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Simple Summary: In the literature, between 30% and 80% of all the patients with cancer are reported to be
malnourished or cachectic. Our objectives included identifying the risk factors for malnutrition in patients with
ovarian cancer, determining the diagnostic relevance of the commonest methods used to assess nutritional
status in these patients, and evaluating the predictive and prognostic values of malnutrition in patients with
primary and relapsed ovarian cancer. We found malnutrition as an independent predictor of incomplete
cytoreduction and an independent prognostic factor for poor overall survival. Preoperative nutritional
assessment is an effective tool in identification of high-risk groups of ovarian cancer characterized by poor
clinical outcome.

Abstract: Background: Malnutrition was associated with worse survival outcomes, impaired quality of life,
and deteriorated performance status across various cancer types. We aimed to identify risk factors for
malnutrition in patients with epithelial ovarian(EOC) and impact on survival. Methods: In our prospective
study, we included the patients with primary and recurrent EOC, tubal or peritoneal cancer conducted. We
assessed serum laboratory parameters, body mass index, nutritional risk index, nutritional risk screening
score(NRS-2002), and bio-electrical impedance analysis. Results: We recruited a total of 152. Patients >65
years-old, with ascites of >500 ml, or with platinum-resistant EOC showed statistically significant increased
risk of malnutrition when evaluated by NRS-2002(p-values = 0.014, 0.001, and 0.007, respectively). An NRS-
2002<3 was an independent predictive factor for complete tumor resectability (p=0.009). The patients with NRS-
2002>3 had a median overall survival(OS) of seven months (95% CI=0-24 months), as compared to the patients
with NRS-2002<3 where median OS was 46 months(p=0,001). Phase angle(PhAa)< 4.5 was the strongest
predictor of OS. Conclusion: Malnutrition is an independent predictor of incomplete cytoreduction in study
population. It is an independent prognostic factor for poor OS. Preoperative nutritional assessment is an
effective tool in identification of high-risk groups within EOC characterized by poor clinical outcome.

Keywords: malnutrition; ovarian cancer; overall survival; nutritional risk screening score; nutrition;
phase angle; progression-free survival

Introduction

Malnutrition has been associated with worse survival outcome, impaired quality of life, and
deteriorated performance status in patients across various cancer types [1-3]. Although modern
interventions are continuously being developed within cancer therapies, advances in assessing,
preventing, and treating malnutrition still remained limited. Approximately 30-80% of all patients
with cancer are malnourished or cachectic [4-7]. This is influenced by tumor type, location, stage and
current therapy [6,8,9]. Malnutrition can even be a direct cause of death in patients with advanced
cancer stages [10]. Currently, the validated tools for nutritional screening include Nutritional Risk
Screening 2002 (NRS-2002), Malnutrition Universal Screening Tool (MUST), Malnutrition Screening
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Tool (MST), and Mini Nutritional Assessment (MNA) in the literature [11]. Moreover, Nutritional
Risk Index (NRI) has been developed to assess malnutrition in surgical patients [12].

The global cancer statistics 2020, including data from 185 countries, revealed that the estimated
global incidence and mortality in ovarian cancer as 313,959 and 207,252, respectively [13]. The same
report also showed that ovarian cancer mortality was the second highest among all the gynecologic
cancers [13]. Patients with ovarian cancer are at higher risk of malnutrition compared to any other
gynecological cancers [14]. Protein-energy malnutrition and cachexia are diagnosed in up to 81.4% of
all the patients with ovarian cancer [14-19]. Moreover, patients with ovarian cancer were found to be
19 times more likely to present with malnutrition compared to the patients with benign conditions
[14]. at the time of diagnosis, 66.7% of patients with OC have been found to be malnourished [14]
and showed higher complication rates and longer hospital stays [20]. Additionally, malnutrition has
been associated with shorter overall survival in patients with ovarian cancer [15,21,22].
Consequently, these high-risk patients require a complex combination of nutritional assessment
strategies and individualized treatment plans.

In this prospective study, we aim to identify risk factors for malnutrition in patients with ovarian
cancer, determine the diagnostic relevance of the commonest methods used to assess nutritional
status in these patients, and evaluate the predictive and prognostic values of malnutrition in patients
with primary and relapsed ovarian cancer.

