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Objective. Leading oncology societies recommend assessing pre-treatment frailty to guide care for older 
adults with cancer. However, frailty may change post-diagnosis. This study characterized post-diagnosis frailty 
and its association with overall survival among older women with ovarian cancer. 

Methods. We included 24,725 women aged 65+ diagnosed with ovarian cancer between 2000 and 2019 from 
Surveillance, Epidemiology, and End Results (SEER)-Medicare. Frailty was quantified at diagnosis and 1–3 years 
post-diagnosis using a validated claims-based index. We compared patients' frailty at the beginning and end of 
each year. At 1, 2, and 3 years post-diagnosis, we fit a Cox proportional hazards model including frailty at diag-
nosis and current frailty to assess associations with survival. 

Results. Frailty distribution at diagnosis was: 7.1% non-frail, 71% pre-frail, 18% mildly frail, 3.4% moderately 
frail, and 0.9% severely frail. During year 1, 38% of women maintained frailty status, 4% improved, 26% worsened, 
and 32% died. In years 2–3, some women remained stable while others improved or worsened. There were 
21,309 deaths during a median follow-up of 25 months (interquartile range 7–58). Frailty at diagnosis was not 
associated with survival after adjusting for current frailty (hazard ratios [HRs] for severely frail versus non-frail 
=0.98, 1.00, 0.76 at 1, 2, 3 years, respectively, all p-values>0.20). Current frailty was strongly associated with 
survival, and the association increased over time (HRs =2.26, 2.77, 3.70, respectively; all p-values<0.001). 

Conclusions. Post-diagnosis frailty is dynamic. Current frailty has a stronger association with overall survival 
compared to frailty at diagnosis. Repeated frailty assessments should be incorporated into clinical practice. 

© 2026 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http:// 
creativecommons.org/licenses/by/4.0/). 
 Health Sciences, University of 
nited States of America. 
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1. Introduction 

Ovarian cancer is one of the deadliest gynecologic malignancies, 
with about 21,000 new cases and 13,000 deaths from the disease in 
the United States (U.S.) annually [1]. The overall 5-year survival rate re-
mains alarmingly low at just 52% [2]. Ovarian cancer disproportionately
 the CC BY license (http://creativecommons.org/licenses/by/4.0/). 
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affects older women (aged 65+), who account for nearly half of diagno-
ses but about 70% of deaths from the disease [2]. Thus, there is a critical 
need to improve care for older women with ovarian cancer to improve 
their outcomes. This need will only worsen given that this population is 
projected to increase by 50% over the next 25 years as the U.S. popula-
tion is aging [3]. 

Frailty, defined as a clinical state with reduced physiological reserves 
and increased vulnerability to stressors [4], is gaining recognition as an 
important measure to guide care for older adults with cancer. This is 
particularly relevant due to the high prevalence of frailty among older 
adults with cancer and its strong association with cancer outcomes. 
For ovarian cancer specifically, up to 25% of older women are considered 
frail at diagnosis, and this figure rises to 60% one year after diagnosis 
[5,6]. Independent of age, frailty is associated with higher rates of post-
operative complications, chemotherapy-related toxicity, lower health-
related quality of life, and poorer survival among women with ovarian 
cancer [6–13]. Several oncological societies, including the International 
Society of Geriatric Oncology (SIOG) and the American Society of Clini-
cal Oncology (ASCO), recommend assessing frailty once before cancer 
therapy initiation and using this information to guide care decisions 
[14–16]. However, it is increasingly recognized that frailty is not a static 
construct that just needs to be measured at a single time point [16–21]. 
Indeed, post-diagnosis frailty can vary over time among older adults 
with various cancer types [20,21]. However, to our knowledge, no pub-
lished data exist describing the dynamics of post-diagnosis frailty 
among women with ovarian cancer. Furthermore, it is largely unknown 
whether frailty measured after ovarian cancer diagnosis is a better pre-
dictor for overall survival compared to frailty measured at diagnosis. 
This study aimed to characterize the dynamics of post-diagnosis frailty 
among older women with ovarian cancer and to assess the association 
of frailty measured at different timepoints and overall survival. 

