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Objectives: To determine whether the Memorial Sloan Kettering Frailty Index (MSK-FI) is
associated with decision-making in older women surgically treated for advanced-stage ovarian
cancer.

Methods: We retrospectively applied the MSK-FI to women =70 years with newly diagnosed
advanced-stage ovarian cancer surgically treated at our institution from 01/2001-05/2017. MSK-
FI components, including 10 comorbidities and functional assessment, were extracted from
medical records. The MSK-FI ranges from 0-11, with higher scores indicating greater frailty. The
primary outcome was the association between frailty and rate of primary debulking surgery (PDS),
for which a multivariable logistic regression was used, adjusted for stage and histology.

Results: We identified 430 women treated with PDS (n=231, 54%) or neoadjuvant
chemotherapy/interval debulking (n=199, 46%) with complete data. MSK-FI score distribution
was: “0”, 95 patients (22%); “1”, 172 (40%); “2”, 89 (21%); and “3+”, 74 (17%). More-frail
patients were less likely to have undergone PDS (OR for a unit increase of MSK-FI: 0.64; 95%Cl,
0.53-0.77; p<0.0001). Grade 3+ complications and unintended intensive care admission occurred
in 40 (9%) and 38 (9%) women, respectively, but were not associated with frailty (OR 1.21;
95%Cl, 0.96-1.52; p=0.11). More-frail patients were more likely to delay postoperative
chemotherapy (non-linear association p=0.009) and less likely to enroll in research (OR 0.84;
95%Cl, 0.70-1.00; p=0.049). Greater frailty was associated with poorer overall survival (HR 1.16;
95%Cl, 1.05-1.30; p=0.005).

Conclusions: Frailty, as calculated by the MSK-FI, is strongly associated with treatment
approach in older women with advanced ovarian cancer, suggesting objective or subjective
correlates of the MSK-FI influence decision-making.

Keywords
MSK-FI; frailty index; frailty; ovarian cancer; surgery; neoadjuvant chemotherapy

Introduction

An estimated 75% of patients with newly diagnosed ovarian cancer will present with
advanced-stage disease. These women are treated with either upfront primary debulking
surgery (PDS) followed by postoperative platinum-based chemotherapy or with neoadjuvant
platinum-based chemotherapy (NACT) followed by interval debulking surgery (IDS) and
further platinum-based postoperative chemotherapy. The goal of either PDS or IDS is
complete gross resection of all visible disease, which in some cases requires extensive
surgical effort.12 There is evidence to suggest that IDS compared with PDS requires less
surgical effort, leading some surgeons to prefer this approach.34 Several prospective
randomized trials have not found a difference in outcomes between women treated with PDS
and NACT/IDS®7; however, numerous retrospective studies and one randomized trial have
shown improved survival in women who undergo PDS,8-11 albeit none of these studies are
without flaws and biases.

The choice between PDS and NACT/IDS relies heavily on two factors — (1) the extent of
disease spread and whether a complete gross resection can be achieved, and (2) the fitness of
the patient to withstand an extensive surgery as determined by the treating physician. An

Gynecol Oncol. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Filippova et al.

Page 3

increasing number of tools have been developed to help gynecologic oncologists assess
resectability of disease,12-14 yet there is a paucity of data on how to effectively evaluate
surgical fitness, especially in the elderly population. Despite this triage gap, data have shown
improved survival in appropriately selected older women treated with PDS, even when
extensive resection is required, albeit at increased risk of morbidity and mortality.14.15
Understanding surgical parameters for older patients with ovarian cancer is imperative, as
the median age at diagnosis is 65 years and the overall population continues to age.16:17

We believe it is time to shift away from the debate of PDS vs. NACT/IDS and focus on
appropriate patient selection for PDS with complete gross resection in order to maximize the
number of women who can undergo PDS safely. In order to accomplish this, however, we
must develop and use reliable and objective tools to quantify fitness and frailty, something
that has been lacking from the majority of both randomized and retrospective studies thus
far. We need tools that can be used by surgeons to objectively evaluate fitness in everyday
practice.