Materials and methods

Study Design

This is a prospective single center study of the patients with primary and recurrent epithelial
ovarian cancer (EOC), tubal or peritoneal cancer conducted at a tertiary care comprehensive cancer
center. Approval from the Ethics Committee was obtained under the following reference number:
EA2/142/07. We recruited patients between February 2007 and October 2008. Inclusion and
registration in the study occurred upon admission. All the data was collected until discharge with a
follow-up period of up to 3 years after diagnosis or until death. All patients over 18 years of age with
histologically confirmed EOC, tubal or peritoneal cancer in the primary or relapse setting, who were
admitted for cytoreductive surgery were included in the study. We obtained written consent from all
the patients for their participation and inclusion in the tumor bank ovarian cancer (TOC) database.
We excluded the patients with pre-existing cardiac conditions as well as pregnant or breast-feeding
patients from our study.

Assessment of Nutritional Status

All the parameters described in our study have been validated in the previous clinical studies.
We assessed patients’ nutritional status preoperatively on admission to classify patients as
“malnourished” or “non-malnourished”. Our study focused on the objective methods for
nutritional-status assessment. Venipuncture was always performed on the first day of admission
prior to any intravenous infusions or supplements. Patient baseline characteristics were collected
including past medical history and general clinical examination.

We determined the following nutritional-status indicators for each patient:

1) Serum laboratory parameters: hemoglobin (g/dl), lymphocytes(/nl), albumin(g/dl), pre-albumin
(mg/1), transferrin (mg/dl), and C-reactive protein (CRP) (mg/dl).

2) Body mass index (BMI) and nutritional risk index (NRI) calculations were based on the following
formulas: BMI= weight(kg)/(height(m))? and NRI= (1.489 x Serum Albumin g/l) + 41.7 x (current
weight/ usual weight) [12].

3) Nutritional Risk Screening Score (NRS-2002), a validated score, was determined in each patient
to classify the risk for malnutrition [23]. We classified the patients with a score of =3 as high-risk
for malnutrition.
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4) Bio-electrical Impedance Analysis (BIA) is a relatively simple, inexpensive and non-invasive
technique to measure body composition [24]. Each patient underwent BIA to measure body
composition.

We used the following equipment to perform the analysis: B.LLA 2000-M (Series No. 0706)
measurement apparatus from Darmstadt GmbH, BIA Phasertabs Ag/AgCl electrodes from MEDI
CAL Healthcare GmbH Karlsruhe, and the software Nutri Plus Version 5.1, Data Input GmbH
Darmstadt. We followed the standard company instructions to obtain all the measurements. During
the measurements, each patient was asked to lie supine at approximately 45 degrees. The electrodes
were applied to the right hand and foot and then connected to the measurement-device via color-
coded wires, in accordance with the instruction manual. ~All measurements were made by the same
investigator to eliminate the risk of inter-observer variability. Two main BIA-parameters were
recorded Extra Cellular Mass (ECM)/Body Cell Mass (BCM) index and the Phase angle (PhAa).

In a healthy well-nourished adult, the BCM is always greater than ECM with an ECM/BCM
index <1. BCM loss is mainly due to loss of muscle-mass secondary to increased catabolism, while a
rise in ECM can be due to the third space fluid losses from edema, renal or cardiac failure. Changes
in the ECM/BCM index can occur before weight loss (WL) is detected and is a sensitive index of
malnutrition [24].

The PhA« is the relation of the two impedance components at 50 KHz, reactance (Xc) and
resistance (R), expressed as PhAa = (X x 180°)/(R x 7). In female patients a value of > 5 degrees is
considered adequate.

The Cut-off values for each nutritional status indicator, at which patients were classified as
“malnourished”, were defined as follows based on corresponding receiver operating characteristic
(ROC)-curve analyses: NRS-2002 > 3, NRI < 100, albumin < 4 g/dl, pre-albumin < 20 mg/l, transferrin
<200 mg/dl, BMI<18.5 kg/m2, ECM/BCM index > 1.2, PhAa < 4.5°, and weight loss (WL) > 5% in the
last 3 months.

