o]]g] research paper

Association of frailty with clinical outcomes in myelofibrosis: a
retrospective cohort study

Aniket Bankar,! Shabbir Alibhai,>
Elliot Smith,' Dongyang Yang,'
Sarah Malik,' Verna Cheung,1
Nancy Siddiq,1 Jaime Claudio,’
Andrea Arruda,' Hubert Tsui,’
Jose-Mario Capo-Chichi,’

James A. Kennedy,'

Caroline McNamara,' Hassan Sibai,!
Dawn Maze,! Wei Xu' and

Vikas Gupta'

IPrincess Margaret Cancer Centre,
2Toronto General Hospital, and
3Sunnybrook Health Sciences Centre,
Toronto, ON, Canada

Received 28 March 2021; accepted for
publication 13 May 2021

Correspondence: Vikas Gupta, The Elizabeth
and Tony Comper MPN Program, Princess
Margaret Cancer Centre, Suite 5-303C, 610-
University Avenue, Toronto, M5G 2M9,
Canada.

E-mail: vikas.gupta@uhn.ca

Introduction

Summary

There is limited understanding of the impact of frailty on clinical outcomes
in patients with myelofibrosis (MF). In this retrospective cohort study on
439 chronic phase MF patients [mean age: 68-7 & 12 years; median follow-
up: 3-4 years (IQR 0-4-8-6)] from 2004 till 2018, we used a 35-variable
frailty index (FI) to categorise patient’s frailty status as fit (FI < 0-2, refer-
ence), prefrail (FI 0-2-0-29) or frail (FI > 0-3). The association of frailty
with overall survival (OS) and cumulative JAK inhibitor (JAKi) therapy
failure was measured using hazard ratio (HR, 95% CI). In multivariable
analysis, prefrail (HR 1.7, 1-1-2-5) and frail patients (HR 2.9, 1-6-5-5),
those with higher DIPSS score (HR 2-5, 1-6-3-9) and transfusion depen-
dency (HR 1-9, 1-3-2-9) had shorter OS. In a subset analysis of patients on
JAKi treatment (n = 222), frail patients (HR 2-5, 1-1-5.7), patients with
higher DIPSS score (HR 1-7, 1-0-3-1) and transfusion dependence (HR 1-7,
1-1-2-7) had higher cumulative incidence of JAKi failure. Age, comorbidi-
ties, ECOG performance status, and MPN driver mutations did not impact
outcomes. Thus, higher frailty scores are associated with worse OS and
increased JAKi failure in MF, and is a superior indicator of fitness in com-
parison to age, comorbidities, and performance status.
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it a global and better indicator of at-risk older patients than
chronological age,'® comorbidities'' or performance scores'>

The diverse fitness levels of older cancer patients pose a ther-
apeutic and prognostic challenge." The American Society of
Clinical Oncology recommends performing geriatric assess-
ment for all cancer patients > 65 years before starting treat-
ments.”> The reduction of physiological reserve across
multiorgan systems with ageing is not identical for individu-
als of the same chronological age.” Thus, when faced with
health challenges, their ability to respond and rebound using
this reserve markedly differs. This ability, or the lack thereof,
is measured using the concept of frailty." Greater frailty (or
lower reserve) is associated with exceptionally higher mortal-
ity, health resource utilisation, post-operative complications,
and chemotherapy toxicity.>” In myelofibrosis, where med-
ian age at diagnosis is 70 years, the contribution of frailty to
clinical outcomes is not known.

Rockwood and colleagues have operationalised the mea-
surement of frailty using a clinical index consisting of deficits
across various domains of functioning, such as disabilities,
diseases, physical and cognitive impairments, and psychoso-
cial factors.> This multidimensional nature of frailty makes
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alone. Several clinical factors that determine higher frailty
levels are also seen in myelofibrosis. First, the MPN driver
and other myeloid malignancy mutations in myelofibrosis
increase the expression of inflammatory genes resulting in a
higher risk of cardiovascular disease and comorbidities."
Second, the excessive cytokine release from this inflammation
results in high symptom burden, lower physical activity, and
cachexia. Third, psychosocial issues such as depression and
social isolation are higher in myelofibrosis patients when
compared to the general population.'*™® Given these associa-
tions, a high prevalence of frailty is expected in this disease
compared with age-matched controls, but both its prevalence
and impact upon clinical outcomes have not been investi-
gated to date. The clinical decisions in myelofibrosis depend
on the prognostic scoring systems that use chronological age
as a variable of patient characteristics.'”'* Whether incorpo-
ration of a broader measure such as frailty could improve
their risk prediction needs to be studied. Further, patients
with myelofibrosis on JAK inhibitor (JAKi) therapy have
high treatment failure rates because of cytopenias, disease
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progression or loss of response. It is possible that those with
higher frailty could have increased JAKi treatment failure, as
evident in several other cancers.? Frailty is potentially redu-
cible or even preventable.”’ An understanding of its associa-
tion with survival and treatment failure would therefore help
guide future strategies to improve outcomes in myelofibrosis.