2. Methods 

2.1. Data source 

This study used data from the linkages between the Surveillance, Ep-
idemiology, and End Results (SEER) cancer registries and Medicare 
claims. SEER includes population-based cancer registries that collect in-
formation on newly diagnosed cancer cases for about 46% of the U.S. 
population [22]. Medicare is the primary health insurer for approxi-
mately 94% of U.S. adults aged 65+ [22]. SEER and Medicare data are 
linked together by the National Cancer Institute and the Centers for 
Medicare & Medicaid Services, with about 96% of SEER cancer patients 
aged 65+ successfully matched to Medicare claims [22].  The  linked  
dataset includes detailed information on patient demographics, medical 
history, tumor characteristics and survival. This study was determined 
as non-human subjects research by the University of Wisconsin-
Madison Minimal Risk Research Institutional Review Board (submission 
number 2024–1710, date of determination January 22, 20 25).

2.2. Study population 

We included women with pathologically confirmed primary inva-
sive epithelial ovarian cancer (International Classification of Diseases 
for Oncology 3rd edition [ICD-O-3] code C56.9) diagnosed at age 65+ 
between 2000 and 2019. We selected an age cutoff of 65 years to specif-
ically focus on the older adult demographic, a group that is rapidly 
growing and historically experiences disproportionately poor outcomes 
in ovarian cancer. This age cutoff is consistent with clinical guidelines 
for geriatric oncology, which commonly use age 65 as the threshold 
for recommending frailty assessment [14–16]. Because SEER provides 
the month and year but not the day of cancer diagnosis, the diagnosis 
date was set as the first day of the diagnosis month. To ensure complete-
ness of claims data to calculate frailty (described below), we restricted 
the cohort to women with continuous enrollment in Medicare fee-for-
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service Parts A and B, and no enrollment in Part C, for at least 12 months 
before cancer diagnosis and 36 months after diagnosis (or until death, 
whichever occurs first). This is because, unlike Medicare fee-
for-service claims that provide detailed information on diagnosis/ 
procedure/treatment codes and dates of service for beneficiaries, 
patient-level claims for services provided to Part C beneficiaries are 
not fully captured in Medicare claims files [22]. As we required at least 
12 months of pre-diagnosis enrollment, the minimum age at diagnosis 
in our cohort was 66 years. We excluded patients who had an unknown 
month of cancer diagnosis, an unknown age at diagnosis, were diag-
nosed by autopsy or death certificate only, had missing vital status or 
follow-up duration, had a follow-up duration of 0 months, or had mis-
matched dates of death between SEER and Medicare files (Fig. 1).

2.3. Frailty 

Frailty was measured using the Claims-based Frailty Index (CFI), de-
veloped by Kim et al. [23]. The CFI calculates frailty using 93 variables 
defined by diagnosis and procedure codes in Medicare claims data 
[23]. The CFI has been validated against clinical assessments of frailty, 
including the Frailty Phenotype and the Deficit Accumulation Frailty 
Index [23]. It has also been validated against physical performance mea-
sures, functional impairments, and key adverse outcomes including 
mortality, hospitalizations, skilled nursing facility stays, and institutio-
nalization [24]. The CFI has been applied across diverse older adult pop-
ulations, including individuals with cancer [25,26]. Frailty was 
calculated at landmark time points: at cancer diagnosis and 1, 2, and 
3 years post-diagnosis. Frailty at each time point was calculated using 
the diagnosis and procedure codes that occurred in a 12-month window 
prior to that time point. This 12-month “look-back” is a standardized re-
quirement by the algorithm developers to ensure sufficient capture of 
conditions and healthcare utilization patterns that define a patient's 
frailty at a given time point [27]. CFI scores ranged from 0 to 1, with 
higher scores indicating a greater frailty. Consistent with prior literature 
[25], frailty status was categorized as: non-frail (CFI <0.10), pre-frail 
(0.10–0.19), mildly frail (0.20–0.29), moderately frail (0.30–0.39), and 
severely frail (CFI ≥0.40). 

