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• Low G8 score correlated with shorter progression-free survival in gynecologic cancers. 
• Surgical resection status was the main predictor of outcome across all gynecological tumor types. 
• First link between low vitamin D levels and positive G8 screening results. 
• Low G8 scores were associated with reduced or de-escalated adjuvant therapy. 
• G8 may identify modifiable risks like anemia or vitamin D deficiency before surgery. 
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Objective. Frailty, nutritional deficiencies, and anemia frequently coexist in gynecologic cancer and may ad-
versely influence clinical outcomes. This study aimed to evaluate the prognostic value of the G8 geriatric screen-
ing tool (G8) for survival outcomes in patients undergoing gynecologic oncology surgery, with postoperative 
complications and selected modifiable preoperative conditions assessed as secondary outcomes. 

Methods. Patients ≥60 years undergoing gynecologic oncology surgery were prospectively screened for frailty 
between May 2020 – June 2025. Survival was evaluated with Kaplan-Meier curves and Cox regression. Propen-
sity score matching included demographics, comorbidities, and tumor characteristics; matched samples were an-
alyzed using weighted Cox models. 

Results. Of 257 screened patients, 180 were included (endometrial n = 72, ovarian n = 71, vulvar n =26,  cer-
vical n = 6, vaginal cancer n = 5; mean age 69.6 ± 7.9 years; follow-up 25.1 ± 16.3 months). G8 positive patients 
(≤14 points) had more comorbidities and were more likely to present with preoperative anemia, hypoalbumin-
emia, and vitamin D or B12 deficiency. FIGO stages, surgical approach and postoperative complications were 
comparable. G8 positive patients were less likely to receive standard adjuvant therapy (p = 0.003). In matched 
analyses, G8 positivity remained significantly associated with reduced progression-free survival (HR: 1.87, 95% 
CI: 1.01–3.49, p = 0.047) and showed a trend toward worse overall survival (HR: 2.25, 95% CI: 0.98–5.16, p = 
0.055). Surgical resection status was the strongest predictor of oncological outcome. 

Conclusions. A low preoperative G8 score was associated with reduced progression-free and potentially worse 
overall survival in older women with gynecologic tumors. The G8 may help identify modifiable factors such as 
anemia or vitamin D deficiency, while complete tumor resection remained the strongest prognostic factor. 

© 2026 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license (http:// 
creativecommons.org/licenses/by/4.0/). 
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Fig. 1. G8 geriatric screening tool (adapted from Bellera et al.) 
The G8 geriatric screening tool as originally described by Bellera et al. A total score ≤ 14 
indicates frailty and the need for further geriatric assessment [8]. G8: geriatric 8. 
Reference: Bellera CA, Rainfray M, Mathoulin-Pélissier S, et al. Screening older cancer 
patients: first evaluation of the G8 geriatric screening tool. Ann Oncol. 2012;23: 
2166–2172. 
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1. Introduction 

Gynecological malignancies are among the most common cancers in 
women worldwide and predominantly affect older patients. The rising 
incidence of these tumors coincides with increasing life expectancy, re-
sulting in a growing proportion of older, often multimorbid women fac-
ing these diseases. Frailty, characterized by reduced physiological 
reserve and increased vulnerability to stressors, has emerged as a 
critical factor influencing treatment tolerance and outcomes in this 
population [1–3]. 

In gynecologic oncology, frailty assessment is increasingly recog-
nized as essential for risk stratification and treatment planning. Al-
though comprehensive geriatric assessment is recommended for older 
cancer patients [4], its routine implementation is often limited by time 
and resource constraints. There is growing evidence that geriatric as-
sessment can enhance treatment outcomes by patient-individualized 
treatment modifications such as chemotherapy regiments with lower 
chemotherapy-related toxicity, surgical approaches with lower compli-
cation rates, and interventions improving both functional status and 
quality of life [5,6]. The G8 geriatric screening tool (G8) is a brief, 
frailty-specific instrument developed to identify older cancer patients 
who may benefit from further geriatric assessment and who may be at 
increased risk for adverse outcomes [7–9]. There is increasing interest 
in brief and practical screening tools to identify vulnerable patients in 
the preoperative setting. 

Beyond frailty screening, additional factors such as nutritional defi-
ciencies in vitamin D and vitamin B12 are common in older adults and 
have been associated with frailty, functional impairment, and anemia 
[10,11]. As potentially modifiable factors, these parameters may help 
to better capture and describe vulnerability in older gynecologic oncol-
ogy patients. 

Accordingly, the primary objective of this study was to evaluate the 
prognostic value of the G8 for survival outcomes in patients undergoing 
gynecologic oncology surgery. Secondary objectives included the as-
sessment of postoperative complications and the association between 
G8 status and selected modifiable preoperative conditions. 