Using a 35-item frailty index, we measured frailty and
evaluated its impact on overall survival in patients with
myelofibrosis in chronic phase. In a subset of patients receiv-
ing JAKi therapy, we assessed the effect of frailty on overall
survival and JAKi treatment failure. In an exploratory analy-
sis, we analysed the association of driver (JAK2, CALR, MPL)
and high-risk (ASXLI, IDHI/2, EZH2, SRSF2) molecular
mutations with frailty.

Methods

Study design, patients and data sources

We conducted a single centre, retrospective cohort study to
include subjects with myelofibrosis in chronic phase (< 10%
blasts in peripheral blood and bone marrow”*??) from Jan-
uary 2001 till December 2018, seen at Princess Margaret
Cancer Center, Toronto, Canada. We included patients with
primary, post-polycythaemia vera, post-essential thrombo-
cythaemia), and prefibrotic myelofibrosis at their first visit.
Patients in accelerated or blast phase myelofibrosis were
excluded. Data were obtained from the prospective myelo-
proliferative  neoplasm  study from 2016 onwards
(NCT02760238) and by chart review for earlier years. The
study was approved by the research ethics board at Univer-
sity Health Network, Toronto, CA (19-5119).

Exposure: assessment of frailty

The main exposure was a diagnosis of frailty and prefrailty,
defined using a 35-item frailty index calculated at first visit.
A frailty index (FI) counts deficits in health which can be
symptoms, signs, diseases, disabilities, or laboratory or radio-
graphic abnormalities. According to Searle et al.,** these defi-
cits (i) must be associated with health status; (ii) their
prevalence must generally increase with age; (iii) they must
not saturate too early, and (iv) they must cover a range of
health systems. These deficits do not have to be same as in
Rockwood’s original FI if they satisfy the above conditions. A
FI constructed with at least 30 deficits has been shown to be
psychometrically robust and sufficiently accurate for predict-
ing adverse outcomes in datasets that might not have been
set out to measure frailty.”® Accordingly, the FI constructed
for this study (Figure S1) included deficits (n = 35), such as
comorbidities (n = 18), ability to handle daily activities
(n=1), physical performances (n=2), polypharmacy
(n = 1), social support (n = 1), nutrition (n = 1) and abnor-
mal blood tests (n = 11). Every variable was transformed
into either 0 (deficit absent) or 1 (deficit present). The FI

was calculated as the sum of all deficits in each participant,
divided by the sum of all variables evaluated. The FI scores
could range from 0 (absence of all deficits) to 1 (presence of
all deficits). Patients were categorised as frail if the FI was 0-3
or higher, prefrail if FI was between 0-20-0-29, and fit if FI
was < 0-19. These cutoffs were based on previous studies.**

Outcome variables

Our primary outcome was all-cause mortality in patients
with myelofibrosis in chronic phase. We calculated the sur-
vival time from time of first visit to the cancer centre till
date of last follow-up or death. Our secondary outcomes
were all-cause mortality and time to treatment failure in a
subset of patients treated with JAKi therapy. We defined
JAKi treatment failure as the time from the start of JAKi
therapy to one of the following: treatment discontinuation
sub-optimal, loss of spleen response, severe anaemia, throm-
bocytopenia, progression to accelerated (blast count 10-19%)
or blast phase (blast count > 20%), or death due to any
cause, as per the Canadian consensus criteria.?® We censored
patients at the date of last follow-up if they did not experi-
ence the outcome of interest, or on the day of allogeneic
stem cell transplantation. In an exploratory analysis, we mea-
sured the association of FI with (i) MPN driver mutations
(JAK2, CALR and MPL) in all patients, and (ii) high-risk
molecular mutation?’ (ASXL1, IDH1/2, EZH2, SRSF2) in
patients with availability of targeted next generation sequenc-
ing (NGS) at first visit. The details of targeted NGS and vari-
ant calling have been previously published.?®.

