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Abstract

Background: Patients undergoing major surgery for gynecologic cancer often experience
postoperative complications. Postoperative complications are influenced by various
factors, one of which is nutritional status. The preoperative prognostic nutritional index
(PNI), calculated from serum albumin levels and lymphocyte count, is used as a
preoperative nutritional parameter and has been associated with postoperative
outcomes.

Objective: To investigate the association between preoperative PNI and postoperative
outcomes in patients undergoing major gynecologic oncology surgery.

Methods: This prospective observational study was conducted at Dr. Cipto
Mangunkusumo National General Hospital in August-December 2024. Subjects were
gynecologic cancer patients aged 18-65 years who underwent major surgery. PNI was
calculated based on preoperative serum albumin levels and lymphocyte count.
Postoperative complications were assessed within 30 days following surgery using the
Clavien-Dindo classification. Statistical analysis was performed using Chi-square or
Fisher’s exact test, followed by multivariable logistic regression.

Results: A total of 56 subjects were included, with a mean age of 47.8 + 12.3 years and a
median PNI of 50.2 (28.9-61.3). Postoperative complications occurred in 35.7% of
subjects, with surgical site infections being the most common. The median PNI was lower
in the complication group, although the difference was not statistically significant. In
multivariable analysis, advanced tumor stage was the only independent predictor of
postoperative complications (odd ratio [OR] 4.74, 95% Cl 1.26—17.83, p = 0.021). Low PNI
showed a nonsignificant trend toward higher odds of complications (OR 1.71, 95% ClI
0.47-6.28, p=0.420).

Conclusion: PNI was not statistically significant but showed a trend toward association
with postoperative complications, suggesting its potential importance of preoperative
nutritional status. Advanced tumor stage was an independent predictor of complications.
Further multicenter studies are needed to confirm the prognostic role of PNI in
gynecologic oncology surgery.
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Introduction

Gynecologic cancers account for more than 1.3 million cases globally, with mortality
rates reaching up to 47%.! In Indonesia, cervical and ovarian cancers are the most
common gynecologic malignancies and are leading causes of cancer-related deaths
among women.> Surgery remains the cornerstone of treatment for these cancers,
particularly in the early stage. Due to their complexity and invasiveness, major
gynecologic oncology surgeries are associated with a higher risk of adverse postoperative
outcomes, which may increase the length of hospital stay, risk of readmission, and overall
cost of care.**

Preoperative nutritional status is one of the key factors influencing postoperative
outcomes. Malnutrition is common in gynecologic cancer and is driven by systemic
inflammation, altered energy metabolism, inadequate nutrient intake, and adverse effects
of cancer therapy.’~’ Chronic malnutrition in cancer is associated with impaired immune
function, particularly reduced lymphocyte levels and function, and may lead to
hypoalbuminemia. These alterations are linked to increased postoperative morbidity and
mortality.b8

Several parameters can be used to assess preoperative nutritional status; however,
many of them still have some limitations. Subjectivity, lack of comprehensive data, and
interference from tumor mass or fluid retention may lead to inaccurate assessment.”!°
Therefore, a simple and objective nutritional parameter is needed. The prognostic
nutritional index (PNI) is a parameter that reflects both nutritional and immune status,
calculated based on serum albumin levels and total lymphocyte count.''"!3 Low PNI is
associated with preoperative malnutrition and poor surgical outcomes in several
malignancies.®

Although previous studies have investigated the prognostic role of PNI in
gastrointestinal, hepatobiliary, and cardiac surgeries, evidence in gynecologic cancer
surgery remains inconclusive.!*!” Yet prospective data focusing specifically on
gynecologic oncology surgery are scarce, particularly in Indonesia. Therefore, this study
aimed to investigate preoperative nutritional status using PNI and its association with
postoperative complications in patients undergoing major gynecologic oncology surgery.

Methods

This prospective observational study was conducted at Dr. Cipto Mangunkusumo
National General Hospital (RSCM), Jakarta, Indonesia, from August to December 2024.
A total of 60 consecutive patients met the eligibility criteria during the study period. The
study protocol was approved by the Health Research Ethics Committee of the Faculty of
Medicine, Universitas Indonesia (KET-865/UN2.F1/ETIK/PPM.00.02/2024).