2. Material and methods 

2.1. Data collection and frailty assessment 

From May 2020 to June 2025, patients scheduled for gynecologic 
oncology surgery at the University Medical Center Mainz in Germany 
were prospectively screened for frailty as part of the ongoing observa-
tional Frail-B study investigating frailty in gynecologic oncology 
patients (https://drks.de/search/en/trial/DRKS00032361/entails). The 
present analysis represents a sub study/ interim analysis and was de-
signed to evaluate the prognostic value of preoperative G8 screening 
for survival outcomes. Secondary objectives included the assessment 
of perioperative outcomes, such as postoperative complications, and 
the association between G8-detected frailty and selected modifiable 
preoperative conditions, including anemia and vitamin deficiencies. 
Patients were eligible for inclusion if they met at least one of the fol-
lowing criteria: age ≥ 60 years, body mass index (BMI) >35 kg/m2, or  
a clinically frail appearance. The age threshold of ≥60 years was chosen 
to capture early manifestations of frailty in multimorbid gynecologic 
oncology patients, as suggested by prior institutional analyses [12,13]. 
A BMI >35 kg/m2 was included based on institutional perioperative 
risk stratification to identify obesity-associated vulnerability, despite 
the fact that higher BMI values (≥23 kg/m2) are scored favorably within 
the G8 screening tool. Clinical frailty was assessed based on the nurse's 
preoperative impression, including mobility, muscle mass, gait, and 
fatigue. Patients with precursor lesions or incomplete follow-up were 
excluded. 

Frailty assessment was performed in two steps: Initial screening in-
cluded the G8, Lee Schonberg Index, routine blood parameters; hand 
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grip strength was added from 2023 onward. The components of the 
G8 geriatric screening tool are shown in Fig. 1. Preoperative physical sta-
tus was evaluated using the ASA (American Society of Anesthesiolo-
gists) Physical Status classification [14] and the ECOG (Eastern 
Cooperative Oncology Group) performance status [15]. Patients with a 
positive G8 result (defined as ≤14 points) underwent further evaluation, 
including fall history and selected tests from the geriatric assessment. 
The data of this second screening were still preliminary and will be 
analyzed at a later stage. 

To account for background non-cancer mortality, the Lee Schonberg 
index was used as a validated prognostic tool for community-dwelling 
adults aged 50 and older to estimate medium- to long-term all-cause 
mortality risk based on age, comorbidities, and functional status 
[16–18]. The Lee Schonberg Index was calculated online with 
ePrognosis (https://eprognosis.ucsf.edu/leeschonberg.php) in the pres-
ence of the patient according to the ASCO guidelines recommending 
using a validated tool listed at ePrognosis to estimate non-cancer-
based life expectancy [19]. The 5-year mortality risk for the Schonberg 
index was used [17,20]. After scoring each comorbidity, the patient's 
10-year survival rate was calculated according to the age-adjusted 
Charlson Comorbidity Index with an online tool (https://www.mdcalc. 
com/calc/3917/charlson-comorbidity-index-cci) [21–23]. Standard-of-
care therapy was defined as guideline-concordant treatment based on 
interdisciplinary tumor board recommendations. 

Preoperative anemia was defined as hemoglobin (Hb) <12 g/dL, in 
accordance with WHO (World Health Organization) criteria for non-
pregnant women [24]. Preoperative hemoglobin levels and intra- and 
postoperative red blood cell transfusions were recorded. Vitamin D 
and B12 measurements were included from April 2023. Vitamin D 
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move_f0005
https://eprognosis.ucsf.edu/leeschonberg.php
https://www.mdcalc.com/calc/3917/charlson-comorbidity-index-cci
https://www.mdcalc.com/calc/3917/charlson-comorbidity-index-cci


V.C. Linz, E. Liebau, L. Herrmann et al. Gynecologic Oncology 205 (2026) 70–78 
sufficiency was defined as serum vitamin D levels ≥30 ng/mL, with 
levels between 20 and 29 ng/mL considered insufficient [25]. Vitamin 
B12 levels below 200 ng/L were classified as deficient [26]. Ethical ap-
proval was obtained from the State Medical Association of Rhineland-
Palatinate (ID: 16691) as well as written informed consent from the 
included patients. 

