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Abstract
Background: Malnutrition and sarcopenia often occur simultaneously in cancer patients and are
thought to have harmful effects on both surgical and oncological outcomes. Therefore, we want to
evaluate the effects of sarcopenia and malnutrition on severe postoperative complications and overall
survival in gynecologic cancer patients.
Methods: We assessed nutritional parameters and run a bioelectrical impedance analysis in 226
women. Extracellular mass to body cell mass index, phase angle alpha, muscle mass and fat mass were
evaluated. To determine if patients suffer from sarcopenia, we ran the Timed “Up and Go” test,
performed hand grip strength and calculated a skeletal muscle index. Postoperative complications
were categorised using Clavien-Dindo Classification. Utilising ROC analysis and logistic regression, we
determined predictive clinical factors for severe postoperative complications. Kaplan-Meier method
and log-rank test were used for overall survival analysis.
Results: Of 226 female patients, 120 (53%) had a BMI ≥ 25 kg/m², 56 (26%) had a phase angle < 4.75°
and 68 (32%) were sarcopenic according to skeletal muscle index < 27%. Within 30 days after surgery,
40 (18%) patients developed severe postoperative complications and 4% had died. According to
multivariable regression analysis, ECOG status > 1 (OR 4.56, 95% CI: 1.46-14.28, p=0.009), BMI ≥ 25
kg/m² (OR 8.22, 95% CI: 3.01-22.48, p<0.001), phase angle < 4.75° (OR 3.95, 95% CI: 1.71-9.10,
p=0.001), and tumor stage ≥ III A (OR 3.65, 95% CI: 1.36-9.76, p=0.01) were predictors of severe
postoperative complications. During 59 months of follow-up, 108 (48 %) patients had died. According
to multivariable Cox regression ECOG status > 1 (HR 2.51, 95% CI: 1.25-5.03, p=0.01), hypoalbuminemia
(HR 2.15 95 % CI: 1.28-3.59, p=0.004), phase angle < 4.5° (HR 1.76, 95% CI 1.07-2.90, p=0.03), tumor
stage ≥ III A (HR 2.61, 95% CI: 1.53-4.45, p<0.001), and severe postoperative complications (HR 2.82,
95% CI: 1.80-4.41, p<0.001) were predictors of overall mortality.
Conclusion: We observed that preoperatively assessed ECOG status > 1, BMI > 25 kg, as well as phase
angle alpha < 4.75° and FIGO stage ≥ III A are significantly associated with severe postoperative
complications within the first month. Whereas ECOG status > 1, hypoalbuminemia, phase angle < 4.5°
as well as FIGO stage ≥ III A and severe postoperative complications within 30 days correlate
significantly with poor overall survival.
Keywords: sarcopenia, malnutrition, postoperative complications, gynecologic oncology, overall
survival
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Introduction
Gynecologic cancer surgeries are often complex and include various multivisceral surgical procedures,
which can be associated with life-threatening complications [1]. Several studies have shown harmful
effects of malnutrition and sarcopenia on both oncological and surgical outcomes, including higher
rates of infections, longer hospitalisation and lower rates in progression-free and overall survival [25].
Defined by the European working group on sarcopenia in older people (EWGSOP) sarcopenia is an
acute or chronic muscle disease and its key characteristic is impaired muscle strength accompanied by
low muscle quantity and quality [6]. Whereas malnutrition is classified as a deficiency in energy and
nutrient supply with adverse and measurable consequences [7].
Malnutrition and sarcopenia have analogies regarding their physiological mechanisms and often occur
simultaneously, characterised by mutual features like changes in body composition and decreased
functions. Moreover, sarcopenia can be caused by malnutrition [8]. The term “malnutrition-sarcopenia
syndrome” was already proposed in research in order to integrate both conditions in one screening
[9]. Both syndromes are associated with negative outcomes, involving decreased quality of life and
functionality, increased hospitalisation rates, morbidity and mortality [8,10,11]. In cancer patients
undernourishment and weight loss occur due to many factors, including the tumor metabolism, the
host response to the tumor and anticancer treatments [12]. Malnutrition is proven to be a major
problem in gynecologic cancer patients, particularly among those with ovarian cancer [13].
Former studies have shown that malnutrition and muscle attenuation are correlated with poor
oncologic outcomes in gynecologic cancer patients [14-19]. Nevertheless, these studies were mostly
done retrospectively and have applied different definitions and measurements.
Therefore, we wanted to demonstrate the association of malnutrition and sarcopenia with severe
postoperative complications as well as overall mortality in gynecologic cancer patients.
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Methods

