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A B S T R A C T

Preoperative prognostic nutritional index (PNI) is linked to the clinical outcome of patients with malignant
tumours, however few studies have investigated its utility in predicting outcome in glioblastoma multiforme
(GBM).

We performed a retrospective study on adult patients with GBM in order to evaluate the impact of PNI on
overall survival (OS), after adjusting for known prognostic factor (age, extent of surgery, Karnofsky performance
status, radiochemotherapy).

This is an Italian, multicentre, retrospective, cohort study. The patient's cohort includes 282 individuals with
a newly diagnosed GBM followed in 3 Lombardia Hospitals In all cases the diagnosis was supported by histo-
logical data.

Patient's information including sex, age at onset, Karnofsky performance status (KPS), extension of surgical
resection (EOR), adjuvant treatment, antiepileptic treatment, serum variables and survival data were collected.

Univariate and multivariate analysis did not reveal an association between PNI and overall survival in our
series of GBM patients.

PNI is a controversial marker for prognosis in GBM patients and further prospective studies are necessary to
elucidate its role.

1. Introduction

Glioblastoma multiforme (GBM), the most common malignant pri-
mary brain tumor, has a dismal prognosis even with the best available
treatment. The standard of care, consisting of maximum tumor resec-
tion followed by radio-chemotherapy with temozolomide (TMZ), leads
to a median survival of 14.6months [1,2]. However survival varies
significantly, even among patients who receive the same treatment,
suggesting that potential prognostic factors may influence overall sur-
vival (OS). Identification of potential prognostic serum biomarkers easy
to perform could help in patients stratification and designing treatment
strategies.

The importance of preoperative nutritional status as a prognostic
marker has been investigated in various malignant tumours [3,4],
however only few studies evaluated the association between nutritional

status and OS in GBM patients. A relationship between serum albumin
and survival has been reported in some series of GBM patients [5–7].
More recently the prognostic nutritional index (PNI), an index that
reflects the nutritional and immune status of patients with cancer, was
reported as an independent predictor of survival and efficacy of ad-
juvant treatment in a retrospective study of 84 GBM patients [8]. Si-
milar data were reported in a retrospective study of 188 patients with
high-grade glioma including 97 GBM patients [9] and in another ana-
lysis involving 166 GBM patients [10]. All of these studies were per-
formed in Asian patients.

In the present study we retrospectively analyzed 282 adult patients
with GBM followed in 3 Lombardia Hospitals in order to evaluate the
association between PNI and OS.
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2. Materials and methods

This is an Italian, multicentre, retrospective, cohort study. The pa-
tient's cohort includes 282 individuals with a newly diagnosed GBM
followed in 3 Lombardia Hospitals (Lecco, Niguarda, C. Besta); patients
in Lecco were enrolled between 2004 and 2014, while patients from the
other hospitals were enrolled from 2007 to 2014.

In all cases the diagnosis was supported by histological data.
Patient's information including sex, age at onset, Karnofsky perfor-
mance status (KPS), extension of surgical resection (EOR), adjuvant
treatment, antiepileptic treatment, serum variables and survival data
were collected.

Major presenting symptoms were categorized as seizure, focal def-
icits, cognitive-behavioral symptoms, intracranial hypertension. EOR
was categorized in macroscopically total resection (MTR), partial re-
section (PR), stereotactic biopsy (SB) as declared by the neurosurgeon
and evaluated by neuroimaging 72 h post surgery.

Regarding adjuvant treatment strategies we recorded if the patient
received no further treatment other than surgery, radiotherapy only,
chemotherapy only, radiochemoterapy.

Biochemistry data included serum albumin, total protein levels and
total lymphocyte count. PNI was calculated with the following formula:
10× serum albumin (g/dl)+ 0.005× total lymphocyte count (per
mm3) using haematological values detected preoperatively.

Patients with infectious or chronic disease or receiving steroid
treatment that influenced the status of albumin and lymphocyte counts
or OS were excluded. Survival data were obtained from the death re-
cord registry of Lecco and Milan Province.