We recently published a paper that described the development of the Memorial Sloan
Kettering Frailty Index (MSK-FI), which takes into account 10 areas of comorbidity and
includes a functional assessment.18 The objective of this study was to evaluate the
association between the MSK-FI and treatment decision-making in older women with
advanced ovarian cancer treated with surgery. Our primary aim was to determine the
association between frailty, as determined by the MSK-FI, and treatment with PDS. We
hypothesized that patients considered more frail would be less likely to undergo PDS and
would be offered NACT/IDS instead. As a secondary aim, we sought to assess whether
frailty was associated with enrollment in any research study or treatment-based trial.

METHODS

After obtaining Institutional Review Board approval, we identified all women 70 years of
age or older with newly diagnosed advanced-stage epithelial ovarian cancer surgically
treated with either PDS or IDS at our institution between January 2001 and May 2017, when
a change in data collection methods occurred. The age bracket of 70 and older was chosen
because of institutional guidelines for enhanced screening for frailty in this population.
Women treated with chemotherapy alone were excluded. Variables extracted from the
medical record included date of diagnosis, age at diagnosis, date of recurrence, date of last
follow-up or death, stage, grade, histology, treatment approach (PDS vs. NACT/IDS), date
of surgery, residual disease after surgery, postoperative admission to the intensive care unit
(ICU), discharge location (home, home with services, rehabilitation), 30-day postoperative
complications, date of postoperative chemotherapy initiation, and clinical trial participation.

To retrospectively apply the MSK-FI to the cohort, components of the MSK-FI were
extracted from the medical record; these included the following 10 areas of comorbidity,
which were identified using International Classification of Disease codes: (1) chronic
obstructive pulmonary disease or pneumonia within 30 days of surgery, (2) diabetes
mellitus, (3) congestive heart failure, (4) myocardial infarction, (5) coronary artery disease,
(6) hypertension, (7) peripheral vascular disease, (8) impaired sensorium including
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Alzheimer disease, delirium, dementia, Lewy body disease, mild cognitive impairment, and
memory loss, (9) cerebrovascular accident, and (10) transient ischemic attack. In addition,
we performed a functional assessment based on four patient-reported activities of daily
living (bathing, dressing, grooming, and walking outside the home) and one instrumental
activity of daily living (preparing meals), which are collected for all patients on the
institutional adult intake form. The MSK-FI score ranges from 0 to 11, with a higher score
indicating a higher level of frailty. There was no cut-off value to delineate fit vs. frail
patients, as the MSK-FI is treated as a continuous variable.

To test our primary aim, we used a multivariable logistic regression with PDS as the
outcome and MSK-FI as the predictor as a continuous variable and adjusted for pathology
stage (111 vs. 1V) and high-grade serous histology (yes vs. no). For the secondary aim, our
institution has various research studies for patients with advanced ovarian cancer, ranging
from surveys or tissue banking for research to interventional clinical trials, such as those
testing novel chemotherapy agents or surgical techniques. As such, we utilized separate
multivariable logistic regression models for each of the outcomes, with continuous MSK-FI
as the predictor, and stage, high-grade serous histology, whether patients underwent NACT
(yes vs. no), and age at diagnosis as covariates.

Regardless of whether patients undergo PDS or IDS, they are treated with platinum-based
postoperative chemotherapy. We tested whether frailty is associated with time to initiation of
postoperative chemotherapy using a multivariable linear regression with days to adjuvant
chemotherapy as the outcome, continuous MSK-FI as the predictor, and covariates of stage,
high-grade serous histology, use of NACT, and residual disease after surgery, which was
defined as complete gross resection (no visible residual tumor) vs. residual between 1 and 10
mm vs. residual >10 mm. Patients who did not receive postoperative chemotherapy at our
institution, either due to declining treatment or treatment at another hospital, were excluded
from this analysis.

