
CLINICAL SCIENCE OF

NUTRITION

123

Original Article DOI: 10.62210/ClinSciNutr.2024.95

Copyright © 2024 The author(s). This is an open-access article under the terms of the Creative Commons Attribution License (CC BY) 
which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

The effect of immunonutrition support on the prognostic nutritional 
index in the postoperative period in brain tumors
Müge Akmansu1 , Yasin Korucu1 , Semanur Dabak Gönülal1

1Department of Radiation Oncology, Gazi University, Ankara, Türkiye

Cite this article as: Akmansu M, Korucu Y, Dabak Gönülal S. The effect of immunonutrition support on the prognostic nutritional index in the 
postoperative period in brain tumors. Clin Sci Nutr. 2024;6(3):123-136.

ABSTRACT

Objective: The prognostic nutritional index (PNI) reflects the immunological response and nutritional status. We evaluated the 
effect of immunonutrition on PNI in patients with brain tumors receiving chemoradiotherapy and immunonutritional support.

Methods: Demographic, laboratory and clinical data were collected retrospectively from 30 consecutive brain tumor patients 
who received brain chemoradiotherapy between 2019 and 2022 in our clinic and who were given immunonutrition support 
during their treatment. The cut-off PNI value before adjuvant therapy was calculated in patients who received immunonutrition 
support in the postoperative period and compared with the PNI values after adjuvant therapy.

Results: While glioblastoma patients constitute the majority (60%) of all patients diagnosed as pathological, different 
histopathological brain tumors were also included in the study (meningioma, oligodendroglioma). The mean albümin value 
before adjuvant treatment was 4.04 g/dL, while the mean albümin value after adjuvant treatment increased to 4.16 g/dL 
(p=0,057). The optimal cut-off value for PNI was found to be 45.5 by ROC analysis. PNI was calculated as 49.38 ± 6.03 SD before 
adjuvant treatment and 49.40 ± 6.12 SD after adjuvant treatment (p>0.05).

Retrospective analysis was conducted on over 30 HGG patients who did not receive immunonutritional supplementation 
containing Arg/gln/HMB (Arginine/glutamine/Beta-Hydroxy Beta-Methylbutyrate). Interestingly, the analysis revealed that 
the average PNI was 45.15 before adjuvant therapy and decreased to 42.26 after adjuvant therapy, indicating a statistically 
significant decline in PNI among those without immunonutritional supplementation. This finding suggests a potential beneficial 
impact of immunonutritional supplementation on PNI.

Conclusions: Immunonutrition support has positive effects on PNI and albumin levels in brain tumor patients who will undergo 
postoperative radiotherapy/chemoradiotherapy. It can be thought that low PNI, which may be an indicator of hematological and 
nutritional toxicity predicted by brain chemoradiotherapy, can be prevented by immunonutrition support.
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INTRODUCTION

High-grade gliomas (HGGs), which are typically classified 
as WHO Grade III and IV gliomas, represent the most 
aggressive primary tumors in the brain, characterized by 
rapid growth and infiltration into the surrounding normal 
brain tissue.1 These tumors encompass WHO Grade 
IV gliomas such as glioblastoma multiforme (GBM) and 
Grade III gliomas such as anaplastic oligodendroglioma 

and anaplastic astrocytoma. Symptoms associated with 
HGGs tend to vary depending on the location and 
extent of tumor growth. Common symptoms may include 
headaches, neurological deficits (such as difficulties with 
speech or motor function), epileptic seizures, sensory 
impairment, or alterations in behavior.

The treatment approach for high-grade gliomas (HGGs) 
can vary depending on factors such as the size and 
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location of the tumor, as well as the overall health status 
of the patient. However, the mainstay of treatment 
typically involves extensive surgical resection followed 
by radiotherapy (RT) and concurrent or adjuvant 
Temozolomide. Nevertheless, the management of HGGs 
is challenging, and despite receiving optimal treatment 
at diagnosis, patients often experience progression 
and recurrences. The median survival for patients with 
glioblastoma is only 12-14 months, while for patients 
with anaplastic gliomas, this duration ranges from 2 to 5 
years.2,3

Positive prognostic factors in patients with high-grade 
gliomas (HGGs) include young age, high Karnofsky 
Performance Score (KPS), the presence of specific 
genetic characteristics (such as the presence of isocitrate 
dehydrogenase (IDH) mutation, O6-methylguanine-DNA 
methyltransferase (MGMT) promoter methylation), and 
more extensive surgical resection.4-8 

Additionally, it is believed that the nutritional status of 
patients during treatment carries prognostic significance. 
Nutritional challenges are commonly encountered during 
and after cancer treatment, leading to risks of weight 
loss, muscle loss, and malnutrition for patients.9 A good 
nutritional status can improve the response to treatment, 
enhance the quality of life for cancer patients, and extend 

survival periods. Following cancer treatment, improving 
nutritional status and strengthening the immune system 
can reduce the risk of post-treatment complications.10,11

The Prognostic Nutritional Index (PNI), developed 
by Buzby and colleagues in 1980, is a screening tool 
created using various nutritional parameters to assess 
the risk of nutrition-related complications in patients 
undergoing surgery.12 However, in addition to its primary 
use in assessing the nutritional status and immune system 
functions of cancer patients, the PNI is also utilized as a 
measure to predict treatment response and anticipate 
the risk of post-treatment complications. This makes 
it valuable in guiding preventive measures tailored to 
address these risks.