3. Statistical methods

The study endpoint was Overall Survival (OS) defined as the time
from the date of surgery to the date of death. Patients alive at the last
contact were right-censored. Survival functions were non-para-
metrically estimated using the Kaplan–Meier estimator and statistically
compared using the log-rank test. Median and interquartile (IQR) range
follow-up was estimated using the reverse Kaplan–Meier estimator. Cox
model was used to detect and estimate statistical association between
PNI and OS. In multivariable regression models predictor variables
were identified a priori (age, Karnofsky PS and extent of surgery). A
random-effects meta-analysis model was used to estimate an average
effect size. The DerSimonian and Laird method was used to estimate the
between-subgroups variance. Q and I2 statistics were used respectively
to detect and estimate heterogeneity. A model free approach called
classification and regression trees (CART) was used to identify the best
PNI threshold. CART algorithm is a non parametric statistical method.
The decision tree built by CART alghorithm is always a binary decision
tree (i.e each node will have only two child nodes). The best split
chosen by the CART alghorithm maximizes the Gini index, a statistical
index whose maximum value is reached when prognosis of splitted
groups is highly heterogeneous. The regression tree was generated
through the R rpart package (Terry Therneau, Beth Atkinson and Brian
Ripley (2015). rpart: Recursive Partitioning and Regression Trees. R
package version 4.1–10. https://CRAN.R-project.org/package=r.part).
Patients and treatment characteristics were summarized using non-
parametric descriptive statistics (median and range for continuous
variables, and absolute and percentage frequencies for categorical
variables). Statistical analysis was generated using SAS/STAT software,
version 9.4 of the SAS System for Windows. (SAS Institute, Cary NC).
Copyright (c) 2002–2012 by SAS Institute Inc., Cary, NC, USA.

4. Results

4.1. Patients characteristic

A total of 282 patients (178 males and 104 females) were included

in this study. At the time of analysis (median follow-up of 3.3 years,
IQR: 1.57–6.18months) 54 patients were still alive and the remaining
228 had died. Median age at onset was 66.4 years (range 28–83).
Duration of symptoms before glioblastoma diagnosis ranged from a few
days to a maximum of 3months. Median KPS value was 80 (range
30–100). 56% of patients had a KPS score higher than or equal to 70,
indicating satisfactory performance in the activities of daily living. The
extent of surgical resection was macroscopically total in 197/282
(70.2%) of cases and partial in 52/282 (18.5%). A biopsy was per-
formed in 11.4% (32/282) of patients. Two hundred and two patients
(71.6%) received radiochemotherapy according to the Stupp-protocol,
31 patients (11%) received radiotherapy only, 49 patients (17.4%) re-
ceived no further treatment other than surgery. Major presenting
symptoms, isolated or in combination, included focal deficits (136/
282= 48%), cognitive-behavioral symptoms (89/282= 31.5%),
symptoms related to intracranial hypertension (86/282= 30%) and
seizure (65/282=23%). At the time of diagnosis 45 tumours were
plurilobar, 7 multifocal, 6 centrally located (basal ganglia and corpus
callosum) and the remaning 224 were lobar-located tumours. A total of
233 patients received a prophylatic antiepileptic treatment at the mo-
ment of diagnosis. The most common drug used was levetiracetam
(120/233=51.5%), followed by oxcarbazepine/carbamazepine (44/
233= 18.9%), valproate (20/233=8.6%), phenobarbital (39/
233= 16.7%) and phenytoin (10/233=4.3%). In total 140 patients
(49.6%) received a NEIAED (i.e. either levetiracetam or valproate),
whereas 93 patients (33.0%) received a EIAED (phenobarbital, phe-
nytoin, oxcarbazepine/carbamazepine) and 49 patients (17.4%) did not
receive AED. No information was collected about marital status and
socioeconomic status.

4.2. Overall and subgroup analysis

Considering serum albumin and lymphocyte count as continuous
variables, we did not find statistical association neither between al-
bumin levels and OS (HR (95%CI): 0.89 (0.65–1.20) p= .44), nor be-
tween lymphocyte count and OS (HR (95%CI): 0.99 (0.84–1.15)
p= .85). The median PNI was 46.9 (range 26.2–72.5). PNI was not
statistically associated to OS (HR 0.90 (0.73–1.11) for each 10 units,
p= .32). In order to describe in absolute terms patients prognosis, PNI
was dichotomized. There were 166 patients (58.8%) with a PNI> 45.9
(PNI-high) and 116 patients (41.1%) with a PNI < 45.9 (PNI-low)
Baseline clinical features were similar in patients with PNI-high as
compared with those with PNI-low, except for a trend of older age at
onset and a lower proportion of patients undergoing MTR in the sub-
group with PNI-low (Table 1). Median OS was 13months (95% CI:
6.24–22.97) in patients with PNI-high versus 11.3 (95%CI: 5.1–19.81)
in patients with PNI-low (HR (95%CI): 0.79 (0.61–1.03)) (Fig. 1). Based
on post-surgical treatment, no association between PNI and OS was
confirmed (Fig. 2).

