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Abstract

Background—Young adult cancer survivors experience frailty and decreased muscle mass at
rates equivalent to much older non-cancer populations indicating accelerated aging. While frailty
and low muscle mass can be identified in survivors, their implications for health-related quality of
life are not well understood.

Methods—Using cross-sectional analysis of young adult cancer survivors, we assessed frailty
with the Fried frailty phenotype and skeletal muscle mass in relation to functional and quality
of life outcomes measured by the Medical Outcomes Survey Short-Form 36 (SF-36). Z-tests
compared survivors to U.S. population means, and multivariable linear regression models
estimated mean SF-36 scores by frailty and muscle mass adjusting for comorbidities, sex, and
time from treatment.

Results—Sixty survivors (median age 21 years, range 18-29) participated in the study. Twenty-
five (42%) had low muscle mass and 25 were either frail or prefrail. Compared to U.S. population
means, survivors reported worse health and functional impairments across SF-36 domains that
were more common among survivors with (pre)frailty or low muscle mass. In multivariable linear
modeling, (pre)frail survivors (v. non-frail) exhibited lower mean scores for general health (-9.1;
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p=0.05), physical function (-14.9; p<0.01), and overall physical health (-5.6; p=0.02) independent
of comorbid conditions.

Conclusions—Measures of frailty and skeletal muscle mass identify subgroups of young

adult cancer survivors with significantly impaired health, functional status, and quality of life
independent of medical comorbidities. Identifying survivors with frailty or low muscle mass may
provide opportunities for interventions to prevent functional and health declines or to reverse this
process.

Lay Summary:

Young adult cancer survivors age more quickly than peers without cancer which is evidenced by
a syndrome of decreased resilience known as frailty. We examined the relationship between frailty
(and one of its common components, decreased muscle mass) and quality of life among young
adult cancer survivors. Measuring decreased muscle mass and frailty identifies young survivors
with poor quality of life including worse general health, fatigue, physical function, and overall
physical health as compared to non-frail survivors. Interventions to address components of frailty
(low muscle mass, weakness) may improve function and quality of life among young adult cancer
survivors.

Precis:

Measuring decreased muscle mass and frailty identifies young adult cancer survivors with poor
quality of life including worse general health, fatigue, physical function, and overall physical
health as compared to non-frail survivors. Interventions to address components of frailty (low
muscle mass, weakness) may improve function and quality of life among young adult cancer
survivors.
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BACKGROUND

Survival for childhood, adolescent, and young adult cancers has improved for decades
with currently more than an estimated 700,000 such survivors in the United States [11.
However, due to cancer and its treatment, the majority of these survivors will develop
chronic treatment-related morbidities much earlier in life [2-4]. Many will also experience
physiological changes such as loss of skeletal muscle mass [>-71 and deficits in physical
and cognitive function that are typically only seen in much older individuals (8121, In
combination, these impairments reflect a phenomenon of accelerated aging that negatively
impacts functional status and quality of life in these younger survivors with decades of life
expectancy.

Frailty, a state of decreased physiological reserve associated with increased risk for
morbidity and early mortality among older individuals [13. 141 is emerging as a way to
characterize accelerated aging among young adult survivors [8: 15-18] |n a study of long-
term survivors of childhood cancers (N=1922, on average, 34 years at enrollment and 25
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years from diagnosis), the proportion of frail survivors (8%) surpassed that of individuals
65 years and older without a cancer history (7%) [13]. In a five-year prospective follow up
study of childhood cancer survivors (N=1509, on average, 30 years at enrollment and 22
years from diagnosis), the prevalence of frailty increased from 6.2% to 13.6% at five years.
Additionally, baseline frailty was associated with increased mortality (OR 3.52; 95% CI:
1.95-6.32) [15], We have reported a similar prevalence of frailty (16%) among survivors of
adolescent and young adult cancers (N=184, on average, 39 years at enrollment and 6 years
from diagnosis) [19. Among young adult cancer survivors, measures of physiological age
such as frailty likely better estimate the risk for future disability and morbidity as compared
to chronological age [4].