Intra- and Post-operative Data Collection

Intra-operative tumor dissemination was documented using the validated intraoperative
mapping of ovarian (IMO)-Script at time of cytoreductive-surgery [25]. This also included presence
of ascites, peritoneal carcinosis, and residual tumor. No visible residual tumor was defined as
complete cytoreduction. Tumor dissemination pattern was determined through the IMO-Script by
quadrants and levels. The final histology, grading, and FIGO staging were also evaluated.

All complications occurring within 30 post-operative days were recorded. All patients were then
followed up for a period of three years following the primary surgery to determine relapse, response,
and survival rates.

The predictive value of malnutrition in patients with EOC was assessed using three main factors
postoperative residual tumor, postoperative complications and response to platinum-based
chemotherapy [26].

Moreover, we evaluated predictive and prognostic values of malnutrition via overall survival
(OS) and progression-free survival (PFS) analysis.

Statistical Analysis

The results of the descriptive statistical nominal data were indicated as absolute values and
percentages. For continuous and non-normally distributed variables, the median value with
interquartile range (25%-75%) was presented. Ninety-five percent confidence interval (CI) were
presented, where applicable. ROC curves were used to calculate the diagnostic accuracy of the
methods used for nutritional-status assessment, with the NRS-2002 as a reference standard. For all
other indicators of nutritional status that were used (NRI, PhA, ECM/BCM index, albumin,
prealbumin, transferrin, and 5% weight loss in the last 3 months) a specific cut-off value was defined,
which was subsequently used to classify patients’ nutritional status. A Phi-Factor 0,8 was used to
classify a test as redundant. We performed univariate and multivariate survival analyses using the
Kaplan-Meier method (log-rank testing) and Cox regression models. In this study, we accepted p-


https://doi.org/10.20944/preprints202311.0695.v1

doi:10.20944/preprints202311.0695.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 November 2023

4

value<0.005 as statistically significant. We used Statistical Package for the Social Sciences (SPSS)
Software, Version 19.0 for Windows (SPSS Inc. Chicago IL, USA) for the data analysis.

Results

A total of 152 patients were recruited based on our inclusion and exclusion criteria. Among these
patients, 52% (n=79) had primary, and 48% (n=73) had recurrent EOC. The median age was 56 (19 —
84) years. Table 1 represents the patients’ baseline characteristics.

Table 1. Patient Baseline Characteristics (n=152).

Characteristic Number (%)
Age (years) 56 (19 - 84)*
Weight (kg) 65 (45— 141)*
BMI (kg/m?) 24,4 (17,8 — 48,8)*
Primary OC 79 (52.0)

FIGO Staging (Primary OC only)
I 8 (10.3)
II 8 (10.3)
111 39 (50)
v 22 (28.2)
Unknown 2(2.5)
Recurrent OC 73 (48.0)
Platin Response (Recurrent OC only)
Platin sensitive 48 (65.8)
Platin resistant 25 (34.2)
Grading
I 4 (2.6)
II 40 (26.3)
111 82 (53.9)
Unknown 26 (17.1)
Histology
Serous 119 (78.3)
Endometrioid 7 (4.6)
Mucinous 6 (3.9)
Clear cell 7 (4.6)
Other 3 (2.0)
Unknown 10 (6.6)
Ascites
> 500 ml 26 (17.1)
<500 ml 49 (32.2)
No ascites 75 (49.3)
Unknown 2 (1.3)
Tumor Spread
Small bowel involvement 56 (36.8)
Large bowel involvement 83 (54.6)
Peritoneal carcinomatosis 120 (78.9)
Residual Tumor
None 94 (61.8)
<lcm 30 (19.8)
>1cm 28 (17.7)

*Median (Interquartile Range).
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BMI: body mass index, FIGO: International Federation of Gynaecology and Obstetrics, OC:
Ovarian Cancer

The validity of each nutritional-status indicator was evaluated in comparison with the NRS-
2002. All nutritional-status indicators correlated significantly with the NRS-2002 (p<0.001) apart from
BMI (p=0.786). The respective sensitivity and specificity values of each method were shown in Table
2. According to the NRS-2002 a total of 18.4% (n=28) of patients were classified as malnourished. Of
those, 18 (64.3%) patients had primary EOC and 10 (35.7%) had recurrent EOC. Consequently, 22.8%
of patients with primary EOC and 13.7% of patients with recurrent EOC were classified as
malnourished. Moreover, depending on the nutritional-status indicator used, between 2% to 78.1%
of patients with EOC were classified as malnourished (Table 2).