Covariates

At the first visit to our centre, we collected information on
patients’ age at the time of diagnosis, sex, disease variables
such as haemoglobin, white blood cell count, platelet count,
cytogenetics, driver mutation status, dynamic international
prognostic scoring system (DIPSS) score, performance status
measured using Eastern Cooperative Oncology Group
(ECOG) sore and comorbidity burden, using haematopoietic
stem cell transplant-comorbidity index (HCT-CI) index. The
cut-off for advanced age was chosen as 65 years, based on
other widely used risk-scoring systems in myelofibrosis such
as IPSS,'” DIPSS,'® and DIPSS plus.'” ECOG performance
status was divided into three groups—O0, 1, > 2—because
there were very few patients with a ECOG of 3 or higher and
they were collapsed into a single category. The HCT-CI score
was collapsed into three risk groups: 0 (low risk), 1 to 2 (in-
termediate risk), and three or more (high risk), based on the
original publication that validated this risk scoring.*’

Statistical analysis

We provided descriptive statistics with mean and standard
deviation for continuous factors, and frequencies and
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percentages for categorical factors. We compared the demo-
graphics and clinical characteristics using the anova test for
continuous variables, and the Chisq test or Fisher exact test
for categorical variables. Our primary outcome was overall
survival (OS) which was analysed using Kaplan—Meier curves.
We used log rank tests to compare OS between frailty status.
To include the effect of potential confounders, we conducted
the multivariable Cox proportional-hazards regression model.
The covariates in the multivariable model were decided a pri-
ori, based on the clinical knowledge that they were con-
founders and were not selected based on a specific P-value in
the univariate analysis alone. The measure of strength of
association between mortality and the predictors was
reported using hazard ratios (HRs) and a corresponding 95%
confidence interval. For internal validation of our multivari-
able model, we used a bootstrap approach to obtain
optimism-corrected measures of model performance using
Harrell’s C-index.>®*! For this, we first assessed the perfor-
mance of our model in the random bootstrap sample and in
the entire cohort to obtain an estimate of optimism. The
mean of bootstrapped estimates of optimism was then sub-
tracted from the initial estimate of the C-index to obtain the
bootstrap optimism-corrected estimates of performance.

We used Kaplan—Meier curves to analyse our secondary
outcome of cumulative JAKi treatment failure. The difference
in cumulative incidence estimates for JAKi treatment failure
was tested using the log rank test. HRs were calculated to
measure the association of covariates in the Cox-
proportional hazards model for JAKi treatment failure. For
our exploratory analysis of association of molecular muta-
tions with frailty indices, we used two-way aNova, and pair-
wise comparison was done with student t-tests. The signifi-
cance threshold was 0-05 and testing was two-sided. Statisti-
cal analyses were conducted using either R (version 3.0.2) or
SAS (version 9.4).

Results

Baseline characteristics at first visit and frailty index

Between 2004 and 2018, we identified 439 patients with a
diagnosis of myelofibrosis (primary = 229, post-essential
thrombocythaemia = 87, post-polycythaemia vera = 66, pre-
fibrotic = 57). Baseline patient and disease characteristics are
presented in Table I. The median follow-up of the study
cohort was 3-4 years (IQR, 0-4-8-6). The prevalence of frailty
was 40-7% [8-4% had FI > 0-3 (frail) and 32-3% had FI 0-2—
0-29 (prefrail)]. The median frailty index in fit, prefrail and
frail patients was 0-1, 0-2 and 0-3, respectively. Patients were
more likely to be frail if they were of an advanced age, had a
higher DIPSS, ECOG and HCT-CI score, and were
transfusion-dependent. Hypertension was the most common
abnormality (Figure S1), followed by hypercholesterolaemia,
and liver or gastrointestinal problems. Polypharmacy was
noted in 43% of patients, impaired physical function and
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social isolation in 10%, respectively, and nutritional issues in
5% of patients. The most common laboratory abnormalities
were lactate dehydrogenase and urate elevation.

Association of frailty with overall survival in
myelofibrosis

A total of 147 patients (33-4%) experienced the primary out-
come of interest—death from any one cause. Survival was
worse in those with frailty (three years OS: 25-2%, 95% CI,
11-8-54:1%) and prefrailty (three years OS: 59-6%, 95% CI,
50-8-70-1%) compared to fit patients (three years OS:
83-9%, 95% CI, 78-5-89-6%). The Kaplan—Meier survival
function showed that frail and prefrail patients had a higher
probability of death compared to fit patients (log-rank,
P < 0-001) (Fig 1A). In univariate analysis (Figure S2), the
HR for probability of death was 6-:2 (95% CI, 3-7-10-3) for
frail and 2-1 (95% CI, 1-5-3-1) (P < 0-001) for prefrail, com-
pared to fit patients. Advanced age (> 65 years), higher
ECOG status (2 or more), higher HCT-CI index, higher
DIPSS category and transfusion dependency were all associ-
ated with worse survival (all P < 0-05). In multivariable Cox
regression analysis (Fig 1B), the impact of frailty on mortal-
ity remained significant: adjusted HRs for mortality were 1.7
(95% CI, 1-1-2-5) for prefrailty and 2-9 (95% CI, 1-6-5-5)
for frailty. Other significant predictors for mortality were
intermediate—2/high-risk DIPSS category and transfusion
dependency. Type of driver gene mutation, age at diagnosis,
gender, comorbidity index (HCT-CI), and performance sta-
tus (ECOG) did not predict overall survival. Frailty did not
show a significant association with leukaemic transformation
in a competing risk survival analysis (Figure S3) with HRs of
0-8 (95% CI, 0-4-1-6) for prefrail and 0-4 (95% CI, 0-1-1-9)
for frail patients.