2.2. Statistical analysis 

Descriptive analyses were conducted using IBM (International Busi-
ness Machines Corporation) SPSS (Statistical Package for the Social Sci-
ences) Statistics 29.0.2.0, while propensity score matching was 
performed in R version 4.2.3 [27,28]. Categorical variables were summa-
rized as counts and percentages; continuous variables as mean ± SD 
(standard deviation) or median (IQR: interquartile range). Based on dis-
tribution, assessed with the Shapiro–Wilk test, group comparisons used 
the t-test or Mann–Whitney U test, and categorical data the chi-square 
test. Several variables reflect overlapping aspects of functional status 
and comorbidity (e.g. ECOG, ASA, and the Charlson Comorbidity 
Index). To account for this overlap, we used a stepwise analytical ap-
proach combining multivariable Cox regression and propensity score 
full matching. Cox regression was performed, with variables significant 
in univariable analysis (p < 0.05) entered into a multivariable model via 
backward stepwise selection. Kaplan–Meier curves estimated 
progression-free and overall survival. The starting point was the date 
of surgery, and endpoints were defined as recurrence/ progression, 
death, or last follow-up. Patients without events or with missing 
follow-up data were censored. Progression-free survival endpoint in-
cluded locoregional recurrences, disease progression, distant metasta-
ses, and death from any cause. Hazard ratios (HR) with corresponding 
95% confidence intervals (CI) were calculated. Survival curves were 
compared using the log-rank test. All statistical tests were two-sided, 
and a p-value below 0.05 was considered statistically significant. No ad-
justment for multiple comparisons was made; results should therefore 
be interpreted as exploratory. To address baseline imbalances between 
the G8 positive and G8 negative groups, we used propensity score 
matching. A propensity score for each patient was estimated using a lo-
gistic regression model with G8 status (positive vs. negative) as the de-
pendent variable and the following baseline characteristics as 
independent variables: ECOG performance status, ASA physical status, 
surgical resection status, FIGO stage, age-adjusted Charlson Comorbid-
ity Index, age at surgery, and BMI. Full-matching was implemented 
using the MatchIt package in R, as this approach yielded the greatest 
overall reduction in standardized mean differences across covariates 
while retaining all available patients. Covariate balance was assessed 
using standardized mean differences before and after matching. 
Progression-free and overall survival were analyzed within the matched 
sample. Kaplan–Meier survival curves were generated for both 
progression-free and overall survival and compared between G8 groups 
using weighted log-rank tests that incorporated the full-matching 
weights. Cox proportional hazards regression models were fitted to es-
timate HR and 95% CI for the association between G8 status and survival 
outcomes. Covariate-adjusted models were estimated, with adjustment 
for the same variables used in the propensity score model to account for 
any residual imbalance after matching. The proportional hazards as-
sumption was assessed for the adjusted Cox models using Schoenfeld 
residuals and formal tests. For the progression-free survival model, sev-
eral covariates including surgical resection status, FIGO stage, age-
adjusted Charlson Comorbidity Index, and age violated the proportional 
hazards assumption (p < 0.05), while G8 status, ECOG performance sta-
tus, ASA physical status, and BMI did not. Consequently, the 
progression-free survival model was extended by stratifying on surgical 
resection status and incorporating time-dependent covariates for FIGO 
stage, age-adjusted Charlson Comorbidity Index, and age using interac-
tion terms with a function of time. In contrast, for the overall survival 
model, only surgical resection status violated the proportional hazards 
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assumption, and the global test was not significant. Therefore, the over-
all survival model was stratified on surgical resection status without ad-
ditional time-dependent terms. This approach ensured that the Cox 
models accounted appropriately for non-proportional hazards, improv-
ing the validity of the estimated HR. 

The manuscript followed the STROBE (Strengthening the Reporting 
of Observational Studies in Epidemiology) guidelines [29]. 

3. Results 

257 patients who underwent gynecologic oncology surgery at Uni-
versity Medical Center of the Johannes Gutenberg University Mainz 
were screened. A total of 77 patients were excluded from the analysis 
for the following reasons: missing data (n = 9), cancelled surgery 
(n = 18), presence of precursor lesions only (n = 2), surgical proce-
dures without tumor resection (n = 12), diagnostic surgery only 
(n = 9), benign final diagnosis (n = 15), other malignancies different 
from gynecological malignancy (n = 8), and withdrawal of consent 
(n = 4). Five included patients were younger than 60 years. Of these, 
four fulfilled the inclusion criteria based on a BMI >35 kg/m2, while 
only one patient was included solely on the basis of a clinically frail ap-
pearance, with an ECOG performance status of 2 at the time of surgery. 

3.1. Baseline characteristics and non-cancer mortality risk 

Baseline characteristics are summarized in Table 1, comparing the 
G8 negative and G8 positive cohorts. Patients with a higher ECOG per-
formance status or a higher ASA physical status were more often classi-
fied as G8 positive. 59.7% of all G8 positive patients took ≥5 medication 
in comparison to only 32.8% in the G8 negative cohort (p < 0.001). The 
G8 positive cohort had more comorbidities and a reduced estimated 10-
year survival according to the age-adjusted Charlson Comorbidity Index 
(p = 0.028), as well as a higher non-cancer 5-year mortality risk 
(p < 0.001) according to the Schonberg index, see Table 1. 

