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Background

Malnutrition is prevalent in patients undergoing gynecologic cancer surgery and may compromise postoperative immune competence. However, its specific association with early immune recovery remains unclear, and validated predictive tools are lacking.





Methods

This retrospective cohort study included 1,245 women who underwent curative surgery for cervical, endometrial, or ovarian cancer between March 2021 and September 2023. Preoperative nutritional status was assessed using the Patient-Generated Subjective Global Assessment (PG-SGA), and patients were stratified into well-nourished and malnourished groups. Poor immune recovery was defined as lymphocyte count <1.0 ×109/L on postoperative day 3 (POD3). Multivariate logistic regression was used to identify independent predictors, and a nomogram was developed and internally validated using ROC analysis, calibration curve, and decision curve analysis (DCA).





Results

Malnourished patients had a significantly higher risk of poor immune recovery (36.6% vs. 16.1%, P < 0.001) and postoperative complications. In multivariate analysis, malnutrition (adjusted OR: 2.41; 95% CI: 1.82–3.22), low BMI, anemia, elevated CRP, advanced FIGO stage, open surgery, preoperative lymphopenia, and older age were independently associated with poor immune recovery. The final model demonstrated good discrimination (AUC = 0.821; 95% CI: 0.798–0.845) and clinical utility. The nomogram provides individualized risk estimates to guide perioperative immunonutrition strategies.





Conclusion

Malnutrition is an independent risk factor for impaired early immune recovery after gynecologic cancer surgery. Our predictive model offers a clinically applicable tool to identify high-risk patients and support personalized perioperative management. Future prospective validation is warranted.
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Introduction

Gynecologic malignancies—including cervical, endometrial, and ovarian cancers—remain significant contributors to global cancer morbidity and mortality among women (1, 2). Surgery is the cornerstone of curative treatment for these cancers; however, postoperative recovery is increasingly recognized as being influenced not only by tumor burden and surgical technique but also by the patient’s nutritional and immunologic status (3, 4).

Preoperative malnutrition, frequently underdiagnosed in gynecologic oncology patients, has been associated with increased postoperative complications, prolonged hospitalization, delayed bowel function, and reduced survival (5–7). Nutritional deficits impair systemic immune function and exacerbate the inflammatory response to surgical stress, thus compromising early postoperative recovery (8, 9). Tools like the Patient-Generated Subjective Global Assessment (PG−SGA) have shown utility in identifying malnourished patients (10, 11), but they are rarely integrated into risk stratification models for immune outcomes in this population.

Early immune recovery, often represented by lymphocyte rebound within the first 72 hours after surgery, plays a critical role in tissue healing, infection resistance, and downstream oncologic outcomes (12). Persistent postoperative lymphopenia has been associated with increased risk of infection, delayed wound healing, and impaired host-tumor immune surveillance (13). However, despite its clinical relevance, few studies have systematically evaluated predictors of early immune recovery following gynecologic cancer surgery, and no validated clinical models currently exist to estimate this risk.

Immunonutrition—targeting both macro- and micronutrients essential to immune function—has emerged as a promising strategy to support postoperative recovery in oncology (14). Trials in gastrointestinal and head-and-neck cancers have demonstrated improved lymphocyte responses and reduced complication rates with perioperative immunonutrition (15). Yet, evidence in gynecologic oncology remains limited and inconsistent (16). Importantly, most interventions have not been individualized based on baseline immune or nutritional risk, limiting their efficacy and implementation (17).

Given this gap, the development of a predictive model capable of identifying patients at high risk of poor immune recovery would offer critical clinical utility. Such a model could guide tailored immunonutritional interventions, inform ERAS protocols, and help optimize perioperative immune management strategies.

In this retrospective cohort study of 1,245 patients undergoing curative surgery for gynecologic malignancies, we aimed to investigate whether preoperative malnutrition—as assessed by the PG−SGA—predicts poor early immune recovery, defined by persistent lymphopenia on postoperative day 3. We further sought to develop and internally validate a risk prediction nomogram incorporating nutritional, inflammatory, oncologic, and surgical factors to enable individualized immune risk assessment and guide future clinical decision-making.





Methods




Study design and setting

This retrospective cohort study was conducted at a tertiary academic hospital in Southwest China. Consecutive patients undergoing primary surgery for gynecologic malignancies between March 2021 and September 2023 were identified through the hospital’s centralized electronic medical database, which is updated in real time and regularly audited for clinical quality control. The study protocol followed the Declaration of Helsinki and was approved by the Institutional Review Board (IRB). Given the retrospective design and anonymized data collection, the need for informed consent was waived.





Patient selection

Eligible patients were women aged ≥18 years with histologically confirmed cervical, endometrial, or ovarian cancer who underwent either minimally invasive or open surgery with curative intent. Exclusion criteria included: (1) neoadjuvant chemotherapy or radiotherapy; (2) autoimmune diseases or chronic immunosuppressive therapy; (3) blood transfusion within 72 hours before POD3; (4) incomplete perioperative records; and (5) loss to follow-up before POD3. All data were screened and cross-validated by two independent researchers using a predefined data extraction protocol.






Nutritional status assessment

Preoperative nutritional status was evaluated using the validated Patient-Generated Subjective Global Assessment (PG-SGA), administered by trained registered dietitians or certified oncology nurses within 7 days before surgery. Patients were categorized as well-nourished (PG-SGA A) or malnourished (PG-SGA B or C) according to established scoring criteria. This classification served as the primary stratification variable.





Data collection and variable definitions

Demographic, clinical, and surgical data were extracted from electronic medical records. Laboratory markers included preoperative and postoperative day (POD) 1 and 3 measurements of serum albumin, hemoglobin (Hb), lymphocyte count, C-reactive protein (CRP), and interleukin-6 (IL-6, if available). IL-6 data were collected in a predefined subset of patients based on institutional immunologic monitoring protocols and were used for sensitivity analyses, not included in the main model.

