported fatigue or QoL

A statistically significant, positive

correlation between Hgb levels and

FACT-An scores was observed

(r = 0.27; P\ 0.01)

Increases in Hgb level were associated

with increases in LASA overall QoL

scores across the clinically relevant

Hgb range of 8–14 g/dL (P\ 0.01).

The LASA overall QoL score was

15.2 mm higher when Hgb level was

14 g/dL compared to Hgb level of

7.5 g/dL (P\ 0.01)

Association between incremental

increase in Hgb level and

incremental increase in patient-

reported LASA overall QoL score

A 1 g/dL increase in Hgb from 11 g/

dL to 12 g/dL resulted in the greatest

incremental gain in LASA overall

QoL score

The magnitude of the incremental

improvements in LASA overall QoL

scores stabilized between Hgb levels of

11–13 g/dL

Kallich

et al.

2002

[29]

607 patients enrolled in two

randomized clinical trials examining

darbepoetin alfa as an adjunct to

chemotherapy

12 weeks FACT-Fatigue Proportion of patients with a

clinically meaningful improvement

in patient-reported fatigue by Hgb

response

Hgb change C 2 g/dL: 55.0%

Hgb change\ 2 g/dL: 39.8%

P = 0.0004
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Table 2 continued

Author,

year

Patients Treatment

Period

Instrument Findings

Glaspy

et al.

2002

[33]

408 patients enrolled in a randomized

clinical trial of darbepoetin alfa vs.

epoetin alfa as an adjunct to

chemotherapy

12 weeks FACT-Fatigue Association between Hgb level and

patient-reported fatigue

Improvements in Hgb level were

observed with improvements in

patient-reported fatigue. Among

patients whose Hgb increased by

C 3 g/dL during treatment, a mean

improvement of C 4.5 points in

FACT-Fatigue score was observed

Smith

et al.

2003

[30]

188 patients not receiving

chemotherapy or radiation therapy

12 weeks FACT-Fatigue Association between Hgb level and

patient-reported fatigue

Improvements in Hgb level were

significantly associated with

reductions in fatigue (P\ 0.001)

Mean change in FACT-Fatigue score

by Hgb response

Hgb change C 2.0 g/dL: ? 8.5 points

Hgb change 0 to\ 2.0 g/dL: ? 1.7

points

Hgb change\ 0 g/dL: - 0.6 points

Jacobsen

et al.

2004

[36]

49 patients receiving chemotherapy 8 weeks FSI Association between Hgb level and

patient-reported fatigue

Regression analyses demonstrated that

a greater decline in Hgb level was

significantly related to: (1) greater

increase in fatigue disruptiveness

(P\ 0.01), and (2) greater increase in

the number of days fatigue was

experienced in the past week

(P\ 0.05)
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Table 2 continued

Author,

year

Patients Treatment

Period

Instrument Findings

Cella et al.

2004

[35]

1152 patients enrolled in five

randomized trials who were and were

not receiving chemotherapy

12 weeks FACT-Fatigue Mean change in FACT-Fatigue score

by Hgb response

Hgb change C 2 g/dL: 5.6 points

Hgb change\ 2 g/dL: 1.0 points

The adjusted mean difference in

change in FACT-Fatigue was 3.1

points (95% CI 1.8, 4.4) when

comparing Hgb responders

(change C 2 g/dL) to non-responders

(change\ 2 g/dL)

Reinhardt

et al.

2005

[17]

645 patients enrolled in an open-label

study examining epoetin alfa as an

adjunct to chemotherapy or

chemotherapy and radiation therapy

20 weeks German Exhaustion

Scale

Association between Hgb level and

patient-reported fatigue

Mean increase in Hgb level was

correlated with improvement in mean

fatigue score (r = 0.31, P\ 0.0001),

and greater increases in Hgb levels

were associated with greater

improvements in patient-reported

fatigue scores

The greatest improvement in patient-

reported fatigue was observed for

patients whose Hgb level increased by

[ 2 g/dL during follow-up

Berndt

et al.

2005

[31]

300 patients enrolled in a randomized,

open-label study examining

darbepoetin alfa as an adjunct to

chemotherapy

12 weeks FACT-Fatigue Association between Hgb level and

patient-reported fatigue

Improvements in Hgb level were

associated with improvements in

patient-reported fatigue (P = 0.003)

Mean change in FACT-Fatigue score

by Hgb response

Hgb change C 2.0 g/dL: ? 5.5 points

Hgb change 0 to\ 2.0 g/dL: ? 3.1

points

Hgb change\ 0 g/dL: - 1.1 points

Proportion of patients with a

clinically meaningful improvement

in FACT-Fatigue by Hgb response

Hgb change C 2 g/dL: 59.5%
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Table 2 continued

Author,

year

Patients Treatment

Period

Instrument Findings

Cartenı̀

et al.