Patients, study design, study measures
The data presented are part of the results of a prospective clinical cohort study (the RISC-GYN trial by
Inci et al.) on women undergoing gynecologic cancer surgery at a licensed gynecologic oncology center
of Charité - University Medicine of Berlin, Germany. From October 2015 to January 2017 we screened
237 women older than 18 years, who presented a gynecologic malignant tumor disease and were
expected to undergo an elective surgery longer than 60 minutes. The Charité’s Ethics Committee gave
the ethical consent for this study with the approval ID EA2/122/15 and we obtained written consent
from all women included.
The prospective screening included a detailed patient history, preoperative blood values, performance
status (ECOG), quality of life parameters and geriatric assessments. Intraoperatively information on
the tumor dissemination and the operative procedure were noted. During ovarian cancer surgery the
Interoperative Mapping of Ovarian Cancer (IMO) was applied for precise tumor documentation [20].
Surgery was performed by qualified gynecologic oncology surgeons and surgical complications were
categorised using Clavien-Dindo Classification [21]. The Clavien-Dindo grading system ranks
complications according to their required therapy and it consists of seven grades. In addition, patients
were subdivided into two groups, by severity of their postoperative complications [lower grade
(Clavien-Dindo 0 – III a) vs. higher grade complications (Clavien-Dindo III b - V)] to look for differences
in patient characteristics in these cohorts. We only considered severe complications with grade III b or
higher in statistical analyses.
Our assessment was performed one to three days preoperatively by medically trained staff and took
about 90 minutes per patient. Each woman was visited daily after surgery and postoperative
complications were noted within the first 14 days. After discharge from the hospital a follow up call
was made after 3 months in order to record later occurring postoperative complications. Follow-up for
overall mortality was done until September 2020. In order to display the course of the study we
included a consort diagram (Figure 1).
Assessment of nutritional status
Preoperatively assessed nutritional parameters included albumin, BMI, and whether the patient had a
weight loss ≥ 10% during the last 3 months. The Nutritional Risk Screening 2002 was used to identify
women with a high risk of malnutrition. Additionally, we utilised parameters of bioelectrical impedance
analysis such as phase angle alpha, extracellular mass to body cell mass index, fat mass and muscle
mass. Phase angle alpha displays the metabolic activity of the examined body, which is correlated with
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the training and nutritional state. A value of ≥ 5.0 ° is understood to be adequate for women [22]. The
extracellular mass to body cell mass index is a parameter for assessing the nutritional state. In healthy,
well-nourished humans, the body cell mass is greater than extracellular mass and the index is less than
one [22]. Bioelectrical impedance analysis was applied in a standardised procedure using BIACORPUS
RX 4004M (Medical HealthCare GmbH, Karlsruhe Germany).
Assessment of sarcopenia
Sarcopenia was measured according to the European consensus definition of the EWGSOP as an
analysis of strength, performance and muscle mass [6]. To identify these parameters we examined grip
strength in both hands (SAEHAN Handdynamometer SH5001), ran the Timed “Up and Go” test and
calculated the skeletal muscle index. Since hand grip strength values are age-related, we established
age-dependent cut-offs and used values of the stronger hand. In order to obtain the skeletal muscle
index, we calculated the amount of skeletal muscle mass (SMM) using the formula of Janssen et al.,
that includes a parameter from bioelectrical impedance analysis (BIA) [23].
𝑆𝑆𝑆𝑆𝑆𝑆 (𝑘𝑘𝑘𝑘) = ([ℎ𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑡𝑡 ²⁄𝐵𝐵𝐵𝐵𝐵𝐵 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 × 0.401] + [𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 × 3.825] + [𝑎𝑎𝑎𝑎𝑎𝑎 × −0.071]) +
5.102