We performed an internal validation of our multivariable
Cox-proportional hazard model using the bootstrapping
method. The optimism-corrected C-index was 0-75, sugges-
tive of good discrimination. In addition, the calibration
curve showed that the model was well calibrated (Figure S4).

When a subset analysis was performed according to the
DIPSS-risk stratification, prefrail and frail individuals in low-
intermediate-1 and intermediate-2 high-risk (Fig 2A) cate-
gories had an increased probability of death compared to fit
patients (P < 0-05). Further, the effect of advanced age on
survival was only observed in patients who were fit; however,
advanced age did not have an impact on the survival of frail
or prefrail patients (Fig 2B).

Association of frailty with overall survival and treatment
failure in patients treated with JAK inhibitors in
myelofibrosis

A total of 222 patients were treated with JAK inhibitors (rux-
olitinib as clinical trial, n = 78, ruxolitinib as standard of
care, n = 110; other novel JAKi agents were used as part of a
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Table I. Baseline characteristics of the study cohort according to frailty status.

Characteristic Total (n = 439) Fit (n = 260)  Prefrail (n = 140) Frail (n = 39) P-value

Patient characteristics
Frailty Index

Median (Min, Max) 0-2 (0,0-1) 0-1 (0,0-2) 02 (02,0-3) 0-3 (03,05)  <0-0001
Age, years
Mean (SD) 68-7 (12-8) 656 (13-4) 73 (10-5) 739 (9-6) 0-0001
Gender, N (%)
Male 259 (59) 138 (53) 89 (64) 32 (81) 0-001
Female 180 (41) 122 (47) 51 (36) 7 (19)
ECOG, N (%)
0 239 (54) 161 (62) 68 (48) 10 (27) <0-0001
1 162 (37) 86 (33) 63 (44) 13 (35)
> 38 (9) 13 (5) 11 (8) 14 (38)
HCT-CI, N (%)
Low 230 (52) 170 (65) 52 (37) 8 (22) <0-0001
Intermediate 125 (28) 61 (23) 54 (38) 10 (27)
High 84 (19) 29 (11) 36 (25) 19 (51)
No. of cardiovascular risk factors, N (%)
0-1 237 (75) 164 (86) 67 (63) 6 (30) <0-0001
2 or more 81 (25) 27 (14) 40 (37) 14 (70)
Missing 121 69 35 17
Period of diagnosis, N (%)
Before 2007 33 (12:7) 17 (12-1) 6 (15-4) 56 (12-8) 0-18
2008-2011 63 (24-2) 32 (2249) 3(7:7) 98 (22-3)
2012-2019 164 (63-1) 91 (65-0) 30 (769) 285 (64-9)
Time to first visit after diagnosis in months, median (IQR) 3.2 (1:4-17-5) 3.0 (1-4-17-6)  4-4 (1-6-14-1) 3.2 (1-4-17-5) 0-24

Disease characteristics
Transfusion dependent

No 346 (79) 218 (84) 103 (74) 25 (62) 0-003
Yes 93 (21) 42 (16) 37 (26) 14 (38)
Platelet count
<100 x 10°/1 160 (36) 83 (19) 50 (19) 27 (19) 0-96
WBC count
>25 x 10%1 71 (16) 26 (10) 30 (21) 15 (41) <0-0001
DIPSS category
Low/intermediate 1 221 (50) 162 (62) 54 (38) 5 (14) <0-0001
Intermediate 2/high 218 (50) 98 (38) 88 (62) 32 (86)
Driver mutation (n = 432)
JAK?2 295 (67) 168 (65) 95 (68) 32 (82) 0-24
CALR 82 (19) 52 (20) 26 (19) 4 (10)
MPL 26 (6) 21 (8) 5 (4) 0 (0)
Triple negative 36 (8) 19 (7) 14 (10) 3 (8)
No. of HMR mutation (n = 199), N (%)
None 95 (48) 62 (52) 34 (46) 4 (26) 0-16
1 59 (30) 34 (29) 18 (27) 7 (47)
2 or more 45 (22) 23 (19) 18 (27) 5 (27)
JAK inhibitor, N (%)
Yes 222 (51) 112 (43) 89 (63) 21 (57) <0-0001
Allo-SCT, N (%)
Yes 67 (15) 45 (17) 20 (14) 2 (5) 0-15

ECOG, Eastern Co-operative Group scale; HCT-CI, haematopoietic stem cell transplantation-comorbidity index; Cardiovascular risk factors—hy-
pertension, dyslipidaemia, diabetes mellitus, smoking; DIPSS, Dynamic International Prognostic Scoring System; HMR, high-risk molecular muta-
tion; Allo-SCT, allogeneic stem cell transplantation.