3.2. Survival outcomes 

The G8 positive cohort had a reduced progression-free survival (p = 
0.0012) and overall survival (p = 0.0045) after propensity score 
matching. These survival curves are shown in Fig. 2a. In the propensity 
score-matched sample, unadjusted weighted Cox models showed that 
G8 positive patients had significantly higher hazards of progression 
(progression-free survival: HR = 2.25, 95% CI 1.07–4.74, p = 0.033) 
and death (overall survival: HR = 2.88, 95% CI 1.19–6.99, p = 0.019) 
compared with G8 negative patients. Proportional hazards testing indi-
cated that the proportional hazard assumption was met for both unad-
justed models. However, in the adjusted progression-free survival 
model, several covariates (surgical resection status, FIGO stage, age-
adjusted Charlson Comorbidity Index, age) and the global test violated 
the proportional hazard assumption (p < 0.05), whereas the adjusted 
overall survival model only showed a violation for surgical resection sta-
tus. These results informed the use of stratified and time-dependent Cox 
models for adjusted analyses. Because the proportional hazards as-
sumption was violated for several covariates in the adjusted 
progression-free and overall survival models, stratified and time-
dependent Cox models were fitted to address these violations. In 
these models, G8 positive status remained significantly associated 
with worse progression-free survival (HR: 1.87, 95% CI: 1.01–3.49, 
p = 0.047). For overall survival, the association with G8 status showed 
a similar trend but did not reach statistical significance (HR: 2.25, 95% 
CI: 0.98–5.16, p = 0.055). Higher FIGO-stages (HR: 1.64, 95% CI: 
1.28–2.09, p < 0.001), higher ECOG performance status (HR: 1.69, 95% 
CI: 1.26–2.26, p < 0.001), higher age (HR: 1.04, 95% CI: 1.00–1.07, 
p = 0.04), lower BMI (HR: 0.92, 95% CI: 0.88–0.97, p = 0.001)  and  
remaining tumor after surgery (HR: 3.87, CI: 2.20–6.83, p < 0.001)  
independently reduced progression-free survival in multivariable 
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Table 1 
Baseline characteristics. 

Parameter All patients 
n = 180 (%) 

G8 negative 
n = 118 (%) 

G8 positive 
N = 62 (%) 

p-value 

Endometrial Cancer 72 (40.0) 53 (44.9) 19 (30.6) 0.398 
Ovarian Cancer 71 (39.4) 41 (34.7) 30 (48.4) 
Vulvar Cancer 26 (14.4) 17 (14.4) 9 (15) 
Cervical Cancer 6 (3.3) 4 (3.4) 2 (3.3) 
Vaginal Cancer 5 (2.8) 3 (2.5) 2 (3.3) 
Initial diagnosis 158 (87.8) 102 (86.4) 56 (90.3) 0.450 
Loco-regional 
recurrences 

22 (12.2) 16 (13.6) 6 (9.7) 

FIGO stage 0.408 
FIGO I 80 (44.4) 54 (45.8) 26 (41.9) 
FIGO II 17 (9.4) 13 (11.0) 4 (6.5) 
FIGO III 62 (34.4) 36 (30.5) 26 (41.9) 
FIGO IV 21 (11.7) 15 (12.7) 6 (9.7) 
Histological grading 0.510 
G1 25 (13.9) 18 (15.3) 7 (11.3) 
G2 42 (23.3) 33 (28.0) 9 (14.5) 
G3 33 (18.3) 22 (18.6) 11 (17.7) 
Unkown 80 (44.4) 45 (38.1) 35 (56.5) 
Chronological age 
[years] Median (IQR) 

68 (64–74.5) 68 (63.8–73) 68.5 (64–77.3) 0.190 

Chronological age 
[years] Mean (± SD) 

69.6 (± 7.9) 68.9 (±7.6) 70.8 (± 8.3) 

Body Mass Index 
[kg/m2] Mean (± SD) 

28.0 (± 7.1) 28.1 (± 6.0) 27.9 (± 8.8) 0.274 

ECOG Perfomance Status 0.013 
0 80 (44.4) 59 (50.0) 21 (33.9) 
1 66 (36.7) 44 (37.3) 22 (35.5) 
2 19 (10.6) 10 (8.5) 9 (14.5) 
3 13 (7.2) 4 (3.4) 9 (14.5) 
4 1 (0.6) – 1 (1.6) 
Unkown 1 (0.6) 1 (0.8) – 
ASA Physical Status 0.015 
0 – – – 
1 2 (1.1) 2 (1.7) – 
2 86 (47.8) 65 (55.1) 21 (33.9) 
3 86 (47.8) 49 (41.5) 37 (59.7) 
4 6 (3.3) 2 (1.7) 4 (6.5) 
Polypharmacy ≥ 5 59 (32.8) 22 (18.6) 37 (59.7) <0.001 
Age-adjusted Charlson Comorbidity Index⁎ 0.060 
Low risk (0–1 points) 4 (2.2) 3 (2.5) 1 (1.6) 
Intermediate risk 
(2–3 points) 

110 (61.1) 79 (66.9) 31 (50.0) 

High risk (≥4 points) 66 (36.7) 36 (30.5) 30 (48.4) 
Age-adjusted Charlson-Comorbidity Index⁎ estimated 10-year 
survival 