Height in centimetres; resistance in ohms; gender: women = 0; age in years

Ultimately we calculated the skeletal muscle index: SMM/body mass × 100, where the patients’ muscle
mass was transformed to percentage muscle mass and adjusted for nonskeletal muscle tissues, as
originally introduced by Janssen et al. [24].
Statistical analysis
This study was primary powered for postoperative complications. To achieve a high predictive value
(ppW) with a high sensitivity, the proportion in the risk group had to correspond to the complication
rate. For this study a risk score that reaches a ppW of 80% was developed. The 95% confidence
interval (95% CI) is between 70% and 88% in the target group with complications. The assumption
was that the complication rate would be 40%, as in previous studies. The total number of cases,
including 5% failure, should therefore be 237 patients.
To analyse comparisons between groups we used the chi test for normal variables, Fisher´s exact test
for dichotomous variables, Kendall´s tau b for ordinal variables and Kruskal-Wallis test or MannWhitney test for continuous variables. We evaluated the predictive accuracy of continuous variables
by performing receiver-operator characteristics (ROC) curve analyses to differentiate women with
severe complications from those without and in order to define cut-offs. Using logistic regression
5

analysis, we obtained crude and adjusted odds ratios (ORs) with corresponding 95% CI. We performed
a multivariable logistic regression analyses stepwise forward with p in = 0.05 and p out = 0.10. KaplanMeier method and log-rank test were used for overall survival analysis. Applying multivariable Cox
proportional hazards model, we obtained independent factors for overall survival, shown as hazard
ratios (HRs) with corresponding 95% CI.
We excluded cases with missing data (<5%) from the multivariable analyses. IBM® SPSS® Statistics 25
(SPSS Inc. an IBM Company, Chicago, Illinois, USA) was utilised for statistical analysis, and statistical
significance was obtained when p was < 0.05.

Results
Initially we enrolled 237 patients into our study. Subsequently 11 patients were excluded, either due
to a postoperatively histologically confirmed benign tumor entity or a surgery duration under one
hour, resulting in a final cohort of 226 gynecologic cancer patients. The study consort diagram is shown
in Figure 1.
Patient demographics and clinical features
59 years was the median age of patients with a range of 18 to 87 years. Ovarian cancer was the most
common entity, with 160 cases (71%). 146 (67%) patients had FIGO (International Federation of
Gynecology and Obstetrics) stage III A - IV A. Only 10 (4%) women received neoadjuvant
chemotherapy. A severe risk of malnutrition was noted in 97 (43%) patients according to a Nutritional
Risk Screening 2002 score ≥ 3. 24 (11%) women reported weight loss > 10% within the last three
months. 23 (10%) had a BMI < 20 kg/m². Hypoalbuminemia with less than 35.6 g/L was found in 26
(12%) patients and 56 (26%) had a phase angle < 4.75°. 68 (32%) gynecologic cancer patients were
sarcopenic according to a skeletal muscle index < 27%. In 47 (21%) cases impaired hand grip strength
was noted. 55 (25%) women presented a lower physical performance according to a Timed “Up and
Go” test > 9.5 seconds. Baseline characteristics, including nutritional- and muscle status, are presented
in Table 1.
40 (18%) women developed severe postoperative complications and 9 (4%) of these patients died
within 30 days after surgery. Patients with severe postoperative complications had significantly lower
preoperative albumin levels and a significantly higher median weight as well as a higher BMI than the
cohort with low grade postoperative complications. Moreover, patients with severe postoperative
complications had significantly lower phase angle values, a lower skeletal muscle index, higher fat mass
and a higher extracellular mass to body cell mass index. Their ECOG score and American Society of
6