clinical trial, n = 34). The two-year mortality (log-rank, (59:9, 95% CI, 39-3-91-4%) patients as shown by the
P < 0-001) was higher in frail (89-2%, 95% CI, 83-0-95-8%) Kaplan—Meier survival analysis (Fig 3A). The results of uni-
and prefrail (71-2%, 95% CI, 61-7-82-2%) compared to fit variate analysis are presented in Figure S5. In multivariable
560 © 2021 The Authors. British Journal of Haematology published by British Society for Haematology
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(A) Adjusted Kaplan-Meier survival analysis according to frailty status
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(B) Multivariable Cox-proportional hazard model for overall survival
No. of events/
Total No. of
Covariates patients (%) Hazard ratio 95% CI p-value
Frailty
Fit [Ref] 62/260 (23.8)
Prefrail 63/140 (45.0) —a— 1.71 (1.17-2.52) 0.005
Frail 22/39 (56.4) —a— 2.99 (1.63-5.5) <0.001
Age
<65y [Ref] 26/143 (18.2)
65y or higher 121/296 (40.9) —a— 1.52 (0.98-2.40) 0.06
Gender
Female [Ref] 58/180 (32.2)
Male 89/259 (34.4) —a— 0.95 (0.67-1.3) 0.77
ECOG status
0 [Ref] 59/239 (24.7)
1 70/162 (43.2) o 1.21(0.82-1.8) 0.33
2 or higher 18/38 (47.4) e 1.88 (0.98-3.6) 0.06
HCT-CI
Low [Ref] 67/230 (29.1)
Intermediate 45/125 (36.0) —a— 1.29 (0.87-1.9) 0.21
High 35/84 (41.7) —— 1.19(0.77-1.9) 0.43
DIPSS category
Low-Int-1 [Ref] 42/221 (19.0)
Int-2-High 105/218 (48.1) —a— 2.54 (1.66-3.90) <0.001
Transfusion dependence
No [Ref] 94/346 (27.2)
Yes 53/93 (58.0) —a— 1.96 (1.33-2.9) <0.001
Driver mutation
CALR [Ref] 26/82 (31.7)
JAK2 98/295 (33.2) —a— 1.15 (0.74-1.80) 0.53
MPL 9/26 (34.6) e 1.82 (0.83-4.0) 0.13
Triple negative 14/36 (38.8) A 1.56 (0.79-3.1) 0.12

Better survival Reduced survival
T T

T

0.5 1 2 345

10

Fig 1. Overall survival in patients with myelofibrosis according to frailty status (n = 439). (A) Overall survival data, from time of first visit,
among 439 patients with myelofibrosis, stratified by the frailty status, defined using a 35-item cumulative deficit frailty index. The Kaplan—Meier
curves shown were adjusted for the multivariable cox proportional regression model in (B). (B) Forest plot represents the HRs from the multi-
variable cox regression analysis to determine the association between frailty status and overall survival. For all estimates, P < 0-05 was considered
statistically significant. ECOG, Eastern Co-operative Group scale; HCT-CI, haematopoietic stem cell transplant comorbidity index; DIPSS,
Dynamic International Prognostic Scoring System; Int, intermediate; CI, confidence interval; FI, frailty index. [Colour figure can be viewed at

wileyonlinelibrary.com]

Cox-proportional hazard analysis (Fig 3B), prefrail and frail
patients, those with DIPSS intermediate-2/high-risk stratifica-
tion and transfusion dependency were associated with worse
overall survival. Out of 222 patients treated with JAKi, 108
patients were noted to have treatment failure. The two-year

© 2021 The Authors. British Journal of Haematology published by British Society for Haematology

probability of cumulative JAKi treatment failure was higher
in frail patients (54-3%, 95% CI, 24-7-84-0%) and prefrail
(54:3%, 95% CI, 29-4-52-1%) compared to fit patients
(33-6%, 95% CI, 23-5-43-8%) (log-rank, P = 0-007)
(Fig 4A). The results of univariate Cox-proportional analysis
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(A) Impact of frailty on overall survival according to DIPSS category
DIPSS low and Intermediate-1 risk (n = 221) DIPSS Intermediate-2 and high risk (n = 218)
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0 1 2 3 4 5 0 1 2 3 4 5
Time in years Time in years
Number at risk Number at risk
Fit 162 111 92 77 61 45 Fit 98 69 49 36 23 18
Prefrail 52 39 30 22 19 12 Prefral 88 59 38 28 22 12
Frail 7 3 2 1 1 1 Fral 32 17 9 3 1 0
(B) Impact of age on overall survival in fit and frail patients
Fit (n = 260) Prefrail (n = 140) and Frail (n =39)
100 100
Age < 65 years
< &
9 3
< 75 < 75
> >
£ & Age < 65 years
2 3
8 s U |
4 50 S 50
‘; < Age > 65 years
a 25 & 25 HR=1.54 (95% Cl, 0.79-2.99)
No.of No.of Median overall No.of No.of Median overall
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<65y 108 16 9.1 (8.8-NR) <65y 35 10 7.2(254-NR)
01 >e6sy 152 46 7.8(6.00-10.72) 01 >e6sy 144 75 3.4 (2.42-4.50)
0 1 2 3 4 5 0 i 2 3 P 5
Time in years Time in years
Number at risk Number at risk
<65y 108 68 54 44 33 23 <65y 35 2 16 8 6 2
>65y 152 112 87 69 51 40 Sesy 144 o 63 4% a7 23