Study participants

Inclusion criteria were female patients aged 18-65 years with gynecologic cancer
undergoing major surgery. Major gynecology oncology surgery was defined as
laparotomy for resection of the genital organs (uterus, ovaries, fallopian tubes, vulva, or
vagina) as well as adjacent structures that may serve as metastatic pathways, including
pelvic and/or para-aortic lymph nodes, omentum, appendix, and peritoneal metastases.*
Subjects with sepsis or severe infection, chronic liver disease, autoimmune disease,
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concurrent malignancies, ongoing chemotherapy or radiotherapy, and taking
immunosuppressive drugs (except low-dose corticosteroids <10 mg or non-steroidal anti-
inflammatory drugs [NSAIDs]) were excluded.

Data collection

Demographic and clinical data, including age, cancer site, tumor stage, comorbidities,
and history of perioperative blood or albumin transfusions, were obtained from medical
records. Dietary intake was assessed using food recall and food records collected 3 days
preoperatively and up to 30 days postoperatively. Energy intake was categorized using a
cut-off of 25 kcal/kg body weight, and protein intake using 1.5 g/kg body weight.?’
Anthropometric measurements were obtained by estimating body weight using mid-upper
arm circumference (MUAC) based on the formula by Cattermole et al.,?! and estimating
body height using the formula by Wong et al.?> Nutritional status was assessed by using
Global Leadership Initiative on Malnutrition (GLIM) criteria, and subjects were
categorized as malnourished or not malnourished.?3

Laboratory data

Laboratory data were collected preoperatively (within three weeks prior to surgery),
including hemoglobin (Hb) levels, serum albumin, and total lymphocyte count. Subjects
were categorized as having low or normal albumin using a cutoff of 3.5 g/dL. The PNI
was calculated using the formula by Onodera et al.>*; PNI=[10 x serum albumin (g/dL)]
+ [0.005 x total lymphocyte count (/uL)]. PNI with a cut-off value of 45 was used as a
nutritional parameter; subjects were categorized as having low PNI (<45) or high PNI
(>45).%

Postoperative outcomes

Postoperative complications were assessed within 30 days after surgery, based on medical
records and confirmed by the attending physicians. Postoperative complications were
classified using the Clavien—Dindo system, which is widely used in major gynecologic
oncology surgery.?® For analysis, complications were grouped as minor (grades 1-1I) or
major (grades III-V) (Table 1).

Table 1. Clavien-Dindo classification of surgical complications®®

Grade

Definition

II

I

IITa

Any deviation from the normal postoperative course without the need for pharmacological
treatment or surgical, endoscopic, and radiology interventions

Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics,
electrolytes, and physiotherapy. This grade also includes wound infections opened at the bedside.
Requiring pharmacological treatment with drugs other than such allowed for grade I complications
Blood transfusions and total parenteral nutrition are also included

Requiring surgical, endoscopic or radiological intervention

Intervention not under general anesthesia
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Grade Definition
IIb Intervention under general anesthesia
v Life-threatening complication (including CNS complications)* requiring IC/ICU management
IVa Single organ dysfunction (including dialysis)
IVb Multiorgan dysfunction
v Death of a patient

*Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient ischemic attacks.
CNS, central nervous system; IC, intermediate care; ICU, intensive care unit.

Results

A total of 60 patients met the eligibility criteria. Four patients were dropped out because
they did not complete the study or were lost to follow-up. Finally, 56 patients were
included in the analysis. The study flow is shown in Figure 1. Based on the GLIM criteria,
50% of subjects were malnourished, including 23.3% with moderate malnutrition and
26.8% with severe malnutrition. Body mass index (BMI) was 23.7 + 5.8 kg/m?. Ovarian
cancer was the most common diagnosis. Most patients had early-stage tumors (I-II),
although stage I1I was the most frequently observed (33.9%), followed by stage [ (32.1%),
stage II (21.4%), and stage IV (12.5%). Advanced stage (III-IV) was significantly
associated with a higher risk of postoperative complications. The most common
comorbidities were cardiovascular diseases, followed by diabetes mellitus. Other
comorbidities included respiratory diseases (9.4%), renal and urinary tract diseases
(9.4%), and cholecystitis (3.1%).