To determine the association between the MSK-FI and overall survival (OS), we used a
multivariable Cox regression model, with continuous MSK-FI as the predictor. We then
explored ways in which frailty may impact OS by ascertaining whether frailty is associated
with postoperative complications or discharge location. We used a multivariable logistic
regression model, with major complication within 30 days of surgery as the outcome. We
also looked at an alternative definition of complications, where the outcome included either
major complications within 30 days of surgery or unintended ICU admission. Due to the
limited number of patients who were discharged to rehabilitation, we did not have enough
events to look at discharge locations as three levels (home vs. home with services vs.
rehabilitation). Instead, we combined patients who were discharged to home with services
and patients discharged to rehabilitation and used a multivariable logistic regression with
discharge to home with services or rehabilitation as the outcome and continuous MSK-FI as
the predictor. In the models for OS and complications, we adjusted for NACT use, stage, and
high-grade serous histology.

For each of our outcomes, we tested the MSK-FI score for nonlinearity using restricted
cubic splines with knots at the tertiles. We found no evidence of a nonlinear relationship
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between the MSK-FI score and PDS, enrollment in any trial, enrollment in treatment-based
trial, OS, 30-day postoperative complications, or discharge location; therefore MSK-FI was
included in these models as a linear variable. However, we did observe evidence of a
nonlinear relationship between MSK-FI and time to postoperative chemotherapy (p=0.025),
and therefore, for this model, MSK-FI was included as a nonlinear term. All statistical
analyses were conducted using STATA 15.0 (StataCorp, College Station, TX).

Of 551 initially eligible patients, 5 were excluded due to missing stage or outcomes data.
Functional status, which is necessary to calculate MSK-FI score, could not be determined in
116 patients due to missing data, resulting in a final cohort of 430 women. We compared
patients and disease characteristics between patients with and without missing variables.
Patients with available data had a lower rate of chronic obstructive pulmonary disease and
pneumonia 30 days prior to surgery (4.4% vs. 10%; p=0.022); however, there were no other
characteristics differences between the two groups (Supplementary Table 1).

Patient and disease characteristics are shown in Table 1. Half of our patients were 70-75
years of age, and approximately one-quarter were older than 80 years of age. Approximately
equal numbers of patients had undergone PDS or NACT/IDS. Approximately 4 of 5 patients
had an MSK-FI score of 1 or higher.

Table 2 shows the results of multivariable regression analyses assessing the association
between MSK-FI and various outcomes. We saw evidence of an association between MSK-
Fl and undergoing PDS (odds ratio [OR] for unit increase in MSK-FI: 0.64; 95% confidence
interval [CI], 0.53-0.77; p<0.0001); in other words, patients who were more frail were less
likely to have undergone PDS. Figure 1 represents the probability of PDS by MSK-FI score.
This shows, for example, that for patients with stage 111 disease and high-grade serous
histology, a patient with an MSK-FI score of 2 would have a 63% predicted probability of
undergoing PDS, compared to a predicted probability of 41% for a patient with an MSK-FI
score of 4.

Figure 2 depicts the association between MSK-FI and initiation of postoperative
chemotherapy for patients with stage 111, high-grade serous disease treated with PDS that led
to residual disease of 10 mm or less. Greater frailty was associated with later initiation of
adjuvant chemotherapy (non-linear association p=0.009). In particular, among the least-frail
patients, on average, those with an MSK-FI score of 1 had nearly a week delay in beginning
adjuvant chemotherapy compared to patients with an MSK-FI score of 0.

Patients with greater frailty were less likely to enroll in a research study (OR for a unit
increase in MSK-FI: 0.84; 95% CI, 0.70-1.00; p=0.049). There was no association between
enrollment and MSK-FI for treatment-based trials (Figure 3), although overall accrual rates
were low.