The primary outcome was poor immune recovery, defined a priori as a total lymphocyte count <1.0 ×109/L on POD3, based on published guidelines and internal expert consensus. This threshold reflects clinically meaningful perioperative immunosuppression, as persistent lymphopenia at 72 hours after surgery has been associated with higher risks of infectious complications, delayed wound healing, and impaired antitumor immune surveillance. Additional recovery indicators included: (1) ≥30% CRP reduction (POD1–POD3), (2) serum albumin increase ≥2 g/L (POD1–POD3), and (3) NLR <5.0 on POD3. Composite immune recovery was defined as fulfilling at least 3 of these 4 criteria, based on prior literature and expert consensus in perioperative immunology.

Postoperative complications were graded using the Clavien–Dindo classification and adjudicated independently by two attending gynecologic oncologists. Infectious complications included documented surgical site infections (SSI), pneumonia, or urinary tract infections (UTI). Recovery metrics—such as time to ambulation ≥6 hours/day, bowel function return, and length of stay—were recorded per institutional enhanced recovery after surgery (ERAS) protocol.





Statistical analysis

Continuous variables were reported as mean ± standard deviation (SD) or median with interquartile range (IQR) and compared using Student’s t-test or Mann–Whitney U test, as appropriate. Categorical variables were analyzed using chi-square or Fisher’s exact test. Multivariate logistic regression was used to identify independent predictors of poor immune recovery, employing backward stepwise selection with consideration of both clinical relevance and statistical significance (threshold for entry: P < 0.10). All variables with univariate P < 0.10 and clinical relevance were considered for model inclusion.

Model discrimination was evaluated using the area under the receiver operating characteristic curve (AUC), and calibration was assessed via the Hosmer–Lemeshow goodness-of-fit test. To mitigate multicollinearity, variance inflation factors (VIFs) were calculated, all <2. Internal validation was performed using 1,000-bootstrap resampling to ensure robustness and reduce overfitting.

A clinical nomogram was constructed from the final multivariate model. Predictive performance was evaluated by ROC curves, calibration plots, and decision curve analysis (DCA), with net benefit quantified across multiple risk thresholds.





Data quality and bias control

All variables were cross-verified by two independent researchers blinded to outcomes. Any discrepancies were resolved by a third investigator. Complete case analysis was adopted, as the proportion of missing data was <5% across all variables. The study conforms to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines.






Results




Baseline characteristics

Table 1 presents the baseline characteristics of 1,245 patients stratified by preoperative nutritional status. Compared to the well-nourished group, malnourished patients were significantly older (58.1 ± 12.1 vs. 54.2 ± 11.4 years, P < 0.001) and had lower BMI (22.3 ± 4.1 vs. 24.5 ± 3.6 kg/m², P < 0.001). The malnourished group had a higher proportion of postmenopausal women, advanced-stage cancers (FIGO III–IV: 70.2% vs. 34.7%, P < 0.001), and ovarian cancer cases. They also had higher rates of comorbidities including anemia (46.3% vs. 23.6%, P < 0.001), hypertension, and diabetes. Laboratory indicators showed significantly lower serum albumin and lymphocyte counts and higher CRP levels in malnourished patients, suggesting a poorer systemic and immunologic baseline.


Table 1 | Baseline characteristics of patients stratified by preoperative nutritional status (N = 1245).
	Characteristic
	Well-nourished (n = 712)
	Malnourished (n = 533)
	P-value



	Age, years, mean ± SD
	54.2 ± 11.4
	58.1 ± 12.1
	<0.001


	BMI, kg/m², mean ± SD
	24.5 ± 3.6
	22.3 ± 4.1
	<0.001


	Menopausal status, n (%)
	 
	 
	 


	– Premenopausal
	265 (37.2%)
	137 (25.7%)
	<0.001


	– Postmenopausal
	447 (62.8%)
	396 (74.3%)
	 


	Type of cancer, n (%)
	0.008
	 
	 


	– Cervical cancer
	292 (41.0%)
	204 (38.3%)
	 


	– Endometrial cancer
	224 (31.5%)
	164 (30.8%)
	 


	– Ovarian cancer
	196 (27.5%)
	165 (30.9%)
	 


	FIGO stage, n (%)
	<0.001
	 
	 


	– I–II
	465 (65.3%)
	159 (29.8%)
	 


	– III–IV
	247 (34.7%)
	374 (70.2%)
	 


	Comorbidities, n (%)
	 
	 
	 


	– Hypertension
	153 (21.5%)
	145 (27.2%)
	0.020


	– Diabetes mellitus
	96 (13.5%)
	96 (18.0%)
	0.038


	– Anemia (Hb <110 g/L)
	168 (23.6%)
	247 (46.3%)
	<0.001


	Serum albumin, g/L, mean ± SD
	39.4 ± 3.6
	33.8 ± 3.9
	<0.001


	Lymphocyte count, ×109/L, mean ± SD
	1.68 ± 0.58
	1.30 ± 0.59
	<0.001


	CRP, mg/L, median (IQR)
	4.2 (1.8–9.4)
	8.6 (3.2–17.3)
	<0.001





BMI, body mass index; SD, standard deviation; FIGO, International Federation of Gynecology and Obstetrics; Hb, hemoglobin; CRP, C-reactive protein; IQR, interquartile range; POD, postoperative day; NLR, neutrophil-to-lymphocyte ratio; IL-6, interleukin-6; ICU, intensive care unit. Nutritional status was categorized based on the Patient-Generated Subjective Global Assessment (PG-SGA): well-nourished (PG-SGA A), malnourished (PG-SGA B or C). P-values were calculated using Student’s t-test, Mann–Whitney U test, or chi-square test, as appropriate.







Perioperative immune and inflammatory marker dynamics

As shown in Table 2, both groups exhibited postoperative declines in lymphocyte count and albumin, and elevations in CRP and IL-6, consistent with expected inflammatory responses. However, malnourished patients had significantly lower lymphocyte counts and albumin levels, and higher NLR, CRP, and IL-6 concentrations at all time points (pre-op, POD1, and POD3; all P < 0.001). These findings indicate a more pronounced and prolonged inflammatory state and impaired immune recovery in malnourished individuals.