Table 2. Prevalence of malnutrition according to various nutritional status indicators and their
respective sensitivity and specificity when correlated with NRS-2002.

Area
itional -off val
Nutritional  Cut-off value Number under the Sensitivity Specificity
Status for %) ROC %) %) CI (95%)
Indicator*  malnutrition ’ ’ ’
curve
NRS-2002 >3 28 (18.4) NA NA NA NA
Prealbumin <20 51(372) 0,807 77.8 727 0.708-0.906
(mg/l)
NRI <100 47 (31.8) 0,801 67.9 76.7 0.707-0.896
Weight Loss in
last 3 months >5 29 (19.1) 0,780 64.3 91.1 0.665-0.895
(%)
Transferri
ransierrn <200  41(281) 0,785 65.4 80  0.680-0.890
(mg/dl)
ECM/BCM Ratio >1,2 58 (38.4) 0,762 77.8 70.2 0.653-0.871
Phase-angle a (°) <45 44 (29.1) 0,760 66.7 79 0.651-0.869
Albumin (g/dl) <4,0 53 (35.3) 0,769 75 73.8 0.665-0.872

BCM: Body Cell Mass, BMI: body mass index, CI: Confidence Interval, ECM: Extra Cellular Mass, NA: not
applicable, NRI: Nutritional Risk Index, NRS-2002: Nutritional Risk Screening-2002. *BMI did not correlate with
NRS-2002 and was therefore excluded from further evaluations

Risk Factors for Malnutrition

Patient and tumor characteristics were evaluated according to NRS-2002. Patients >65 years-old,
with ascites of >500 ml, or with platinum-resistant EOC showed statistically significant increased risk
of malnutrition when evaluated by NRS-2002 (p-values = 0.014, 0.001, and 0.007, respectively)
(Table3). There were no other tumor or patient characteristics that correlated significantly with NRS-
2002 > 3 (Table 3).

Table 3. Prevalence of malnutrition as evaluated by the Nutritional Risk Screening (NRS)-2002
according to patient and tumor characteristics.

Total Patients with NRS >3

Characteristic Label (n=152) (%) (0=28) (%) p-Value

Age Z Zg zr:iz {4120((2772,,63)) 12 ggg p=0.014
PO e 70 10657 Ns

fectes Sooml e 7607 p=0.001

Histology Serous 123 (80,9) 22 (78,6) NS

doi:10.20944/preprints202311.0695.v1


https://doi.org/10.20944/preprints202311.0695.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 November 2023 doi:10.20944/preprints202311.0695.v1

6
Non-serous 29 (19,1) 6 (21,4)
) I+11 50 (32,9) 9(32,1)
d N
Grading 11 87 (57,3) 18 (64,3) 5
Bowel Yes 93 (61,2) 17 (60,7) NS
involvement No 59 (38,8) 11 (39,3)
Peritoneal Yes 120 (78,9) 24 (85,7) NS
carcinomatosis No 30 (19,7) 4(14,2)
1+11 16 (10,5) 3(10,7)
FIGO St NS
age I + IV 63 (41,4) 15 (53,6)
| Platinum 49 (3, 3(107)
Platinum sensitive — 0,007
sensitivity Plat.inum 24 (15,8) 7(25,0) p=%
resistant

FIGO: International Federation of Gynaecology and Obstetrics, NS= not significant.

The tumor characteristics were then correlated with the other nutritional-status indicators and
with the NRS-2002 as demonstrated in Table 4. Non-serous and high grade EOC, bowel-infiltration,
peritoneal carcinomatosis, and advanced FIGO-stage were associated with increased risk of
malnutrition. The NRI showed similar correlation with the NRS-2002 but was not compatible with
regards to tumor type, bowel involvement, and peritoneal carcinomatosis. Pre-albumin correlated
with NRS-2002 with regards to ascites and platinum-sensitivity but did not show correlation with
age. Transferrin correlated with NRS-2002 with regards to age, ascites and response to platinum-
based chemotherapy. Moreover, transferrin correlated with bowel-involvement, peritoneal carcinosis
and advanced FIGO-stage. WL over 5% in the last 3 months correlated with age but not with ascites
and platinum-sensitivity. The ECM/BCM index corresponded to the NRS-2002, tumor stage, grading
and FIGO-stage also influence the ECM/BCM index. The PhAa correlated with age and platinum-
sensitivity similarly to the NRS-2002, but not with regards to ascites. Albumin was compatible with
the NRS-2002 with regards to ascites, platinum-sensitivity and age. In addition, low albumin levels
also correlated with bowel-involvement.