In order to asses whether PNI values were differently distributed in
our cohort according to sex, KPS score and age we also performed a
statistical analysis by Fisher's exact test; there were no significant dif-
ferences in PNI values above or below the cut-off in male versus female
(p= .39), nor in patients with KPS < 70 versus KPS> 70 (p= .63); a
non significant trend was observed for a slightly higher frequency of
patients with PNI values above the cut-off in those younger than sixty
versus those older than 60 (p= .14).

5. Discussion

Identification of prognostic factors is clinically relevant in the
management of GBM patients. Several factors including age, Karnofsky
performance status, extent of surgery and molecular biomarkers have a
well-documented prognostic impact, however most of them are phy-
sical or defined post-operatively. Thus, it would be of great value to
define pre-treatment prognostic factors able to help in predicting
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survival and guiding optimal therapeutic choice. In this context, po-
tential serum prognostic factors are important because of their acces-
sibility, low cost and convenience.

A number of prognostic indexes combining different parameters
relevant in nutritional status and efficient immune response have been
proposed, both in the healthy population and in elderly/frail patients or
patients suffering from cancer; among these the PINI index, initially

devised to asses elderly hospitalized patients [11] and then also applied
to patients with malignancy (multiple myeloma) [12] includes quanti-
tation of four serum proteins (CRP, orosomucoid, albumin and trans-
thyretin) and is widely adopted in intensive care units. In our work we
could not analyze this index due to lack of quantitaion of orosomucoid
and transthyretin in our patients.

The prognostic nutritional index (PNI) was originally used to assess
the nutritional and immunological status of patients undergoing gas-
trointestinal surgery [13]. The PNI can be easily calculated based on
total lymphocyte count and serum albumin levels. Lymphocytes are
involved in the host's cellular adaptative immunity, with antitumor
effects secondary to the inhibition of cancer cell proliferation, invasion
and migration [14]. Lymphocyte count is a measure of cell-mediated
immunity, which is critical in host defense against cancer. The other
parameter of PNI is albumin that is an indicator of the host's in-
flammatory response and nutritional status [15]. Therefore a lower PNI
reflects a decrease of lymphocytes and/or albumin and is suggestive for
impaired immunological response and/or poor nutritional status with a
pro-inflammatory metabolic shift in the individuals impairing anti-
tumor response and treatment compliance. Several studies have de-
monstrated that PNI may be a powerful predictor of outcomes in dif-
ferent malignancies, including breast, hepatocellular and lung cancer
[16–20]. More recently the role of PNI has been investigated in some
retrospective series of GBM patients. Zhou et al. [8] in a series of 84
GBM patients reported that a PNI > 44.4 was an independent prog-
nostic factor for favorable outcome (HR:0.479, 95% CI:0.235–0.975,
p= .042), moreover patients with PNI > 44.4 had better response to
adjuvant treatment than patients with PNI < 44.4 (HR: 0.259, 95 CI:
0.096–0.700).

Another study on 188 patients with high grade gliomas, including
97 GBM patients [9], showed that PNI was an independent predictor for
progression free survival (PFS) (HR=0,62, 95% CI 0.43–0.87,
p= .007) and OS (HR=0.56, 95% CI 0.38–0.80, p= .002). On the
subgroup analysis by tumor grade and treatment modalities, both PFS
and OS were better for patients with high PNI (> 52.5).

Finally Xu et al. [10] reported PNI as an independent predictor of
OS (HR 0.757, 95% CI 0.378–0.985, p= .039) in a series of 166 GBM
patients, in particular for patients receiving adjuvant therapy low PNI
value was significantly associated with shorter OS, so these patients

Table 1
Patients characteristic.