2.4. Statistical analysis 

2.4.1. Patient characteristics at cancer diagnosis 
Descriptive statistics were used to summarize participant character-

istics. An ordinal logistic regression model was fit to identify factors as-
sociated with frailty at diagnosis, regressing on age at diagnosis 
(continuous), Charlson Comorbidity Index (continuous), tumor stage 
(local, regional, distant, unknown), histotype (serous versus non-
serous), race/ethnicity (Asian/Pacific Islander, Hispanic, non-Hispanic 
Black, non-Hispanic White, other), and Medicaid enrollment (yes/no) 
as a proxy for social economic status. The model was adjusted for year 
of diagnosis and SEER registry. 

2.4.2. Frailty dynamic 
A Sankey diagram was constructed to visualize transitions in frailty 

status across the landmark timepoints. For each of the first three years 
following diagnosis, we evaluated changes in frailty status by compar-
ing each patient's classification at the beginning and end of the year. Pa-
tients were categorized as: no change (remaining in the same frailty 
category), improved (transitioning to a less severe category), worsened 
(transitioning to a more severe category), or deceased. Multivariate lo-
gistic regression models were fitted to identify factors associated with 
worsening frailty status compared to no change/improved in the overall 
population and stratified by tumor stage. Patients who were deceased 
or severely frail at the beginning of the year were excluded from this 
analysis because they could not transition to a more severe frailty cate-
gory. The models regressed on age at diagnosis, Charlson Comorbidity 
Index, tumor stage, histotype, frailty category at the beginning of the
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Fig. 1. Participant flowchart.
year, types of treatment received (surgery only, chemotherapy only, 
both, neither), race/ethnicity, Medicaid enrollment, and were adjusted 
for year of diagnosis and SEER registry. 

2.4.3. Association between frailty measured at different timepoints and 
overall survival 

We fit Cox proportional hazards models to assess the association be-
tween frailty and overall survival at each landmark timepoint 
(i.e., diagnosis and 1, 2, 3 years post-diagnosis). Overall survival was de-
fined as the time from the landmark timepoint to death from any cause 
or the last follow-up date (December 31, 2020). For each post-diagnosis 
timepoint, we fit one model that included both frailty measured at diag-
nosis and current frailty measured at the corresponding timepoint. The 
models were adjusted for the covariates described above. Hazard ratios 
(HRs) and 95% confidence intervals (CIs) are reported. Statistical signif-
icance was defined as p ≤ 0.05 using two-sided tests. Data were analyzed 
using R version 4.0.3 .

3. Results 

A total of 24,725 older women with ovarian cancer were included in 
the analysis. Median age at diagnosis was 75 years (interquartile range 
[IQR] 70–81 years). The majority of participants were non-Hispanic 
White (85%), diagnosed at a distant stage (71%), and had serous 
histotype (56%) (Table 1). The median CFI score at diagnosis was 0.15 
(IQR 0.12–0.19). Frailty categories at diagnosis were distributed as fol-
lows: 7.1% non-frail, 71% pre-frail, 18% mildly frail, 3.4% moderately 
frail, and 0.9% severely frail. Women with more severe frailty at diagno-
sis tended to be older and have greater comorbidity, non-serous 
histotype, Hispanic ethnicity (compared to non-Hispanic White), and 
be enrolled in Medicaid. In contrast, Asian/Pacific Islander women 
were less likely to be in a more severe frailty category at diagnosis 
(odds ratio OR = 0.80, 95% CI 0.66–0.97), whereas non-Hispanic Black 
women had a similar distribution of frailty as non-Hispanic White 
women (OR = 1.08, 95% CI 0.95–1.22; Supplementary Table S1).
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The cumulative proportion of deaths at 1, 2, and 3 years after di-
agnosis was 32%, 49%, and 60%, respectively (Fig. 2). At each land-
mark time point, most living patients were pre-frail, followed by 
mildly frail. When comparing frailty status at the beginning and 
end of the first year after diagnosis, 38% of patients remained in 
the same frailty category, 4.3% improved (i.e., moving to a less se-
vere frailty category), 26% worsened (i.e., moving to a more severe 
frailty category), and 32% were deceased. During the second year, 
among those who were alive at one year after diagnosis (N = 
16,838), 47% remained in the same frailty category, 18% improved, 
10% worsened, and 25% were deceased. During the third year, 
among those alive at two years after diagnosis (N = 12,716), 52% 
remained  in  the  same  category,  10%  improved,  15%  worsened, and
22% were deceased.