While measures of frailty and body composition may characterize the risk for future
disability and mortality among young adult cancer survivors [15 171 these measures may
also identify risk for functional and health-related quality of life impairments in this
population. Clear evidence demonstrates that among older individuals, both frailty and
sarcopenia (a syndrome of decreased muscle mass and impaired muscle function [20])

have been associated with impaired quality of life across physical, emotional, and social
domains [21-26], While self-reported limitations in physical function or disability among
adult survivors of childhood cancers have been associated with poor health-related quality
of life [27. 28] studies examining health-related quality of life among frail or sarcopenic
young adult survivors are lacking. Understanding the association between frailty and quality
of life is important for young adult survivors, as addressing components of frailty (low
muscle mass and weakness) may not only prevent new-onset chronic morbidities and early
mortality but may also improve functional status and quality of life [16]. We assessed frailty
and muscle mass in a cross-sectional cohort of young adult cancer survivors in relation to
functional and quality of life measures using the Medical Outcomes Study Short Form 36
(SF-36). We hypothesized that both frailty and low muscle mass would be associated with
impaired physical function and quality of life for young adult survivors.

METHODS

Study Population and Design

All study activities were reviewed and approved by the UNC Institutional Review Board.

Data for the current study were drawn from a cross-sectional examination of frailty and
cellular senescence, the methods for which have been previously described [18]. Survivors
of childhood, adolescent, or young adult cancers ages 18-29 years at study enroliment
attending a routine survivorship appointment at either the University of North Carolina
(UNC) Children’s Oncology or the UNC Adolescent and Young Adult Survivors’ Clinics
from January 2018 to August 2019 were identified for study participation. Eligible survivors
(1) had received any alkylator, anthracycline, and/or an anthracenedione as part of their
cancer treatment regimen and (2) were able to read and understand English. After obtaining
informed consent, patients completed measures of wellness and physical function (Medical
Outcomes Survey Short Form 36 [SF-36] [29] and the National Health and Nutrition
Examination Survey [NHANES] Physical Activity Questionnaire [39]) and evaluations for
clinical frailty. Cancer, treatment, and sociodemographic factors were abstracted from the
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medical record. The intensity of treatment was standardized using a validated measure,

the Intensity of Treatment Rating (ITR) Scale, version 3 [311. Regimens were classified
from lowest (1) to highest (4) intensity. Two oncologists blinded to outcomes independently
assigned intensity scores with 100% agreement.

Clinical Frailty Evaluation

Frailty was assessed using a modified Fried phenotype [13] adapted by Ness [17] and
previously used by our study team 18], The Fried phenotype includes five clinically derived
factors: weakness, slowness, decreased skeletal muscle mass, exhaustion, and low energy
expenditure. Individuals with three or more factors were classified as frail, those with two
factors as pre-frail, and those with < 1 factor were non-frail. Weakness was measured with
a hand-held hydraulic dynamometer (model J00105, Lafayette Instrument, Lafayette, IN)
using the dominant hand while in a seated position with forearm flexed at the elbow to
ninety degrees [13]. The average of two measures was used as the final output. Weakness
was classified using standard population cutoffs based on body mass index calculated using
height and weight obtained during the clinic visit [13]. Slowness was assessed by a 15-foot
walk at the survivor’s usual pace on a hard, non-inclined surface. Women shorter than 159
cm and men shorter than 173 cm in height were considered slow with a time > 7 seconds.
Women 159 cm or taller and men 173 cm or taller were considered slow with a time > 6
seconds [131, No accommodations were made for individuals with health concerns affecting
gait such as neuropathy, ataxia, or prosthesis. Skeletal muscle mass was measured using

a bioelectrical impedance body composition analyzer [RJL Systems, Quantum IV, Clinton
Township, MI) as described by the manufacturer with close attention to the participant’s
hydration status. Resistance was measured at an operating frequency of 50kHz at 800