Table 2 | Perioperative immune and inflammatory markers stratified by preoperative nutritional status.
	Marker
	Timepoint
	Well-nourished (n = 712)
	Malnourished (n = 533)
	P-value



	Lymphocyte count (×109/L), mean ± SD
	Pre-op
	1.68 ± 0.58
	1.30 ± 0.59
	<0.001


	POD1
	1.05 ± 0.42
	0.86 ± 0.41
	<0.001
	 


	POD3
	1.26 ± 0.51
	1.04 ± 0.48
	<0.001
	 


	NLR, median (IQR)
	Pre-op
	2.61 (1.82–3.69)
	3.24 (2.15–4.52)
	<0.001


	POD1
	8.12 (5.45–11.06)
	10.67 (7.62–14.58)
	<0.001
	 


	POD3
	4.73 (3.14–6.85)
	5.91 (3.89–8.47)
	<0.001
	 


	Albumin (g/L), mean ± SD
	Pre-op
	39.4 ± 3.6
	33.8 ± 3.9
	<0.001


	POD1
	33.2 ± 3.8
	29.4 ± 3.9
	<0.001
	 


	POD3
	35.1 ± 3.7
	31.2 ± 3.8
	<0.001
	 


	CRP (mg/L), median (IQR)
	Pre-op
	4.2 (1.8–9.4)
	8.6 (3.2–17.3)
	<0.001


	POD1
	68.5 (49.4–95.3)
	80.7 (56.1–109.8)
	<0.001
	 


	POD3
	37.4 (23.5–58.8)
	48.5 (31.7–72.6)
	<0.001
	 


	IL-6 (pg/mL), median (IQR)*
	Pre-op
	7.3 (2.8–13.4)
	10.5 (4.7–18.1)
	<0.001


	POD1
	78.2 (55.6–113.4)
	98.9 (67.4–136.1)
	<0.001
	 


	POD3
	41.2 (26.8–64.3)
	51.7 (30.9–74.1)
	<0.001
	 





POD, postoperative day; SD, standard deviation; IQR, interquartile range; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; IL-6, interleukin-6; BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; Hb, hemoglobin; ICU, intensive care unit.Nutritional status was defined by PG-SGA: well-nourished = PG-SGA A; malnourished = PG-SGA B or C. P-values represent between-group comparisons at each timepoint using independent t-test or Mann–Whitney U test. *IL-6 values were available in a subset of 412 patients according to institutional immunological monitoring protocols.







Immune recovery on postoperative day 3

Table 3 summarizes immune recovery outcomes on POD3. Lymphocyte recovery (≥1.0 ×109/L) was achieved in 83.9% of well-nourished patients versus only 63.4% of malnourished patients (P < 0.001). Similar trends were observed for CRP resolution, albumin rebound, and normalized NLR. Among the subset with IL-6 data, a ≥40% decline from POD1 to POD3 was more frequent in well-nourished patients (77.2% vs. 62.6%, P = 0.002). The median number of immune recovery indicators met was higher in the well-nourished group (3 vs. 2), and composite immune recovery (≥3 indicators) occurred in 63.8% of well-nourished patients versus 38.7% of malnourished patients (P < 0.001), suggesting a clear association between nutritional status and immune competence.


Table 3 | Immune recovery on postoperative day 3 according to preoperative nutritional status.
	Immune Recovery Indicator
	Well-nourished (n = 712)
	Malnourished (n = 533)
	P-value



	Lymphocyte recovery (≥1.0 ×109/L on POD3), n (%)
	598 (83.9%)
	338 (63.4%)
	<0.001


	CRP resolution (>30% decrease from POD1 to POD3), n (%)
	516 (72.5%)
	294 (55.2%)
	<0.001


	Albumin rebound (POD3 - POD1 ≥ +2 g/L), n (%)
	438 (61.5%)
	211 (39.6%)
	<0.001


	NLR <5.0 on POD3, n (%)
	456 (64.0%)
	267 (50.1%)
	<0.001


	IL-6 decrease >40% from POD1 to POD3*, n (%)
	217/281 (77.2%)
	82/131 (62.6%)
	0.002


	Number of recovery indicators met, median (IQR) (out of 4)**
	3 (2–4)
	2 (1–3)
	<0.001


	Composite recovery (≥3 indicators met), n (%)
	454 (63.8%)
	206 (38.7%)
	<0.001





POD, postoperative day; CRP, C-reactive protein; IL-6, interleukin-6; NLR, neutrophil-to-lymphocyte ratio; BMI, body mass index; SD, standard deviation; FIGO, International Federation of Gynecology and Obstetrics; Hb, hemoglobin; ICU, intensive care unit; IQR, interquartile range. “Immune recovery” was assessed on POD3 based on the following four core indicators: (1) lymphocyte count ≥1.0 ×109/L, (2) CRP decrease >30% from POD1, (3) serum albumin increase ≥2 g/L from POD1, and (4) NLR <5.0. IL-6 data were available in a subset of 412 patients (well-nourished: 281; malnourished: 131). Composite immune recovery was defined as meeting at least 3 of the 4 primary criteria. P-values were calculated using chi-square test or Mann–Whitney U test, as appropriate. Thresholds were defined based on literature and clinical consensus.

*Indicates that IL-6 measurements were available only in a predefined subset of 412 patients according to institutional immunological monitoring protocols.







Postoperative clinical outcomes

Table 4 details postoperative outcomes. Malnourished patients experienced significantly higher rates of overall complications (28.3% vs. 13.8%, P < 0.001), with an excess risk observed in both minor and major events. Infectious complications and delayed gastrointestinal recovery were also more common. Additionally, malnourished patients experienced longer hospital stays (13.1 ± 4.3 vs. 10.8 ± 3.7 days, P < 0.001), greater hospitalization costs, delayed ambulation, and higher 30-day readmission rates. These findings underscore the clinical consequences of poor nutritional status beyond laboratory immune markers.