Fig 2. Impact of frailty on overall survival, stratified by DIPSS-risk and age in myelofibrosis. (A) Overall survival data, from time of first visit,
among 221 patients with DIPSS low- and intermediate-risk myelofibrosis (left panel) and 218 patients with high-risk (right panel) myelofibrosis
stratified by the frailty status defined using a 35-item cumulative deficit frailty index. (B) Overall survival data, from time of first visit, among
260 ‘fit’ patients as per the frailty index (left panel) and 140 prefrail and 39 frail patients (right panel) stratified by age. For all estimates,
P < 0-05 was considered statistically significant. DIPSS, Dynamic International Prognostic Scoring system; Int, intermediate; CI, confidence inter-
val; F, frailty index. [Colour figure can be viewed at wileyonlinelibrary.com]

for treatment failure are presented in Figure S6. In multivari-
able analysis (Fig 4B) for treatment failure, the HR for frailty
was 2-7 (95% CI, 1-3-5-6, P = 0-006) and for prefrailty 1-6
(95% CI, 1-07-2-5, P = 0-02). The other significant predic-
tors for earlier treatment failure were a higher DIPSS score
and transfusion dependence.

Association of frailty with driver and high-risk molecular
mutations

Clonal haematopoiesis, specifically JAK2 mutations in

myelofibrosis, promote chronic inflammation that could
accelerate loss of physiological reserve. In an exploratory
analysis, we measured the difference in the frailty indices
according

to molecular mutations

in patients with

myelofibrosis. Among the MPN driver mutations, patients
with the JAK2 V617F mutation had higher frailty indices
than those with CALR, MPL or neither of them (triple neg-
ative) (P = 0-003, two-way anova) (Fig 5). The pair-wise
comparison showed that patients with the JAK2 V617 muta-
tion had a higher frailty index than patients with CALR
(P = 0-001, t-test) and MPL (P = 0-01, t-test) and no differ-
ence was found when compared to triple negative patients.
A total of 199 patients had information on other myeloid
malignancy mutations, using a 49-gene NGS panel, which
included the known high-risk molecular mutations such as
ASXL1, EZH2, SRSF2, or IDHI/IDH2%. There was no dif-
ference in frailty indices between those with (1 or > 2) or
without high risk mutations (P = 0-096, two-way ANOVA)
(Fig 5).
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(A) Adjusted Kaplan-Meier survival according to frailty status in JAKi treated patients
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(B) Multivariable Cox-proportional hazard analysis for overall
survival in JAKi treated patients
No. of events/ )
Total No. of Hazard
Covariate patients (%) Hazard ratio ratio 95% ClI p-value
Frailty
Fit [Ref] 38/112 (34.0)
Prefrail 42/89 (47.2) —a— 2.31 2.31(1.43-3.70) <0.001
Frail 12/21 (57.1) —a— 3.35 3.35(1.51-7.40) 0.003
Age
<65y [Ref] 18/59 (30.5)
65y or higher 74/163 (45.4) —a— 0.93 0.93 (0.53-1.6) 0.80
Gender
Female [Ref] 37/96 (38.5)
Male 55/126 (43.7) = 1.18 1.18(0.76-1.8) 0.45
ECOG status
0 [Ref] 34/99 (34.3)
1 48/99 (48.5) - 1.22 1.11(0.74-2.0) 0.43
2 or higher 18/38 (41.7) A 1.39 1.39(0.58-3.4) 0.46
HCT-CI
Low [Ref] 45/111 (40.5)
Intermediate 27/68 (39.7) —a— 1.06 1.06 (0.63-1.8) 0.83
High 35/84 (46.5) —a— 1.1 1.10(0.62-1.9) 0.75
DIPSS category
Low-Int-1 [Ref] 42/221 (19.0)
Int-2-High 105/218 (48.1) —a— 2.19 2.19 (1.21-3.9) 0.009
Transfusion dependence
No [Ref] 94/346 (27.2)
Yes 53/93 (58.0) —a— 2.31 2.31(1.42-3.80) <0.001
Driver mutation
CALR [Ref] 20/39 (51.28)
JAK2 62/156 (39.7) —a— 0.95 0.95 (0.56-1.60) 0.85
MPL 7/15 (46.7) A 1.16 1.16 (0.47-5.6) 0.74
Triple negative 3/9 (33.3) t = { 1.54 1.54(0.43-5.6) 0.51
Better survival Reduced survival
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Fig 3. Overall survival in JAK inhibitor-treated patients with myelofibrosis according to frailty status. (A) Overall survival data, from time of

