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Abstract

Purpose The primary purpose of this study was to evaluate functional status and health-related parameters in ovarian cancer
(OC) survivors and to compare these parameters with healthy controls. The secondary purpose of this study was to compare
these parameters in early and advanced OC survivors.

Methods Thirty-two OC survivors (n= 15 early stage; n=17 advanced stage) with no evidence/suspicion of cancer recur-
rence after completing adjuvant local and systemic treatments for at least 12 months and 32 healthy controls were recruited
for functional- and health-related assessments. Participants were assessed using the following methods of measuring the
following: 6-min walk test (6MWT) for functional exercise capacity, 30-s chair stand test (30 s-CST) for functional fitness
and muscle endurance, a handheld dynamometer for peripheral muscle strength, and a handheld dynamometer for lower
extremity strength, Medical Micro RPM for respiratory muscle strength, International Physical Activity Questionnaire-Short
Form (IPAQ-SF) for physical activity level, and Eastern Cooperative Oncology Group Performance Scale (ECOG-PS)
for performance status, Checklist Individual Strength (CIS) for fatigue, Treatment/Gynecological Oncology-Neurotoxicity
(FACT/GOG-NTX) for neuropathy, the Hospital Anxiety and Depression Scale (HADS) for anxiety and depression level,
and the World Health Organization-Five Well-Being Index (WHO-5) for generic quality of life.

Results All OC survivors underwent surgery and chemotherapy, and only 9.4% received radiotherapy in addition to chem-
otherapy. The median recurrence-free period post-completion of adjuvant treatments was 24.00 (12.00-75.00) months.
OC survivors had lower 6BMWT (m) (p <0.001, r=1.50), peripheral muscle strength (p =0.005, r=0.72), knee extension
(p<0.001, r=1.54), and respiratory muscle strength (maximal inspiratory pressure) (p <0.001, r=1.90) (maximal expira-
tory pressure) (p <0.001, r=1.68) compared to healthy controls. HADS-A (p =0.005, r=0.75) and CIS scores (p =0.025,
r=0.59) were also higher in the OC survivors. Early-stage OC survivors had better 6o MWT (m) than advanced-stage OC
survivors (p=0.005, r=1.83). Peripheral muscle strength was lower in advanced-stage OC survivors (p=0.013, r=0.92).
FACT/GOG-NTX scores were higher in early-stage OC survivors (p <0.001, r=1.42). No significant differences were
observed between early- and advanced-stage OC survivors in other measures (p <0.05).

Conclusion The findings suggest functional status, and health-related parameters are negatively affected in OC survivors.
Additionally, higher levels of fatigue, neuropathy anxiety, and depression were reported in advanced OC survivors.
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Introduction

Ovarian cancer (OC) is one of the most common gyneco-
logic malignancies, with approximately 240,000 new cases
reported annually worldwide, and accounts for the highest
mortality rate among gynecologic cancers [1]. The incidence
of women diagnosed with OC is expected to increase by
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approximately 37% by the year 2040 according to GLO-
BOCAN cancer data [1]. Almost 60% of women with OC
are not diagnosed until the disease has progressed to the
advanced stage (III or IV), significantly increasing the risk
of recurrence and premature mortality [2]. The introduction
of definitive screening modalities and improved genetic and
epidemiological tests to predict OC risk have contributed
to the early detection of the disease in recent years [3]. The
development of various treatment strategies also improved
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survival rates in OC during the last 20 years [3]. Thus, the
importance of evaluating short- and long-term consequences
of disease-related conditions and treatment side effects
increases as both a clinical and a research endpoint with
increased early detection and survival rates in OC [4, 5].

The primary treatment options for OC are local (debulk-
ing /cytoreduction surgery) and systemic (adjuvant and/
or neoadjuvant chemotherapy) [2]. On the other hand, the
comprehensive management of OC combines different
implementations of varied approaches in accordance with
the disease type, stage, and progression such as targeted
drug therapy, hormone therapy, and radiotherapy in addi-
tion to these primary options [2]. OC patients commonly
experience a varied range of physical and psychological
symptoms resulting from the chronic disease process and
the adverse effects of these treatments [2, 6]. These symp-
toms and related consequences include neuropathy, loss
of muscle strength, fatigue, decreased mobility, exercise
intolerance, dyspnea, and diminished health-related qual-
ity of life [7, 8]. Furthermore, the adverse effects of local
and systemic treatments on health-related components of
physical fitness (muscle strength, exercise capacity, body
composition) may still persist even during the survival phase
of OC [8-10]. Additionally, cancer accelerates aging and
induces cellular inflammatory processes, damaging major
organ systems [11]. The negative effects of this debilitating
disease on general health result in a vicious cycle limiting
the functionality of the patients which increases the risk of
physical impairment in the years following cancer treatment.
OC survivors commonly experience multiple comorbidities
and often report limited engagement in physical activity,
indicating impaired physical function and mobility in this
population [12]. However, current knowledge gaps regard-
ing the health-related parameters and functional level of OC
survivors challenge the development of tailored cancer reha-
bilitation programs [13].