In a meta-analysis of 21 studies examining the relationship 
between pre-treatment PNI and survival in patients with 
lung cancer, it was found that patients with low PNI values 
had worse overall survival rates compared to those with 
high PNI values.13

Different formulas can be used in various studies for PNI 
assessment, and different parameters can be added or 
removed. However, the fundamental principle involves 
the combination of serum albumin level and peripheral 
lymphocyte count. A commonly used formula for 
calculating PNI is: PNI = 10 x serum albumin (g/dL) + 
0.005 x peripheral lymphocyte count (/mm3).14

PNI can be examined in the perioperative or postoperative 
period. There are many studies in the literature 
demonstrating the importance and effectiveness of 
preoperative PNI.15-23 However, studies focusing on 
postoperative PNI are relatively scarce.19,24-27 Several 
studies focusing on the prognostic role of postoperative 
PNI have reported that it predicts prognosis in patients 
with hepatocellular carcinoma and lung cancer, with high 
postoperative PNI being associated with a favorable 
prognosis in these patients.28-30

The role of preoperative PNI in predicting prognosis in 
GBM patients has been investigated in the literature, 
and similar to other cancer types, preoperative PNI can 
be considered a prognostic indicator. Low PNI values 
are generally associated with worse survival rates.31-36 
However, studies investigating the prognostic significance 
of postoperative PNI in GBM patients are limited.37 None 
of theses studies analyse the effect of immune nutrition on 
PNI during postoperative radiochemotherapy of patients 
with brain tumor.38,39

Immunonutrition refers to the regulation of the immune 
system activity through the use of special dietary 
supplements such as arginine, glutamine, branched-

Main Points

• In cancer patients, nutritional imbalance and weight 
loss are commonly observed conditions, attributed to 
both the disease itself and the treatments administered. 
Reduced albumin levels are frequently encountered due 
to various mechanisms associated with cytokine storms, 
leading to a low PNI score.

• In numerous studies, it has been demonstrated that the 
Prognostic Nutritional Index (PNI) serves as a reflection 
of the nutritional status and immune function in cancer 
patients during the perioperative or postoperative 
periods. Its prognostic significance has been established, 
indicating its potential for facilitating early intervention 
aimed at enhancing overall patient well-being.

• Studies on PNI in GBM patients primarily focus on 
preoperative assessments, with a relatively limited 
number of studies conducting postoperative evaluations.

• As far as we know, there is no study directly investigating 
the impact of immunonutrition on PNI in GBM patients. 
Immunonutrition aims to enhance immune system 
activity, distinct from conventional nutritional support.

• In conclusion, the objective of this study is to investigate 
the association between immunonutrition support 
and PNI during the postoperative phase in GBM 
patients, aiming to underscore the significance of both 
immunonutrition support and PNI.
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chain amino acids, omega-3 fatty acids, probiotics, 
and prebiotics.40 It is important to note here that while 
nutrition typically aims to provide energy requirements 
and essential macro and micronutrients to the body, 
immunonutrition simultaneously aims to enhance the 
effectiveness of the immune system.41 While there is 
no definite information on whether immunonutrition 
support affects the prognostic nutritional index, the anti-
inflammatory effects and positive effects on the immune 
system of immunonutrition support may contribute to the 
improvement of prognostic nutritional indexes. The aim 
of this study is to evaluate the effect of immunonutrition 
support during adjuvant radiotherapy in patients with 
high-grade gliomas (HGG) and to assess the value of 
the prognostic nutritional index (PNI) as a prognostic 
factor for overall survival (OS). Our hypothesis is that 
immunonutrition support will increase PNI values during 
the postoperative chemoradiotherapy period.

MATERIALS AND METHODS

Study population
Gazi University Hospital obtained ethical approval for the 
study with decision number 720 from the Clinical Research 
Ethics Committee on October 10, 2022. Gazi University 
Hospital Ethics Committee waived the requirement for 
written informed consent due to the retrospective design 
of the study.

We retrospectively reviewed the database of 30 patients 
with brain tumors (mostly glioblastoma) diagnosed from 
December 2019 to September 2022, in Gazi University 
Hospital. We included patients over the age of 18 who were 
diagnosed with brain tumor and received immunonutrient 
support during the postoperative adjuvant treatment 
process. Exclusion criteria were patients with missing 
data on preoperative or postoperative laboratory 
examinations and comorbid autoimmune, inflammatory 
or hematological disease, which can affect the immune 
system and nutritional status. The patients used 
immunonutrition (arginine/glutamine/beta-hydroxy beta-
methylbutyrate(HMB)) one sachet twice a day during the 
radiotherapy treatment.