Older age at diagnosis, higher Charlson Comorbidity Index, later 
tumor stage, and Medicaid enrollment were associated with greater 
odds of worsening frailty status in each year after diagnosis (Table 2, 
Supplementary Tables S2 and S3). In contrast, women who began a 
year in a more severe frailty category were less likely to worsen during 
that year. These patterns remained consistent in analyses stratified by 
tumor stage (Supplementary Tables S4-S6). Non-Hispanic Black and 
Hispanic women had greater odds of worsening frailty status compared 
to non-Hispanic White women; however, this association was not con-
sistently observed across tumor stages.

Of 24,725 participants included in the analysis, there were 21,309 
deaths during a median follow-up of 25 months (IQR 7–65 months). 
More severe frailty at diagnosis was associated with poorer overall sur-
vival calculated from diagnosis (HR for severely frail versus non-frail = 
1.51, 95% CI 1.29–1.76; Table 3). However, at each post-diagnosis land-
mark timepoint, frailty at diagnosis was not associated with survival 
after adjusting for current frailty (HRs for severely frail versus 
non-frail = 0.98, 1.00, and 0.76 at 1, 2, and 3 years post-diagnosis, re-
spectively; all p-values >0.20). In contrast, current frailty was strongly 
associated with overall survival at each landmark timepoint, with the 
strength of association increasing over time (HRs for severely frail
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Table 1 
Participant characteristics. 

Characteristic Total study population, 
N (%) 

N = 24,725 

Age at diagnosis (years) 
Median (Interquartile range) 75 (70–81) 

Year of diagnosis 
2000–2004 9052 (37%) 
2005–2009 6786 (27%) 
2010–2014 5854 (24%) 
2015–2019 3033 (12%) 

Tumor stage 
Localized 1879 (7.6%) 
Regional 3710 (15%) 
Distant 17,550 (71%) 

Unknown 1586 (6.4%) 
Histotype 

Serous 13,777 (56%) 
Non-serous 10,948 (44%) 

Charlson Comorbidity Index 
Median (Interquartile range) 0 (0–1) 

Frailty at diagnosis 
Non-frail 1753 (7.1%) 
Pre-frail 17,505 (71%) 

Mildly frail 4407 (18%) 
Moderately frail 840 (3.4%) 

Severely frail 220 (0.9%) 
Race/ethnicity 

Asian/Pacific Islander 674 (2.7%) 
Hispanic 1667 (6.7%) 

Non-Hispanic Black 1404 (5.7%) 
Non-Hispanic White 20,893 (85%) 

Other 87 (0.4%) 
Medicaid enrollment 

No 23,462 (95%) 
Yes 1263 (5.1%) 

SEER registry 
Connecticut 976 (3.9%) 

Greater California (excluding San Francisco, Los 
Angeles & San Jose) 

2835 (11%) 

San Francisco-Oakland 499 (2.0%) 
Los Angeles 1119 (4.5%) 

San Jose-Monterey 321 (1.3%) 
Greater Georgia (excluding Atlanta and Rural Georgia) 1443 (5.8%) 

Metropolitan Atlanta 513 (2.1%) 
Rural Georgia 47 (0.2%) 

Hawaii 124 (0.5%) 
Idaho 310 (1.3%) 
Iowa 1078 (4.4%) 

Kentucky 1001 (4.0%) 
Louisiana 890 (3.6%) 

Metropolitan Detroit 1007 (4.1%) 
New Jersey 2466 (10.0%) 

New Mexico 360 (1.5%) 
New York 4107 (17%) 

Seattle (Puget Sound) 987 (4.0%) 
Texas 4261 (17%) 
Utah 381 (1.5%)
versus non-frail = 2.26, 2.77, and 3.70 at 1, 2, and 3 years post-
diagnosis, respectively; all p-values <0.001; Table 3).