Table 4 | Postoperative clinical outcomes stratified by preoperative nutritional status.
	Outcome
	Well-nourished (n = 712)
	Malnourished (n = 533)
	P-value



	Any postoperative complication, n (%)
	98 (13.8%)
	151 (28.3%)
	<0.001


	Minor (Clavien-Dindo Grade I–II)
	69 (9.7%)
	112 (21.0%)
	<0.001


	Major (Grade ≥ III)
	29 (4.1%)
	39 (7.3%)
	0.018


	Infectious complication (SSI, pneumonia, UTI), n (%)
	51 (7.2%)
	92 (17.3%)
	<0.001


	Delayed GI recovery (no flatus ≥72 h), n (%)
	38 (5.3%)
	66 (12.4%)
	<0.001


	ICU admission postoperatively, n (%)
	8 (1.1%)
	21 (3.9%)
	0.006


	Time to ambulation ≥6h/day, days, median (IQR)
	2 (2–3)
	3 (2–4)
	<0.001


	Time to bowel function recovery, days, mean ± SD
	2.7 ± 1.1
	3.5 ± 1.3
	<0.001


	Length of hospital stay, days, mean ± SD
	10.8 ± 3.7
	13.1 ± 4.3
	<0.001


	Total hospital cost, USD, median (IQR)
	6,780 (6,020–7,810)
	8,090 (7,130–9,270)
	<0.001


	30-day unplanned readmission, n (%)
	19 (2.7%)
	36 (6.8%)
	0.001





ICU, intensive care unit; IQR, interquartile range; SD, standard deviation; GI, gastrointestinal; SSI, surgical site infection; UTI, urinary tract infection; POD, postoperative day; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; IL-6, interleukin-6; BMI, body mass index; FIGO, International Federation of Gynecology and Obstetrics; Hb, hemoglobin. Postoperative complica tions were categorized according to the Clavien-Dindo classification. Total hospital cost was recorded in Chinese Yuan and converted to USD using the average exchange rate during the study period (1 USD ≈ 6.5 RMB). Delayed GI recovery was defined as absence of flatus or bowel movement for ≥72 hours after surgery. Ambulation and GI recovery were documented according to institutional ERAS protocol. P-values were calculated using chi-square, t-test, or Mann–Whitney U test as appropriate.







Independent predictors of poor immune recovery

Table 5 displays the results of multivariate logistic regression identifying independent predictors of poor immune recovery (lymphocyte count <1.0 ×109/L on POD3). Malnutrition was a strong predictor (adjusted OR: 2.41; 95% CI: 1.82–3.22; P < 0.001), along with BMI <18.5 kg/m², anemia, elevated preoperative CRP, advanced FIGO stage, ovarian cancer, open surgery, preoperative lymphopenia, and age ≥60 years (all P < 0.05). The model demonstrated good discrimination (AUC = 0.821; 95% CI: 0.798–0.845) and acceptable calibration (Hosmer–Lemeshow P = 0.26). These results confirm that nutritional and inflammatory status, alongside tumor burden and surgical factors, independently affect postoperative immune restoration.


Table 5 | Multivariate logistic regression for predictors of poor immune recovery on postoperative day 3 (lymphocyte count <1.0 ×109/L).
	Variable Category
	Variable
	Adjusted OR (95% CI)
	P-value



	Nutritional status
	Malnourished (vs well-nourished)
	2.41 (1.82–3.22)
	<0.001


	 
	BMI <18.5 kg/m²
	1.72 (1.18–2.51)
	0.004


	Hematologic/inflammatory
	Anemia (Hb <110 g/L)
	1.48 (1.10–2.00)
	0.009


	 
	Elevated pre-op CRP (>10 mg/L)
	1.64 (1.22–2.19)
	0.001


	Tumor-related factors
	FIGO stage III–IV (vs I–II)
	1.59 (1.19–2.11)
	0.002


	 
	Ovarian cancer (vs cervical)
	1.37 (1.00–1.88)
	0.047


	Surgical approach
	Open surgery (vs minimally invasive)
	1.46 (1.10–1.94)
	0.009


	Baseline immune status
	Pre-op lymphocyte <1.0 ×109/L
	2.73 (2.01–3.70)
	<0.001


	Demographics
	Age ≥60 years
	1.31 (1.00–1.73)
	0.049





Model performance: AUC = 0.821 (95% CI: 0.798–0.845); Hosmer–Lemeshow P = 0.26

OR, odds ratio; CI, confidence interval; BMI, body mass index; Hb, hemoglobin; CRP, C-reactive protein; FIGO, International Federation of Gynecology and Obstetrics; POD, postoperative day; NLR, neutrophil-to-lymphocyte ratio; IL-6, interleukin-6; ICU, intensive care unit; SD, standard deviation; IQR, interquartile range. Poor immune recovery was defined as lymphocyte count <1.0 ×109/L on postoperative day 3 (POD3). All variables were selected based on backward stepwise logistic regression. Multicollinearity was assessed (VIF <2). Model discrimination was assessed using ROC (AUC), calibration by Hosmer–Lemeshow test, and clinical utility via decision curve analysis.







Performance and visualization of the predictive model

To further evaluate and visualize the predictive performance of the multivariate logistic regression model, we conducted ROC analysis, nomogram construction, calibration assessment, and decision curve analysis. As shown in Figure 1, the receiver operating characteristic (ROC) curve demonstrated good discrimination of the final model, with an area under the curve (AUC) of 0.821 (95% CI: 0.798–0.845), indicating strong predictive ability for poor immune recovery on postoperative day 3. A nomogram incorporating all significant predictors from the final logistic regression (malnutrition, BMI <18.5, anemia, elevated CRP, advanced FIGO stage, ovarian cancer, open surgery, preoperative lymphopenia, and age ≥60) was developed to allow individualized risk estimation (Figure 2). Each predictor was assigned a score on a point scale, and the total score corresponds to the estimated probability of poor immune recovery. Model calibration was assessed using a bootstrap-corrected calibration curve (Figure 3), which showed close agreement between predicted and observed probabilities across the range of risk estimates, indicating good model calibration without significant overfitting. Finally, decision curve analysis (Figure 4) demonstrated that the predictive model provided greater net benefit across a range of clinically relevant risk thresholds compared to either “treat all” or “treat none” strategies. This suggests favorable clinical utility of the model in supporting perioperative immunological decision-making.

[image: ROC curve chart showing sensitivity (True Positive Rate) on the y-axis versus 1-specificity (False Positive Rate) on the x-axis. The blue curve represents model performance with an area under the curve (AUC) of 0.821. The confidence interval (CI) is between 0.798 and 0.845. A diagonal dashed line indicates random performance.]
Figure 1 | Receiver operating characteristic (ROC) curve for the predictive model. The ROC curve demonstrates the discrimination ability of the final logistic regression model in predicting poor immune recovery on postoperative day 3. The area under the curve (AUC) was 0.821 (95% CI: 0.798–0.845), indicating good model performance. POD, postoperative day; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; IL-6, interleukin-6; FIGO, International Federation of Gynecology and Obstetrics; ICU, intensive care unit; BMI, body mass index; SD, standard deviation; IQR, interquartile range; OR, odds ratio; CI, confidence interval.