Data collection
Baseline characteristics including demographics, KPS, 
body mass index (BMI) data, postoperative laboratory 
findings (albumin levels and lymphocyte count), 
pathological diagnoses, tumor grade, tumor size, extent 
of resection and therapeutic information were collected 
using an electronic medical record system. High-grade 
gliomas were defined as WHO Grade III and IV gliomas. 
The tumor size was defined as the maximum diameter 
measured on pretreatment MRI. For patients with multiple 

lesions, tumor size was calculated by summing the long 
diameter of all enhanced foci. The extent of resection was 
classified as gross total resection (GTR), subtotal resection 
(STR) and biopsy according to postoperative MRI and 
operation notes. 

Definition
PNI was calculated using the following formula: 10 
× albumin level (g/dL) + 0.005 × lymphocyte count 
(106/L).14 The postoperative before adjuvant treatment 
and after adjuvant treatment PNIs were calculated. 
PNI was calculated both before beginning adjuvant 
radiochemoterapy or within 1 week from the initiation 
of treatment and 2 weeks after the ending of adjuvant 
radiochemotherapy.

In addition, all patients’ nutritional risk index parameters 
(NRI) were also calculated with the same timings as PNIs. 
Nutritional risk index (NRI) was calculated as follows: NRI 
= (1.519 × serum albumin) (g/L) + 41.7 × (present weight/
ideal bodyweight).42 The patients with NRI score of >100 
were considered to be at no nutritional risk, 97.5–100 as 
at mild risk, 83.5–97.5 at moderate and <83.5 at severe 
nutritional risk. 

Statistical analysis
Data were analyzed with IBM SPSS V23. Conformity to 
the normal distribution was evaluated using the Shapiro-
Wilk test. Paired two-sample t-test was used to compare 
normally distributed data before and after treatment, 
and Wilcoxon test was used to compare non-normally 
distributed data. Independent two-sample t-test was 
used to compare the normally distributed change values 
according to the paired groups, and the Mann-Whitney 
U test was used to compare the nonnormally distributed 
data. Pearson correlation coefficient was used to analyze 
the relationship between normally distributed data and 
Spearman’s rho correlation coefficient was used to analyze 
the relationship between non-normally distributed data. 
We calculated our own cut-off value for PNI by using 
ROC analysis. Analysis results were presented as mean ± 
standard deviation and mean (minimum – maximum) for 
quantitative data, and as frequency and percentage for 
categorical data. Significance level was taken as p<0.050.

RESULTS

Clinicopathological characteristics and treatment regimens 
are detailed in Table 1. 30 patients were included in the data 
analysis. Median age was 58.0 years (range 21–77 years), 
and the majority of the patients were males (56.7%).The 
proportion of patients with a KPS score ≥ 70 was 86.7%.
In the group of patients with histologic grade 2, 5 of the 
patients were pathologically diagnosed with astrocytoma, 
3 with menengioma, 1 with oligodendroglioma. There 
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Table 1. Demographic, clinico-pathological featurs and 
treatment

Frequency (n) Percent (%)

Age (years)

<60 15 50,0

≥60 15 50,0

Gender

Male 17 56,7

Female 13 43,3

KPS score

<70 4 13,3

≥70 26 86,7

Histologic grade (WHO)

Grade 2 9 31,0

Grade 3 2 6,9

Grade 4 18 62,1

Pathological diagnosis

Astrocytoma 5 16,7

Atypical Meningioma 3 10,0

Glioblastoma 18 60,0

Oligodendroglioma 3 10,0

Pontin Glioma 1 3,3

Extent of resection

Biopsy 2 6,7

Gross total 16 53,3

Subtotal 11 36,7

None 1 3,3

Postoperative treatment

Chemoradiotherapy 21 70,0

Chemotherapy 1 3,3

Radiotherapy 8 26,7

Postoperative 
dexamethasone

No 24 80,0

Yes 6 20,0

* Multiple response
KPS: Karnofsky performance status
WHO:World Health Organization
Arg/Gln/HMB: Arginine/glutamine/Beta-Hydroxy Beta-
Methylbutyrate
NRI:Nutritional risk index
HIV:Human Immunodeficiency virüs

Table 1. Continued

Frequency (n) Percent (%)

Postoperative residue

No 9 30,0

Yes 21 70,0

Immunonutrition support 
(Arg/Gln/HMB)

Twice a daily 26 86,7

İntolerance 4 13,3

Before adjuvant therapy NRI 
group

No 19 63,3

Mild 4 13,3

Moderate 7 23,3

Severe 0 0

After adjuvant therapy NRI 
group

No 23 76,7

Mild 3 10,0

Moderate 3 10,0

Severe 1 3,3

Comorbidity*

Hypertension 8 44,4

Type II diabetes 7 38,9

Benign Prostatic 
Hyperplasia

3 16,7

Hypothyroidism 2 11,1

Dyslipidaemia/
Hypercholesterolaemia

2 11,1

Prostate cancer 1 5,6

Cerebrovascular disease 1 5,6

HIV Infection 1 5,6

Glomus tumor 1 5,6

* Multiple response
KPS: Karnofsky performance status
WHO:World Health Organization
Arg/Gln/HMB: Arginine/glutamine/Beta-Hydroxy Beta-
Methylbutyrate
NRI:Nutritional risk index
HIV:Human Immunodeficiency virüs
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were 2 patients with oligodendroglioma in the grade 3 
group. All grade 4 groups were glioblastoma patients, 
and these patients constituted the majority (60%) of all 
pathologically diagnosed patients. The most common 
extent of resection (EOR) was gross total resection (GTR) 
(53.3%), followed by subtotal resection (STR) (36.7%) and 
biopsy (6.7%).Adjuvant radiotherapy and chemotherapy 
was undertaken in 21 patients (70.0%) with the median 
total dose being 60 Gy. 20% of patients used daily 
dexamethasone postoperatively.