0.028 

98% 1 (0.6) 1 (0.8) – 
96% 3 (1.7) 2 (1.7) 1 (1.6) 
90% 62 (34.4) 45 (38.1) 17 (27.4) 
77% 48 (26.7) 34 (28.8) 14 (22.6) 
53% 34 (18.9) 22 (18.6) 12 (19.4) 
21% 18 (10) 10 (8.5) 8 (12.9) 
2% 11(6.1) 2 (1.7) 9 (14.5) 
0% 3 (1.7) 2 (1.7) 1 (1.6) 
Risk of 5-year non-cancer mortality according to Schonberg Index 
(ePrognosis)⁎ 

<0.001 

<3% 30 (16.7) 27 (22.9) 3 (4.8) 
3–6% 40 (22.2) 30 (25.4) 10 (16.1) 
7–8% 32 (17.8) 24 (20.3) 8 (12.9) 
10–12% 32 (17.8) 21 (17.8) 11 (17.1) 
9–15% 4 (2.2) 2 (1.7) 2 (3.2) 
17–27% 18 (10.0) 10 (8.5) 8 (12.9) 
26–29% 11 (6.1) 1 (0.8) 10 (16.1) 
37–41% 4 (2.2) 2 (1.7) 2 (3.2) 
47–52% 4 (2.2) – 4 (6.5) 
60–61% 2 (1.1) – 2 (3.2) 
>70% 2 (1.1) – 2 (3.2) 
N/A 1 (0.6) 1 (0.8) – 

ASA: American Society of Anesthesiologists; ECOG: Eastern Cooperative Oncology Group; 
FIGO: International Federation of Gynecology and Obstetrics; IQR: interquartile range; SD: 
standard deviation. 
⁎ Age-adjusted Charlson-Comorbidity-Index and Schonberg index were calculated 

without the current cancer diagnosis to assess the patient's general life expectancy/ 
mortality rate. 
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Cox-regression analysis. In multivariable Cox-regression analysis, 
including G8-score, ECOG performance status, ASA physical status, 
FIGO-stage, BMI, age, age-adjusted Charlson Comorbidity Index (1–3), 
surgical resection status (R0 vs. R1/2), only ECOG performance status 
(HR: 2.02, 95% CI: 1.42–2.89, p < 0.001), BMI (HR: 0.85, 95% CI: 
0.80–0.91, p < 0.001) and surgical resection status (HR: 7.29, 95% CI: 
3.73–14.27, p < 0.001) remained their significant influence on 
overall survival. The timing of surgery, whether at initial diagnosis or 
due to recurrence or progression, had no significant impact on overall 
survival in the univariable Cox regression analysis. All data are listed 
in Table 3. 

3.3. Perioperative outcomes 

The surgical approach was comparable within both cohorts, see 
Table 2 for all treatment characteristics. The postoperative complication 
rate, classified with the Clavien-Dindo classification [30], did not differ 
between both groups (p = 0.247). The G8 positive cohort had more 
re-operations (14.5% vs. 5.1%, p = 0.030) and in general a longer hospi-
tal stay (13 days vs. 8 days, p = 0.028). The mean follow-up was 
25 months. The events of tumor recurrence and/or progression during 
follow-up were comparable in both groups. However, significantly 
more G8 positive patients died during the follow-up (41.6% vs. 19.5%, 
p = 0.001).  

3.4. Laboratory/nutritional parameters 

Regarding the laboratory results that were available for 61 patients, 
44 patients (72.1%) had vitamin D insufficiency (<30 ng/mL). The G8 
positive group had lower vitamin D levels compared to the G8 negative 
group. Extremely reduced vitamin D levels (<12 ng/mL) appeared to 
have a negative influence on progression-free survival (75% vs. 92.4%, 
p = 0.051), but this was not statistically significant and had no impact 
on OS. 5 out of 61 patients had cobalamin deficiency (<200 ng/mL) 
and more frequent in the G8 positive cohort. 11.7% of all patients had 
hypoalbuminemia (< 35 g/L), which also occurred more frequently in 
the G8 cohort (Table 4). Preoperative anemia was present in 22.8% of 
all gynecologic oncology patients, and 36.6% of all ovarian cancer pa-
tients, 13.9% of endometrial cancer patients, in 16.7% of all cervical can-
cer patients and 12.9% of all vulvar/ vaginal cancer patients before 
surgery. Preoperative anemia was significantly more frequent among 
G8 positive patients (p < 0.001). 19.7% of all ovarian cancer patients re-
ceived an intra- or postoperative red blood cell transfusion, followed by 
11.1% of all endometrial cancer patients and only 2 of 31 vulvar/ vaginal 
cancer patients received a red blood cell transfusion. The G8 positive co-
hort did not receive more red blood cell transfusions than the G8 non-
positive cohort. It was irrelevant whether patients had preoperative 
anemia or received a red blood cell transfusion in terms of 
progression-free and overall survival after propensity score-matching 
(Fig. 2b and c). 