Among our cohort, 258 patients died. The median follow-up was 30 months (IQR, 15-54)
after surgery. As expected, greater frailty was associated with worse OS (hazard ratio [HR]
for a unit increase on the MSK-FI: 1.16; 95% CI, 1.05-1.30; p=0.005). For patients with
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stage |1, high-grade serous disease who had undergone PDS, the predicted 2-year survival
probability was 71% for a patient with an MSK-FI score of 2 compared to 63% for a patient
with an MSK-FI score of 4 (Figure 4). We saw non-significant higher rates of complications
and discharge to home with services or rehabilitation in patients with greater frailty (Table
2), suggesting that the mechanism in which frailty is associated with OS is not only through
higher rates of grade 3+ complications or location of discharge.

DISCUSSION

The care of older woman with newly diagnosed advanced-stage ovarian cancer is highly
complex, with an intricate interplay between disease, treatment, survival, and underlying
fitness and comorbidity. While geriatrics is a rapidly growing field, the application of
geriatric principles to the care of older women with ovarian cancer is still in its early stages.
We demonstrated that a retrospectively calculated MSK-FI is strongly associated with the
decision between PDS and NACT/IDS. We were able to show that women with higher
frailty scores on the MSK-FI were less likely to be treated with PDS and had worse OS.
More importantly, we were able to show that greater frailty was not associated with grade 3+
postoperative complications and unintended 1CU admission; however, both outcomes were
uncommon. Our findings suggest that oncologists are using subjective or objective correlates
of the MSK-FI in decision-making. The propensity of an oncologist to recommend PDS vs.
NACT/IDS would likely be influenced by a qualitative judgment of the likely impact of the
comorbidities documented in the medical history. Decision-making may also be influenced
by a clinical impression of the patient as frail. Although such impressions are correlated with
frailty (a patient with congestive heart failure naturally presents as more frail than a patient
without congestive heart failure), the correlation is imperfect; a patient with diabetes and
hypertension who has fully recovered from a transient ischemic attack, for example, may
give a false impression of high physiologic reserve. This raises the question of whether
formal assessment of frailty using the MSK-FI could improve the decision between PDS and
NACT/IDS, and ultimately, improve patient outcome. There would be two mechanisms for
such an effect. First, formal quantitative estimation of frailty with the MSK-FI may have
better prognostic characteristics than informal qualitative estimation based on medical
history. Second, subjective assessment of frailty is prone to a number of cognitive biases and
may therefore be inferior to an objective assessment of comorbidity. Our goal is to test and
validate our findings prospectively in a clinical trial. We would calculate the MSK-FI score
for all women who present to clinic with newly diagnosed ovarian cancer and then
randomize providers to knowing or not knowing the MSK-FI result. This way, we hope to
assess whether knowing the MKS-FI score influences treatment decisions. Such a design has
already been used to try and predict severe chemotherapy toxicity in the field of medical
oncology.19:20 We also hope to validate these findings externally.

The choice between PDS and NACT/IDS is critical for the management of advanced ovarian
cancer. So far, three randomized trials have not shown a survival benefit with PDS,57 yet
many retrospective studies as well as the most recent randomized trial have shown a survival
advantage for women treated with PDS, although these studies are not without faults.8-11
Further, it seems that the most survival benefit is gained when complete gross resection is
achieved at the time of PDS.2 The optimal approach in older women is still not known. This
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is in part due to a preconceived idea that older women cannot withstand PDS, and indeed,
two of the randomized trials excluded women older than 75 years of age.”1 The result of
this bias can also be seen on a population scale, as the rate of NACT use in women 65 and
older has increased from 16% in 2000 to 35.4% in 2013.21 It is thus paramount to develop
tools that will help surgeons determine patient fitness and choose between PDS and
NACT/IDS in an objective fashion. Frailty is defined as a decrease in the physiologic reserve
beyond what is expected for the normal aging process.22 Fitness is the opposite of frailty.
Data suggest that fitness, instead of chronologic age, should be used to in the treatment
decision-making process. Frailty has been shown to be associated with both postoperative
complications?® and chemotherapy toxicity.24 There are many reported tools for evaluating
fitness, but geriatric assessment remains the gold standard. Geriatric assessment has been
shown to be expedient (15 minutes on average) and can produce specific recommendations,
although some suggest it is lengthy and difficult to interpret.2> Other quicker tools that are
commonly used unfortunately still carry a component of subjectivity. On the other hand, it is
clear that the MSK-FI is objective, short, easy to use, and produces readily interpretable
results.