Eighty-six point seven percent (86.7%) of the patients 
received immune nutrition support twice daily. The mean 
albümin value before adjuvant treatment was 4.04 g/dL 
(3.30 - 4.80), while the mean albümin value after adjuvant 
treatment increased to 4.16 g/dL (2.90 - 4.80) (Table 2). 
The mean lymphocyte count before adjuvant treatment 
was 1.81x109/L (0.90 - 3.10), while the mean lymphocyte 
count after adjuvant treatment was 1.56x109/L (0.50 - 2.80). 
There was no statistically significant difference between 
mean albumin values before and after adjuvant treatment 
(p=0.057), but a statistically significant difference was 
found between mean lymphocyte counts (p=0.011) (Table 

3). PNI calculated by albumin and lymphocyte parameters 
was 49.38 ± 6.03 SD before adjuvant treatment and 
49.40 ± 6.12 SD after adjuvant treatment. There was no 
statistically significant difference between the mean PNI 
values before and after adjuvant treatment (p=0.986). In 
addition, a statistically significant difference was found 
between the mean weight before and after adjuvant 
treatment (p=0.034).

The optimal cut-off value for the PNI was found to be 45.5 
using ROC analysis (Table 4). The area under the ROC 
curve for PNI was 0.99 and the 95% CI was 0.966 - 1, 
which was statistically significant (p<0.001). Sensitivity of 
cut-off value was 90.91%, specificity 100%, PVV 100% and 
NPV 95% (Fig. 1).

According to the cut-off value, patients were classified as 
low and high PNI. The association of both pre-treatment 
low-high PNIs and post-treatment low-high PNIs with 
subgroups was evaluated (Table 5 and 6). All patients with 
high PNI before treatment had a statistically significant KPS 
score of 70 and above. Similarly, the majority of patients 
with post-treatment high PNI consisted of patients with 

Table 2. Descriptive statistics of quantitative variables

Mean ± S. Deviation Median (min. - maks.)

Age (years) 52,63 ± 17,37 58,00 (21,00 - 77,00)

Height (cm) 168,90 ± 8,58 168,00 (156,00 - 192,00)

Weight (kg) before adjuvant therapy 72,03 ± 10,72 75,00 (50,00 - 95,00)

Weight (kg) after adjuvant therapy 71,27 ± 10,67 74,00 (50,00 - 90,00)

BMI (kg/m2) 25,31 ± 3,68 25,95 (18,40 - 31,30)

KPS - 80,00 (50,00 - 100,00)

ECOG - 1,00 (0,00 - 3,00)

Albumin (g/dL) 1 week before adjuvant therapy 4,04 ± 0,41 4,05 (3,30 - 4,80)

Albumin (g/dL) 2 weeks after adjuvant therapy 4,16 ± 0,41 4,25 (2,90 - 4,80)

Lymphocyte (x109/L) 1 week before adjuvant therapy 1,81 ± 0,63 1,70 (0,90 - 3,10)

Lymphocyte (x109/L) 2 weeks after adjuvant therapy 1,56 ± 0,62 1,45 (0,50 - 2,80)

PNI before adjuvant therapy 49,38 ± 6,03 49,00 (38,00 - 62,50)

PNI after adjuvant therapy 49,40 ± 6,12 49,75 (31,50 - 58,50)

Postoperative dexamethasone dose (mg) 10,00 ± 4,90 8,00 (4,00 - 16,00)

Preoperative mass size (mm) 49,36 ± 14,68 48,00 (25,00 - 80,00)

NRI before adjuvant therapy 102,60 ± 6,70 102,50 (91,80 - 114,60)

NRI after adjuvant therapy 103,81 ± 7,41 104,75 (77,40 - 114,60)

BMI:Body Mass Index
KPS: Karnofsky performance status
ECOG: Eastern Cooperative Oncology Group
PNI:Prognostic nutritional index
NRI:Nutritional risk index
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KPS 70 and above. As a result, patients with high post-
treatment PNI consisted of patients who had statistically 
significant high KPS scores, did not use postoperative 
steroids, and received immunonutrition support.

There was no statistically significant difference between 
PNI and NRI changes according to age, gender, presence 
of additional disease, performance status and presence of 
residuals (p>0.050) (Table 7).