4. Discussion 

Our study is the first to demonstrate the dynamic nature of quanti-
fied frailty status after diagnosis among older women with ovarian can-
cer. We found that frailty status can remain stable, improve or worsen 
over time after diagnosis. To our knowledge, no previous studies have 
characterized the longitudinal dynamics of quantified post-diagnosis 
frailty among women with ovarian cancer. Only one previous study ex-
amined changes in frailty measured at two time points before cancer di-
agnosis [6] and another one characterized changes from pre-diagnosis 
versus post-diagnosis frailty [5]. While analyses of changes in post-
diagnosis frailty status have not been conducted in ovarian cancer, our 
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findings are consistent with the literature in other cancer types, which 
found varying trajectories of post-diagnosis frailty [19,21]. 

We identified several factors that predict worsening of post-
diagnosis frailty among older women with ovarian cancer. Older age 
at diagnosis, higher comorbidity, later stage, and Medicaid enrollment 
were associated with a higher likelihood of worsening frailty. Our find-
ings are consistent with a study on multiple myeloma [19]. Older age 
and higher comorbidity likely reflect diminished physiological reserve 
and resilience to treatment-related stress. Later-stage disease may fur-
ther compound this vulnerability due to the effects of cancer itself and 
intensive treatments. Although Medicaid beneficiaries often present 
with a higher burden of pre-existing conditions and disabilities at the 
time of cancer diagnosis, our models were adjusted for both baseline co-
morbidity and frailty status; thus, the observed association between 
Medicaid enrollment and frailty worsening is independent of baseline 
health status. Although residual confounding by baseline health status 
may exist, it is unlikely to fully account for the observed strong associa-
tion. The association between Medicaid enrollment and worsening in 
frailty status may be partially explained by greater barriers to support-
ive resources that affect post-diagnosis frailty, such as occupational 
and physical therapy [28]. Our findings highlight the importance of pa-
tient navigation and oncology social work support for patients of low 
socioeconomic status backgrounds. Patient navigation and social work 
support may play an important role by facilitating care coordination 
and enabling timely referral to rehabilitation and other supportive ser-
vices. We also found that patients with a more severe frailty category 
at the beginning of a year were less likely to worsen in frailty status dur-
ing that year, consistent with findings from a study among patients with 
multiple myeloma [19]. This could possibly be explained by a ceiling ef-
fect, i.e., there is less biological room for patients in more severe catego-
ries to further deteriorate. Collectively, our findings underscore that 
both biological factors and social determinants shape frailty trajectories 
following an ovarian cancer diagnosis. 

Our study is the first to examine the association between frailty mea-
sured at different timepoints post-diagnosis and overall survival among 
older women with ovarian cancer. We found that current frailty is asso-
ciated with overall survival and the strength of the association increases 
over time. In contrast, frailty at diagnosis is not associated with overall 
survival after adjusting for current frailty, indicating that baseline frailty 
influences mortality primarily through its impact on subsequent frailty. 
Our findings suggest that current frailty is more clinically and 
prognostically relevant than baseline frailty. Our results are consistent 
with another study in patients with multiple myeloma [19] and high-
light the importance of repeated frailty assessments in management 
for older women with ovarian cancer. Repeated measures of frailty in 
clinical practice are feasible given the existence of validated frailty 
models that use data from electronic health records (EHRs) to automat-
ically measure frailty. While comprehensive geriatric assessment re-
mains the gold standard for evaluating frailty, its implementation in 
oncological settings is often limited by requirements for specialized ex-
pertise and the considerable time needed to complete the assessment 
[29]. By leveraging continuously and routinely collected EHR data, 
frailty assessment could be automated without additional burden on 
patients or providers. Several EHR-based frailty indices have been de-
veloped and validated against clinical frailty assessment and demon-
strated feasibility in clinical practice, even when data are incomplete 
[30,31]. Further research evaluating the effect of frailty models on clin-
ical care and outcomes is appropriate. 

A strength of our study is the use of the SEER-Medicare data, which 
includes a large sample size of older women with ovarian cancer. Addi-
tionally, the longitudinal nature of the data enables us to assess the 
frailty dynamics. Furthermore, an important contribution of this work 
is the demonstration that frailty can be quantitatively measured and 
that more severe frailty is associated with poorer survival. This quanti-
fication enables more precise risk stratification, facilitates comparisons 
across studies and populations, and supports the integration of frailty
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Fig. 2. Dynamics of post-diagnosis frailty among older women with ovarian cancer.