HA. Skeletal muscle mass was calculated from bioelectrical impedance values using the
equation derived by Janssen and colleagues who used an RJL systems analyzer. [32 331
Skeletal muscle index (SMI) was determined by dividing skeletal muscle mass by patient
weight. Low muscle mass was defined as an SMI < 0.37 for men and < 0.28 for women as
previously determined among a population of young adults [33]. Exhaustion was measured
using the vitality subscale on the SF-36 [29]. A score < 40 defined exhaustion, which
correlates to one standard deviation below the population mean and the lowest 15.9% of
the population. Leisure time energy expenditure was assessed using the NHANES physical
activity questionnaire [3%]. Low energy expenditure was classified as <383 kcal/week for
men and <270 kcal/week for women as previously defined [13. 171,

Patient-Reported Quality of Life

The SF-36 is a well-validated and reliable self-reported 36-item questionnaire that assesses
quality of life and impact of health status across eight domains: general health, physical
function, limitations in function due to physical or emational concerns, social function,
mental health, vitality, and bodily pain [2% 341, Two additional summary scores (physical
health and mental health) can be generated using the eight subscales. Items assess function
in the four weeks prior to survey completion. Subscales and summary scores were calculated
and missing data were imputed as described by the SF-36 manual [34]. For scales in

which the respondent answered at least 50% of the items, missing items were estimated

by averaging the completed items in that scale for that respondent [34].
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Statistical Analysis

One-sample z-tests were performed to compare survivor outcomes both to the general
United States population (ages = 18 years) and to a young adult subgroup (ages 24-35 years)
[34], Two-sample z-tests were performed to compare the SF-36 scores between subsets of
patients within the cohort (low versus normal muscle mass; prefrail and frail versus non-
frail). Multivariable generalized linear models were used to calculate mean SF-36 scores
according to participants with low muscle mass (v. not) or (pre)frailty (v. non-frail) while
adjusting for time off treatment (continuous in years), sex, and presence of one or more
comorbidities (categorical as yes/no). P-values were calculated from Wald Chi-Square tests,
with the threshold for statistical significance set at <0.05. All analyses were conducted using
SAS software v9.4 (Cary, NC).

RESULTS

Sixty young adult cancer survivors participated, with a median age of 21 years at enroliment
(range 18-29; median age at diagnosis 13.5, range 1-28) (Table 1). Participants were
survivors of childhood, adolescent, and young adult cancers and were on average 6 years
from the end of treatment (median 5.75 years, range 3 months-25 years). Participants

were mostly female (n=37, 62%) and diagnosed with hematological malignancies (leukemia
[40%], lymphoma [22%]). Classification by muscle mass status was completed in 59/60
(98%) survivors; one survivor had undergone bilateral hip replacements preventing BIA
assessment. Fifty-six of the 60 survivors (93%) had complete frailty data — two survivors had
incomplete survey data, one did not complete grip strength or timed walk, and the fourth was
unable to complete the BIA.

Of the 59 survivors completing BIA assessment, 25 (42%) were classified as having low
muscle mass. Low muscle mass was more common among female participants, those with
sarcoma or CNS cancers, and those who received more intensive therapy (ITR3-4) (Table
1). Of 56 evaluable survivors, 25 (45%) were either frail (16%) or pre-frail (29%); in
subsequent analyses, these groups were combined as (pre)frail. As with survivors with

low muscle mass, (pre)frailty was more common among females, survivors diagnosed with
sarcoma or CNS cancers, and those treated with higher intensity regimens (ITR3-4). Low
muscle mass and low energy expenditure were the most common frailty criteria with nearly
half of all survivors exhibiting these traits (Table 2).

Survivors had a statistically significant lower general health score by the SF-36 compared
to the general adult standard population (z-score: —3.3, p<0.001). Except for bodily pain,
survivors also reported lower scores across all other SF-36 domains and composite scores as
compared to the older general U.S. population; however, these deficits were not statistically
significant (Figure 1A).

In analyses stratified by muscle mass and frailty status, several statistically significant
deficits were observed among survivors with low muscle mass or (pre)frailty when
compared to the general U.S. population (Figures 1B and 1C). Survivors with low muscle
mass exhibited impairments in general health (z-score: —3.5, p<0.001), vitality (z-score:
-2.9, p<0.01), and social function (z-score: —2.3, p<0.05). Survivors with normal muscle
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mass demonstrated no statistically significant deficits, and surprisingly, reported less bodily
pain than the general US population (z-score: 2.4, p<0.05). Prefrail and frail survivors also
exhibited statistically significant deficits in general health (z-score: -4.1, P<0.001), physical
health (z-score: —2.1, p<0.05), functional limitations due to emotional health (z-score: —-2.1,
p<0.05), and composite physical health score (z-score: -2.1, p<0.05).