Patients with gynecologic cancer aged 18-65 years
scheduled for major surgery

v

Met eligibility criteria
(n=60)

Drop out
(n=4)

Y
Included in analysis
(n=156)

I

v v

Complications No complications
(n=20) (n=36)

Figure 1. Study flow

Low preoperative albumin was significantly associated with postoperative complications.
The median preoperative PNI was lower in patients who experienced postoperative
complications compared to those without complications, although the difference did not
reach statistical significance. Low PNI was observed in 33.9% of subjects. Postoperative
complications occurred in 47.4% of subjects with low PNI compared to 29.7% of those
with high PNI. However, this difference was not statistically significant.
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Preoperatively, energy intake requirements were met by most subjects, with a median
intake of 1,280 (600—1,700) kcal/day. However, protein intake was insufficient in most
subject (48.1 £ 14.3 g/day). Postoperatively, 69.6% of subjects met their energy
requirements, while only 33.9% met protein targets (52.5 + 14.6 g/day). Perioperative
blood transfusion was significantly associated with postoperative complications, with a
higher proportion of complications observed among patients who received transfusions
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compared to those who did not.

Table 2. Subject characteristics (n=56)

Complication
Variable Results Yes No p-value
(n=20) (n=36)

Age 478+12.3" 493 +12.1" 472+ 12.6" 0.762°

Nutritional status based on GLIM criteria

(n, %)
Malnourished 28 (50) 13 (46.4) 15 (53.6) 0.246¢
Not malnourished 28 (50) 7 (25) 21 (75)

Cancer site (n, %)
Ovary 32 (57.1) 11 (34.4) 21 (65.6)
Endometrium 19 (33.9) 7 (36.8) 12 (63.2) 0.963¢
Cervix 5(8.9) 2 (40) 3 (60) ’
Vulva/vagina 0(0) 0 (0) 0(0)

Tumor stage (n, %)

-1 30 (53.6) 5(16.7) 25(83.3) 0.002¢*
I-1v 26 (46.4) 15 (57.7) 11 (42.3) ‘

Comorbidities (n, %) 26 (46.4) 11 (42.3) 15 (57.7)

Diabetes mellitus 9 (28.1) 3(33.3) 6 (66.7) 0.408¢
Cardiovascular diseases 16 (50) 6 (37.5) 10 (62.5) '
Others 7(21.8) 4 (57.1) 3(42.9)

Preoperative albumin (g/dL) 3.9 (2.3-4.8)f 3.7 (2.3-4.8)t 3.9 (2.5-4.8)1 0.173°
Low (n, %) 13 (23.2) 8 (61.5) 5(38.5) 0.046%
Normal (n, %) 43 (76.8) 12 (27.9) 31 (72.1) ’

Preoperative total lymphocyte count (/uL) " 1751 2047 b

1750 (645-3655) (645-3160)' (878-3655)" 0.156

Preoperative PNI 50.2 (28.9-61.3)f 45.1 (29-61)1 49.8 (31-61)f 0.067°

Low (<45) (n, %) 19 (33.9) 9(47.4) 10 (52.6)
0.224¢

High (>45) (n, %) 37 (66.1) 11 (29.7) 26 (70.3)
Preoperative Hb (g/dL) 112+1.6 104+1.9 11.7+1.2° 0.002%
Preoperative energy intake (kcal/kg body 259460 251466 264+ 57" 04740

weight)
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Complication
Variable Results Yes No p-value
(n=20) (n=36)