The importance of monitoring the physical and psycho-
logical side effects of treatment in cancer survivors is also
emphasized in recent studies [13-15]. Although activity
behaviors and physical function were compared in a prelimi-
nary study conducted with advanced OC survivors and con-
trols [16], no studies comprehensively evaluated the effects
of treatment and/or outcomes of disease processes in early
and advanced OC survivors. Therefore, the primary aim of
this study was to compare functional status (functional exer-
cise capacity, functional fitness, and muscle endurance) and
health-related parameters (peripheral, lower extremity and
respiratory muscle strength, physical activity level, fatigue,
neuropathy, level of depression and anxiety, and quality of
life) of early stage (stage I or II) and advanced stage (III or
IV) OC survivors and healthy controls. The secondary aim
was to compare these parameters between early-stage OC
survivors and advanced-stage OC survivors.
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Materials and methods
Study design

The present comparative study was conducted as a multi-
center, cross-sectional study involving three institutions:
(Dokuz Eylul University Hospital Department of Medical
Oncology, Izmir Katip Celebi University Atatiirk Training
and Research Hospital Department of Medical Oncology,
and Dokuz Eylul University Faculty of Physical Therapy
and Rehabilitation). This study was conducted between
September 2022 and June 2023, and informed consent was
obtained from all participants. The ethical approval for the
study was acquired from the Noninvasive Research Ethics
Board of Dokuz Eylul University (decision no.: 2022/29-05,
date: 14 September 2022) and was carried out according to
the Declaration of Helsinki.

Participants

A total of 65 patients were informed about the objectives
and method of the study and were screened for eligibility
criteria during routine follow-up appointments and asked
to participate. The patient population consisted of 32 OC
survivors depending on inclusion and exclusion criteria. The
control group consisted of 32 healthy participants among the
relatives/acquaintances of the patients and the researchers.
Inclusion criteria for OC survivors were being female with
histologically confirmed OC, 18 years of age or older, volun-
teering to participate, having no evidence/suspicion of can-
cer recurrence after completing adjuvant local and systemic
treatments for at least 12 months, and being able to read and
understand the Turkish language. The exclusion criteria for
OC survivors were having any musculoskeletal, cardiovas-
cular, neurological, or other medical condition that could
impair the assessments determined by their medical prac-
titioner and ECOG-PS score of 3 and above (3: mobiliza-
tion with assistive device, 4: bed depending). The inclusion
criteria for healthy subjects were as follows: volunteering to
participate, being 18 years of age or older, and being able to
read and understand the Turkish language. Exclusion crite-
ria for healthy subjects were as follows. Exclusion criteria
for healthy subjects were as follows: having any diagnosed
mental or physical diseases requiring regular or frequent
medication [17].

Study sample

The sample size was determined using G*Power software
(ver. 3.1.9.6, Diisseldorf University, Germany). A priori
power analysis was performed using data from a previous
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study that compared the activity behaviors of women with
advanced OC to healthy controls [16]. The effect size of the
difference in activity behavior between the two groups was
calculated as 0.72. The minimum sample size of the study
was estimated as 32 OC survivors and 32 healthy controls
with a two-tailed test, a 5% type 1 error rate, and a minimum
power of 80%.

Assessments

A comprehensive medical history was obtained from all par-
ticipants, including demographic information (age, gender,
height, weight, and BMI), comorbidities, exercise habits,
family history of cancer, and disease-specific characteris-
tics including OC stage, disease duration, type of systemic,
local treatment and medication use, and current symptoms
(exercise-induced dyspnea, fatigue).

Outcome measures
Functional exercise capacity

The 6-min walk test (6MWT) has been considered a reliable
and valid test to assess functional exercise capacity accord-
ing to the American Thoracic Society (ATS) recommenda-
tion [18]. The 6BMWT was performed in accordance with
ATS guidelines. Every minute, a standardized encourage-
ment was given to the participants such as the following:
“You are doing well,” or “Keep up the good work.” The
6-min walking distance (m) was recorded at the end of the
test, and participants were not allowed any devices that assist
walking during the test. The physiological measurements
including heart rate, peripheral oxygen saturation (measured
with a Jumper pulse oximeter, Germany), and systolic and
diastolic blood pressures (measured with an Erka Manual
Sphygmomanometer, Bad Toelz, Germany) were recorded
both before and after the 6 MW'T. Perceived dyspnea sever-
ity and quadriceps femoris fatigue during the 6MWT were
evaluated using a numeric rating scale.

Functional fitness and muscle endurance

The 30-s chair stand test (30 s-CST) was used to assess func-
tional fitness and muscular endurance. Participants started
in a seated position with their arms crossed. Participants
were required to perform as many sit-to-stand repetitions
as possible within 30 s. The number of full sit-to-stand rep-
etitions of the participants within 30 s without using their
arms was recorded. 30 s-CST is a reliable and valid tool for
assessing functional fitness and muscle endurance in cancer
survivors [19].

Muscle strength

Hand grip strength was measured with a Jamar hydraulic
hand dynamometer, a widely recognized and used device.
The measurements were conducted using the standard posi-
tion recommended by the American Society of Hand Thera-
pists (ASHT) [20]. Three consecutive measurements were
performed with a 1-min rest period in between, and the high-
est result in kilograms was used in analyses.