Table 4. Correlation of Nutritional Status Indicators and tumor characteristics where plus sign (+)
indicated correlation.

utritional

Weight .
Prea-lbum loss in Transferri ECM/BC Phase- Albumin
m NRI last 3 n M anglea (£ (4.0
(<20 (<100) (< 200 geals =%
mg/l) months mg/dl) >1.2) 4,59 g/dD
(>5%)
Age + +
Ascites + + + + +
Platinum
o + + + + + +
sensitivity
Primary/Recurr
+ + +
ent
Histology +

Grading +
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Bowel

) + + + +

involvement

Peritoneal
) ) + + +
carcinomatosis
FIGO Stage + + +

BCM: Body Cell Mass, ECM: Extra Cellular Mass, FIGO: International Federation of Gynaecology and Obstetrics.
+is defined as positive correlation between the variables.

On average, all patients had tumor in at least three quadrants. Patients with NRS-2002 =3 had a
significantly higher tumor burden than patients with NRS-2002 <3 (p=0.044) (Table 5). All nutritional-
status indicators correlated significantly with tumor dissemination, except for WL> 5% in 3 months

(Table 5).
Table 5. Malnutrition and tumor spread according to Nutritional Status Indicators.
Number of fields with tumor load - IMO-Script
Nutritional Status (median) value
Indicators Malnourishe . P
d Non-malnourished
NRS-2002 (= 3) 5 3 0,044
NRI (< 100) 6 3 < 0,001
Prealbumin (< 20 mgy/1) 6 3 < 0,001
Transferrin (< 200 mg/dl) 6 3 < 0,001
Albumin (<4.0 g/dl) 5 3 0,001
ECM/BCM (>1.2) 4 3 0,024
Phase-angle o (< 4,5°) 4 3 0,041
Weight loss in last 3 months 4 3 NS

(>5%)
BCM: Body Cell Mass, BMI: body mass index, ECM: Extra Cellular Mass, IMO: intraoperative mapping of
ovarian, NRI: Nutritional Risk Index, NRS-2002: Nutritional Risk Screening 2002, NS= not significant.

Moreover, nutritional-status indicators and levels of tumor spread were examined. NRS-2002
showed no significance in tumor dissemination at particular levels in malnourished patients versus
non-malnourished. Pre-albumin < 20mg/l was the only indicator that correlated significantly with a
more frequent tumor dissemination on all three levels (level 1,2, 3; p-values: 0.001, 0.006, and 0.018,
respectively). Transferrin <200 mg/dl correlated with more frequent tumor dissemination at level 2
and 3 (p-values: 0.001 and <0.001, respectively). Furthermore, albumin < 4,0 g/dl, NRI < 100, and
ECM/BCM > 1,2 were correlated significantly with malnutrition at level 3 (p-values: 0.008, 0.004, and
0.045, respectively).

Predictive Value of Malnutrition

Complete cytoreduction was achieved in 61.8% (n=94) of cases. Only 32.1% (n=9) of patients
classified as malnourished had complete cytoreduction. The majority of patients (69.1%, n=85) who
had complete cytoreduction had an NRS-2002 <3. An NRS-2002 <3 was an independent predictive
factor for complete tumor resectability (p=0.009). Patients with NRS-2002 >3 had a 4.6-fold higher risk
of postoperative residual tumor compared to patients with NRS-2002 <3 (OR=0.22, 95% CI=0,07-0,69).
The PhAa, NRS-2002, ECM/BCM index, NRI, albumin, and prealbumin showed a significant
correlation with postoperative residual tumor. This correlation was mostly significant for the PhAa.
When compared to PhAa >4.5, a PhAa < 4.5 indicated a 5.4-fold higher risk of postoperative residual
tumor. WL and transferrin did not correlate significantly with postoperative residual tumor.