Insufficient (n, %) 23 (41.1) 10 (43.5) 13 (56.5) 0311
Sufficient (n, %) 33 (58.9) 10 (30.3) 23 (69.7) )
Pre.ofl’f)rative protein intake (g/kg body 0.99 + 0.30° 0.98+033" 099029’ 0.358°

weight
Insufficient (n, %) 39 (69.6) 13 (33.3) 26 (66.7) 0.573¢
Sufficient (n, %) 17 (30.4) 7 (41.2) 10 (58.8) ’
Postoperative energy intake (kcal’kg body 269+ 6.7° 250+91° 279+ 4.6 01120
weight) . . . . . . .
Insufficient (n, %) 17 (30.4) 9(52.9) 8(47.1) 0.076¢
Sufficient (n, %) 39 (69.6) 11(28.2) 28 (71.8) )
Postoperative protein intake (g/kg body 1.07 < 0.28° 1.02 + 035" 110+ 0.23* 0272
weight) . . . . . . .
Insufficient (n, %) 37 (66.1) 13 (35.1) 24 (64.9) 0.900°
Sufficient (n, %) 19 (33.9) 7 (36.8) 12 (63.2) ’
Perioperative blood transfusion (n, %)
Yes 11 (19.6) 7 (63.6) 4 (36.4) 0.041%
No 45 (80.4) 13 (28.9) 36 (71.1) ’
Perioperative albumin transfusion (n, %)
Yes 10 (17.9) 2 (20) 8 (80) 0.304¢
No 46 (82.1) 18 (16.4) 28 (60.9) )

*mean + standard deviation; Tmedian (minimum-maximum); %independent t test; "Mann-Whitney U test; °chi-square test; 9Fisher test;
#p<0.05.

GLIM, Global Leadership Initiative on Malnutrition; Hb, hemoglobin; PNI, prognostic nutritional index.

The proportion of postoperative complications in this study was 35.7%, with minor
complications being the most common. The most common type of complication was
surgical site infections (SSIs). Among SSIs, 16.9% were superficial wound infections and
3.6% were sepsis. Other complications are pneumonia (3.6%), and pulmonary embolism
(1.8%). The 30-day mortality rate was 3.6%, primarily caused by sepsis due to
complicated intra-abdominal infections.

Table 3. Postoperative complications

Variable 1?;21512)5
Complication (n, %)
No 36 (64.3)
Yes 20 (35.7)
Clavien-Dindo classification (n, %)
Minor 12 (21.4)
Grade [ 2(3.5)
Grade 11 10 (17.9)
Major 8 (14.2)
Grade 111 3(5.3)
Grade IV 3(5.3)
Grade V 2 (3.6)
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Variable l;fjgg;
Type of complication (n, %)
Surgical site infections 11 (19.6)
Hemorrhage 5(8.9)
lleus 5(8.9)
Others 3(54)

In the multivariable logistic regression model including PNI, preoperative Hb, tumor
stage, and perioperative blood transfusion, only advanced tumor stage (III-IV) was
independently associated with postoperative complications (OR 4.74, 95% CI 1.26—
17.83, p=0.021). Subjects with low PNI tended to have higher odds of complications,
although the association was not statistically significant (OR 1.71, 95% CI 0.47—6.28,
p=0.420). Preoperative Hb <12 g/dL and perioperative blood transfusion were also not
significant predictors. Serum albumin was not included in the regression model since it
is a direct component of the PNI and would introduce collinearity.

Table 4. Multivariate analysis of factors associated with postoperative complications

Variable B Wald p-value OR CI195%

Low PNI (<45) 0.536 0.652 0.420 1.709 0.465-6.283

Preoperative Hb <12 g/dL 0.430 0.330 0.566 1.537 0.355-6.660

Tumor stage III-IV 1.555 5.291 0.021% 4.737 1.259-17.826

Perioperative blood transfusion 0.936 1.391 0.238 2.549 0.538-12.066
#p<0.05

CI, confidence interval; Hb, hemoglobin; OR, odd ratio; PNI, prognostic nutritional index.

Discussion

In this prospective study, we investigated the PNI and postoperative outcomes in patients
undergoing major gynecologic oncology surgery. According to GLIM criteria, the
prevalence of malnutrition in this study was 50%, which was higher than that observed
when using BMI alone (19,7%).2*> This highlights the importance of considering
etiological and functional aspects in the nutritional assessment of gynecologic cancer
patients. Although not statistically significant, postoperative complications were more
frequent among malnourished patients. Loss of muscle mass can lead to a blunted
inflammatory response, impaired wound healing and has been associated with poor
surgical outcomes.?’
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Most subjects were diagnosed with ovarian cancers, in alignment with previous
studies.*?® Complications were most commonly observed in subjects with cervical
cancer. Cervical cancer is often asymptomatic and frequently diagnosed at advanced
stage, which is associated with a higher surgical risk. Postoperative complications tended
to be more frequent in subjects with comorbidities, although not statistically significant.
Comorbidities may contribute to increased oxidative stress and immune dysregulation,
increasing susceptibility to postoperative complications.*?°