The handheld dynamometer (Lafayette Model-01165
and Hoggan microFET?2) is a validated assessment tool for
evaluating muscle strength [21]. Based on previous research
showing excellent reliability, standard test positions were
used to measure maximal isometric strength during knee
extension [21]. Participants were instructed to maintain their
maximum isometric contraction for 5 s at the endpoint fol-
lowing the movement. The highest score from three consecu-
tive measurements taken at 1-min intervals was recorded.
Strength measurements were recorded for both extremities,
and the maximum of the measurements was taken.

Respiratory muscle strength

Respiratory muscle strength was measured using a portable
device (Micro Medical Micro RPM, UK) according to ATS
criteria [18]. Intraoral pressure measurement, a noninvasive
valid and reliable method, was used to assess maximum
inspiratory pressure (MIP) and maximal expiratory pres-
sure (MEP) [18]. For MIP measurement, the participants
were first asked to perform maximal expiration followed by
maximal inspiration for 1-3 s with the airway closed by
a valve. For MEP measurement, the participants were first
asked to perform maximal inspiration followed by maximal
expiration for 1-3 s. Both measurements were performed
in the sitting position and with the nose clip on. At least
five measurements were made, and the highest of the three
best values was recorded, with no more than 10% difference
between the three values. Predicted values for respiratory
muscle strength were calculated using equations according
to age and weight [18].

Physical activity measurement

The level of physical activity in the previous 7 days was
evaluated using the International Physical Activity Ques-
tionnaire-Short Form (IPAQ-SF). IPAQ-SF includes seven
questions about time spent sitting, walking, doing moderate-
intensity exercises, and vigorous activities. The score is cal-
culated by multiplying the minutes, days, and MET values of
these activities. Participants were also classified into differ-
ent physical activity subgroups according to their IPAQ-SF
outcomes. Physical inactivity is defined as having a physical
activity level of less than 600 MET-min/week, low physical
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activity is defined as having a level between 600 and 3000
MET-min/week, and sufficient physical activity is defined
as having a level over 3000 MET-min/week [22]. The Turk-
ish version of IPAQ-SF has been demonstrated valid and
reliable tool for evaluating the physical activity levels [22].

Performance status

The ECOG-PS (Eastern Cooperative Oncology Group Per-
formance Status) scale was used to assess the performance
status of OC survivors. The Turkish version of ECOG PS is
areliable and valid tool for assessing the performance status
of patients with gynecologic cancers [23]. The ECOG-PS
classifies the performance status of patients on a scale rang-
ing from O to 5, with each category representing a different
level of functional ability and care requirements [23].

Fatigue

The Checklist Individual Strength (CIS) was utilized for
assessing fatigue levels. The CIS is a valid and reliable tool
to evaluate fatigue in cancer patients. The questionnaire
consists of 20 items and four dimensions: subjective feel-
ing of fatigue (eight items), motivation (four items), physi-
cal activity (three items), and concentration (five items). A
higher score on the CIS indicates a greater degree of fatigue,
decreased motivation, reduced physical activity, and con-
centration difficulties [24]. The Turkish version of the CIS
is a valid and reliable instrument for assessing fatigue [24].

Neuropathy

Neuropathy Functional Evaluation of Cancer Treatment /
Gynecological Oncology-Neurotoxicity (FACT/GOG-NTX)
was used for the assessment of peripheral neuropathy symp-
toms, including sensory, motor, and auditory problems, and
sensitivity to cold. It consists of 38 questions and 5 subscales
evaluating physical status (7 items), social life and family
status (7 items), emotional status (6 items), and activity sta-
tus (7 items). Neuropathy-specific concerns are measured by
the “other concerns” subscale (11 items) [25]. The FACT/
GOG-NTX total score is obtained by summing the scores
of these five subscales. The total scores range from 0 to 152,
and a higher total score indicates more severe neuropathy
and a higher impact of neuropathy on health-related quality
of life. The FACT/GOG NTX is a reliable and valid tool for
evaluating neuropathy in cancer patients [25].

Anxiety and depression
The anxiety and depression level of participants was assessed

using the Hospital Anxiety and Depression Scale (HADS).
The Hospital Anxiety and Depression Scale (HADS) is
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divided into two subscales: HADS-A, which identifies anx-
ious states, and HADS-D, which identifies depressive states
[26]. Each subscale consists of seven items. Subscale scores
range from 0 to 21, with higher values indicating more anxi-
ety or depression [26]. Participants respond to each item
based on their recent feelings and activities. The HADS has
shown appropriate psychometric properties for assessing the
emotional state of cancer patients [26].

Quality of life

Generic health-related quality of life was evaluated using the
World Health Organization-Five Well-Being Index (WHO-
5). The WHO-5 has validity and reliability as a generic scale
for the measurement of well-being in the previous 14 days
[27]. WHO-5 is a 5-point Likert-type scale, and each item
is scored between 0 “not at all” and 5 “all of the time.” The
overall raw score ranges from O (absence of well-being) to
100 (the highest level of well-being). The Turkish version of
the WHO-5 has been demonstrated to be a reliable and valid
tool for assessing health-related quality of life [27].