Anaesthesiologists physical status (ASA PS) classification system score were considerably higher as well
(Table 1).
Univariable analysis of nutritional and muscle status for postoperative complications
Hypoalbuminemia (≤ 35.6 g/L) was a predictive indicator for severe postoperative complications (OR
5.28, 95% CI: 1.85-15.08, p=0.002). A phase angle < 4.75° was highly associated with severe
postoperative complications (OR 3.52, 95% CI: 1.68-7.35, p=0.001) and the extracellular mass to body
cell mass index > 1.35 was significant as well (OR 4.46, 95% CI: 1.86-10.69, p=0.001). Overweight (BMI
> 25 kg/m2) was a predictive factor for severe complications (OR 6.59, 95% CI: 2.64-16.44, p<0.001).
Also, fat mass > 27. 5 kg (OR 7.63, 95% CI: 2.72-21.44), p<0.001) and muscle mass < 21.8 kg (OR 3.16,
95% CI: 1.51-6.63), p=0.002) were both significant parameters in predicting severe postoperative
complications. At a cut-off of < 27 % the skeletal muscle index was notably associated (OR 2.80, 95%
CI: 1.36-5.77, p=0.005) with severe postoperative complications. Low age-dependent hand grip
strength had an impact on postoperative complications (OR 2.85 95% CI: 1.35-6.00, p=0.006) and the
Timed “Up and Go” test > 9.5 seconds was closely associated with severe complications (OR 8.18, 95%
CI: 2.58-25.93, p<0.001) as well. The univariable analysis of nutritional and muscle status associated
with severe postoperative complications is presented in Table 2.
Multivariable analysis of nutritional and muscle status for postoperative complications
In stepwise logistic regression including FIGO stage, BMI, ECOG status, ASA PS, Charlson Comorbidity
Index, Nutritional Risk Screening 2002, weight loss, albumin, phase angle alpha, fat mass, muscle mass,
skeletal muscle index, Timed „Up and Go“ test and hand grip strength we found BMI > 25 kg/m² (OR
8.22, 95% CI: 3.01-22.48, p<0.001) as well as ECOG > 1 (OR 4.56, 95% CI: 1.46-14.28, p=0.009) as
significant predictors of severe postoperative complications. Moreover, severe complications were
predicted by phase angle < 4.75° (OR 3.95, 95% CI: 1.71-9.10, p=0.001) and FIGO ≥ III A (OR 3.65 95%
CI: 1.36-9.76, p=0.01). The significant results of multivariable analysis are presented in Table 2. The
conducted ROC analysis for significant nutritional parameters, including AUC (Area Under the Curve),
specific cut-off, sensitivity, specificity and p-value are shown in Figure 2.
Association between nutritional and muscle status and overall survival
Within 59 months 108 (48%) patients died. The median observation period was 37.6 months (range: 0
to 59 months) and the median overall survival was 49.1 months.
In patients with albumin less than 35.5 g/L the median overall survival was 9.7 months whereas in
women with higher albumin levels the median survival was 53.5 months (p<0.001). Patients with a
phase angle smaller than 4.5° had a median overall survival of 9.7 month and those with a higher angle
7