[image: Nomogram for predicting risk factors includes variables such as malnourishment, low BMI, anemia, elevated CRP, FIGO stage III/IV, ovarian cancer, open surgery, low preoperative lymphocyte count, and age over sixty. Points range from zero to one hundred for each factor, contributing to total points, linear predictor, and risk assessment.]
Figure 2 | Nomogram for predicting poor immune recovery on postoperative day 3. The nomogram was developed based on the multivariate logistic regression model to estimate the individual risk of poor immune recovery (lymphocyte count <1.0 ×109/L on POD3). Each predictor is assigned a corresponding score on the “Points” scale, and total points correspond to predicted probability at the bottom of the scale. POD, postoperative day; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; IL-6, interleukin-6; FIGO, International Federation of Gynecology and Obstetrics; ICU, intensive care unit; BMI, body mass index; SD, standard deviation; IQR, interquartile range; OR, odds ratio; CI, confidence interval.

[image: Calibration plot comparing actual versus predicted probabilities. The plot features a diagonal grey line representing the ideal calibration, a blue line for apparent probability, and a red line for bias-corrected probability. The x-axis shows predicted probability ranging from 0.0 to 1.0, while the y-axis indicates actual probability within the same range. Vertical black lines are at the top and bottom, indicating the distribution of data points.]
Figure 3 | Calibration plot of the predictive model. The calibration curve compares the predicted probabilities with the observed outcomes of poor immune recovery on POD3. The bias-corrected line (via 1000-bootstrap resampling) closely aligns with the ideal line, indicating good agreement between predicted and actual risk. POD, postoperative day; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; IL-6, interleukin-6; FIGO, International Federation of Gynecology and Obstetrics; ICU, intensive care unit; BMI, body mass index; SD, standard deviation; IQR, interquartile range; OR, odds ratio; CI, confidence interval.

[image: Decision curve analysis (DCA) plot showing net benefit on the y-axis versus threshold probability on the x-axis. The blue curve represents the predictive model incorporating malnutrition, BMI, anemia, CRP, FIGO stage, ovarian cancer, surgical approach, preoperative lymphocyte count, and age. Two reference lines are included: a grey dashed line representing the “treat none” strategy and a black line representing the “treat all” strategy. The predictive model demonstrates greater net benefit than both reference strategies across a wide range of clinically relevant thresholds, indicating favorable clinical utility for perioperative immune risk prediction.]
Figure 4 | Decision curve analysis (DCA) for the predictive model. The DCA evaluates the clinical utility of the prediction model by estimating the net benefit across a range of threshold probabilities. The model shows greater net benefit than the “treat all” and “treat none” strategies within the clinically relevant range. POD, postoperative day; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; IL-6, interleukin-6; FIGO, International Federation of Gynecology and Obstetrics; ICU, intensive care unit; BMI, body mass index; SD, standard deviation; IQR, interquartile range; OR, odds ratio; CI, confidence interval.






Discussion

This study highlights the critical prognostic role of preoperative nutritional status in shaping early immune recovery among women undergoing curative gynecologic cancer surgery. Leveraging a large, well-characterized cohort and validated nutritional assessment via PG-SGA, we found that malnourished patients exhibited a significantly higher incidence of persistent lymphopenia on postoperative day 3 (POD3), delayed inflammatory resolution, and increased complication rates. The predictive nomogram constructed from these findings—integrating nutritional, inflammatory, oncologic, and surgical parameters—demonstrated strong discriminatory power (AUC = 0.821), suggesting its potential as a clinical decision-support tool in perioperative care.

Our findings substantiate and extend existing evidence linking malnutrition to postoperative vulnerability in cancer patients. While hypoalbuminemia and low BMI have previously been associated with increased morbidity and mortality in gynecologic oncology (18, 19), most prior research has not examined immune recovery as a distinct biological endpoint. By focusing on lymphocyte count on postoperative day 3 (POD3)—a clinically validated surrogate marker of immune function in the immediate postoperative period—our study contributes to the growing clinical understanding of host immune restoration following surgical stress. This approach is supported by recent evidence in spine surgery patients, where lower POD3 lymphocyte levels were significantly associated with increased risk of postoperative infections, reinforcing its prognostic utility in immunologic surveillance (20). Similarly, in minimally invasive thoracic surgery for non–small cell lung cancer, POD3 leukocyte and lymphocyte dynamics were shown to correlate with surgical stress intensity and early recovery outcomes, further validating this metric as a reliable indicator of immune recovery (21). Lymphocyte count <1.0 ×109/L has been widely adopted in immune-oncology studies as a threshold indicating immunosuppression, particularly in the perioperative setting (22, 23). Our inclusion of complementary markers such as CRP, albumin kinetics, and NLR further strengthens the multidimensional assessment of postoperative immunologic recovery.

Importantly, our results revealed heterogeneity across tumor types. Malnourished patients with ovarian cancer—who represented a higher proportion of FIGO stage III–IV cases—demonstrated the poorest immune recovery rates. This aligns with previous studies demonstrating that preoperative malnutrition—often driven by extensive tumor burden and aggressive cytoreductive surgery—can compromise surgical outcomes through amplified nutritional stress and systemic inflammation. In particular, a recent multicenter cohort of ovarian cancer patients found that malnourished individuals were significantly more likely to undergo incomplete cytoreduction and experience worsened postoperative recovery (24). Thus, the prognostic effect of malnutrition may be particularly pronounced in high-stage ovarian cancer, warranting tailored preoperative intervention strategies in this subgroup. At the molecular level, metabolic reprogramming has also been implicated in treatment resistance, with adrenomedullin shown to induce cisplatin chemoresistance in ovarian cancer through glucose metabolism remodeling (25).