Pre- and postoperative interventions can lessen the impact of frailty on outcome. Prior data
from our institution demonstrated successful completion of cytoreductive surgery in frail
women with advanced ovarian cancer by using a co-management approach that included
surgical and geriatric services.28 Not only would we be able to perform PDS more
frequently in older women found to be fit on an objective assessment, but we could
potentially also perform PDS on women with modifiable frailty factors if appropriate
support services and multi-specialty management were used.

We found that patients with a higher MSK-FI score were less likely to participate in research
studies, although we were not able to demonstrate that women with a higher MSK-FI score
were less likely to participate in clinical trials specifically, likely because of overall low
enrollment, as enrollment in a treatment-based trial was <10% in our cohort of older women.
Even through approximately two-thirds of all cancers are diagnosed in adults 65 years of age
and older, only approximately 25% of clinical trial participants are 65 or older.2” This data
gap on the efficacy and safety of a particular treatment for older adults limits their access to
new treatments.28 The many obstacles that prevent these patients from participating in
clinical trials include comorbidity, immobility and communication issues, ageism and
economic constraints, among others.28 We must work toward overcoming such obstacles in a
systematic fashion, including policy changes, in order to include more older women in
clinical trials for gynecologic malignancies, as without this, the “data free zone” will never
be closed.

Either upfront treatment approach, PDS or NACT, imposes stress on the patient; however,
unlike NACT, the stress imposed by PDS cannot be easily taken away. The MSK-FI serves
as a screening tool to identify patients who would benefit from the NACT “stress test”, so
they can be treated first with chemotherapy that can be dose-reduced or discontinued if the
patient develops significant morbidity. The time over the course of NACT may allow for the
mitigation of comorbidities, optimizing a patient’s ability to tolerate the stress of surgery.
During this time, nutritional intervention, pre-habilitation, and the optimal management of
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chronic medical conditions may allow the patient to regain some fitness, as demonstrated by
the growing volume of literature dedicated to pre-habilitation specifically within
gynecologic oncology.22-30 Women identified as frail by the MSK-FI would be afforded the
benefits of pre-habilitation prior to surgery. It is also likely that some women identified as
frail by the MSK-FI and treated with NACT will experience continued deterioration of
functional status and will never undergo surgery due to the unacceptable risk of mortality.

Our study is not without its limitations. Since it only used data from a single institution, it is
difficult to know if the association between the MSK-FI and PDS is generalizable across the
United States and internationally. It is also extremely challenging to capture and account for
all of the factors that are involved in choosing between PDS and NACT/IDS. Given the
systematic approach to these patients at our institution, with the use of departmental
algorithms, the bias toward older patients would be homogeneous across all included
patients. Additionally, we excluded patients in our cohort with missing data necessary to
calculate the MSK-FI. While it is possible that including an additional 116 women into the
cohort could affect the trends seen, as it represents approximately 25% of the cohort, we do
not expect this to be the case, as comparison between patients with and without complete
data yielded minimal differences.