of 53.5 months (p<0.001). Women with an extracellular mass to body cell mass index higher than 1.3
showed a significant decreased median survival of 18.6 months compared to 52.9 months in women
with a smaller index (p<0.001). Moreover, women with a Timed “Up and Go” test slower than 11
seconds presented a reduced median survival of 20.5 months compared to 52.9 months, of those with
faster gait speed (p=0.02). Overweight and underweight measured by BMI were not statistically
significant for poor survival (p=0.98). The results of the overall survival analysis are shown in Table 3.
Unadjusted HRs with corresponding 95% CI are presented in Table 4.
According to multivariable Cox regression ECOG status > 1 (HR 2.51, 95% CI: 1.25-5.03, p=0.01),
hypoalbuminemia (HR 2.15 95 % CI: 1.28-3.59, p=0.004), phase angle < 4.5° (HR 1.76, 95% CI 1.07-2.90,
p= 0.03) as well as FIGO stage ≥ III A (HR 2.61, 95% CI: 1.53-4.45, p<0.001) and severe postoperative
complications (HR 2.82, 95% CI: 1.80-4.41, p<0.001) resulted as significant parameters for poor overall
survival. Results of multivariable Cox regression are presented in Table 4. The conducted Kaplan-Meier
curves of significant factors for poor survival are shown in Figure 3.
Discussion
Our work is one of few prospective studies evaluating the impact of malnutrition and sarcopenia on
severe postoperative complications and overall survival in gynecologic malignancies systematically and
multidimensionally. We observed that preoperatively assessed ECOG status > 1, BMI > 25 kg, as well
as phase angle alpha < 4.75° and FIGO stage ≥ III A are significantly associated with severe
postoperative complications within the first month. Whereas ECOG status > 1, hypoalbuminemia,
phase angle < 4.5° as well as FIGO stage ≥ III A and severe postoperative complications within 30 days
correlate significantly with poor overall survival.
Referring a the study on 154 women with gynecologic tumors the chance of malnutrition in ovarian
cancer patients is 19-times higher than in benign gynecologic tumor patients [13]. 43% of our patients
were at considerable risk of malnutrition, according to a Nutritional Risk Screening 2002 score of three
and more. Diagnosing malnutrition with conventional criteria, such as a low BMI or weight loss, is
insufficient and can be deceptive, as an accumulation of ascites increases the body weight, while body
cell mass is truly decreasing. Consequently, a reasonable explanation why measures like weight loss >
10%, Nutritional Risk Screening 2002 ≥ 3 and BMI < 20 kg/m² did not correlate with severe
postoperative complications or poor overall survival in our study is that cachectic patients were only
partially detected. Malnutrition is a complex and multifactorial syndrome, which can be assessed using
several anthropometric measures and serum protein markers, including albumin [25]. Many published
studies demonstrate the predictive value of hypoalbuminemia on surgical outcomes [26-30].
Moreover, surgical complications, such as septicaemia and disturbed wound healing, are associated
8