The biological plausibility of these findings is underpinned by a growing body of literature on the malnutrition-inflammation-immuno suppression axis. Protein-energy deficiency impairs lymphopoiesis, reduces thymic output, and disrupts antigen presentation through dendritic cell dysfunction (26). Simultaneously, micronutrient deficiencies—particularly zinc, selenium, and vitamin D—compromise T-cell proliferation, NK cell cytotoxicity, and cytokine signaling (27, 28). These effects are exacerbated in the perioperative setting by the acute-phase response, driven by IL-6 and other proinflammatory cytokines, which divert amino acids toward hepatic protein synthesis at the expense of peripheral immune function (29). This multifaceted immunologic compromise offers a compelling rationale for nutritional intervention strategies targeting both macronutrient repletion and immune modulation.

Immunonutrition, particularly formulations enriched with arginine, omega-3 fatty acids, and nucleotides, has shown promise in enhancing lymphocyte counts and reducing infections in gastrointestinal and head-and-neck cancer surgeries (30). Evidence in gynecologic oncology remains limited but encouraging. Ferrero et al. reported that perioperative immunonutrition improved CD8+ T-cell recovery and reduced infectious complications in patients undergoing surgery for advanced ovarian cancer (31). Our nomogram could serve as a risk-stratification tool to identify candidates most likely to benefit from such interventions, thereby improving cost-effectiveness and clinical outcomes.

From a global perspective, few predictive models exist to estimate early immune recovery in gynecologic surgery. Existing tools such as the Surgical Apgar Score or the ACS-NSQIP risk calculator offer general complication risk estimates but lack specificity for immune function or nutritional risk (32, 33). Recent oncology studies have similarly demonstrated the prognostic utility of nomogram-based approaches in colorectal, hepatobiliary, and pancreatic cancers, further supporting the methodological robustness and translational potential of our model (34–36). Compared to these, our model incorporates objective immunologic endpoints, uses widely available clinical data, and demonstrated high internal validity. Similarly, molecular signature-based prognostic models, such as ferroptosis-related signatures in gastric cancer, further highlight the translational relevance of integrating biologic markers into risk stratification (37).

These features enhance its potential for clinical translation, particularly in middle-income countries where nutritional risk is high and resource allocation must be strategic.

Despite its strengths, this study has several limitations. First, the retrospective design may introduce selection and information biases, although extensive cross-validation and standardized PG-SGA administration mitigate these concerns. Moreover, the large sample size and uniform preoperative nutritional assessment using a validated PG-SGA instrument help to reduce heterogeneity and strengthen the robustness of our findings. Second, the single-center setting may limit generalizability, necessitating external validation across diverse populations and health systems. Comparable large-scale studies in gastrointestinal oncology have shown that comorbid cardiovascular and metabolic diseases significantly influence long-term surgical outcomes, underscoring the need for broader validation of our findings (38). Third, IL-6 measurements were limited to a predefined subset based on institutional protocols. While informative for secondary analysis, our primary model used universally available biomarkers (CRP and lymphocyte count), enhancing clinical applicability. Fourth, the current model does not include long-term oncologic outcomes such as recurrence or survival. Whether early immune recovery mediates these endpoints remains an important area for future investigation.

Prospective validation of our nomogram is warranted, ideally through multicenter cohort studies encompassing different ethnic and geographic populations. Furthermore, randomized controlled trials should explore whether risk-stratified nutritional interventions based on the model can improve immune recovery and clinical endpoints. Finally, integration of more granular immune metrics—such as CD4/CD8 ratio, Treg counts, or immune gene expression profiles—could refine the model’s biological precision and clinical relevance.

In conclusion, preoperative malnutrition is a strong, independent predictor of impaired early immune recovery following gynecologic cancer surgery. Our internally validated prediction model offers a clinically accessible tool to identify high-risk individuals and tailor perioperative management. By bridging nutritional and immunologic assessment, this work provides a framework for future interventional studies and highlights the need for integrated nutrition-immunity strategies in oncologic surgery. In addition, the nomogram can be readily applied in routine clinical practice at the bedside using standard perioperative variables, enabling individualized risk estimation and targeted immunonutritional interventions.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by the Ethics Committee of the Affiliated Hospital, Southwest Medical University, Luzhou, Sichuan, China (Ethics Approval Number: 2025397). Due to the retrospective nature of the study, the requirement for written informed consent was waived. The study was conducted in accordance with the ethical standards of the Declaration of Helsinki, and patient data confidentiality was rigorously maintained throughout the research process.





Author contributions

XS: Conceptualization, Data curation, Formal Analysis, Visualization, Writing – original draft, Writing – review & editing. LL: Conceptualization, Methodology, Visualization, Writing – original draft. LH: Data curation, Formal Analysis, Investigation, Methodology, Resources, Writing – original draft. SW: Conceptualization, Investigation, Software, Supervision, Validation, Visualization, Writing – original draft. ZP: Data curation, Investigation, Writing – review & editing. DL: Conceptualization, Data curation, Resources, Software, Supervision, Validation, Visualization, Writing – original draft.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This study was supported by the Doctoral Start-up Fund of the Affiliated Hospital of Southwest Medical University (Grant No. 21038).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The reviewer XL declared a past co-authorship with the author XS to the handling editor.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Yang C, Zou J, Luo X, Ou Y, Lin X, Wang X, et al. Health inequality and improvement gap in the prevalence of gynecological cancers among perimenopausal women globally, 1990-2019. BMC Public Health. (2025) 25:590. doi: 10.1186/s12889-025-21807-3, PMID: 39939993


	 Giudici F, De Paoli A, Toffolutti F, Guzzinati S, Francisci S, Bucchi L, et al. Indicators of cure for women living after uterine and ovarian cancers: a population-based study. Am J Epidemiol. (2024) 193:1224–32. doi: 10.1093/aje/kwae044, PMID: 38629583


	Oncology and Anesthesiology Group of Chinese Society of Anesthesiology; Society of Oncological Anesthesia and Analgesia, Chinese Anti-Cancer Association. [Expert consensus on anesthesia in Enhanced Recovery after Surgery for esophageal cancer surgery. Zhonghua Yi Xue Za Zhi. (2024) 104:171–9. doi: 10.3760/cma.j.cn112137-20230807-00177, PMID: 38220441


	 Wang Z, Peng W, Zhang J. The effect of early enteral nutrition under the ERAS model on gastrointestinal and immune function recovery in patients undergoing gastric tumor surgery. Ann Ital Chir. (2024) 95:1147–54. doi: 10.62713/aic.3738, PMID: 39723500