Statistical analysis

The statistical analysis was carried out using IBM SPSS Sta-
tistics for Windows (version 20.0, Armonk, NY, USA: IBM
Corp.). The statistical significance level was set at p <0.05.
The normal distribution of the data was determined using the
Shapiro—Wilk test, kurtosis-skewness statistics, detrended
Q-Q plots, and histograms. Descriptive statistics were pre-
sented as means and standard deviations (SD) for continu-
ous variables with normal distributions and as frequencies
and percentages (n%) for categorical variables. The ordi-
nal parameters were compared between OC survivors and
healthy control groups and in subgroup analysis (compar-
ing early and advanced OC) using an independent #-test or
Mann—Whitney U-test. Categorical variables were compared
between the groups using the chi-square test or Fisher’s exact
test. Effect sizes (d) were calculated using means and stand-
ard deviations for normally distributed data and Z-scores
for non-normally distributed data. Cohen’s guidelines were
followed to interpret effect sizes as small (d=0.10-0.29),
moderate (d=0.30-0.49), or large (d=0.50-1.00) [28].

Results

Participant’s characteristics

The inclusion criteria were met by 32 (49.23%) of the 65
screened OC patients. Thirty-three patients declined for

various reasons: 15 declined to participate, 8 had an ECOG-
PS score of 3 or higher, and 10 had a physical impairment
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limiting mobility in the lower limb. Among the 54 healthy
adults assessed for eligibility, 19 individuals were excluded
from the analysis to ensure comparability between groups.
Consequently, the final study cohort consisted of 32 OC sur-
vivors and 32 healthy adults (Fig. 1). Thirty-two OC survi-
vors (mean age: 54.43 +11.51 years; BMI: 28.56 +5.96 kg/
m?) and 32 healthy controls (mean age: 50.93 +8.21 years;
BMI: 27.26 +4.60 kg/m?) were included in the study.
Comorbidities were present in 50% of patients with OC sur-
vivors. Among these patients, 71.5% had diabetes or arterial
hypertension, and 28.5% had cardiovascular disease. A total
of 46.8% of the OC survivors (n=15) had early stage (stages
1 or 2), and 53.2% (n=9) had advanced stage (stages 3 or 4)
disease based on the International Federation of Gynecol-
ogy and Obstetrics (FIGO) classification. All OC survivors
in the study received surgical resection and chemotherapy.
Only three patients (9.4%) had radiotherapy with adjuvant
chemotherapy. The median time without evidence of can-
cer recurrence after completing adjuvant local and systemic
treatment was 24.00 (12.00-75.00) months. The demo-
graphic, health-related, and disease-specific characteristics
of the participants are shown in Table 1.

6MWT (m) (p <0.001, r=1.50) and 30-CST (p=0.004,
r=0.76) in the OC survivors were lower compared to
healthy controls (Table 2). Peripheral muscle strength
(p=0.005, r=0.72), MIP (cmH,0) (p <0.001, r=1.90),
and MEP (cmH,0) (p <0.001, r=1.68) were lower in the
OC survivors than those of healthy controls (Table 2). The
OC survivors had lower knee extension (p <0.001, r=1.54)
(Table 2). There was no statistically significant difference
between OC survivors and healthy controls in physical
activity level (p=0.412, r<0.01). The CIS total score in

Fig. 1 Study flow diagram

the OC survivors was significantly higher than in the healthy
control group (p=0.025, r=0.59) (Table 2). The HADS-A
score was higher in the OC survivors compared to healthy
controls (p=0.005, r=0.75), but there was no statistically
significant difference in the HADS-D score between OC sur-
vivors and healthy controls (p =0.523, r<0.01) (Table 2).
WHO-5 total score was higher in the healthy control group
than in the OC survivors (p =0.008, r=0.70) (Table 2).
Early-stage OC survivors had significantly higher 6MWT
(m) compared to advanced-stage OC survivors (p =0.005,
r=1.83) (Table 3). Peripheral muscle strength was lower
in the advanced-stage OC survivors than early-stage OC
survivors (p=0.013, r=0.92) (Table 3). There was no sig-
nificant difference in 30-CST, respiratory muscle strength,
physical activity level, WHO-5 score, and CIS total score
between early- and advanced-stage OC survivors (p > 0.05)
(Table 3). FACT/GOG-NTX total scores in the early-stage
OC were higher compared to advanced stage OC (p <0.001,
r=1.42) (Table 3).

Discussion

OC is the third most common gynecologic malignancy
worldwide and is associated with higher mortality rates
compared to other gynecologic cancers [2]. On the other
hand, advancements in surgical techniques and chemo-
therapy protocols have contributed to increasing survival
rates and disease-free periods among OC patients in the
past two decades [3]. The improved survival rates of OC
patients have resulted in a need for more comprehensive
assessment of treatment outcomes and an increased focus
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Table 1 Comparison of