When compared to a young adult standard U.S. population (ages 24-35 years), even greater
deficits in health-related quality of life were observed among survivors, most significantly
in general health (z-score —6.0, p<0.001), physical function (z-score —4.5, p<0.001), and
composite physical health score (z-score —4.7, p<0.001) (Figure 2A). In analyses stratified
by low muscle mass and frailty status, the deficits among survivors as compared to the
young adult standard population were overwhelmingly reported among the survivors with
low muscle mass or (pre)frailty (Figures 2B and 2C). Survivors with low muscle mass

or (pre)frailty exhibited statistically significant deficits in physical, emotional, and social
functioning.

Using multivariable linear regression, mean SF-36 scores were lower across all domains
for survivors with low muscle mass (v. normal muscle mass) and (pre)frailty (v. non-frail)
(Table 3). Compared to survivors with normal muscle mass, survivors with low muscle
mass exhibited poorer physical function (mean difference in score —13.2, p=0.01), greater
limitations due to physical (-15.3, p=0.05) and emotional health (-14.4, p=0.06), more
fatigue (-10.6, p=0.03), and lower overall physical health (5.1, p=0.02). Compared to
non-frail survivors, (pre)frail survivors had greater impairment of general health (-9.1,
p=0.05), physical function (-14.9, p<0.01), and overall physical health (5.6, p=0.02).

DISCUSSION

Childhood and young adult cancer survivors often experience accelerated aging manifested
by early functional impairments, declining physiology, and medical comorbidities usually
seen in much older individuals. In our study of young adult cancer survivors, frailty and low
muscle mass, clinical indicators of aging, were common. (Pre)Frailty and low muscle mass
identify a high-risk sub-group of survivors experiencing significant health, well-being, and
functional impairments independent of medical comorbidities.

Survivors with frailty or pre-frailty reported significantly worse general, physical, emotional,
and social health than a general U.S. comparator population, which was on average, older
than the survivors (mean age: 58 years) [3]. This is suggestive of accelerated aging

among these survivors. Additionally, (pre)frail survivors had significantly poorer health

than their non-frail survivor peers. These findings suggest that not only is frailty evident
among young adult survivors, it is associated with increased risk for adverse functional and
health outcomes. As a clinical indicator of accelerated aging, the physical frailty phenotype
identifies survivors at high risk for negative outcomes. Interventions to mitigate aspects of
frailty such as low muscle mass or weakness may help improve function and quality of life
for survivors in addition to reducing the risks for subsequent morbidity and mortality.
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Prior studies of long-term survivors of childhood cancers (20-30 years from treatment)
observed a significant proportion of survivors to be (pre)frail and who were at increased risk
for incident medical morbidities and early mortality 15 171, |dentifying frail survivors may
allow for earlier interventions to prevent further functional and health declines or even to
reverse this process [36-381. Our study adds to these findings demonstrating that (pre)frailty
is common among survivors who were older at the time of treatment and who are earlier

in survivorship, on average six years post-treatment with a median age of 21 years. Our
findings suggest that opportunities to reverse the impact of frailty on young adult survivors
may present early in survivorship.