	 Morton M, Patterson J, Sciuva J, Perni J, Backes F, Nagel C, et al. Malnutrition, sarcopenia, and cancer cachexia in gynecologic cancer. Gynecol Oncol. (2023) 175:142–55. doi: 10.1016/j.ygyno.2023.06.015, PMID: 37385068


	 Goins EC, Weber JM, Truong T, Moss HA, Previs RA, Davidson BA, et al. Malnutrition as a risk factor for post-operative morbidity in gynecologic cancer: Analysis using a national surgical outcomes database. Gynecol Oncol. (2022) 165:309–16. doi: 10.1016/j.ygyno.2022.01.030, PMID: 35241292


	 Jacobson RA, Mishra A, Dineen SP. Nutrition for the Surgical Patient. In:  M Hoffman, TL Hull, BH Bochner, editors. Major Complications of Female Pelvic Surgery. Springer, Cham (2025). doi: 10.1007/978-3-031-66772-5_4


	 Boccardi V, Marano L. Improving geriatric outcomes through nutritional and immunonutritional strategies: Focus on surgical setting by a comprehensive evidence review. Ageing Res Rev. (2024) 96:102272. doi: 10.1016/j.arr.2024.102272, PMID: 38492809


	 Ivascu R, Torsin LI, Hostiuc L, Nitipir C, Corneci D, Dutu M. The surgical stress response and anesthesia: A narrative review. J Clin Med. (2024) 13:3017. doi: 10.3390/jcm13103017, PMID: 38792558


	 Zhang XL, Zhao WQ, Du YY, Zhang Y, Li WL, Hu WQ, et al. Exploration of phase angle used to construct PG-SGA nutritional assessment and prediction model for Malignant tumor patients. Zhonghua Zhong Liu Za Zhi. (2022) 44:1376–84. doi: 10.3760/cma.j.cn112152-20210719-00521, PMID: 36575790


	 Zhang X, Zhao W, Du Y, Zhang J, Zhang Y, Li W, et al. A simple assessment model based on phase angle for malnutrition and prognosis in hospitalized cancer patients. Clin Nutr. (2022) 41:1320–7. doi: 10.1016/j.clnu.2022.04.018, PMID: 35576844


	 Guo R, Yang WW, Zhong ML, Rao PG, Luo X, Liao BZ, et al. The relationship between anesthesia, surgery and postoperative immune function in cancer patients: a review. Front Immunol. (2024) :1441020. doi: 10.3389/fimmu.2024.1441020, PMID: 39295870


	 Tsujimoto H, Kobayashi M, Sugasawa H, Ono S, Kishi Y, Ueno H. Potential mechanisms of tumor progression associated with postoperative infectious complications. Cancer Metastasis Rev. (2021) 40:285–96. doi: 10.1007/s10555-020-09945-z, PMID: 33389285


	 Lygizos V, Haidopoulos D, Vlachos DE, Varthaliti A, Fanaki M, Daskalakis G, et al. Immunonutrition in ERAS protocol for patients with gynecologic cancer: A narrative review of the literature. Life (Basel). (2025) 15:487. doi: 10.3390/life15030487, PMID: 40141831


	 Modesti CL, Mattavelli D, Testa G, Tofani L, Piazza C. The impact of immunonutrition in head and neck cancer surgery: a systematic review with meta-analysis. Acta Otorhinolaryngol Ital. (2025) 45:75–83. doi: 10.14639/0392-100X-N3140, PMID: 40353479


	 Vashi P, Fechtner J, Trukova K. Nutrition Management in Oncology: Gastroenterology, Breast, Esophageal, Head and Neck, Gynecologic, Lung, Prostate Cancers, and Palliative Care. In: Outpatient Nutrition Care: GI, Metabolic and Home Nutrition Support. Boca Raton, FL, USA: CRC Press (2023). p. 217–67.


	 Lawrence JC, Radow BS, O’Neill PJ. Nutritional support in reoperative surgical patients. Eur Surg. (2025) 57:204–17. doi: 10.1007/s10353-025-00867-0


	 Kuzma T, Glaze S, Duan Q, Duttchen K. Preoperative hypoalbuminemia is associated with increased mortality in patients undergoing surgery for gynaecologic Malignancy - A retrospective cohort study. J Obstet Gynaecol Can. (2023) 45:395–401. doi: 10.1016/j.jogc.2023.03.100, PMID: 37061222


	 Sehouli J, Mueller K, Richter R, Anker M, Woopen H, Rasch J, et al. Effects of sarcopenia and malnutrition on morbidity and mortality in gynecologic cancer surgery: results of a prospective study. J Cachexia Sarcopenia Muscle. (2021) 12:393–402. doi: 10.1002/jcsm.12676, PMID: 33543597


	 Shi BW, Xu L, Gong CX, Yang F, Han YD, Chen HZ, et al. Preoperative Neutrophil to Lymphocyte Ratio Predicts Complications After Esophageal Resection That can be Used as Inclusion Criteria for Enhanced Recovery After Surgery. Front Surg. (2022) 9:897716. doi: 10.3389/fsurg.2022.897716, PMID: 35910480


	 Miyamoto A, Tanaka M, Flores AOP, Yu D, Jain M, Heng C, et al. Predicting surgical site infections in spine surgery: association of postoperative lymphocyte reduction. Diagnostics (Basel). (2024) 14:2715. doi: 10.3390/diagnostics14232715, PMID: 39682623


	 Wang Z, Zhang W, Chen L, Lu X, Tu Y. Lymphopenia in sepsis: a narrative review. Crit Care. (2024) 28:315. doi: 10.1186/s13054-024-05099-4, PMID: 39304908


	 Giabicani M, Timsit C, Copelovici L, Devauchelle P, Guillouët M, Hachouf M, et al. Role of lymphopenia in early prediction of infection following orthotopic liver transplantation in cirrhotic patients. Transpl Int. (2025) 38:14372. doi: 10.3389/ti.2025.14372, PMID: 40421387


	 Nasser S, Bilir E, Derin X, Richter R, Grabowski JP, Ali P, et al. Pre-operative malnutrition in patients with ovarian cancer: what are the clinical implications? Results of a prospective study. Cancers (Basel). (2024) 16:622. doi: 10.3390/cancers16030622, PMID: 38339372