. o Ovarian group (n=32) Healthy group (n=32) p-value
demographic and clinical Mean +SD Mean +SD
chara}cteristics of ovarian cancer Median (min-max) Median (min-max)
survivors and healthy controls n (%) n (%)
Demographic characteristics
Age (years) 54.43+11.51 50.93+8.21 0.167a
Height (cm) 160.93 +6.83 160.71 £5.90 0.892a
Weight (kg) 73.65+14.40 70.15+10.59 0.272a
BMI (kg/m?) 28.56+5.96 27.26 +4.60 0.336a
Marital status (married) 25 (89.3) 19 (67.9) 0.171c
Employment status (employed) 5(15.6) 8 (25.0) 0.351¢
Chronic disease (yes) 16 (50.0) 0(0.0) <0.001¢**
Family history of cancer (yes) 20 (62.5) 0(0.0) <0.001c**
Exercise habit (yes) 9 (28.1) 5(15.6) 0.226¢
Disease-related characteristics
Ovarian cancer subtypes 23 (71.9) NA NA
High-grade serous OC 2(6.3) NA NA
Low-grade serous OC 309.4) NA NA
Endometrioid OC 2 (6.3) NA NA
Mucinous OC 2 (6.3) NA NA
OC stage
Stage 1 00 NA NA
Stage 2 15 (46.9) NA NA
Stage 3 11 (34.4) NA NA
Stage 4 6 (18.8) NA NA
ECOG-PS
0 19 (59.4) NA NA
1 8 (25.0) NA NA
2 5(15.6) NA NA
4 0(0.0) NA NA
5 0(0.0) NA NA
Disease-free survival time (months) 24.00 (12.00-75.00) NA NA
Treatment
Surgical (yes) 32 (100.0) NA NA
CT (yes) 32 (100.0) NA NA
RT (yes) 309.4) NA NA
CT cycles 6.06+1.10 NA NA
RT cycles 0.00 (0.00-37.00) NA NA
Medication
C+P 18 (56.3) NA NA
C+LD 14 (43.8) NA NA

SD standard deviation, min minimum, max maximum, n number, BMI body mass index, cm centimeter, kg
kilogram, m meter, OC ovarian cancer, ECOG-PS Eastern Cooperative Oncology Group Performance Sta-
tus, CT: chemotherapy, RT radiotherapy, C carboplatin, P paclitaxel, LD liposomal doxorubicin. *Student’s
-test. bMann—Whitncy U-test, c chi-square test, *p <0.05, **p <0.001, NA not applicable

on the impact of disease-related outcomes on overall health.
Our cross-sectional study revealed the following five main
findings: (1) significantly lower functional exercise capacity
and functional fitness and muscular endurance in OC sur-
vivors compared to healthy controls, (2) significantly lower
peripheral and respiratory muscle strength, (3) significantly
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higher fatigue and anxiety scores, (4) similar levels of physi-
cal activity and depression, and (5) no significant difference
in functional outcomes between early and advanced stage
patients, except depression, anxiety, and neuropathy levels
were higher in advanced stage patients. Our findings dem-
onstrate that functional status and health-related outcomes
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Table 2 Comparison of functional status and health-related parameters of ovarian cancer survivors and healthy controls

Ovarian group (n=32) Healthy group (n=32) p-value Effect size
Mean +SD Mean=+SD
Median (min—-max) Median (min—-max)
n (%) n (%)
6MWT
6MWD (m) 465.87+56.99 551.18 £56.82 <0.001a** 1.50t
6MWD (% pred) 90.16+13.03 100.55+7.94 <0.001a** 0.967F
30-s CST (n) 12.87+£2.75 14.71£2.06 0.004a* 0.76F
Muscle strength
Hand grip (kg) 24.25+5.58 27.59+3.31 0.005a* 0.727F
Knee extension (kg) 18.18 +4.94 24.62+3.24 <0.001a** 1.54%
Respiratory muscle strength
MIP (cmH,0) 62.12+18.11 9291+14.23 <0.001a** 1.907
MIP (% pred) 84.73+£23.55 123.54 +20.66 <0.001a** 1.75%
MEP (cmH,0) 100.92 £35.52 151.33+23.41 <0.001a** 1.68F
MEP (% pred) 63.45+18.66 92.92+16.76 <0.001a** 1.66F
Physical activity level
IPAQ-SF (MET-min/week) 313.50 (0.00-1108.50) 270.00 (0.00-900.00) 0.412b <0.01§
CIS score
Fatigue 25.50 (9.00-56.00) 15.00 (8.00-34.00) 0.016b* 0.65
Concentration 11.00 (5.00-35.00) 7.00 (5.00-31.00) 0.377b 0.22§
Motivation 7.50 (4.00-27.00) 6.00 (4.00-16.00) 0.074b 0.45%
Activity 7.50 (3.00-21.00) 4.00 (3.00-13.00) 0.031b* 0.557
Total 56.50 (23.00-118.00) 32.50 (22.00-83.00) 0.025b* 0.597
HADS-A score 6.50 (0.00-18.00) 3.00 (0.00-9.00) 0.005b* 0.75%
HADS-D score 2.50 (0.00-16.00) 2.00 (0.00-8.00) 0.523b <0.01§
WHO-5 score 75.37+18.81 86.09+11.34 0.008a* 0.70F

SD standard deviation, min minimum, max maximum, n number, /PAQ-SF International Physical Activity Questionnaire-Short Form, 30-s CST
30-s chair test, GMWT 6-min walk test, 6MWD 6-min walk distance, m meter, % pred percentage of predicted value, MIP maximal inspiratory
pressure, MEP maximal expiratory pressure, cmH,0 centimeters of water column, kg kilogram, WHO-5 World Health Organization-5, HADS-
A Hospital Anxiety and Depression Scale-Anxiety, HADS-D Hospital Anxiety and Depression Scale-Depression, CIS Checklist Individual
Strength, Student’s #-test, bMann-Whitney U-test, *p<0.05, **p <0.001, flarge effect size (r=0.50-1.0, fmoderate effect size (r=0.30-0.49),

§small effect size (r=0.10-0.29)

are affected in OC survivors compared to healthy controls.
Furthermore, health-related outcomes vary based on the
stage of the disease.