A statistically significant correlation was found between 
the albumin value 1 week before the adjuvant treatment 
and the change in PNI, and the increase in the albumin 
value 1 week before the adjuvant treatment provides a 
weak increase in the PNI change (r=0.390; p=0.033) 
(Table 8). A statistically significant correlation was found 

between the change in Lymphocyte value 2 weeks 
after adjuvant treatment and the change in PNI, and 
an increase in lymphocyte value 2 weeks after adjuvant 
treatment provides a weak decrease in PNI change (r=-
0.399; p=0.029). A statistically significant relationship 
was found between BMI value and NRI change, and an 
increase in BMI value provides a weak increase in NRI 
change (r=0.366; p=0.047). A statistically significant 
relationship was found between the albumin value 1 week 
before the adjuvant treatment and the change in NRI, 
and the increase in the albumin value 1 week before the 
adjuvant treatment provides a moderate increase in the 
NRI change (r=0.460; p=0.011). There was no statistically 
significant relationship between the changes in PNI and 
NRI with other variables (p>0.050).

Table 3. Comparison of laboratory and index values before and after adjuvant treatment 

Mean ± S. 
Deviation

Median 
(min. - maks.)

Difference (Before - after)
Test 

statistic
pMean ± S. 

Deviation
Median (min. - 

maks.)

Albumin (g/dL) 1 week before 
adjuvant therapy

4,04 ± 0,41 4,05 (3,30 - 4,80) -0,12 ± 0,32 -0,10 (-0,70 - 0,80) -1,980 0,057*

Albumin (g/dL) 2 weeks after 
adjuvant therapy

4,16 ± 0,41 4,25 (2,90 - 4,80)

Lymphocyte (x109/L) 1 week 
before adjuvant therapy

1,81 ± 0,63 1,70 (0,90 - 3,10) 0,25 ± 0,51 0,30 (-0,80 - 1,40) 2,704 0,011*

Lymphocyte (x109/L) 2 weeks 
after adjuvant therapy

1,56 ± 0,62 1,45 (0,50 - 2,80)

PNI before adjuvant therapy 49,38 ± 6,03 49,00 (38,00 - 62,50) -0,02 ± 5,10 -0,25 (-11,00 - 
13,00)

-0,018 0,986*

PNI after adjuvant therapy 49,40 ± 6,12 49,75 (31,50 - 58,50)

NRI before adjuvant therapy 102,60 ± 6,70 102,50 (91,80 - 
114,60)

-1,21 ± 6,34 -1,50 (-10,70 - 
20,70)

-1,436 0,151**

NRI after adjuvant therapy 103,81 ± 7,41 104,75 (77,40 - 
114,60)

Weight (kg) before adjuvant 
therapy

72,03 ± 10,72 75,00 (50,00 - 95,00) 0,77 ± 1,89 0,00 (-5,00 - 6,00) 2,224 0,034*

Weight (kg) after adjuvant 
therapy

71,27 ± 10,67 74,00 (50,00 - 90,00)

PNI:Prognostic nutritional index
NRI:Nutritional risk index

Table 4. ROC analysis result for PNI value

Cut-off value AUC (%95 CI) p Sensitivity (%) Specificity (%) PPV (%) NPV (%)

≤45,5 0,99 (0,966 - 1) <0,001 90,91% 100% 1 95%

PPV: Positive predictive value, NPV: Negative predictive value PNI:Prognostic nutritional index



129

Clin Sci Nutr 2024; 6(3): 123-136 Akmansu et al. Immunonutrition Support and Relationship with PNI

Table 5. Distribution of categorical variables by pretreatment PNI groups

Pretreatment PNI
Test statistic p

Low(%) High(%)

Age (years)

<60 5 (50) 10 (50) 0,000 1,000*

≥60 5 (50) 10 (50)

Gender

Male 7 (70) 10 (50) --- 0,440**

Female 3 (30) 10 (50)

Comorbidity

No 4 (40) 8 (40) --- 1,000**

Yes 6 (60) 12 (60)

KPS score

<70 4 (40) 0 (0) --- 0,008**

≥70 6 (60) 20 (100)

Histologic grade (WHO)

Grade 2 3 (30) 6 (31,6) --- ---

Grade 3 1 (10) 1 (5,3)

Grade 4 6 (60) 12 (63,2)

Pathological diagnosis

Astrocytoma 2 (20) 3 (15) --- ---

Atypical Meningioma 1 (10) 2 (10)

Glioblastoma 6 (60) 12 (60)

Oligodendroglioma 1 (10) 2 (10)

Pontin Glioma 0 (0) 1 (5)

Extent of resection

Biopsy 2 (20) 0 (0) --- ---

Gross total 5 (50) 11 (55)

Subtotal 3 (30) 8 (40)

None 0 (0) 1 (5)

Postoperative treatment

Chemoradiotherapy 8 (80) 13 (65) --- ---

Chemotherapy 0 (0) 1 (5)

Radiotherapy 2 (20) 6 (30)

Postoperative dexamethasone

No 6 (60) 18 (90) --- 0,141**

Yes 4 (40) 2 (10)

Postoperative residue

No 2 (20) 7 (35) --- 0,675**

Yes 8 (80) 13 (65)