	 Dou L, Lu E, Tian D, Li F, Deng L, Zhang Y. Adrenomedullin induces cisplatin chemoresistance in ovarian cancer through reprogramming of glucose metabolism. J Transl Int Med. (2023) 11:169–77. doi: 10.2478/jtim-2023-0091, PMID: 37408575


	 Michael H, Amimo JO, Rajashekara G, Saif LJ, Vlasova AN. Mechanisms of kwashiorkor-associated immune suppression: insights from human, mouse, and pig studies. Front Immunol. (2022) 13:826268. doi: 10.3389/fimmu.2022.826268, PMID: 35585989


	 Doaei S, Mardi A, Zare M. Role of micronutrients in the modulation of immune system and platelet activating factor in patients with COVID-19; a narrative review. Front Nutr. (2023) :1207237. doi: 10.3389/fnut.2023.1207237, PMID: 37781112


	 Filippini T, Fairweather-Tait S, Vinceti M. Selenium and immune function: a systematic review and meta-analysis of experimental human studies. Am J Clin Nutr. (2023) 117:93–110. doi: 10.1016/j.ajcnut.2022.11.007, PMID: 36789948


	 Robinson TP, Hamidi T, Counts B, Guttridge DC, Ostrowski MC, Zimmers TA, et al. The impact of inflammation and acute phase activation in cancer cachexia. Front Immunol. (2023) 14:1207746. doi: 10.3389/fimmu.2023.1207746, PMID: 38022578


	 Matsui R, Sagawa M, Inaki N, Fukunaga T, Nunobe S. Impact of perioperative immunonutrition on postoperative outcomes in patients with upper gastrointestinal cancer: A systematic review and meta-analysis of randomized controlled trials. Nutrients. (2024) 16:577. doi: 10.3390/nu16050577, PMID: 38474706


	 Ferrero A, Vassallo D, Geuna M, Fuso L, Villa M, Badellino E, et al. Immunonutrition in ovarian cancer: clinical and immunological impact? J Gynecol Oncol. (2022) 33:e77. doi: 10.3802/jgo.2022.33.e77, PMID: 36047379


	 Mirzaiee M, Soleimani M, Banoueizadeh S, Mahdood B, Bastami M, Merajikhah A. Ability to predict surgical outcomes by surgical Apgar score: a systematic review. BMC Surg. (2023) 23:282. doi: 10.1186/s12893-023-02171-8, PMID: 37723504


	 Cohen ME, Liu Y, Ko CY, Hall BL. An examination of american college of surgeons NSQIP surgical risk calculator accuracy. J Am Coll Surg. (2017) 224:787–795e1. doi: 10.1016/j.jamcollsurg.2016.12.057, PMID: 28389191


	 Huang D, Zheng S, Huang F, Chen J, Zhang Y, Chen Y, et al. Prognostic nomograms integrating preoperative serum lipid derivative and systemic inflammatory marker of patients with non-metastatic colorectal cancer undergoing curative resection. Front Oncol. (2023) 13:1100820. doi: 10.3389/fonc.2023.1100820, PMID: 36969019


	 Ge B, Zhuo C, Tang Q, Wu Y. Clinical features and a prognostic nomogram based on the SEER database for hepatoblastoma, hepatocellular carcinoma, and embryonal sarcoma among children and adolescents. Transl Pediatr. (2023) 12:172–84. doi: 10.21037/tp-22-679, PMID: 36891371


	 Zhang B, Chen X, Wang Z, Guo F, Zhang X, Huang B, et al. Identifying endoplasmic reticulum stress-related molecular subtypes and prognostic model for predicting the immune landscape and therapy response in pancreatic cancer. Aging (Albany NY). (2023) 15:10549–79. doi: 10.18632/aging.205094, PMID: 37815881


	 Liu Y, Liu Y, Ye S, Feng H, Ma L. A new ferroptosis-related signature model including messenger RNAs and long non-coding RNAs predicts the prognosis of gastric cancer patients. J Transl Int Med. (2023) 11:145–55. doi: 10.2478/jtim-2023-0089, PMID: 38025952


	 Zhou B, Wang Z, Dou Q, Li W, Li Y, Yan Z, et al. Long-term outcomes of esophageal and gastric cancer patients with cardiovascular and metabolic diseases: A two-center propensity score-matched cohort study. J Transl Int Med. (2023) 11:234–45. doi: 10.2478/jtim-2023-0112, PMID: 37818156







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Sun, Li, He, Wang, Pan and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-16-1681762-g002.jpg
0 20 40 60 30 100

P Oil’ltS P T B AT B e S B B B |
0
Malnourished i—'
0
BMI It 18 5 ————————
t 0
Anemia HH e
t 0
Elevated CRP —
1
0
FIGO III IV —
|
0
Ovarian_Cancer —
|
0
Open_Surgery ——————1
|
0
Preop Lymphocyte Low -—,—
|
0
Age ge 60 —
1
Total Points I R B B e Bl R R a S AR LA RS AR ARy RARRE RARR S
0 100 200 300 400 500 600
Linear Predictor T T
—4 -2 0 2 4
Risk M T





OEBPS/Images/fimmu.2025.1681762_cover.jpg
& frontiers | Frontiers in Immunology

Preoperative malnutrition predicts poor early
immune recovery following gynecologic
cancer surgery: a retrospective cohort study
and risk nomogram development





OEBPS/Images/fimmu-16-1681762-g003.jpg
Actual Probability

1.0

0.8

=
o

o
~

0.2

0.0

0.0

0.2

— Apparent
— Bias corrected
Ideal line

0.4 0.6 0.8
Predicted Probability

1.0





OEBPS/Images/fimmu-16-1681762-g001.jpg
Sensitivity (TPR)

<
00

=
o)

o
~

&=
b

0.2

Model
AUC: 0.821
CI: 0.798-0.845

0.4 0.6 0.8 1.0
1—Specificity (FPR)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1681762-g004.jpg
Net Benefit

0.5

0.4

0.3

0.2

0.1

0.0

0.0

0.2

— Malnourished

— Elevated CRP
FIGO III IV

Ovarian_Cancer

0.4 0.6
Risk Threshold

0.8

1.0