starting JAK inhibitor treatment, among 222 patients with myelofibr

osis, stratified by the frailty status defined by a 35-item cumulative deficit

frailty index. The Kaplan—Meier curves shown were adjusted for the multivariable cox proportional regression model in (B). (B) Forest plot repre-
sents the HRs from the multivariable cox regression analysis for association between frailty status and overall survival in JAK inhibitor-treated

patients. For all estimates, P < 0-05 was considered statistically signi

ficant. ECOG, Eastern Co-operative Group scale; HCT-CI, haematopoietic

stem cell transplant comorbidity index; DIPSS, Dynamic International Prognostic Scoring System; Int, intermediate; CI, confidence interval; FI,

frailty index. [Colour figure can be viewed at wileyonlinelibrary.com]

Discussion

These results show the superior predictive ability of assessing
frailty, compared to standalone measures of patient fitness
such as age, comorbidity index and performance scores for

© 2021 The Authors. British Journal of Haematology published by British Society for Haematology

overall survival and JAKi failure in patients with chronic
phase myelofibrosis.

Our findings complement and extend the prior work on
prognostication of key clinical outcomes in myelofibrosis.
The chronological age is an important marker of patient
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(A) Kaplan-Meier analysis for JAKi treatment failure according to frailty status
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(B) Multivariable Cox-proportional hazard analysis for treatment failure

No. of events/
Total No. of

in JAKi treated patients

Covariate patients (%) Hazard ratio 95% ClI p-value

Frailty

Fit [Ref] 49/112 (43.8)

Prefrail 49/89 (55.1) —a— 1.64 (1.07-2.5) 0.02

Frail 12/21 (57.1) A 2.73 (1.33-5.6)  0.006
Age

<65y [Ref] 18/59 (30.5)

65y or higher 92/163 (56.4) —a— 1.23 (0.69-2.2) 0.48
Gender

Female [Ref] 40/96 (41.7)

Male 70/126 (55.5) —a— 1.12(0.74-1.7) 0.61
ECOG status

0 [Ref] 38/99 (38.4)

1 59/99 (59.6) H—a— 1.42 (0.90-2.2) 0.14

2 or higher 13/24 (54.2) 1.01 (0.5-2.0) 0.98
HCT-CI

Low [Ref] 54/111 (48.6)

Intermediate 29/68 (42.6) —a— 0.93 (0.58-1.5) 0.76

High 27/43 (62.7) —a— 1.04 (0.63-1.7) 0.88
DIPSS category

Low-Int-1 [Ref] 28/91 (30.7)

Int-2-High 82/131 (62.6) —a— 1.80 (1.04-3.1) 0.03
Transfusion dependence

No [Ref] 66/170 (38.8)

Yes 44/52 (84.6) —a— 1.73 (1.10-2.7) 0.018
Driver mutation

CALR [Ref] 20/39 (51.3)

JAK2 78/156 (50.0) —— 1.12 (0.67-1.90) 0.66

MPL 6/15 (40.0) P 1.23 (0.47-8.2) 0.67

Triple negative 4/9 (44.4) e 1.48 (0.80-4.5) 0.49

Lesser JAKi Higher JAKi
failure failure
r T T T T 1
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Fig 4. Impact of frailty on JAK inhibitor treatment failure in patients with myelofibrosis. (A) Treatment failure data (defined as per Canadian
consensus criteria’®) from time of starting JAK inhibitor treatment among 222 patients with myelofibrosis, according to frailty status, defined by
a 35-item cumulative deficit frailty index. (B) Forest plot represents the HRs from the multivariable cox regression analysis for association
between frailty status and treatment failure in JAK inhibitor-treated patients. For all estimates, P < 0-05 was considered statistically significant.
ECOG, Eastern Co-operative Group scale; HCT-CI, haematopoietic stem cell transplant comorbidity index; DIPSS, Dynamic International Prog-
nostic Scoring System; Int, intermediate; CI, confidence interval; F, frailty index. [Colour figure can be viewed at wileyonlinelibrary.com]

characteristics in widely used prognostic scores—IPSS,"”
DIPSS,'® and DIPSS-plus.'® In our multivariable model, we
did not find an association between advanced age and infe-
rior survival. There was also no difference between survival
probabilities of younger and older patients once they had
higher frailty. These results suggest that frailty assessment is