More than three-fourth of the patients (75.7%) received at least one unit packed red blood cells
(RBC) during the admission, with a median of two units RBC per patient. Majority of the patients
(80.3%) received a blood product (RBCs, fresh frozen plasma, or platelets) with a median of eight
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units per patient. Malnourished patients received on average more RBC-transfusions than non-
malnourished patients (p=0.019). On average malnourished patients received five units RBC (range
0-18) whilst non-malnourished patients receiving only two units (0-19) (p=0.002).

More than forty-two percent of the patients had at least one postoperative complication,
including fistula, ileus, bowel perforation, anastomotic leaks, wound dehiscence, pneumothorax,
embolism, infections, sepsis, organ failure, cardiac problems, and postoperative ascites or pleural
effusions. The most frequent complication was infection, which occurred in 7.9% patients (n=12).
Malnourished patients were significantly more likely to have a postoperative complication compared
to non-malnourished patients (p=0.010). However, in the multivariate regression analysis, outcome
for NRS-2002 was not statistically significant. Instead, only two nutritional-status indicators were
independent predictors for postoperative complications: transferrin <225 mg/dl (p =0.003, OR=3.49,
95%-CI=1.53-7.96) and PhAa < 4.5 (p=0.034, OR=2.98, 95%CI=1.09-8.14). Patients with transferrin <
225 mg/dl have a 3.5-fold higher risk of postoperative complications. Patients with PhAa < 4.5 have
a 3-fold higher risk of postoperative complications. The other indicators did not show any statistically
significant correlation with frequency of postoperative complications.

In total, three patients died within 30 days after cytoreductive surgery where mortality rate was
2.0%. All of them had an NRS-2002 score > 3 and were also classified as malnourished according to
pre-albumin, transferrin, ECM/BCM index and PhAa.

The median hospital stay was 15 days following surgery (2-68 days). There was no significant
difference in hospital stay between patients with NRS-2002 >3 compared to NRS-2002 <3. However,
ECM/BCM index, NRI, albumin, and pre-albumin correlated significantly with increased duration of
hospital stay (p-values= 0.007, 0.005, 0.004, and 0.007, respectively). In fact, patients classified as
malnourished according to those indicators stayed on average 2-4 days longer compared to non-
malnourished patients.

According to NRS-2002, 18 patients (22.8%) were classified as malnourished. Four of them
(22.2%), developed platinum resistance on follow-up. From the non-malnourished patients whereas
only 7 patients (11.5%) were platinum-refractory at follow-up. In the univariate analysis, NRS-2002
showed no significant correlation with worse response to chemotherapy. WL of 5% over last 3 months
was the only indicator that did show a significant correlation with platinum-based chemotherapy
response. This was also confirmed in the multivariate regression analysis (p=0.041, OR=6.99, 95%-
CI=1.08-45.45). Consequently, all other indicators were not independent prognostic factors for
response to platinum-based chemotherapy.

Prognostic Value of Malnutrition

The follow-up period consisted of 37 months (0-59 months). Estimated median OS was 41
months (95% CI=33-48 months). After three years, 37 patients (24.3%) had no recurrence. The
estimated PFS was 15 months (95% CI= 12-18 months).

The patients with NRS-2002 23 had a median OS of seven months (95% CI=0-24 months), as
compared to the patients with NRS-2002 <3 where median OS was 46 months (p=0,001). However, in
the multivariate regression analysis, NRS-2002 score was not a significant independent prognostic
factor (p=0,051). PhAa and ECM/BCM index correlated with shorter OS while PhAa < 4.5 was the
strongest predictor (Figure 1 A-B). No other indicators showed significant correlation with OS.

doi:10.20944/preprints202311.0695.v1
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7 Phase-angle o, (°) <4.5
i =1 Phase-angle a (°) > 4.5
o T Phase-angle a (°) <4.5-censored
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0,27

0,0

Overall survival (months)

Figure 1. A) Median overall survival of patients with Nutritional Risk Screening (NRS)-2002 >3 vs
NRS-2002 <3 (p=0.001), B) Median overall survival of patients with Phase-angle a < 4.5 ¢ vs. Phase-
angle o > 4.5 ¢ (p=0.001).