Further, we demonstrate that low muscle mass, a common frailty criterion in our study
population, is by itself a risk factor for poor function and health. While loss of skeletal
muscle mass is an established feature of aging in humans [3%1, our findings show that this
process can occur much earlier among young adult survivors. Among older adults, low
muscle mass and sarcopenia are known to associate with functional impairment, decreased
health-related quality of life, and increased mortality [33: 3%-411_ Qur findings show that

low muscle mass, as assessed using BIA, is associated with poor general health, physical
function, energy, social well-being, and overall physical health among young adult survivors.
Except in the pain subscale, survivors with low muscle mass uniformly reported lower
scores across SF-36 subscales and composite scales as compared to an older general U.S.
population and had lower scores in all subscales and composite scales when compared to

a young adult standard U.S. population. Further, assessment of skeletal muscle mass using
BIA, a non-invasive method that could be scaled and incorporated into clinical workflows,
identifies young adult survivors at risk for adverse health and functional outcomes. Survivors
with low muscle mass may benefit from early interventions such as prescribed physical

activity and resistance regimens to prevent further muscle loss or even to reverse this process
[371,

While survivors with low muscle mass or (pre)frailty were observed to have the most
significant deficits in physical health domains, they also experience impairment in social
and emotional health domains. These findings are not unexpected as survivors with impaired
physical function and disabilities can experience limitations in carrying out social activities
and would be at risk for poor mental health due to these limitations. Depression or social
isolation could contribute to decreased physical activity, poor diet, or unhealthy behaviors
that subsequently lead to further loss of muscle mass or the development of (pre)frailty. Due
to the cross-sectional design of this study, we are unable to determine causality between
decreased muscle mass or frailty and deficits in social functioning and emotional health.
While further prospective studies are needed to clarify causation within this relationship, it
is clear from these results that physical, emotional, and social deficits are closely associated
with low muscle mass or frailty among survivors.

Our findings are limited by the cross-sectional design of the study. While there is a clear
association, we are unable to determine if frailty and low muscle mass in our study
population lead to adverse outcomes such as functional impairment or poor health or

if functional difficulties and impaired health are the cause for decreased muscle mass
and frailty. Based on prior studies that have demonstrated a higher risk for incident
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medical morbidities, disability[13-15 17, 33,401 ‘and poor health among individuals with
baseline frailty or low muscle mass, we hypothesize that this same causal relationship
exists for young adult survivors with frailty and low muscle mass early in survivorship.

We are pursuing prospective studies with repeated measures of body compaosition and

the frailty phenotype to help answer this question. Additionally, due to the small cohort
size we are unable to examine the associations between muscle mass or frailty and

health outcomes in subgroups such as by cancer type, specific treatment exposures, or
sociodemographic factors that might modify these associations or serve as confounders. We
were able to estimate the association between these aging markers and health outcomes
while adjusting for the presence of medical comorbidities, biological sex, and time from
treatment completion. Further, our study population only included survivors who received
cytotoxic chemotherapies limiting our ability to describe the relationship between frailty and
functional status among survivors treated solely with other modalities such as surgical,
radiation, hormonal, and immune therapies. We anticipate that subsequent studies will
include AYAs treated with these modalities.

In summary, we observed (pre)frailty and low skeletal muscle mass to be common among
young adult cancer survivors early in survivorship and that these clinical indicators of aging
are associated with significant functional and health impairment. Frailty and skeletal muscle
mass assessment among survivors may help to risk stratify survivors that would most benefit
from early interventions to reverse or mitigate loss of function, disability, and poor health.
Future work to prospectively assess these associations and define the best interventions to
address low muscle mass and frailty in young adult survivors in order to promote decades of
health and well-being is needed.
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Figure 1A

All Survivors v. General Population
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Figure 1B: Survivors stratified by muscle mass

Survivors Stratified by Muscle Mass v. General Population
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Figure 1C: Survivors stratified by frailty status

Survivors Stratified by Frailty v. General Population
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Figure 1:

Reported quality of life among AYA survivors as compared to the general U.S. population
by SF-36 domains. 1A: Comparison of full study cohort of survivors versus general
population means. 1B and 1C: Survivors stratified by muscle mass and frailty status. Phys
Hlth: physical health, Emo HIth: emotional health, PH: physical health, MH: mental health
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Figure 2A

All Survivors v. Young Adult Population
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Figure 2B: Survivors stratified by muscle mass

Survivors by Muscle Mass v. Young Adult Population
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Figure 2C: Survivors stratified by frailty status
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Figure 2:
Reported quality of life among AYA survivors as compared to a young adult (24-35yrs)

U.S. population by SF-36 domains. 2A: Comparison of full study cohort of survivors versus
general population means. 2B and 2C: Survivors stratified by muscle mass and frailty status.
Phys Hith: physical health, Emo HlIth: emotional health, PH: physical health, MH: mental
health
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Table 1:

Demographic, cancer, and treatment factors among 60 young adult cancer survivors, overall and according to
skeletal muscle mass (SMM) and frailty status.