with a preoperative serum albumin concentration ≤ 30 g/L in ovarian cancer patients [28]. According
to our outcomes, hypoalbuminemia was not predictive for severe postoperative complications within
30 days, but emerged as a significant factor for poor overall survival. This was also shown in large a
meta-analysis on 3884 ovarian cancer patients, where the authors determined hypoalbuminemia as
an important predictor for reduced overall survival [29].
Furthermore, our results indicate that overweight and obesity are associated with severe
postoperative complications. The median body weight as well as the median BMI of women with
serious complications in our study are notably high (81 kg, 29 kg/m²). Obese ovarian cancer patients
have a higher incidence of postoperative wound complications and longer hospitalisation after surgery
[31]. Corresponding to a retrospective analysis of more than 500 patients with ovarian cancer, patients
with a BMI ≥ 40 kg/m² have increased rates of postoperative complications, develop higher 90-day
postsurgical mortality and have an ASA score ≥ 3 more frequently [32]. In uterine cancer, obesity is
correlated with higher rates of surgical complications such as thrombophlebitis, infections, wound
complications and longer clinic stay [33, 34].
Moreover, a phase angle smaller than 4.75° is prognostic for severe postoperative complications and
an angle smaller than 4.5° is predictive for poor overall survival in our investigation. Phase angle alpha
displays the metabolic activity of the examined body, which is correlated with the training and
nutritional state [22]. Research on the prognostic capability of phase angle on oncological outcomes
has been increasing lately. A broad review, that includes 27 research articles about the value of
bioelectrical impedance analysis in cancer patients, indicates that the usage of BIA measures and phase
angle alpha can be beneficial for tumor patients in prevention, prognosis and outcomes [35]. The first
prospective investigation, that included ovarian cancer patients, was done in 2016 by our working
group, here an angle smaller than 4.5° was associated with poor overall survival as well [36].
Additionally, a prospective study in patients with advanced ovarian malignancy determined phase
angle alpha as a prognostic forecaster for perioperative complications and residual tumor disease after
cytoreductive surgery [37]. More studies are consistent with our results and introduce phase angle
alpha as a predictor for adverse outcomes in various patient cohorts [38-41].
Previous studies determined sarcopenia as an indicator of poor outcomes, particularly of decreased
overall survival, in surgical oncology [5] and gynecologic oncology [18, 19, 42].
According to our results other factors, including ECOG performance status, were more important in
predicting severe postoperative complications and poor overall survival than the measured
sarcopenia parameters. The ECOG performance status refers to fitness and functioning in daily life of
oncological patients and can be utilised as a complementary tool in assessing the patients’ functional
health status [43]. In a prospective study on gynecologic cancer patients our study group could reveal
9

that ECOG status can predict severe postoperative complications more precisely than Fried Frailty
Score [44].
Our investigation has some limitations. The enrolled patients had different types of gynecologic
cancers in varying stages of disease (FIGO I to FIGO IV A). More studies in the mentioned subgroups
should be performed to confirm our results. Nevertheless, the inclusion of different tumor entities and
stages make our outcomes suitable to a wider patient range. Furthermore, bioelectrical impedance
analysis calculates the body composition indirectly with an equation, which is a possible source of
error. However, phase angle alpha is a raw value and independent from calculations, making it a
reliable and promising parameter. Strengths of our analysis include its prospective design and the
exploration of multiple variables, in a preoperative assessment lasting around 90 minutes.
Additionally, each woman was visited daily after surgery with systematical application of Clavien-Dindo
criteria. Our study was the first to combine a multidimensional analysis of malnutrition with the
analysis of sarcopenia, including bioelectrical impedance analysis, in a large cohort of gynecologic
cancer patients.
Conclusion
The prevalence of malnutrition and sarcopenia in gynecologic cancer patients is significantly high.
Besides FIGO stage and ECOG status, the preoperative nutritional status, including BMI and phase
angle, is an important indicator for severe postoperative complications. Additionally to these factors,
hypoalbuminemia and sever postoperative complication are essential predictors of poor overall
survival. These findings express the need to integrate a nutritional assessment, involving bioelectrical
impedance analysis, into preoperative counselling to effectively determine high-risk patients as a
mandatory procedure. Physicians can intervene on that basis and improve patient outcomes by
optimising the nutritional as well as functional status prior to surgery.
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Table 1: Baseline Characteristics related to 30 day Postoperative Complications according to ClavienDindo

Characteristics
Age (years)
Age > 70 years
Weight (kg)
ECOG PS > 1
Ascites
Pleural effusion
FIGO stage
FIGO stage I-II B
FIGO III A-IV A
Entities
Ovarian-, fallopian tube-, peritoneal cancer
Endometrial cancer
Cervical cancer
Vulval-, vaginal cancer
Nutritional and Functional Parameters
BMI (kg/m²)
Underweight (< 20 kg/m²)
Normal (20 – 24.9 kg/m²)
Overweight (25 ≤ 30 kg/m²)
Obese (> 30 kg/m²)
Phase angle alpha < 4.75 °
Extracellular mass to body cell mass index > 1.35
Nutritional Risk Screening 2002 ≥ 3
Weight loss > 10% last 3 months
Albumin < 35.6 g/L
Fat mass > 27.5 kg
Muscle mass < 21.8 kg
Skeletal muscle index < 27%
Age-dependent low hand grip strength
Timed “Up and Go” test > 9.5 s