2007

[34]

485 patients enrolled in a single-arm,

open-label study of epoetin alfa as an

adjunct to chemotherapy

12 weeks FACT-An Association between Hgb level and

patient-reported fatigue

Change from baseline to trial end in

Hgb level and FACT-An score were

correlated (r = 0.27, P\ 0.0001)

Final FACT-An score by Hgb

response

Hgb change C 2 g/dL: 59.7 points

Hgb change\ 2 g/dL: 57.5 points

Mean change in FACT-An score by

Hgb response

Hgb change C 2 g/dL: 5.0 points

Hgb change\ 2 g/dL: 0.9 points

Association between incremental

increase in Hgb level and

incremental increase in FACT-An

score

In linear regression analyses, an increase

of 1 g/dL in Hgb level was associated

with a mean FACT-An increase of 2.1

points

Across all follow-up, the regression

coefficient for FACT-An scores

regressed on Hgb level was 1.6

(r = 0.20; P\ 0.0001)

Independent of baseline Hgb, the

greatest incremental improvement in

FACT-An score was recorded when

patients reached a Hgb level of 11 g/

dL and approached a Hgb level of

12 g/dL

CI confidence interval, FACIT Functional Assessment of Chronic Illness Therapy, FACT Functional Assessment of Cancer Therapy,

FACT-An FACT-Anemia, FSI Fatigue Symptom Inventory, Hgb hemoglobin, LASA Linear Analog Scale Assessment, QoL Quality of

Life
aStudies were identified through a Google Scholar search
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hemoglobin level increased by 2 g/dL by the
end of a 12-week treatment period also reported
a clinically meaningful improvement of at least
3 points in FACIT-Fatigue score; compared to
39.8% among non-responders (P = 0.0004). In
another study, 59.5% of patients whose hemo-
globin level increased by 2 g/dL or more also
reported a clinically meaningful improvement
in FACT-Fatigue score [31]. In addition, patients
with cancer who had greater increases in
hemoglobin level also reported greater
improvements from baseline in patient-re-
ported fatigue [30–35]. A study comparing
hemoglobin responders (i.e., improvement in
hemoglobin level of at least 2 g/dL) vs. non-re-
sponders [34] reported both greater mean final
FACT-Anemia score (59.7 points vs. 57.5 points)
and a larger mean improvement in patient-re-
ported fatigue from baseline (5.0 points vs. 0.9
points), respectively. Similarly, one study [35]
reported a mean improvement from baseline on
the FACIT-Fatigue scale of 5.6 points, a clini-
cally meaningful improvement, for patients
whose hemoglobin level increased by at least
2 g/dL compared to a 1.0-point improvement
for non-responders. Two publications defined
hemoglobin response using three categories:
decrease or increase of less than 2 g/dL, and
increase of at least 2 g/dL [30, 31]. In both
studies, patients whose hemoglobin levels
improved by at least 2 g/dL reported clinically
meaningful improvements in FACIT-Fatigue
score. Smaller increases in FACIT-Fatigue score,
though clinically meaningful in one study [31],
were observed for patients whose hemoglobin
increased between 0 and less than 2 g/dL during
treatment, and FACIT-Fatigue scores decreased
from baseline for patients whose hemoglobin
level decreased during treatment [30, 31].
Finally, one study reported clinically meaning-
ful improvements in FACIT-Anemia scores of
4.8, 7.7, and 11.0 points for patients whose
hemoglobin levels increased 0–2 g/dL, 2–4 g/dL,
and more than 4 g/dL, respectively [32].

Additional Patient-Reported Fatigue Scales
Three studies assessed the association between
hemoglobin level and patient-reported fatigue
using alternative, validated instruments among
patients with cancer and anemia (Table 2),

including the German Exhaustion Scale [17],
the LASA for overall QoL [37], and the FSI [36].
Changes in hemoglobin level were associated
with changes in patient-reported fatigue or QoL
in each of these studies. For example, Reinhardt
et al. [17] observed that mean increase in
hemoglobin level was correlated with improve-
ment in mean fatigue score (r = 0.31,
P\ 0.0001). Similarly, Crawford et al. [37]
reported a positive correlation between hemo-
globin levels and the LASA overall QoL score
and noted that the relationship between a
patient’s change in hemoglobin level and
change in LASA overall QoL scores was direct
and significant (P\0.01) when hemoglobin
level was between 8 and 14 g/dL. Finally,
Jacobsen et al. [36] reported that a greater
decline in hemoglobin was related to a greater
increase in fatigue disruptiveness (i.e., the
degree to which fatigue interfered with the
patient’s general level of activity, ability to
bathe and dress, normal work activity, ability to
concentrate, relations with others, enjoyment
of life, and mood in the past week; P\0.05).