Immunonutrition support (Arg/Gln/HMB)

Twice a daily 8 (80) 18 (90) --- 0,584**

İntolerance 2 (20) 2 (10)
*Yates correction, **Fisher’s Exact test, ---: Comparisons were not made due to insufficient
PNI:Prognostic nutritional index
KPS: Karnofsky performance status
WHO:World Health Organization
Arg/Gln/HMB: Arginine/glutamine/Beta-Hydroxy Beta-Methylbutyrate
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Table 6. Distributions of categorical variables by posttreatment PNI groups

Posttreatment PNI
p

Low(%) High(%)

Age (years)

<60 3 (37,5) 12 (54,5) 0,682

≥60 5 (62,5) 10 (45,5)

Gender

Male 4 (50) 13 (59,1) 0,698

Female 4 (50) 9 (40,9)

Comorbidity

No 2 (25) 10 (45,5) 0,419

Yes 6 (75) 12 (54,5)

KPS score

<70 3 (37,5) 1 (4,5) 0,048

≥70 5 (62,5) 21 (95,5)

Histologic grade (WHO)

Grade 2 1 (12,5) 8 (38,1) ---

Grade 3 0 (0) 2 (9,5)

Grade 4 7 (87,5) 11 (52,4)

Pathological diagnosis

Astrocytoma 1 (12,5) 4 (18,2) ---

Atypical Meningioma 0 (0) 3 (13,6)

Glioblastoma 7 (87,5) 11 (50)

Oligodendroglioma 0 (0) 3 (13,6)

Pontin Glioma 0 (0) 1 (4,5)

Extent of resection

Biopsy 2 (25) 0 (0) ---

Gross total 3 (37,5) 13 (59,1)

Subtotal 3 (37,5) 8 (36,4)

None 0 (0) 1 (4,5)

Postoperative treatment

Chemoradiotherapy 8 (100) 13 (59,1) ---

Chemotherapy 0 (0) 1 (4,5)

Radiotherapy 0 (0) 8 (36,4)

Postoperative dexamethasone

No 4 (50) 20 (90,9) 0,029

Yes 4 (50) 2 (9,1)

Postoperative residue

No 1 (12,5) 8 (36,4) 0,374

Yes 7 (87,5) 14 (63,6)

Immunonutrition support (Arg/Gln/HMB)

Twice a daily 5 (62,5) 21 (95,5) 0,048

İntolerance 3 (37,5) 1 (4,5)
*Fisher’s Exact test, ---: Comparisons were not made due to insufficient
PNI:Prognostic nutritional index
KPS: Karnofsky performance status
WHO:World Health Organization
Arg/Gln/HMB: Arginine/glutamine/Beta-Hydroxy Beta-Methylbutyrate
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DISCUSSION

PNI, initially formulated to evaluate the nutritional 
and immunological statuses of patients undergoing 
gastrointestinal surgery, stands as a straightforward, 
cost-effective, and beneficial parameter. Nevertheless, 
subsequent research has redirected attention towards 
its application in cancer patients. This shift arises from 
evidence indicating that elevated PNI levels correlate with 
improved nutritional status and immune functionality in 
this demographic. Consequently, heightened PNI values 

not only facilitate prognostic estimations but also afford 
opportunities for timely interventions and the formulation 
of optimal therapeutic strategies. However, it is important 
to note the process between inflammation and cancer 
and their relationship with PNI here.

The relationship between inflammation and cancer was first 
observed by Virchow in 1863, suggesting that the origin 
of cancer might lie within areas of chronic inflammation. 
Cytokine storm, characterized by the release of large 
amounts of cytokines such as IL-1, IL-6, tumor necrosis 
factor-alpha (TNF-α), and interferon-gamma (IFN-γ), is 

Table 7. Comparison of PNI and NRI changes before and after treatment according to categorical variables 

PNI (Before - after) NRI (Before - after)

Mean ± S. Deviation Median (min. - maks.) Mean ± S. Deviation Median (min. - maks.)

Age (years)

<60 1,23 ± 5,44 -0,50 (-7,00 - 13,00) 0,46 ± 6,95 -1,50 (-10,30 - 20,70)

≥60 -1,27 ± 4,57 0,50 (-11,00 - 4,00) -2,89 ± 5,39 -1,50 (-10,70 - 4,60)

Test stats. 87,000 90,000

p 0,305** 0,367**

Gender

Male -0,97 ± 5,64 -1,00 (-11,00 - 13,00) -1,74 ± 7,55 -1,50 (-10,70 - 20,70)

Female 1,23 ± 4,18 2,00 (-4,00 - 10,00) -0,52 ± 4,51 0,00 (-7,60 - 6,10)

Test stats. -1,180 90,500

p 0,248* 0,408**

Comorbidity

No 0,13 ± 4,75 -0,75 (-7,00 - 10,00) -0,90 ± 4,60 -1,50 (-10,30 - 6,10)

Yes -0,11 ± 5,45 1,00 (-11,00 - 13,00) -1,42 ± 7,41 -0,75 (-10,70 - 20,70)