Total n= 226 CDC 0-III a
CDC III b-V
(range or %) n= 186
n = 40
(range or %) (range or %)

p-value

59* (18-87)
58 (26)
70* (44-160)
19 (8)
72 (32)
25 (11)

59* ( 18-86)
45 (24)
68*
9 (5)
55 (31)
18 (10)

63* (31-87)
13 (33)
81*
10 (25)
17 (43)
7 (18)

0.26
0.32
<0.001
<0.001
0.02
0.08
0.03

72 (33)
146 (67)

65 (37)
113 (64)

7 (18)
33 (83)
0.31

160 (71)
35 (15)
22 (10)
9 (4)

126 (68)
30 (16)
16 (9)
9 (5)

29 (73)
5 (13)
6 (10)
0 (0)

25* (18-55)
23 (10)
83 (37)
60 (27)
60 (27)
56 (26)
27 (13)
97 (43)
24 (11)
26 (12)
70 (33)
126 (58)
68 (32)
47 (21)
55 (25)

25* (18 – 55)
23 (12)
77 (41)
44 (24)
42 (23)
38 (2)
16 (9)
76 (41)
20 (11)
16 (9)
47 (26)
113 (63)
49 (27)
32 (17)
36 (20)

29* (21 – 46)
0 (0)
6 (15)
16 (40)
18 (45)
18 (49)
11 (31)
21 (53)
4 (10)
10 (25)
23 (62)
13 (35)
19 (51)
15 (38)
19 (50)

<0.001

0.002
0.001
0.22
1.00
0.01
<0.001
0.003
0.006
0.009
<0.001

CDC, Clavien-Dindo Classification; BMI, body mass index; ASA, American Society of Anesthesiologists; ECOG, Eastern
Cooperative Oncology Group performance status; FIGO, International Federation of Gynecology and Obstetrics.
* Numbers represent median values.
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Table 2: Analysis of Preoperative Factors Related to Severe Postoperative Complications according to
Clavien-Dindo ≥ 3b

Variable

Univariable
analysis

p-value

Multivariable
analysis*

p-value

Age ≥ 70 years

Unadjusted
OR (95% CI)
1.54 (0.73-3.31)

Adjusted
OR (95% CI)

0.27

ECOG PS > 1

10.81 (3.62-32.26)

<0.001

4.56 (1.46-14.28)

0.009

FIGO ≥ III A

2.71 (1.14-6.48)

0.03

3.65 (1.36-9.76)

0.01

BMI ≥ 25 kg/m2

6.59 (2.64-16.44)

<0.001

8.22 (3.01-22.48)

<0.001

Phase angle alpha < 4.75°

3.52 (1.68- 7.35)

0.001

3.95 (1.71-9.10)

0.001

Nutritional Risk Screening 2002 ≥ 3

1.60 (0.81-3.18)

0.89

Weight loss > 10% last three months

0.92 (0.30-2.86)

0.90

Albumin < 35.6 g/L

5.28 (1.85-15.08)

0.002

Extracellular mass to body cell mass
index > 1.35
Fat mass > 27.5 kg

4.46 (1.86-10.69)

0.001

7.63 (2.72- 21.44)

<0.001

Age-dependent low hand grip
strength
Timed “Up and Go” test > 9.5 s

2.85 (1.35-6.00)

0.006

8.18 (2.58-25.93)

<0.001

Muscle mass > 21.8 kg

3.16 (1.51-6.63)

0.002

Skleletal muscle index < 27%

2.80 (1.36-5.77)