Table 2 
Association between participant characteristics and worsening in frailty status during the first year after cancer diagnosis. 

Characteristic No worsening 
N = 10,330 

Worsening 
N = 6445 

OR (95% CI)a p value 

Age at diagnosisb 74 (6) 75 (6) 1.05 (1.04–1.06) <0.001 
Charlson Comorbidity Indexb 0.67 (1.10) 0.76 (1.10) 1.47 (1.42–1.52) <0.001 
Frailty at diagnosis 

Non-frail 148 1327 1 
Pre-frail 8184 4463 0.04 (0.03–0.05) <0.001 

Mildly frail 1724 588 
0.012 

(0.009–0.015) 
<0.001 

Moderately frail 274 67 
0.005 

(0.003–0.007) 
<0.001 

Tumor stage 
Localized 1276 466 1 
Regional 1952 1013 1.54 (1.32–1.79) <0.001 
Distant 6475 4653 2.35 (2.04–2.72) <0.001 

Unknown 627 313 1.61 (1.30–1.98) <0.001 
Histotype 

Serous 6244 4095 1 
Non-serous 4086 2350 0.98 (0.90–1.05) 0.53 

Race/ethnicity 
Asian/Pacific Islander 284 184 1.08 (0.86–1.35) 0.52 

Hispanic 635 441 1.18 (1.03–1.37) 0.02 
Non-Hispanic Black 466 326 1.22 (1.04–1.43) 0.02 
Non-Hispanic White 8911 5473 1 

Other 34 21 1.04 (0.55–1.92) 0.90 
Medicaid enrollment 

No 9937 6137 1 
Yes 393 308 1.43 (1.20–1.71) <0.001 

Treatment 
Neither surgery nor 

chemotherapy 
321 170 1 

Surgery only 801 427 1.32 (1.03–1.69) 0.03 
Chemotherapy only 1906 1320 1.17 (0.94–1.46) 0.16 

Both surgery and chemotherapy 7302 4528 1.12 (0.91–1.40) 0.29 

a Odds ratios and 95% confidence intervals from a logistic regression model, adjusted for year of diagnosis and SEER registry. 
b Mean (standard deviation). Odds ratios per single year (age) and each additional unit of Charlson Comorbidity Index.
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Table 3 
Association between frailty status and overall survival. 

Frailty Model with overall survival 
calculated from diagnosis 

Model with overall survival 
calculated from 1 year 

post-diagnosis 

Model with overall survival 
calculated from 2 years 

post-diagnosis 

Model with overall survival 
calculated from 3 years 

post-diagnosis 

HR (95% CI)a p value HR (95% CI)b p value HR (95% CI)b p value HR (95% CI)b p value 

Frailty at diagnosis 
Non-frail 1 1 1 1 
Pre-frail 1.10 (1.04–1.16) 0.001 0.99 (0.93–1.06) 0.81 0.97 (0.90–1.05) 0.45 0.94 (0.86–1.02) 0.16 

Mildly frail 1.31 (1.23–1.40) <0.001 1.07 (0.98–1.16) 0.13 1.00 (0.90–1.10) 0.95 0.92 (0.82–1.04) 0.19 
Moderately frail 1.34 (1.22–1.47) <0.001 1.10 (0.96–1.27) 0.18 1.07 (0.90–1.29) 0.44 0.90 (0.71–1.13) 0.36 

Severely frail 1.51 (1.29–1.76) <0.001 0.98 (0.74–1.30) 0.87 1.00 (0.71–1.41) 1.00 0.76 (0.47–1.21) 0.24 
Current frailty 

Non-frail 1 1 1 
Pre-frail 1.23 (1.09–1.38) 0.001 1.53 (1.37–1.71) <0.001 1.49 (1.30–1.69) <0.001 

Mildly frail 1.56 (1.38–1.76) <0.001 2.24 (1.99–2.52) <0.001 2.33 (2.02–2.67) <0.001 
Moderately frail 1.96 (1.71–2.23) <0.001 2.83 (2.45–3.27) <0.001 3.10 (2.61–3.68) <0.001 