Test stats. 0,122 99,000

p 0,904* 0,723**

ECOG

<1 -0,08 ± 4,29 -0,50 (-7,00 - 10,00) -1,32 ± 4,08 -1,50 (-10,30 - 6,10)

≥1 0,03 ± 5,77 2,00 (-11,00 - 13,00) -1,13 ± 7,77 0,00 (-10,70 - 20,70)

Test stats. -0,056 109,000

p 0,956* 0,967**

Postoperative residue

No -2,39 ± 4,97 -0,50 (-11,00 - 2,50) -2,53 ± 4,81 -1,50 (-10,70 - 3,10)

Yes 1,00 ± 4,92 0,00 (-7,00 - 13,00) -0,65 ± 6,93 -1,50 (-10,30 - 20,70)

Test stats. -1,724 82,000

p 0,096* 0,594**

* Independent two-sample t-test, **Mann Whitney U test
ECOG: Eastern Cooperative Oncology Group
PNI:Prognostic nutritional index
NRI:Nutritional risk index
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associated with the severity of the disease. The role of 
interleukin-6 (IL-6), particularly elevated during cytokine 
release, has been investigated in sustaining malignancy 
in lung cancer patients. Studies have demonstrated that 
IL-6, through STAT3 signaling, promotes the proliferation 
and migration of lung cancer cells.43 In addition, elevated 
circulating levels of IL-6 in lung cancer patients have been 
recognized as a predictor of poor survival outcomes.44 
Especially in patients undergoing radiotherapy for head 
and neck tumors, the release of cytokines such as tumor 
necrosis factor-alpha and interleukin-6 (IL-6) increases 
with the impact of the disease, leading to an acute phase 
response. Additionally, radiotherapy itself increases the 
release of cytokines that induce cancer cachexia.45 

In cases of severe cytokine storm, vascular permeability 
is often increased. This can lead to the leakage of large 
molecules such as albumin out of the blood vessels, 
resulting in decreased levels of albumin in the blood 
plasma. Additionally, the impairment of liver function 
seen in cytokine storms can lead to a reduction in albumin 
production, further contributing to the decrease in albumin 
levels in the blood plasma. This decline in albumin levels 
can be a significant indicator for managing the patient’s 

Figure 1. ROC curve of PNI value

Table 8. Examination of the relationship between PNI and NRI changes and quantitative data

PNI NRI

r p r** p

Age (years) -0,181** 0,337 -0,143 0,451

Height (cm) -0,105* 0,580 -0,183 0,332

Weight (kg) before adjuvant therapy 0,275* 0,142 0,207 0,273

Weight (kg) after adjuvant therapy 0,222* 0,239 0,192 0,310

BMI (kg/m2) 0,341* 0,065 0,366 0,047

KPS score -0,148** 0,434 -0,116 0,540

ECOG score 0,071** 0,711 0,028 0,883

Albumin (g/dL) 1 week before adjuvant therapy 0,390* 0,033 0,460 0,011

Albumin (g/dL) 2 weeks after adjuvant therapy -0,347* 0,060 -0,198 0,294

Lymphocyte (x109/L) 1 week before adjuvant therapy 0,296* 0,112 0,180 0,340

Lymphocyte (x109/L) 2 weeks after adjuvant therapy -0,399* 0,029 -0,294 0,115

RT dose (Gy) -0,224** 0,244 -0,164 0,396

Postoperative dexamethasone dose (mg) 0,559* 0,249 0,525 0,285

Preoperative mass size (mm) 0,005* 0,981 0,009 0,963

* Pearson’s correlation coefficient, ** Spearman’s rho correlation coefficient
PNI:Prognostic nutritional index
NRI:Nutritional risk index
BMI:Body Mass Index
KPS: Karnofsky performance status
ECOG: Eastern Cooperative Oncology Group
RT:Radiotherapy
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condition and treatment. The importance of using PNI 
stems from this aspect as well. PNI score evaluates low 
albumin levels, which are indicative of negative processes 
such as cytokine storm, hypermetabolic consumption, 
decreased survival parameters, and even tissue damage 
in COVID-19 patients.46

Recently, there has been a growing focus on investigating 
the Prognostic Nutritional Index (PNI), particularly in 
patients with Glioblastoma Multiforme (GBM), to aid in 
predicting early prognosis and facilitating the formulation 
of optimal therapeutic decisions. Studies have 
predominantly centered on the impact of preoperative 
PNI on overall survival (OS).31,32,39,47,48 One study 
suggested that postoperative PNI may better reflect 
postoperative general conditions than preoperative PNI, 
and that improving nutritional status just before initiating 
postoperative adjuvant therapy may help to achieve a 
favorable outcome.37

The aim of our study was to investigate the impact of 
immunonutritional supplementation during postoperative 
adjuvant therapy on the PNI in patients with brain tumors. 
To the best of our knowledge, our study represents the 
first investigation in this regard. Despite encompassing 
heterogeneous pathological groups, approximately 70% 
of our study population consisted of patients with GBM.