Patients with cancer and survivors reported 6MWT dis-
tances of 403 m to 594 in previous studies [29, 30]. The
6MWT distance in this study (465.87 +56.99) was also in a
similar range. However, the 6BMWT distance from our study
was significantly lower (approximately 100 m) than the
6MWT distance from a prior determinant study performed
in advanced OC survivors (578.48 +115.33) [29]. This dis-
similarity may be due to having a shorter time passed since
the completion of medical treatments and a higher rate of
acute side effects (fatigue, central nervous system effects,
radiation pneumonia, and toxic effects) in the present study.
Additionally, OC survivors reached 90% of the predicted dis-
tance in GBMWT, while the healthy age-matched control group
covered 100% of the predicted distance. Previously muscle
strength was demonstrated as an important predictor of

6MWT distance in OC patients [29]. The peripheral muscle
strength of the OC survivors was significantly lower than the
healthy controls which may have contributed to the decreased
functional exercise capacity. A potential secondary factor
may be weakness of the inspiratory muscles, although the
relationship between MIP and exercise capacity has not been
previously demonstrated in OC patients. MIP was shown as
an important determinant of exercise capacity in other popu-
lations [31, 32]. Lastly, other cancer treatment-related side
effects such as fatigue, dyspnea, and neuropathy are well-
known phenomenon that initiates a vicious cycle leading to
decreased exercise capacity in cancer patients [10, 33].
30-CST is an indicator of muscular endurance and func-
tional fitness level in cancer survivors [19]. The mean
30-CST score obtained in our study is in line with the find-
ings of a previous study [19] which reported a mean 30-CST
score of 13.02 (3.08) s in survivors with OC. 30-CST scores
of OC survivors were found to be lower compared to healthy
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Table 3 Comparison of functional status and health-related parameters with early and advanced ovarian cancer survivors

Early stage (n=15) Advanced stage (n=17) p-value Effect size
Mean+SD Mean +SD
Median (min—max) Median (min—max)
n (%) n (%)
Age (years) 50.80+10.42 57.64+11.77 0.094a 0.617
6MWD (m) 494.90+47.99 440.26 +52.84 0.005a* 1.83F
6MWD (% pred) 90.92+14.29 89.48+12.23 0.761a 0.12§
30-s CST (n) 13.66+2.41 12.17+2.92 0.129a 0.567F
Muscle strength (kg)
Hand grip (kg) 26.79+5.55 22.02+4.70 0.013a* 0.927
Knee extension (kg) 19.97+4.20 16.60+5.13 0.053a 0.71F
Respiratory muscle strength
MIP (cmH,0) 67.20+21.89 57.63+13.06 0.138a 0.53%
MIP (% pred) 88.50+30.23 81.40+15.80 0.403a 0.30%
MEP (cmH,0) 106.97 +31.08 95.58+39.17 0.374a 0.33%
MEP (% pred) 65.13 +20.66 61.96+17.21 0.639a 0.17§
Physical activity level
IPAQ-SF score (MET-min/week) 330.00 (0.00-693.00) 297.00 (0.00-1108.50) 0.970b <0.01§
CIS score
Fatigue 15.00 (9.00-51.00) 28.00 (9.00-56.00) 0.030b* 0.82
Concentration 11.00 (5.00-35.00) 11.00 (5.00-23.00) 0.970b <0.01§
Motivation 7.00 (4.00-27.00) 9.00 (4.00-21.00) 0.455b 0.28§
Activity 5.00 (3.00-18.00) 8.00 (3.00-21.00) 0.313b 0.38%
Total 46.00 (25.00-118.00) 60.00 (23.00-115.00) 0.114b 0.607
FACT/GOG-NTX
Physical well-being 24.80+2.14 21.70+3.77 0.008a 1.20F
Social/family well-being 25.26+1.62 24.76 £0.90 0.301a 0.39%
Emotional well-being 21.73+1.83 21.23+2.13 0.487a 0.26§
Functional well-being 24.53+2.06 21.11+2.99 0.001a* 1.347
Neurotoxicity subscale 36.60+6.98 27.94+6.80 0.001a* 1.267
Total score 132.93+10.89 116.76 £11.91 <0.001a** 1.42%
HADS-A score 4.00 (0.00-17.00) 9.00 (1.00-18.00) 0.004b* 1.17%
HADS-D score 1.00 (0.00-16.00) 5.00 (0.00-8.00) 0.002b 1.26+
WHO-5 score 81.40+16.96 70.05+19.23 0.089a 0.62+