0.005

OR, odds ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; FIGO,
International Federation of Gynecology and Obstetrics; BMI, body mass index.
* Multivariable logistic regression analyses stepwise forward.
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Table 3: Preoperative Factors with Cut-offs, obtained from Log-Rank Test, related to Overall Survival
in Months
Variable

Median OS

p-value

Age ≥ 65 years

38.8 vs. 53.5

0.08

Nutritional Risk Screening 2002 ≥ 3

36.4 vs. 53.5

0.07

BMI ≥ 25-30 kg/m2

44.6 vs. 50.0

0.76

Weight loss ≥ 10% last three months

27.9 vs. 50.0

0.39

Albumin < 35.5 g/L

9.7 vs. 53.5

<0.001

Phase angle alpha < 4.5°

9.7 vs. 53.5

<0.001

Extracellular mass to body cell mass
index > 1.3
Fat mass > 39 kg

18.6 vs. 52.9

<0.001

19.2 vs. 50.0

0.20

Age-dependent low hand grip strength

37.9 vs. 52.3

0.20

Timped “Up and Go” test > 11 s

20.5 vs. 52.9

0.02

Muscle mass < 17 kg

37.9 vs. 50.0

0.35

Skeletal muscle index ≤ 24.5 %

23.6 vs. 52.3

0.12

OS, overall survival; BMI, body mass index.
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Table 4: Univariable and Multivariable Analysis of Predictive Factors Related to Overall Survival
Univariable

p-value

Multivariable*

p-value

Variable

Unadjusted HR
(95% CI)

Adjusted HR
(95% CI)

Age ≥ 65 years

1.40 (0.95-2.04)

0.86

Severe 30 day postoperative
complications Clavien-Dindo ≥ III b
ECOG > 1

3.78 (2.48-5.75)

<0.001

2.82 (1.80-4.41)

<0.001

3.38 (1.78-6.41)

<0.001

2.51 (1.25-5.03)

0.01

FIGO stage ≥ III A

3.39 (2.04-5.63)

<0.001

2.61 (1.53-4.45)

<0.001

Albumin < 35.5 g/L

2.80 (1.71-4.58)

<0.001

2.15 (1.28-3.59)

0.004

Phase angle alpha < 4.5°

3.10 (1.96-4.90)

<0.001

1.76 (1.07-2.90)

0.03

Nutritional Risk Screening 2002 ≥ 3

1.42 (0.97-2.07)

0.07

BMI ≥ 25-30 kg/m2

1.11 (0.57-2.17)

0.76

BMI > 30 kg/m2

1.01 (0.51-2.01)

0.97

Weight loss ≥ 10% last three
months
Extracellular mass to body cell
mass index > 1.3
Fat mass > 39 kg

1.30 (0.72-2.31)

0.39

2.71 (1.74-4.24)

<0.001

1.45 (0.82-2.54)

0.20

Low hand grip strength

1.30 (0.87-1.93)

0.20

Timed “Up and Go” test > 11 s

1.92 (1.09-3.37)

0.02

Muscle mass < 17 kg

1.36 (0.71-2.62)

0.35

Skeletal muscle index ≤ 24.5 %

1.45 (0.90-2.32)

0.13

HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performace status; FIGO,
International Federation of Gynecology and Obstetrics; BMI, body mass index.
* Multivariable logistic regression analyses stepwise forward.
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Figure 1: Study consort diagram.

Figure 2: ROC-analysis for (A) body mass index and (B) phase angle for predicting severe
postoperative complications including AUC, specific cut-offs, sensitivity, specificity and p-value.
A

B
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Figure 3: Kaplan-Meier curves for (A) FIGO stage ≥ III A versus I – II B, (B) for ECOG status, (C) for
phase angle < 4.5° versus ≥ 4.5°, (D) for albumin < 35.5 g/L versus ≥ 35.5 g/L and (E) for severe
postoperative complications Clavien-Dindo ≥ III b versus Clavien-Dindo 0 - III a.
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