Severely frail 2.26 (1.93–2.65) <0.001 2.77 (2.27–3.39) <0.001 3.70 (2.91–4.71) <0.001 

a Hazard ratios and 95% confidence intervals from a Cox proportional hazards model including frailty at diagnosis, adjusted for age at diagnosis, Charlson Comorbidity Index, tumor 
stage, histotype, race/ethnicity, Medicaid enrollment, types of treatment received, year of diagnosis, and SEER registry. Overall survival was calculated from diagnosis until death or last 
follow-up. 

b Hazard ratios and 95% confidence intervals from a Cox proportional hazards model including both frailty at diagnosis and current frailty, adjusted for age at diagnosis, Charlson Co-
morbidity Index, tumor stage, histotype, race/ethnicity, Medicaid enrollment, types of treatment received, year of diagnosis, and SEER registry. Overall survival was calculated from 1, 2, 
and 3 years post-diagnosis until death or last follow-up.
assessment into prognostic models and clinical decision-making. Im-
portantly, the ability to quantify frailty also creates opportunities for 
monitoring changes over time and evaluating interventions aimed at 
modifying frailty and improving outcomes. 

Another strength of our study is the use of the CFI to quantify frailty. 
As noted above, clinical examination remains the gold standard for 
assessing frailty, but these assessments are not routinely documented 
in claims data. As a result, the CFI and other claims-based indices are de-
signed to capture frailty through validated surrogates, which are diag-
nosis codes and health service billing codes that serve as proxies for 
the physiological state of frail older adults. The CFI has undergone ex-
tensive validation across multiple populations and settings. It demon-
strates strong concordance with two of the most widely used and 
clinically validated frailty measures: the Frailty Phenotype and the Def-
icit Accumulation Frailty Index. Specifically, the CFI was strongly associ-
ated with the Frailty Phenotype (C-statistic = 0.78), which directly 
measures weakness, slowness, low activity, weight loss, and exhaustion. 
The CFI is also strongly correlated with the Deficit Accumulation Frailty 
Index (correlation = 0.59), which encompasses medical history 
(e.g., fall, memory-related disease), ability to perform activities of 
daily living (ADLs), objective performance tests (cognitive status, gait 
speed, and handgrip strength), and nutritional status (weight loss and 
body mass index) [32]. Additionally, the CFI has also been indepen-
dently validated against clinical domains, including gait speed, grip 
strength, ADLs, and adverse health outcomes including death, disability, 
mobility impairment, recurrent falls, hospital days, and skilled nursing 
facility days [24]. Importantly, several studies have shown that the CFI 
outperforms other claims-based frailty indices when validated against 
gold-standard clinical frailty measures [32] and when predicting ad-
verse outcomes in both the general Medicare population and subgroups 
[33]. In recognition of its performance and broad applicability, the Office 
of the Assistant Secretary for Planning and Evaluation (ASPE) and the 
Agency for Healthcare Research and Quality (AHRQ) recommended in-
corporating CFI scores into the Medicare data for use by researchers and 
other stakeholders [34]. 

The CFI calculates frailty using 93 diagnosis, procedure, and health 
utilization codes, which are routinely and consistently captured in ad-
ministrative claims [23]. Thus, it enables repeated frailty assessment in 
such a large study population, which would not be feasible using clinical 
frailty assessment. Although the CFI is not designed to be used in clinical 
practice, clinicians have access to complementary validated measures, 
including clinical frailty assessment and EHR-based frailty indices as 
discussed above. 
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Our goal was to characterize dynamic changes in frailty following an 
ovarian cancer diagnosis, regardless of underlying cause. Accordingly, 
the CFI captures changes in physiological reserve arising from multiple 
factors, including aging, cancer progression, and cancer treatment. Con-
ditions such as weight loss, fatigue, and anemia – whether attributable 
to the disease, its treatment, or other comorbid health conditions - are 
therefore appropriately reflected in the index. Rather than representing 
overinflation, inclusion of these factors aligns with our objective of mea-
suring a patient's total frailty burden over tim e.