SD standard deviation, min minimum, max maximum, n number, /PAQ-SF International Physical Activity Questionnaire-Short Form, 30 s-CST
30-s chair test, 6GMWD 6-min walk distance, m meter, % pred percentage of predicted value, MIP maximal inspiratory pressure, MEP maxi-
mal expiratory pressure, cmH,0 centimeters of water column, kg kilogram, WHO-5 World Health Organization-5, HADS-A Hospital Anxiety
and Depression Scale-Anxiety, HADS-D Hospital Anxiety and Depression Scale-Depression, CIS Checklist Individual Strength, FACT/GOG-
NTX: Neuropathy Functional Evaluation of Cancer Treatment/Gynecological Oncology-Neurotoxicity, *Student’s #-test, "Mann-Whitney U-test,
*p<0.05, ¥*p <0.001, flarge effect size (r=0.50-1.0), moderate effect size (r=0.30-0.49), §small effect size (r=0.10-0.29)

controls in our study. Previous studies have found that
30-CST scores of elderly cancer patients were associated
with functional levels, exercise capacity, and muscle strength
[19, 34] which were also lower in OC survivors compared to
healthy subjects in our study. Thus, given the impact of these
parameters on endurance and functional fitness, the obtained
30-CST results were somewhat anticipated.
Debulking/cytoreduction surgery may lead to changes in
the skeletal muscle mass and body fat volume [35]. A pre-
vious study has reported that compared to healthy control,
OC patients/survivors have 29 to 50% lower muscle mass

@ Springer

[35]. Our study also revealed a significant difference in knee
extension strength in OC patients compared to healthy con-
trols. A recent study demonstrated a significant decrease in
hand grip muscle strength among cancer patients compared
to healthy individuals (25 +9.0 kg and 29 + 8.0 kg, respec-
tively) [36]. Our study similarly revealed a significant dis-
parity in hand grip strength between healthy controls and OC
survivors. However, a prior study examining patients with
advanced OC survivors and healthy controls reported com-
parable hand grip and knee extension strength values (can-
cer patients: 24.4 +6.6 kg; 24.1 +9.1 kg, healthy controls:
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26.8 +7.0;25.2 + 8.4 kg respectively) [16]. The high SD val-
ues indicating a heterogeneous study population and small
sample size (cancer group n = 20; control group n=20) may
explain no significant difference in the hand grip strength
comparison between the groups in this study. On the other
hand, the hand grip strength value we obtained from patients
with advanced OC survivors (22.02 +4.70 kg) was relatively
consistent with the findings of this study [16]. A previous
study assessed the hand grip strength of advanced OC sur-
vivors (24.13 +6.0), and similar results were obtained in our
study in advanced-stage OC survivors [29]. Furthermore,
this present study revealed advanced-stage OC survivors had
a significant reduction in hand grip strength compared to
early-stage OC survivors. One potential explanation for this
finding may be the loss of muscle mass due to cancer-related
factors which is common in patients with advanced-stage
cancer patients [8, 37]. Additionally, another potential expla-
nation for this finding is a doxorubicin (Adriamycin) chemo-
therapeutic drug, commonly used in advanced OC patients
and was found to cause permanent muscle necrosis, changes
in myofilament structure, and reduced muscle strength in a
murine model study [38].

OC patients may have tumors involving the diaphragm,
intestine mesentery, and portal triad [2]. Approximately half
of OC patients had tumor operations involving the upper
abdomen quadrant up to the omentum majus [39]. It has
been reported that the incidence of respiratory muscle dys-
function after upper abdominal surgery can range between
20 and 40% [39]. The resection of the diaphragm as part
of cytoreductive surgery may also be a contributing factor
to respiratory muscle dysfunction. Moreover, chemother-
apy commonly leads to dyspnea and exercise intolerance,
which may be indicating a potential effect on the impairment
of inspiratory muscle contractile function [8]. Altogether,
the combination of these factors may have a potential det-
rimental impact on the respiratory muscle strength of OC
patients/survivors. However, the alterations in respiratory
muscle function are yet to be determined. This present study
showed decreased respiratory muscle strength in OC sur-
vivors compared to healthy controls. Additionally, the fact
that survivors achieved only 84% of the predicted MIP value
might have contributed to the observed reduction in exercise
capacity. The MEP was also 63% of the predicted value,
possibly due to abdominal muscle weakness induced by the
surgery. Although the subgroup analysis in the present study
revealed no significant difference between the groups in res-
piratory muscle strength, a mean difference of approximately
10 cmH,0 was observed in respiratory muscle strength (MIP
and MEP) values between early- and advanced-stage OC
survivors. The moderate effect size of the difference between
the groups in this study suggests the absence of significant
differences in the secondary analysis may be attributed to the
relatively small sample size. Therefore, studies with larger

sample size studies may be helpful for enhancing the body
of evidence on this subject.

The American Cancer Society (ACS) and the Ameri-
can College of Sports Medicine (ACSM) recommend
150-300 min of moderate or 75-150 min of vigorous exer-
cise per week for cancer survivors to improve health-related
parameters (quality of life, functional mobility, fatigue level,
exercise capacity, etc.) [12, 40]. On the other hand, it was
recently reported that most OC survivors had lower physi-
cal activity levels than recommended [16, 41]. Similarly,
the physical activity level of OC survivors was below the
recommended level in our study. A previous study assess-
ing the physical activity levels of advanced and early-stage
OC patients found no difference between the groups [41].
Likewise, no difference was observed in the physical activity
levels of the patients in subgroup analysis according to the
stage in our study.