Overall PNIa-high
(≥ 45.9)

PNIa-low
(< 45.9)

Total number 282 166/282 116/282
Female, N(%) 104(36.9) 65 (39.2) 39 (33.6)
Male, N(%) 178(63.1) 101 (60.8) 77 (66.4)
Age (at diagnosis)
N 282 166 116
Median 66.4 63.7 70.2
Min 28.5 28.5 31.1
Max 83.3 83.3 82.5
Karnofski performance

status
N 282 166 116
Median 80 80 80
Min 30 30 30
Max 100 100 100
Extent of surgery
Biopsy, N(%) 32(11.4) 25 (15.1) 7 (6.0)
MTR, N(%) 198 (70.2) 123 (74.1) 75 (64.7)
Partial, N(%) 27 (9.6) 10 (6.0) 17 (14.7)
Subtotal, N(%) 25 (8.9) 8 (4.8) 17 (14.7)
Adjuvant treatment
Stupp protocol, N(%) 202(71.6) 123(74.1) 79(68.1)
Radiotherapy, N(%) 31 (11.0) 19(11.4) 12(10.3)
No other treatment, N(%) 49 (17.4) 24(14.5) 25(21.6)
Antiepileptic therapy
EIAEDb, N(%) 93(33.0) 63(38.0) 30(25.9)
NEIAEDc, N(%) 140(49.6) 77(46.4) 63(54.3)
NO, N(%) 49(17.4) 26(15.7) 23(19.8)

a PNI prognostic nutritional index.
b EIAED enzyme inducing antiepileptic drug.
c NEIAED non-enzyme inducing antiepileptic drug.

Fig. 1. Kaplan–Meier curves of OS in patients with PNI-high (A) vs patients with PNI-low (B).
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acquired less benefit from adjuvant therapy.
In our study we failed to confirm a statistically significant prog-

nostic value of PNI in a large cohort of Italian GBM patients, although
indeed we did observe a trend to more prolonged survival in those
patients with higher PNI levels. The relationship between parameters
related to nutritional status (especially BMI) and the occurrence/
prognosis of various types of cancer is multi-faceted: concerning
gliomas, a trend to increased occurrence has been reported by meta-
analyses [21–24] for patients with increased BMI. It has to be noted that
Asiatic populations contributed little, if at all, to meta-analysis studies
on BMI and tumours. Also, the diagnostic value of PNI has recently been
investigated in 750 patients with glioma as compared with other tu-
mours (acoustic neuroma and meningioma) and healthy controls by
Zheng and colleagues [25]; in this paper the authors detected statisti-
cally significantly lower PNI levels in glioma patients than healthy
controls, while platelet/lymphocyte ratio was higher in glioma patients.

Conversely, a number of studies have shown that, once a diagnosis
of high grade glioma occurs, a lower value of PNI is associated with a
shorter survival; all these studies however have dealt with asiatic pa-
tients and no studies so far have investigated italian patients. The lack
of a statistically significant impact of low PNI on survival in italian GBM
patients may derive from a number of factors, among which obviously
genetic differences may play a role; on the other hand, lack of of sta-
tistically significance in our study is not likely to be due solely to re-
levant differences in the distribution of PNI values in our patients as
compared to asiatic patients.

As a matter of fact, the investigated GBM cohorts in the literature do
differ in some features, as reported in Table 2.

Overall, patients in our cohort were older and less fit than most of
those included in the previous studies; we may speculate that in older
patients the negative prognostic impact of a low PNI might be over-
shadowed by the relevance of other factors with a negative prognostic
value.

Finally in our study duration of symptoms prior to GBM diagnosis
was very short, precluding a meaningful statistical analysis aimed at
assessing a putative relationship between nutritional status and symp-
toms duration; nor were we able to correlate PNI levels with marital
status and socioeconomic status; analysis of impact of performance

status and age excluded a major role for KPS and only showed a trend in
older patients to have lower PNI levels, which did not reach statistical
significance.

6. Conclusion

Our study presents some limits. First of all, the data derive from an
unplanned retrospective analysis, secondly the sample size is small,
finally we do not have adequate information regarding molecular bio-
markers to control for these factors in multivariate analysis. Despite
these limitations, our study is the second one with the most numerous
sample of patients that investigated the prognostic role of the PNI for
GBM. Theoretically the assessment of PNI could assist the identification
of patients with poor prognosis and stratification of patients entering
clinical trials. Moreover PNI could be easily monitored in cases of in-
terventions aimed at correcting the nutritional and immune condition
of patients in order to improve survival.

In conclusion PNI is a controversial marker for the survival of GBM
patients deserving further investigation.
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