The malnourished patients according to NRS-2002 had a PFS of seven months (95% CI= 2-12
months), compared to non-malnourished patients with PFS of 16 months (95% CI=12-20 months).
This was statistically significant (p=0.006) (Figure 2). Although PhAa, ECM/BCM index, and
transferrin correlated with PFS, they were not statistically significant.
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Figure 2. Median progression-free survival in patients with Nutritional Risk Screening (NRS)-2002 >3
vs. NRS-2002 <3 (p=0.006).

In patients without ascites, we detected a statistically significant difference in OS between
malnourished and non-malnourished patients (p=0.001) (Figure 3). However, this difference was not
statistically significant in patients with ascites <500ml and ascites >500ml. Hence, as ascites volume
increases, the difference in OS between malnourished and non-malnourished patients decreases.

Discussion

In this prospective single cancer study, we included 152 patients with EOC and tubal or
peritoneal cancer. In our study, 28 patients (18.4%) were classified as malnourished according to the
NRS-2002 (Table 2). This might be due to the variation in nutritional aspects that can be identified by
each parameter. When evaluated by NRS-2002, patients >65 years-old, with ascites of >500 ml, or with
platinum-resistant EOC had statistically significant increased risk of malnutrition (Table 3). We found
transferrin’s correlations with various tumor characteristics, except histology, grading, and primary
vs recurrent cancer (Table 4). Majority of nutritional-status indicators correlated significantly with
tumor dissemination (Table 5). The only indicator that correlated significantly with a more frequent
tumor dissemination on all three levels was pre-albumin < 20mg/l. Compared to patients with NRS-
2002 <3 or PhAa > 4.5, patients with NRS-2002 23 or PhAa > 4.5 had around 5-fold higher risk of
postoperative residual tumor. Transferrin <225 mg/dl and PhAa < 4.5 were found as independent
predictors for postoperative complications. Only WL of 5% over last 3 months showed a significant
correlation with platinum-based chemotherapy response. While both PhAa and ECM/BCM index
correlated with shorter OS, PhAa < 4.5 was the strongest predictor. sBased on NRS-2002, the
malnourished patients had shorter PFS of compared to non-malnourished patients (p=0.006) (Figure
2). Among patients without ascites, the malnourished group had longer OS than non-malnourished
patients (p=0.001) (Figure 3).

Many studies evaluating malnutrition in patients with gynecological cancers often analyze EOC
patients as a separate “high risk” subgroup. To evaluate and identify malnutrition, several diagnostic
methods are listed in current literature, including dual-energy X-Ray absorptiometry (DEXA) scan
and densitometry. These methods are precise, but time-consuming, invasive, and expensive, and as
such are not widely used in clinical practice. Various nutritional assessment tools are used, but no
accepted gold standard exists. Nonetheless, evaluating and identifying malnutrition within clinical
practice remains difficult, due to lack of diagnostic criteria and consistent documentation. A
systematic review evaluating 5 frequently used nutrition screening tools warranted a need for gold
standard for use in the elderly [27].
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The nutritional parameters used in our study were cost-effective, non-invasive, and simple to
use. Other nutritional parameters such as the patient-generated subjective global assessment (PG-
SGA) and the subjective global assessment (SGA) have been used in studies, to classify between 0-
81.4% of EOC patients as malnourished [14-16,18,19]. Moreover, we did not use SGA and PG-SGA
in our study. This could indicate that our patient cohort was less malnourished compared to the
literature, or more likely that the use of the NRS-2002 was more specific for our cohort.

Similar to our findings, increasing age has been previously identified as a risk factor for
malnutrition [28]. However, the correlations shown in our study between malnutrition and ascites
volume, and malnutrition and platinum-resistance in patients with ovarian cancer have not been
described before. Possible explanations could include that ascites predisposes to higher protein-loss,
change in bowel-motility and malabsorption, and increase in resting energy expenditure (REE) [29].

It is unclear why platinum-resistant patients are at higher risk of malnutrition than platinum-
sensitive patients. Perhaps the platinum-resistant tumor biology, due to its worse prognosis and more
aggressive natural course, causes metabolic changes leading to malnutrition [30,31]. A study,
involving 237 patients with newly diagnosed stage 3 ovarian cancer, revealed that association with
decreased prognostic nutritional index and platinum resistance, poor OS, and poor PES (p-values:
<0.001, <0.001, and <0.001, respectively) [32].