In this study, frailty was assessed at pre-defined annual landmarks 
(at diagnosis, 12, 24, and 36 months), rather than continuously over 
shorter intervals. We did not estimate the CFI at multiple time points 
within a given year. This is because frailty at each time point is calcu-
lated based on claims that occurred during a 12-month look-back pe-
riod (per requirement by the algorithm developers) [27]. Calculating 
scores at more frequent intervals would result in substantial overlap, 
where the same diagnostic and procedure codes would contribute to 
frailty statuses at multiple adjacent time points, potentially complicat-
ing interpretation. Despite calculating frailty annually, our results 
clearly demonstrate that frailty is highly dynamic in this population. Fu-
ture research should examine the dynamics of frailty over shorter inter-
vals by employing clinical assessments or validated algorithms that 
support more frequent measurement. 

Our study has some limitations. First, we restricted the analyses to 
patients aged 66+ and had continuous enrollment in Medicare fee-
for-service for at least 12 months before and 36 months after diagnosis 
(or until death). This restriction may limit the generalizability of our 
findings to those without continuous enrollment in Medicare fee-for-
service or those who enrolled in Medicare Part C. Additionally, our re-
sults may not extend to younger patients with ovarian cancer. Although 
frailty can occur in younger adults, its prevalence is substantially lower 
than in older populations [35]. Our study intentionally focused on older 
adults with cancer, who have a higher burden of frailty and for whom 
clinical guidelines recommend frailty assessment to guide care 
[14–16]. Further, our study included patients diagnosed over a wide 
range period (2000–2019). Thus, while the proportion of deaths and 
histology distribution in our study are consistent with large 
population-based studies [36–38], they may not reflect recent improve-
ments in survival and histologic classification. Second, we lack informa-
tion on other factors that can affect frailty status, such as rehabilitation 
services, symptoms, or disease recurrence. Prior research indicates 
that serous tumors often present acutely at advanced stages with a 
shorter period from symptom onset to diagnosis, while non-serous
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tumors are often diagnosed at an early stage with a longer symptom du-
ration [36]. This prolonged period of illness may contribute to a more 
significant cumulative decline in physiological reserves, partially 
explaining our finding that non-serous histotype was associated with 
higher odds of being frail at diagnosis compared to serous histotype. Re-
gardless, the lack of these variables does not affect the main objectives 
of this study, which are to demonstrate the dynamic nature of frailty 
and the predictability of frailty over time. Similarly, the use of mainte-
nance therapy, including poly [adenosine diphosphate (ADP)-ribose)] 
polymerase (PARP) inhibitors, is unlikely to affect our findings. This is 
because PARP inhibitors only received initial FDA approval for treat-
ment of recurrent ovarian cancer in 2014 and first-line maintenance 
in 2018, while patients in our cohort were diagnosed between 2000 
and 2019 [39]. Additionally, PARP inhibitors are currently approved 
for select patients with advanced or recurrent ovarian cancer, particu-
larly those with BRCA mutations or homologous recombination defi-
ciency. Thus, a significant portion of our cohort would not have been 
eligible for these agents. With the growth in PARP inhibitor use, future 
studies should examine how these agents affect the frailty dynamics. 
Third, our study only explored the association between frailty and over-
all survival; additional outcomes important to older adults with cancer, 
such as quality of life, cognition, and functional limitations, are not avail-
able in the dataset. 

In conclusion, our study is the first to demonstrate that current 
frailty is more relevant to overall survival compared to frailty measured 
at diagnosis among older women with ovarian cancer. This is also the 
first study demonstrating the dynamic nature of post-diagnosis frailty 
in this population. Our findings highlight the importance of repeated 
frailty assessments to guide care for older women with ovarian cancer. 
We also found several factors associated with worsening in frailty, in-
cluding chronological age, comorbidity, socioeconomic status, tumor 
stage, and baseline frailty. These factors can be incorporated into risk 
prediction models to identify patients with a high risk of frailty worsen-
ing, who need close management. Future studies should explore the as-
sociation between frailty dynamics and other treatment outcomes 
among older women with ovarian cancer, such as quality of life, physical 
and cognitive functions. Future efforts that incorporate repeated frailty 
measurements in clinical practice are also warranted. 
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