4. Discussion 

4.1. Summary of main results 

Our findings suggest that the clinical value of preoperative G8 
screening in gynecologic oncology lies primarily in prognostic stratifica-
tion rather than in the prediction of short-term perioperative complica-
tions. G8 status was associated with survival outcomes and a lower 
likelihood of receiving guideline-concordant adjuvant therapy. Frailty 
assessment itself did not directly guide treatment decisions; however, 
frail patients more frequently declined or were considered unfit for  in-
tensive adjuvant therapy, which may partly explain the observed asso-
ciation. Nevertheless, the resection status (R0) was the most important 
parameter for the oncologic prognosis. 

move_t0010
move_t0015
move_t0020


Fig. 2. Propensity score matching. 
Preoperative anemia: Hemoglobin <12 g/dL. 
RBCT: red blood cell transfusion. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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In contrast to survival outcomes, perioperative complication rates 
were largely similar between G8 positive and G8 negative patients. 
This finding suggests that G8 screening may be less suitable for 
predicting short-term surgical morbidity in this heterogeneous surgical 
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cohort. A non-significant trend toward a higher rate of severe complica-
tions (Clavien-Dindo classification ≥3a) was observed in the G8 positive 
group. To the best of our knowledge, our study is the first to report an 
association between lower vitamin D levels and G8 detected frailty. 



Fig. 2 (continued). 

V.C. Linz, E. Liebau, L. Herrmann et al. Gynecologic Oncology 205 (2026) 70–78 
4.2. Results in the context of published literature 

Our findings support the growing evidence that the G8 screening 
tool provides prognostic information beyond traditional perioperative 
risk assessment. Positive G8 scores were associated with reduced over-
all survival in the ELCAPA (elderly cancer patients) cohort with older 
cancer patients, regardless of their metastatic status or tumor site [31], 
thus supporting our results. The current Frail-B study builds on findings 
from a preceding retrospective analysis, which showed that the G8 
score was an independent prognostic factor for both disease-specific 
survival and overall survival in women over 60 with endometrial can-
cer. In multivariable analyses, only the G8 score, among several health 
status tools, retained significant predictive value for survival outcomes 
[13]. The same retrospective study cohort showed that a positive G8 
score was associated with preoperative anemia and perioperative trans-
fusions and more postoperative complications in 153 women ≥60 years 
with all stages of endometrial cancer [12]. A high prevalence of preoper-
ative anemia has been observed in patients undergoing gynecologic on-
cologic surgery and has been linked to an elevated risk of perioperative 
complications [32]. In our study, preoperative anemia was present in 
22% of all gynecologic oncology patients and aligns with the reported 
23.1% of preoperative anemia among 60,017 patients undergoing sur-
gery by a gynecologic oncologist. Beyond anemia, which has been asso-
ciated with reduced overall survival and impaired health-related quality 
of life in individuals over 60 years of age but not in younger populations 
[33], other potentially modifiable factors have been implicated in frailty. 
Vitamin B12 is essential for nerve function and erythropoiesis, although 
its role in frailty prevention remains unclear [10]. Vitamin D, which is 
important for bone health and muscle function, has also been linked 
to frailty risk; however, evidence regarding the benefit of supplementa-
tion remains heterogeneous [10]. Regarding vitamin D sufficiency, it 
was commonly defined as serum 25(OH)D levels ≥30 ng/mL and with 
levels between 20 and 29 ng/mL considered insufficient [25]. However, 
the Endocrine Society has revised its position and no longer endorses 
fixed thresholds for defining vitamin D insufficiency or sufficiency. 
Levels below 12 ng/mL are generally accepted as deficient due to asso-
ciated skeletal risks, while levels ≥20 ng/mL may be sufficient for bone 
health. Higher thresholds, including the ≥30 ng/mL cutoff, lack robust 
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evidence from randomized trials and are therefore not universally rec-
ommended [34,35]. A meta-analysis showed that lower vitamin D levels 
were significantly associated with increasing frailty severity [11]. In an 
updated meta-analysis, vitamin D supplementation significantly re-
duced total cancer mortality but did not reduce total cancer incidence 
[36]. In addition, the supplementation with vitamin D seemed to reduce 
the incidence of advanced (metastatic or fatal) cancer in men aged 
≥50 years and women ≥55 years who were free of cancer and cardiovas-
cular disease at baseline within the VITAL study [37]. On the other hand, 
a systematic review published in 2024 found no conclusive evidence 
that vitamin D supplementation improved postoperative outcomes 
[38]. Overall, frailty prevention in older adults likely requires a multifac-
torial approach beyond vitamin supplementation alone. 

Interestingly, a higher BMI at surgery appeared to be associated with 
more favorable outcomes in our cohort. While overweight and obesity 
are generally linked to frailty, several studies have described an obesity 
paradox, with overweight or low-grade obesity associated with lower 
mortality in frail or older patients, whereas higher obesity grades may 
confer increased risk [39–41]. However, evidence in gynecologic oncol-
ogy remains inconsistent, and these observations warrant further eval-
uation in prospective studies [40]. 