Lieffers et al reported a direct correlation between tumor mass and REE in patients with
advanced colorectal cancer [33]. Similarly, Cao et al. described a higher REE in oncological patients
with malnutrition [34]. It appears, there is a correlation between tumor mass, tumor dissemination,
and malnutrition. However, this correlation has, until now, not been described in EOC patients. In
our study, tumor dissemination was documented according to the validated IMO-Script. We showed
that patients who had widely disseminated tumor had a higher risk of malnutrition compared to
patients with localized tumor spread. However, the IMO-Script does not differentiate between
tumor dissemination and tumor burden as a cause for malnutrition.

It is well-established that complete macroscopic cytoreduction is the single most important
prognostic factor in EOC patients [35-37]. Few studies have been published that examine the
correlation between malnutrition and complete cytoreduction. In a retrospective study of EOC
patients over 75 years, an albumin level <3.7 g/dl was associated with a 2.4 times higher risk of
residual tumor at cytoreductive surgery [18]. Our study also shows a similar significant correlation.
In our cohort, malnourished patients as classified by NRS-2002 had a higher risk of residual tumor at
cytoreductive surgery (OR=4.6, 95%CI=1.5-14.5). This is perhaps not surprising, as malnutrition is
associated with other factors known to be linked to complete cytoreduction, such as tumor
dissemination (especially level 3) [38,39], platinum-resistance, and ascites [40,41].

In our cohort, malnourished EOC patients received on average twice as much blood-products
than non-malnourished patients. Intraoperative blood transfusion increases the likelihood of
postoperative complications including mortality and increased hospital-stay [42]. This could be due
to immunosuppression caused after allogenic blood transfusion increasing the risk for infection, as
described in patients with colorectal cancer [43]. Another study reported that the surgical patients
receiving blood transfusions were at higher risk for anastomotic leaks and postoperative sepsis and
have a shorter OS [44]. Consequently, blood transfusions in surgical patients have a negative
predictive and prognostic influence.

In addition, it is well reported that postoperative complications are more frequent in
malnourished patients [19,45,46]. In our study, malnourished patients had a higher rate of
postoperative complications. All EOC patients that died within 30 postoperative days, had been
classified as malnourished according to the NRS-2002 and other parameters. Moreover, malnutrition
significantly correlated with increased hospital stay as classified by NRI, albumin, prealbumin, and
ECM/BCM index. Similar results have been reported in other studies [7,47].

Malnourished patients have higher complication rates under chemotherapy treatment and
worse response rates compared to non-malnourished patients [48]. In our study, patients with NRS-
2002 = 3 were more likely to develop platinum-resistance. Although, on multivariate regression
analysis, this was not statistically significant, interestingly, WL >5% in the last 3 months significantly
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correlated with platinum-resistance (p=0.041, OR=6.99, 95%-CI=1.08-45.45). It can be described as a
parameter to predict response to chemotherapy.

Our analysis did not show independent correlation between preoperative malnutrition and PFS.
However, we report that malnutrition as assessed by PhAa < 4.5 is an independent prognostic factor
for OS in EOC patients. This correlates with previous retrospective studies [21,22] and also a
prospective study [49]. In our cohort, EOC patients with ascites had a higher risk of malnutrition.
Based on our analysis, ascites was found to increase the risk of malnutrition and indirectly influence
the prognosis. Malnutrition seems to be a stronger prognostic factor than ascites for OS in EOC
patients. This requires further prospective analyses and was outside the scope of our study.

Conclusions

According to the results of our prospective study, malnutrition is an independent predictor of
incomplete cytoreduction in patients with ovarian and peritoneal cancer. Moreover, defined by PhAa
it is also an independent prognostic factor for poor overall survival. The preoperative nutritional
assessment is an effective tool in identification of high-risk groups within patients with ovarian or
peritoneal cancer characterized by poor clinical outcome.

In patients with EOC, malnutrition is a common and serious problem that is often
underestimated and misdiagnosed. Our study shows that nutritional status parameters can be used
in daily clinical practice to objectively assess for malnutrition. Malnutrition has a significant
predictive and prognostic role in the peri-operative care of patients. Hence, nutritional status
assessment should be standardized and included in pre-operative screening to provide nutritional
support, improve prognosis, and reduce the consequences of cancer-associated nutritional decline.
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