In this study, despite the negative effects of intensive 
chemoradiotherapy (CRT) treatments on PNI parameters, 
no decrease in PNI was observed; in fact, a minimal increase 
was noted. However, considering that this change in PNI 
was not statistically significant, more than 30 HGG patients 
who did not receive immunonutritional supplementation 
containing Arg/gln/HMB were retrospectively analyzed. 
Interestingly, the analysis revealed that the average PNI 
value was 45.15 before adjuvant therapy and decreased 
to 42.26 after adjuvant therapy, indicating a statistically 
significant decrease in PNI among those not receiving 
immunonutritional supplementation. This finding 
suggests a potential positive impact of immunonutritional 
supplementation on PNI.

Previous studies examining the relationship between 
preoperative serum albumin concentration and the 
prognosis of GBM have reported that low serum albumin 
concentration is an independent poor prognostic 
factor.49,50 Normally, we wouldn’t expect an increase 
in albumin levels after standard chemoradiotherapy 
treatment. On the contrary, a decrease is observed 
following nutritional disturbances associated with 
treatment side effects. However, in this study, while an 
increase in the average albumin level was detected, a 
decrease in albumin values was found in patients who did 
not receive immunonutritional supplementation.

Studies have documented the suppression of cellular 
immunity in patients with GBM, where lymphocytes, 
another component of PNI, play a significant role in 
cellular immunity.51,52 Lymphocytes can be affected 
by hematopoiesis, nutritional status, and anticancer 
treatments. Postoperative adjuvant chemoradiotherapy 
(CRT) inhibits lymphocyte differentiation by suppressing 
the proliferation of hematopoietic progenitor cells, 
leading to lymphopenia. A previous clinical study 
reported a close association between treatment-related 
lymphopenia following surgery and poor prognosis in 
elderly GBM patients.53 In our patients, a statistically 
significant decrease in lymphocyte counts was also 
observed following treatment. This phenomenon was 
interpreted as the inhibitory effect of chemotherapy on 
hematopoiesis.

According to our ROC curve analysis, an optimal PNI cutoff 
value of 45.5 was identified, with a sensitivity of 90.9% 
and specificity of 100%. This cutoff value observed in our 
study was similar to those reported in the literature. This 
outcome suggests that PNI can serve as both a prognostic 
and predictive tool.

Additionally, approximately a 1.5% weight loss was 
observed in this study, which was statistically significant. 
Besides protein supplementation, exercise support, 
necessary for converting this protein into muscle, could 
prevent weight loss in patients. Patients in our clinic 
received protein supplementation (arg/gln/HMB) but 
did not receive any specific exercise support. If a specific 
exercise program had been added to the patients, our 
results could have been better.

Finally, we calculated the NRI scores to determine the 
malnutrition groups of the patients. While the group 
without risk of malnutrition before adjuvant treatment 
was 63.3%, the group without risk of malnutrition 
after adjuvant treatment increased to 76.7%. Mild and 
moderate group patients tend to decrease and they 
are included in the non-malnutrition group, which may 
be the success of immune nutrient support despite 
intensive chemoradiotherapy treatments. Only 1 patient 
progressed from mild risk to severe risk. He was a patient 
who received hypofractionated chemoradiotherapy with 
poor pre-treatment performance status and died a few 
months after treatment.

Our study has several limitations. First, as this was a non-
randomized retrospective study, there was a possibility 
of unexpected selection bias. In addition, this study was 
a single-centre study with a small cohort size (n = 30). 
We think that the statistical results of PNI, albumin and 
subgroup analyzes were affected due to the small sample 
size. Secondly, we had insufficient genetic alteration data 
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including MGMT methylation status, CDKN2A/B deletion, 
TERT promoter mutation and EGFR amplification status of 
all the patients, all of which are known to be prognostic 
factors for gliomas.54,55 Third, there was a heterogeneous 
patient population in our study, although the majority 
consisted of GBM patients. We also did not exclude 
patients using dexamethasone at the time of data 
collection, despite its potential confounding effects, 
because this reflects a real clinical setting. Finally, 
our study does not include OS and PFS information. 
Therefore, caution is needed when interpreting our 
results. We should continue to follow these patients for 
OS and PFS. Lastly, incorporating conscientious physical 
therapy and rehabilitation exercises during treatment for 
these patients may lead to better muscle development 
and albumin outcomes, potentially enhanced by HMB 
supplementation.

CONCLUSION

In cancer patients, nutritional imbalance and weight loss 
are commonly observed conditions, attributed to both the 
disease itself and the treatments administered. Reduced 
albumin levels are frequently encountered due to various 
mechanisms associated with cytokine storms, leading to a 
low PNI score. According to our study findings, it has been 
observed that immune nutrient support has a positive 
effect on PNI and albumin levels in patients with brain 
tumors undergoing postoperative chemoradiotherapy. 

With PNI that can be easily calculated before intensive 
adjuvant treatments, patients can be risk stratified 
according to the optimal threshold PNI value, and immune 
nutrient support can be applied to increase treatment 
response and compliance in low PNI patients. However, 
a larger-scale prospective study is needed to determine 
whether PNI and immune nutrient supplementation will 
improve the prognosis of GBM patients.
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