In addition, two studies reported associa-
tions according to hemoglobin response
[17, 36]. In one publication, the greatest
improvement in patient-reported fatigue was
observed for patients whose hemoglobin
increased by more than 2 g/dL during follow-up
[17]. In another publication, Jacobsen et al. [36]
observed that greater declines in hemoglobin
were significantly related to greater increases in
fatigue disruptiveness (P\ 0.01) and fatigue
duration (i.e., the number of days the patient
reported experiencing fatigue in the past week;
P\ 0.05) among patients with cancer whose
hemoglobin level declined to 12 g/dL or less
during follow-up.

Association Between Incremental Increases
in Hemoglobin Level and Incremental
Increases in Patient-Reported Fatigue or QoL
Among Patients with Cancer and Anemia
Two studies [34, 37] assessed the association
between incremental improvements in hemo-
globin levels and incremental improvements in
patient-reported fatigue or QoL among patients
with cancer and anemia (Table 2). In addition
to the positive association between hemoglobin
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level and overall QoL, as measured by LASA,
across the clinically relevant range of 8–14 g/dL,
Crawford et al. [37] reported that the greatest
incremental gain in patient-reported overall
QoL was observed when hemoglobin level
increased from 11 to 12 g/dL. Another publica-
tion that used linear regression analysis repor-
ted that a 1 g/dL increase in hemoglobin level
was associated with a mean increase of 2.1
points on the FACT-Anemia scale [34]. In addi-
tion, confirming the results reported by Craw-
ford et al. [37], Cartenı̀ et al. [34] reported that
independent of baseline hemoglobin level, the
greatest increase in patient-reported fatigue as
measured by the FACT-Anemia scale was
observed when patients reached a hemoglobin
level of 11 g/dL and approached a hemoglobin
level of 12 g/dL.

DISCUSSION

This TLR was conducted to identify benchmarks
for patient-reported fatigue, as well as clinical
evidence that reported the association between
hemoglobin level and patient-reported fatigue
among patients with and without PNH. Fatigue
is among the most common unrelieved symp-
toms reported by patients with PNH [11].
However, only a few studies investigating fati-
gue among patients with PNH were identified in
this TLR, none of which published baseline
measures of fatigue as assessed by patient-re-
ported instruments. Studies from the Interna-
tional PNH Registry, which includes aggregate
results for pediatric and adult patients from all
global regions, show mean FACIT-Fatigue scores
from 30.5–34 points [11, 38]. This evidence
demonstrates that patients with PNH experi-
ence a greater, clinically meaningful level of
fatigue compared to the US general population
(mean FACIT-Fatigue score = 43.6 points [20]).

Evidence from the studies identified in this
TLR demonstrates that currently available
treatments, such as C5 complement inhibitors
eculizumab and ravulizumab, result in
improvements in patient-reported fatigue,
assessed as a change from baseline. However,
without absolute values at baseline and follow-
up, it is not possible to contextualize these

improvements relative to the levels of fatigue
experienced by the US general population [22].
Importantly, clinically meaningful improve-
ments in fatigue were reported only among
studies that enrolled complement inhibitor-
naı̈ve patients, suggesting that improvement of
fatigue in complement inhibitor-experienced
patients remains an unmet need [22, 26, 28].
Among patients previously treated with eculi-
zumab who were enrolled in the 302 Study,
improvements in patient-reported fatigue were
attenuated (i.e., 2.0 and 0.5 points among
ravulizumab and eculizumab patients, respec-
tively) [27]. Moreover, 63% of ravulizumab
patients and 66% of eculizumab patients did
not achieve a clinically meaningful improve-
ment in FACIT-Fatigue score [27]. This TLR
demonstrates that complement inhibitor-expe-
rienced patients with PNH experienced lesser
benefit related to patient-reported fatigue
despite treatment with current C5 complement
inhibitors, warranting further investigation into
other therapies. The C3 complement inhibitor
pegcetacoplan has been investigated in two
phase 3 trials among complement inhibitor-
naı̈ve (PRINCE; NCT04085601; results expected
in 2021) [39] and complement inhibitor-expe-
rienced (PEGASUS; NCT03500549) [40] patients
with PNH. Centrally targeted at the C3 level,
pegcetacoplan broadly inhibits multiple com-
plement activation pathways resulting in
improved therapeutic benefit and symptom
control. Among complement inhibitor-experi-
enced patients with PNH enrolled in the
PEGASUS trial who were previously treated with
eculizumab and had a hemoglobin level below
10.5 g/dL, FACIT-Fatigue score increased by 9.2
points for patients treated with pegcetacoplan,
compared with a 2.7-point decrease with eculi-
zumab, by week 16 [40]. In addition, 73% of
patients treated with pegcetacoplan achieved a
clinically meaningful improvement of at least
3 points for FACIT-Fatigue score, as compared
with 0% among patients treated with eculizu-
mab [40].