Fatigue is a prevalent and persistent symptom with a high
prevalence rate of 93% reported by patients with OC [33].
This debilitating condition often continues to affect patients
even after completing their treatment [33]. Compared to
controls, OC survivors present persistent long-term fatigue
[42]. Furthermore, an association between neurotoxicity
and long-term fatigue in OC survivors was demonstrated
[33]. OC survivors had severe fatigue compared to healthy
controls in the present study. Our results also demonstrated
that advanced-stage OC survivors had experienced higher
levels of fatigue similar to the previous findings on this sub-
ject [42]. Muscle strength, neuropathy, mobility, depres-
sion, anxiety, and exercise intolerance may all contribute to
fatigue [7, 33], which may explain the difference between
OC survivor subgroups.

The chemotherapy agents most commonly used in the
treatment of OC patients are platinum compounds (usu-
ally cisplatin or carboplatin), especially cisplatin is known
to cause neurotoxicity, inducing mainly sensory neuropa-
thy of the upper and lower extremities [2]. Neuropathy
approximately impacts more than 40% of OC patients and
may still persist following the treatment process in cancer
survivors [43]. A previous study in OC patients/survivors
assessed the neuropathy experienced by the patients dur-
ing their treatment with chemotherapy agents and during
follow-up [43]. The study demonstrated that majority of
patients experienced neuropathy symptoms during the
9-month follow-up period; this condition affected the func-
tional and physical ability of the patient [43]. An impor-
tant portion of OC survivors in the present study also
suffered from neuropathy even after 12 months after the
completion of adjuvant treatments. Additionally, patients
with advanced-stage OC survivors were observed to be
more affected by neuropathy symptoms than patients with
early-stage OC survivors in the present study. The cumu-
lative effect of repeated exposure to chemotherapy drugs
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leading to more severe neuropathy symptoms in advanced-
stage patients may have played a role in this result [44].
Higher doses of chemotherapy can cause greater nerve
damage, resulting in more severe and persistent neuro-
pathic symptoms [44]. The minimal clinically important
difference (MCID) of the FACT/GOG-NTX in a previous
study of patients with cancer was calculated as 3.68 [44].
The difference between mean scores regarding neuropathy
symptoms was almost two times higher than the MCID
value between advanced and early-stage patients in the
present study which suggests a clinically significant dif-
ference in neuropathy in early- and advanced-stage OC.

OC patients experience depression, anxiety, and
reduced quality of life due to fear of recurrence, persistent
fatigue, sexual inactivity, and repetitive treatment cycles
[15, 45]. The incidence of anxiety disorders among OC
patients/survivors is approximately 3.5 times higher in the
first 2 years following diagnosis [45]. Although the anxiety
levels of the OC survivors in our study were significantly
higher than the healthy controls, HADS-A scores were
lower than the previously reported cut-off scores (a cut-
off score >9 is used to identify higher anxiety for cancer
patients) [46]. The potential explanation may be that the
anxiety levels of advanced cancer patients were above the
cut-off value, but the anxiety levels of early-stage can-
cer patients were below the cut-off value. Furthermore,
a significant statistical difference in depression and anxi-
ety levels was found between early-stage and advanced-
stage OC patients. Advanced-stage OC patients exhibited
higher anxiety levels, likely due to increased fear of can-
cer recurrence and the burden of recurrent disease cycles
[45]. Additionally, anxiety levels in advanced-stage OC
patients were above the cut-off value for cancer patients.
Prior research demonstrated no difference in the quality
of life of early- and advanced-stage OC patients [47]. We
similarly observed no significant difference in the generic
quality of life between the early- and advanced-stage OC
patients of our study. On the other hand, our study showed
a significant diminish in generic quality of life compared
to OC survivors and age-matched healthy controls.

The strength of this study is the evaluation of OC sur-
vivors with a comprehensive approach regarding health-
related and functional parameters and the employment
of objective methods for assessing functionality and the
majority of health-related parameters. The present study
also has some limitations. Firstly, the relatively small sam-
ple size may have reduced the representativeness of the
results, particularly in the subgroup analysis. Secondly,
due to the cross-sectional design, the variability of dis-
ease-related symptoms could not be observed. A future
longitudinal study after completing the treatment cycles
may be helpful for monitoring the changes in functional
status and health-related parameters.

@ Springer

Conclusion

OC survivors reported lower functional exercise capacity,
muscle endurance and functional fitness, respiratory muscle
strength, peripheral and lower extremity muscle strength,
quality of life, and higher levels of fatigue and anxiety than
healthy controls in this study. Advanced-stage OC survivors
had higher levels of fatigue, neuropathy, anxiety, depression,
decreased exercise capacity, and peripheral muscle strength
than early-stage OC survivors. The present study findings
may be important to fill the gaps regarding the functional
status and health-related parameters characteristics of OC
survivors and may contribute to the development of tailored
cancer rehabilitation program.
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