Subjects with complications had significantly lower preoperative Hb compared to
those without complications. Preoperative anemia may reduce tissue oxygenation,
increase oxidative stress, and suppress immune response and activity.>%3! In addition,
both preoperative and postoperative protein intake were generally insufficient in subjects
with and without complications. Low protein intake during both preoperative and
postoperative period is associated with prolonged hospital stay and a higher risk of
complications.?%32734 Perioperative blood transfusion was significantly associated with
postoperative complications, consistent with prior studies suggesting that patients who
received transfusions often had more severe clinical conditions and may also experience
adverse immunomodulatory effects of transfusion products.33-3
The proportion of postoperative complications in this study was 35.7%, slightly higher
than previous studies. This difference may be explained by our inclusion of only major
gynecologic oncology procedures, which are more extensive than laparoscopy or
transvaginal approaches reported in other studies.**” Surgical site infections (SSIs) were
the most common complication. Hypoalbuminemia, perioperative anemia, and
perioperative blood transfusions are an independent predictor of SSIs. Low albumin and
anemia impair immune function and wound healing process, potentially increasing the
risk of SSIs.30-38:3

In multivariate analysis, advanced tumor stage (III-IV) was identified as the only
independent predictor of postoperative complications. This is consistent with the notion
that advanced disease requires more complex surgical procedures, thereby contributing
to the risk of postoperative complications.?**? Previous studies have also suggested that
malnutrition is more prevalent in advanced-stage cancer, which triggers a more severe
inflammatory and surgical stress response, thereby increase the risk of complications.*!#?

Although PNI was not statistically significant, it showed a trend toward higher odds
of complications, suggesting that nutritional and immune status remain important
contributors to postoperative outcomes. This finding is in line with the significant
association observed between low preoperative albumin and complications, as albumin is
a major component of the PNI. Preoperative Hb and perioperative blood transfusion were
not independent predictors in the adjusted model, indicating that their effects may be
mediated through other clinical factors.

Our findings differed from previous studies, which reported significant associations
between low PNI and postoperative complications.!®! This discrepancy could be
explained by differences in PNI cut-off values; the inclusion of only major laparotomy
procedures in our study, whereas other studies included less complex procedures such as
laparoscopy or transvaginal surgery, which may affect complication risk. In addition, the
relatively small sample size in our study may have limited statistical power, although a
trend toward increased complications in the low-PNI group was observed.

The molecular mechanisms underlying the relationship between PNI and postoperative
complications are complex and multifactorial. Malnutrition and systemic inflammation
lead to lymphocyte suppression and hypoalbuminemia.”® Lymphocytes are involved in
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modulating inflammation and promoting wound healing, while albumin plays a critical
role in immune response, collagen synthesis, and granuloma formation. Low lymphocytes
count and hypoalbuminemia may compromise immune function and impair wound
healing, therefore increasing the risk of postoperative complications.>3%43

This study has several strengths, including its prospective design and the use of the
Clavien-Dindo classification, which allows standardized reporting of both minor and
major complications. The use of the GLIM criteria as an indicator of nutritional status
also reduces potential bias caused by tumor mass or fluid retention. Nonetheless, some
limitations should be acknowledged. Dietary intake was collected only during
hospitalization and may not reflect habitual intake. The sample size was relatively small,
and the single-center design may limit the generalizability of the findings.

World Nutrition Journal 2025, 9(2). DOI: 10.25220/WNJ.V09.i2.0002

Conclusion

In conclusion, although PNI did not reach statistical significance, it showed a trend toward
association with postoperative complications, highlighting the potential importance of
preoperative nutritional status. Advanced tumor stage, however, was identified as an
independent predictor of complications. Larger multicenter studies are warranted to
further establish the prognostic role of PNI in gynecologic oncology surgery.
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