It is of note that the FACIT-Fatigue scale was
originally designed for patients with cancer, but
it has long been a standard assessment for QoL
among patients with PNH as a result of the lack
of PNH-specific instruments. In this regard, an
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instrument for measuring aplastic anemia (AA)/
PNH-specific QoL (QLQ-AA/PNH) is currently
under the final phase of development [41]. The
54-item QLQ-AA/PNH has shown good internal
consistency (e.g., Cronbach’s alpha of the fati-
gue scale was 0.88) and may already be used in
some clinical studies. Upon finalization of the
scoring algorithm, QLQ-AA/PNH may be used
to provide more tailored QoL measurements for
patients with PNH [41].

No studies conducted among patients with
PNH examined the association between hemo-
globin levels and patient-reported fatigue and
QoL. Given this evidence gap, it was necessary
to expand the scope of this TLR to include
patients with cancer and anemia, a patient
population that also exhibits a high burden of
fatigue [20]. Among patients with cancer and
anemia, substantial evidence demonstrates that
increased hemoglobin levels are associated with
clinically meaningful improvements in patient-
reported fatigue, and the greatest incremental
gain on the basis of fatigue was observed when
hemoglobin level increased from 11 to 12 g/dL.
Hemoglobin level represents a direct indicator
of clinical severity among patients with PNH
[42]. The results reported among patients with
cancer and anemia must be confirmed among
patients with PNH. For example, a recent case
report on a Japanese woman with AA/PNH
without severe hemolytic presentation found
that complement inhibitor led to improvement
in patient-reported fatigue and QoL, suggesting
that patients with severe fatigue but mild dis-
ease activity and anemia may also benefit from
complement inhibitors [43]. Nonetheless, find-
ings from this TLR provide clinicians with
hematological targets that may translate into
clinically meaningful improvements in patient-
reported fatigue and QoL outcomes.

The results of this TLR are subject to some
limitations. It is possible that not all relevant
studies were captured through our search of
four electronic databases as a result of incorrect
indexing. Because our search was limited to
2017 and later for published conference
abstracts, relevant studies conducted prior to
this period may not be included. However, it
was expected that abstracts more than 2 years
old would be published as full-text manuscripts

and potentially identifiable by our search. Also,
screening by reviewers might have missed rele-
vant articles, although all reviewers were
involved in the development, testing, and
implementation of the PICOS criteria used in
this TLR. In addition, our electronic database
search identified several publications that uti-
lized data collected by the International PNH
Registry. Because stratified data were not
reported for adult patients (i.e., results were
reported for pediatric and adult patients com-
bined) or by geographic location (i.e., USA/
North America and Western Europe), these
studies were excluded from this TLR. However,
because burden of disease may differ by geo-
graphic region and race/ethnic group, exclud-
ing studies that do not present stratified results
is warranted. Finally, publication bias may have
also affected outcomes reported and the studies
published.

CONCLUSIONS

This study identified benchmarks related to
change in fatigue following treatment with C5
complement inhibitors among patients with
PNH. A substantial proportion of patients
experience limited clinical benefit related to
fatigue, which reflects an ongoing unmet need
in this patient population. Given the lack of
studies identified in this TLR, it is clear that the
association between fatigue and hemoglobin
level, an indicator of disease severity, remains
underevaluated among patients with PNH.
Routine use of the FACIT-Fatigue scale, among
other psychometric instruments, should be
considered during the management of patients
with PNH. Evidence from patients with cancer
and anemia indicates that the greatest gains in
improving patient-reported fatigue and QoL
occur when hemoglobin increased from 11 and
12 g/dL. Future studies should validate this
relationship among patients with PNH.
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