Cohort Characteristic All Survivors (n=60) L?gzszl\é)M Nor(r;lzilgzsl;\ll M (Pre)Frail (n=25) Non-Frail (n=31)
%Z?if‘é‘aﬁg:)at evaluation, 21 (18-29) 20.5 (18-29) 21 (18-29) 21 (18-29) 21 (18-29)
Female 37 (62%) 19 (73%) 17 (52%) 20 (80%) 14 (45%)
Cancer Type

Acute Leukemia 24 (40%) 10 (38%) 13 (39%) 10 (40%) 11 (35%)
Lymphoma 13 (22%) 5 (19%) 8 (24%) 5 (20%) 7 (23%)
Sarcoma 12 (20%) 6 (23%) 6 (18%) 6 (24%) 6 (19%)
Central Nervous System 5 (7%) 4 (15%) 1 (3%) 3 (12%) 2 (6%)
Embryonal 4 (7%) 1 (4%) 3 (9%) 1 (4%) 3 (10%)
Germ Cell Tumor 2 (3%) 0 (0%) 2 (6%) 1 (4%) 1 (3%)
Treatment Intensity
ITRS-1/2 15 (25%) 3 (12%) 12 (36%) 3 (12%) 10 (32%)
ITRS-3 38 (63%) 19 (73%) 18 (55%) 17 (68%) 19 (61%)
ITRS-4 7 (12%) 4 (15%) 3 (9%) 5 (20%) 2 (7%)
Mean Total Anthracycline 213 (n=50) 214 (n=20) 215 (n=29) 230 (n=19) 215 (n=27)

Dose (mg/m2 Dox) *
Comorbidities (=1) 24 (40%) 12 (46%) 10 (30%) 11 (44%) 9 (29%)

Median time from treatment

end. year (range) 5.75 (0.25-25) 4.65 (0.5-25) 6.25 (0.25-21.5) 4.00 (0.3-25) 7.00 (0.25-21.5)

*
Calculated for 50 survivors who received anthracycline (doxorubicin equivalents); SMM: skeletal muscle mass, ITRS: intensity of treatment rating
scale
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Criteria for frailty status and frailty classification by biological sex

Table 2:

Total (n=56) Female (n=35) Male (n=21)
Frailty Criteria N % N % N %
Low Muscle Mass 25 45 18 51 7 33
Exhaustion 16 29 14 40 2 10
Slowness 2 4 2 6 0 0
Weakness 8 14 5 14 3 14
Low Energy Expenditure 27 48 19 54 8 38
Non-Frail (< 1 criterion) 31 55 15 43 16 76
Pre-Frail (2 criteria) 16 29 12 34 4 19
Frail (= 3 criteria) 9 16 8 23 1 5
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Table 3:
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Multivariable model estimating mean differences in SF-36 domain scores among AYA survivors by muscle

mass and frailty status.

Low SMM v. Normal SMM

(Pre)Frail v. Non-Frail

SF-36 Domain Estimate p-value Estimate p-value
General Health -7.1 0.11 -9.1 0.05
Physical Function -13.2 0.01 -14.9 <0.01
Limitations due to Physical Health -15.3 0.05 -8.4 0.33
Bodily Pain -4.8 0.33 -0.7 0.89
Vitality / Energy -10.6 0.03 * *
Mental Health -4.5 0.28 -1.1 0.81
Limitations due to Emotional Health -14.4 0.06 -10.1 0.24
Social Function -8.6 0.17 -2.1 0.76
Composite Physical Health -5.1 0.02 -5.6 0.02
Composite Mental Health -2.9 0.24 -1.6 0.56

Models adjusted for time off therapy, sex, and presence of = 1 comorbidities; SMM: skeletal muscle mass; *Vitality is a component of frailty

measure

*
Vitality is a component of frailty measure
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