4.3. Strengths and weaknesses 

Key strengths of our study included the use of recent data within 
the past five years, a prospective design and a follow-up duration ex-
ceeding two years. To our knowledge, we report a possible correla-
tion between low G8 scores and low vitamin D levels for the first 
time. Nevertheless, our study cohort was small and heterogeneous. 
Patients included both newly diagnosed and recurrent cases from 
all gynecological entities, which could influence outcomes. Although 
we applied Cox regression analysis and propensity score matching to 
strengthen our findings, residual confounding due to limited statisti-
cal power was still a problem. Regarding postoperative complications 
it should be noted that especially small complications for Clavien-
Dindo classification grade 1 were difficult to assess. Therefore, 
Clavien-Dindo classification grade 1 complications might be 
underestimated. Furthermore, given the probable underreporting 



Table 2 
Treatment characteristics. 

Parameter All patients 
n = 180 (%) 

G8 negative 
n = 118 (%) 

G8 positive 
N = 62 (%) 

p-value 

Surgical treatment 0.185 
Radical local excision 27 (15.0) 17 (14.4) 10(16.1) 
Laparotomy 90 (50.0) 55 (46.6) 35 (56.5) 
Laparoscopy 62 (34.4) 46 (39.0) 16 (25.8) 
Hysteroscopy 1 (0.6) – 1 (1.6) 
Sentinel node and/or lymph node debulking 101 (56.1) 70 (59.3) 31 (50) 0.149 
Mean operating time [minutes] (±SD) 234 (±129.1) 239.2 (±126.4) 225.7 (±134.7) 0.467 
Standard-of-care surgical therapy 0.124 
Yes 155 (86.1) 105 (89.0) 50 (80.6) 
No 25 (13.9) 13 (11.0) 12 (19.4) 
Standard-of-care adjuvant therapy 0.003 
Yes 148 (82.2) 104 (88.1) 44 (71.0) 
No 29 (16.1) 12 (10.2) 17 (27.4) 
Clavien-Dindo classification 0.247 
0 68 (37.8) 50 (42.2) 18 (29.0) 
I 33 (18.3) 21 (17.8) 12 (19.4) 
II 38 (21.1) 24 (20.3) 14 (22.6) 
IIIa 18 (10.0) 13 (11.0) 5 (8.1) 
IIIb 16 (8.9) 7 (5.9) 9 (14.5) 
IVa 3 (1.7) 1 (0.8) 2 (3.2) 
IVb 1 (0.6) – 1 (1.6) 
V 3 (1.7) 2 (1.7) 1 (1.6) 
Re-operation 15 (8.3) 6 (5.1) 9 (14.5) 0.030 
Mean length of hospitalization [days] (±SD) 9.9 (±11.9) 8.2 (±6.6) 13.2 (±17.7) 0.028 
Readmission rate 13 (7.2) 7 (5.9) 6 (9.7) 0.356 
Median follow-up period [months] (IQR) 23 (11–37.8) 26.5 (12–38) 20 (9.5–31.5) 0.092 
Mean follow-up period [months] (±SD) 25.1 (±16.3) 26.6 (±16.5) 22.3 (±15.5) 
Recurrence/ tumor progress during follow-up 61 (33.9) 36 (30.5) 25 (40.3) 0.186 
Death 49 (27.2) 23 (19.5) 26 (41.6) 0.001 
Cancer-related 35 (19.4) 15 (12.7) 20 (32.2) 
Treamtent-related 4 (2.2) 3 (2.5) 1 (1.6) 
Other causes – – – 
Unkown 10 (5.6) 5 (4.2) 5 (8.1) 

IQR: interquartile range; SD: standard deviation. 
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and underestimation of comorbid conditions, prognostic tools such as 
age-adjusted Charlson Comorbidity Index should be applied and 
interpreted with caution. Although systematic screening was 
intended, some eligible patients may not have been screened due to 
routine clinical constraints or declined participation. Moreover, this 
study included a heterogeneous range of surgical procedures, 
encompassing both major and minor gynecologic oncology surgeries, 
which may have influenced perioperative outcomes and should be 
Table 3 
Cox's proportional hazards model of selected parameters and relationship to progression-free 

Univariable 
progression-free survival 

Multivariab
progression

HR CI [95%] p value HR CI [

Age at surgery 1.05 1.02–1.08 <0.001 1.04 1.00
BMI 0.93 0.90–0.97 <0.001 0.92 0.88
ECOG Performance Status 1.29 1.04–1.60 0.024 1.69 1.26
G8 score (>14 points vs. ≤14) 1.82 1.15–2.86 0.010 1.14 0.67
Age-adjusted Charlson-Comorbidity Index⁎ 
(low, intermediate, high risk) 

1.33 0.87–2.04 0.19 

FIGO stages (1–4) 1.68 1.37–2.06 <0.001 1.64 1.28
Primary tumor surgery vs. recurrence/ 
progress surgery 

2.01 1.12–3.60 0.019 1.13 0.58

ASA Physical Status 
(ASA ≤2 vs ASA >2) 

1.21 0.83–1.77 0.33 

Surgical resection status 
(R0 vs. R1/2) 

4.64 2.75–7.83 <0.001 3.87 2.20

ASA: American Society of Anesthesiologists; ECOG: Eastern Cooperative Oncology Group; FIGO: 
range. 
⁎ age-adjusted Charlson-Comorbidity-Index was calculated without the current cancer diag
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considered when interpreting the results. Gynecologic oncologic sur-
geons were involved in the establishment of the study and in the 
perioperative care. 