a more important prognostic marker than advanced age for
identifying patients with MF who are vulnerable to adverse
outcomes. Other measures of fitness such as ECOG perfor-
mance scale and the HCT-CI comorbidity index were not
associated with overall survival, contrary to findings from
other studies.”>* Both HCT-CI and ECOG are
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(A) Association of driver mutations and high-risk
molecular mutations with frailty in myelofibrosis
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Fig 5. Association of driver mutations and high-risk molecular
mutations with frailty in myelofibrosis. The scatter plots show the
association of driver molecular mutations (n = 432) (A) and high-
risk molecular mutations (n = 199) (B) with the frailty indices. The
difference in mean frailty index was compared using two-way ANOVA,
and pair-wise comparison was done with student #-tests. For all esti-
mates, P < 0-05 was considered statistically significant. [Colour figure
can be viewed at wileyonlinelibrary.com]

unidimensional scales which measure comorbidities and per-
formance, respectively, and do not necessarily indicate func-
tional reserve. Furthermore, higher frailty also predicted at-
risk individuals among those with DIPSS low- and
intermediate-1 risk as well as DIPSS intermediate-2 and
high-risk, confirming the additional discriminative ability in
patients who were usually considered low-risk or high-risk
by the present prognostic scoring systems.

Frailty in Myelofibrosis

Previous work has shown that higher DIPSS score, trans-
fusion dependency, and the type of mutations (ASXL1/
EZH?2) are associated with a shorter time to JAKi therapy
failure in ME.2®* We confirm these findings, furthermore
showing that frailty rather than chronological age is impor-
tant for predicting earlier treatment failure. It is recognised
that the real-world JAK inhibitor treatment failure rates are
higher’® than those in controlled trials.”” An argument that
under-recruitment of older patients in clinical trials®® could
explain this discordancy may not hold true, because a post-
hoc analysis of a COMFORT-I trial evaluating the JAKi drug
ruxolitinib®® has shown that advanced age does not impact
JAKi treatment response rates. Our finding of an association
of higher frailty with earlier JAKi therapy failure, therefore,
raises a concern that ‘frail’ patients may have been under-
represented in clinical trials and could explain the disparity
in JAKi treatment outcomes in real-world and controlled set-
tings. At the moment, there is no formal geriatric assessment
before the clinical trial enrolment. As an increasingly higher
number of patients with myelofibrosis are now treated on
clinical trials with potential for adverse events, our study sug-
gests that frailty would be a better variable for randomisation
strata than age or performance status. Knowledge of frailty
can also help in guiding the discussions about treatment out-
comes and patient expectations. In addition, identification of
non-oncological problems can inform potential interventions
focused on decreasing the impact of these vulnerabilities.

Our exploratory analysis shows the clinical implication of
a JAK2 mutation on the presence of frailty in patients with
MF. Chronic, low-grade inflammation has been associated
with accelerated ageing, age-related diseases, tissue dysfunc-
tion and frailty.*>*" It is postulated that the proinflammatory
cytokines and chemokines such as that induced by a JAK-
STAT pathway produces cellular senescence.* Preclinical
research has shown that JAK inhibition may alleviate the cel-
lular senescence and delay frailty in old age.*> Thus, a
prospective clinical study will be needed to assess whether
JAKi therapy could prevent or delay frailty in patients with
myelofibrosis who are fit or prefrail.

With regard to frailty measurement, frailty indices similar
to ours measure the heterogeneity in the fitness levels during
ageing as an accumulation of health deficits, evaluate impair-
ments in many biological systems,** are graded,** are concep-
tually simple®* and can be constructed for use with
retrospective data that did not specifically measure frailty. In
the oncology setting, frailty is more common (13-43% in
solid” and 42% in haematological®® cancers) compared to
community-dwelling adults (10% in those aged 65-75 years,
40% in those > 80 years*®*)
lar prevalence, but the prevalence of frailty could have been

. In our study, we found a simi-

higher had we restricted our cohort to older individuals, and
obtained data on all dimensions of the frailty index prospec-
tively. Indeed, one of the limitations of our study is the ret-
rospective collection of data on three dimensions of
frailty—physical function, polypharmacy, and social isolation.
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In addition, the frailty measurement in our analyses did not
include objective physical performance measures such as
hand grip strength and gait speed. Recent studies have shown
that frailty scores which contain one or two physical perfor-
mance measures may have better predictive ability than those
without.*®

In conclusion, our study highlights the prognostic value of
measuring frailty in patients with myelofibrosis in predicting
the adverse clinical outcomes. We recommend inclusion of
the frailty measurement in clinical trial designs. Future direc-
tions include implementing novel measures to reduce or pre-
vent frailty for improving adverse clinical outcomes in
patients with myelofibrosis.
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