In conclusion, we showed that, when applied retrospectively, the MSK-FI is strongly
associated with the clinical decision to proceed with PDS vs. NACT/IDS in older women
with advanced-stage epithelial ovarian cancer. We believe its use as a formal decision-
making aid should be evaluated in a prospective fashion.
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Highlights
. Higher MSK-FI score was associated with forgoing primary debulking
surgery
. Higher MSK-FI score was associated with delays in chemotherapy and worse
overall survival
. Major complications or unintended intensive care unit admission were not

associated with frailty
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Figure 1.

Predicted probability of primary debulking surgery based on MSK-FI score, and

corresponding 95% Cls (odds ratio per unit increase in MSK-FI: 0.64; 95% ClI, 0.53-0.77;
p<0.0001).
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Figure 2.

Predicted time to initiation of adjuvant chemotherapy based on MSK-FI score, and

corresponding 95% Cls (non-linear association, p=0.009).

Gynecol Oncol. Author manuscript; available in PMC 2022 June 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Filippova et al.

Probability

Page 14

100% -

80% -

60% -

40%

20%

0%

MSK-FI Score

Figure 3.
Predicted probability of participation in any research study (blue, odds ratio per unit increase

in MSK-FI: 0.84; 95% CI, 0.70-1.00; p=0.049) and participation in a treatment-based trial
(red, odds ratio per unit increase in MSK-FI: 0.91; 95% CI, 0.66-1.25; p=0.6) based on
MSK-FI score, and corresponding 95% Cls.
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Figure 4.
Estimated 2-year overall survival probability based on MSK-FI score and bootstrapped 95%

Cls (hazard ratio per unit increase in MSK-FI: 1.16; 95% CI, 1.05-1.30; p=0.005).
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Table 1.

Patient and disease characteristics for the entire cohort (N=430). Data presented as medians (interquartile
range) and frequency, in percent (%)

Age at Surgery, years 75 (72-79)

Stage on Pathology

A 12 (2.8%)

mns 10 (2.3%)

1nc 256 (60%)

v 152 (35%)
Treatment Type

Primary Debulking Surgery 231 (54%)

Neoadjuvant Chemotherapy 199 (46%)
Number of NACT Cycles 5(3, 6)

Histology Type

Adenocarcinoma 25 (5.8%)
Carcinosarcoma 20 (4.7%)
Clear Cell 5(1.2%)
Endometrioid 2 (0.5%)
Mixed 5 (1.2%)
Sarcoma, NOS 1(0.2%)
Serous 372 (87%)
High-Grade Serous 359 (83%)

Residual disease

Complete Gross Resection 165 (38%)
Residual 1-10 mm 189 (44%)
Residual >10 mm 76 (18%)

Grade 3+ Postoperative Complication 40 (9.3%)

Unintended ICU Admission 38 (8.8%)

Major Complication or ICU Admission | 67 (16%)

Discharge Location

Home 125 (29%)
Home with services 272 (63%)
Rehabilitation 33 (7.7%)
Participation in Any Trial 258 (60%)

Participation in Treatment-Based Trial 39 (9.1%)

MSK-Frailty Index Score

0 95 (22%)
1 172 (40%)
2 89 (21%)
3 54 (13%)
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4+ 20 (4.7%)

NACT, neoadjuvant chemotherapy; NOS, not otherwise specified; ICU, intensive care unit
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Table 2.

Association between MSK-FI and outcome on multivariable analysis (N=430).

Outcome Odds Ratio | 95% ClI p
Primary debulking surgery 0.64 0.53,0.77 | <0.0001
Participation in any trial 0.84 0.70,1.00 | 0.049
Participation in a treatment-based trial 0.91 0.66,1.25 | 0.6
Grade 3+ 30-day postoperative complication 1.25 0.95,1.65 | 0.11
Grade 3+ 30-day postoperative complication or unintended ICU admission | 1.21 0.96,1.52 | 0.11
Discharge home with services or rehabilitation 1.11 092,135 | 0.3
Overall survival 1167 1.05,1.30 | 0.005

*
hazard ratio

ICU, intensive care unit
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