4.4. Implications for practice and future research 

Our findings suggest that preoperative G8 screening can serve as a 
pragmatic first step to identify vulnerable gynecologic oncology 
and overall survival. 

le 
-free survival 

Univariable overall 
survival 

Multivariable overall survival 

95%] p value HR CI [95%] p value HR CI [95%] p value 

–1.07 0.042 1.07 1.03–1.10 <0.001 1.04 1.00–1.08 0.058 
–0.97 0.001 0.90 0.85–0.95 <0.001 0.85 0.80–0.91 p < 0.001 
–2.26 <0.001 1.46 1.12–1.90 0.006 2.02 1.41–2.89 p < 0.001 
–1.95 0.63 2.44 1.38–4.28 0.002 1.35 0.71–2.58 0.37 

1.84 1.07–3.17 0.028 1.07 0.47–2.42 0.88 

–2.09 <0.001 1.36 1.06–1.73 0.015 1.25 0.91–1.72 0.167 
–2.22 0.72 1.78 0.86–3.67 0.12 

1.60 1.00–2.54 0.050 1.21 0.67–2.21 0.53 

–6.83 <0.001 4.98 2.68–9.27 <0.001 7.29 3.73–14.27 p < 0.001 

International Federation of Gynecology and Obstetrics; HR: Hazard Ratio; IQR: interquartile 

nosis to assess the patient's general life expectancy/ mortality rate. 



Table 4 
Biochemical and hematological parameters. 

Parameter All patients 
N (%) 

G8 negative 
N (%) 

G8 positive 
N (%) 

p-value 

Preoperative Hb-level in mg/dL (±SD) N = 180 N = 118 N = 62 
13.1 (±1.6) 13.4 (±1.6) 12.4 (±1.4) <0.001 

Preoperative Anemia 
<12 g/dL 

N = 180 N = 118 N = 62 
41 (22.8) 19 (16.1) 22 (35.5) 0.003 

Red blood cell transfusion N = 180 N = 118 N = 62 
24 (13.3) 13 (11.0) 11 (17.7) 0.207 

Albumin in g/L (±SD) N = 171 N = 110 N = 61  
39.3 (±4.2) 39.9 (±4.3) 38.1 (±3.9) 0.001 

Albumin 
<35 g/L 

N = 171 N = 110 N = 61 
21 (11.7) 9 (7.6) 12 (19.4) 0.028 

Vitamin D in ng/mL N = 61  N = 40  N = 21  
25.0 (±19.7) 28.5 (±20.9) 18.3 (±15.5) 0.008 

<30 ng/mL 44 (72.1) 27 (67.5) 17 (81.0) 
20−30 ng/mL 16 (26.2) 13 (32.5) 3 (14.3) 
<12 ng/mL 16 (26.2) 6 (15.0) 10 (47.5) 
Vitamin B12 in pg/mL 
(±SD) 

N = 61 N = 40 N = 21 
404 (±191.5) 447 (±207.9) 323.5 (±123.1) 0.009 

<200 pg/mL 5 (8.2) 2 (5.0) 3 (14.3) 

Hb: hemoglobin; SD: standard deviation. 

V.C. Linz, E. Liebau, L. Herrmann et al. Gynecologic Oncology 205 (2026) 70–78 
patients who may be at increased risk for poorer oncologic outcomes 
and treatment de-escalation. Importantly, the G8 should be understood 
as a prescreening tool that helps identify patients who may benefit from  
a more comprehensive geriatric assessment. While G8 positivity was as-
sociated with poor survival, preoperative anemia, and vitamin D defi-
ciency, the benefit of targeted interventions based on these findings 
remains uncertain and requires prospective evaluation. Given its sim-
plicity and feasibility, the G8 may facilitate the integration of frailty as-
sessment into routine clinical practice, particularly in resource-limited 
settings. Future studies should focus on evaluating structured care path-
ways in which G8 screening is followed by geriatric assessment and 
targeted interventions. 

5. Conclusion 

A positive G8 screening result preoperatively identified gynecologic 
oncology patients at increased risk for reduced progression-free and a 
non-significant trend toward worse overall survival. This study is the 
first to suggest an association between low vitamin D levels and G8-
detected frailty. In addition, preoperative anemia was more frequent 
among G8 positive patients. These findings highlight the relevance of 
implementing G8 screening in the preoperative assessment to identify 
vulnerable patients early, who could benefit from targeted interven-
tions. However, this should be evaluated in prospective studies before 
clinical benefit can be assumed. 
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