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survival (OS), cancer specific survival (CSS) and fitness to 
treatment. Optimal evaluation of nutritional status requires a 
marker which is sensitive and affordable enough for regular 
use. As laboratory tests became an integral part of patient 
workup, more prognostic and predictive factors are at reach.

Obesity is known as a cardiovascular and metabolic risk 
factor compromising life expectancy, but it unexpectedly 
brings survival benefit in HNSCC patients - known as body 
mass index (BMI) paradox [1–3].

Assessing BMI is one of the several methods of esti-
mating nutritional status, which is defined as “the result 
between the nutritional intake received and the nutritional 
demands, and should allow for the utilization of nutrients 
to maintain reserves and compensate for losses.” [4] There 
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Abstract
Purpose The survival benefit with higher body mass index (BMI) of patients suffering from head and neck squamous cell 
carcinoma (HNSCC) is documented as BMI paradox. As the early re-nourishment of high-risk patients determine survival, 
we searched for a nutritional status marker suitable for everyday screening. Grouping patients based on the 8th Edition of 
TNM Classification, we investigated for the first time the candidate nutritional status markers among TNM8 subgroups, 
including the newly introduced p16 positive oropharyngeal squamous cell cancer (OPSCC) patients.
Methods We conducted a retrospective cohort study enrolling 661 patients and collecting anthropometric indices, laboratory 
parameters, clinical scores, nutritional risk scores. To discover the best one for screening survival analyses and correlation 
tests were executed.
Results By performing univariate Cox regression, we found three nutritional markers significantly correlating with overall 
survival (OS) and cancer specific survival (CSS): BMI at diagnosis, percent of weight loss over six months and prognostic 
nutritional index (PNI). The latter proved to be independent of tumor stage. p16 negative OPSCC patient’s OS and CSS did 
not correlate with BMI, but it did correlate with PNI and percent of weight loss. BMI was the only marker correlating with 
OS, only in stage 4 hypopharyngeal cancer patients. All three markers significantly correlated with survival among p16 posi-
tive oropharyngeal and glottic cancer patients.
Conclusion We found BMI, percent of weight loss and PNI good candidate markers for malnutrition. PNI proved to be supe-
rior in every aspect, enabling the treating physicians to discover high-risk patients in need of aggressive re-nourishment. The 
survival of supraglottic laryngeal squamous cancer patients seemed to be independent of these nutritional status markers, 
which observation should be a subject of further investigations.
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are numerous markers: anthropometric indices, laboratory 
parameters, clinical scores, nutritional risk scores, question-
naires, body composition and dietary intake assessment [5]. 
It needs to be clarified which one is applicable for everyday 
screening of malnutrition. It should be easily accessible, 
should correlate with other nutritional status markers, have 
impact on OS and CSS, and it should be applicable for most 
tumor localizations and stages [6, 7].

Patients suffering from head-neck cancer form quite a 
diverse population. TNM Classification of Malignant Tumors 
8th edition groups patients according to the site of origin, and 
in case of oropharyngeal cancers it distinguishes p16-positive 
and negative cancers, irrespective of HPV DNA status [8–11]. 
Nutritional status needs to be confirmed in this relatively new 
tumor group with distinct pathogenesis, patient age, social dis-
tribution, and better response to therapies [12–16].

Our aim was to find a sole nutritional status marker with 
powerful prognostic value to efficiently screen for high-risk 
patients. We intended to compare the predictive potency of 
the candidate markers on our whole HNSCC sample and 
in different TNM8 localizations (including p16 positive 
HNSCC patients as a new subgroup).

Patients and methods

We performed a retrospective, cohort study. All patients 
enrolled were diagnosed with squamous cell carcinoma of 
the head and neck (HNSCC) between 2014 and 2023 at the 
Department of Oto-Rhino-Laryngology, Head and Neck 
Surgery, Semmelweis University, Budapest, Hungary, a ter-
tial referral center treating patients from all over the coun-
try, therefore harboring the potential to represent the whole 
Hungarian HNSCC population. We included oral cavity, 
p16 positive and negative oropharyngeal, hypopharyn-
geal, supraglottic, glottic and subglottic laryngeal HNSCC 
patients and determined tumor stage following the UICC 
8th TNM classification system.

Surgical samples were histologically processed by the 
Department of Pathology, Forensic and Insurance Medicine, 
Semmelweis University. To determine p16 status, immuno-
histochemistry with p16INK4-labeling was used, where test 
positivity was defined as at least 70% positive tumor cells.

We defined the term “diagnosis” as the date of biopsy 
taken from the tumor tissue.

Candidate nutritional status markers were assembled 
from systematic reviews related to this topic [17–20], as it 
follows:

 – BMI at diagnostic sampling.
 – BMI six months before diagnosis.
 – percent of weight loss over six months before diagnosis.

 – total lymphocyte count.
 – hemoglobin.
 – serum total protein.
 – serum albumin.
 – serum cholesterol.
 – serum carbamide.
 – serum creatinine.
 – carbamide/creatinine ratio, calculated from the previous 

two markers.
 – Prognostic Nutritional Index (PNI), calculated from to-

tal lymphocyte count and serum albumin.
 – Nutritional Risk Index (NRI), calculated from serum al-

bumin and percent of weight loss.
 – Geriatric Nutritional Risk Index (GNRI), derived from 

serum albumin, actual and ideal weight (according to 
Lorentz-formula).

 – Controlling Nutritional Status Score (CONUT), derived 
from total lymphocyte, serum albumin and cholesterol 
scores.

Anthropometric parameters (height, weight) were mea-
sured and weight loss (during the last half year) was asked 
and assessed before first tumor board presentation, which 
happened within a month after diagnostic sampling. All 
serum chemistry and hematology blood tests were col-
lected in a range between one year before to eight weeks 
after diagnostic biopsy. Laboratory workup was done at 
the Department of Laboratory Medicine, Semmelweis 
University.

Carbamide and creatinine values are obtained from 
muscle and protein metabolism. These are used in the daily 
routine to assess renal function. To avoid the confounding 
effect of kidney failure, we excluded patients’ samples with 
carbamide over 7.2 mmol/liter and creatinine over 114.9 
μmol/liter for men or 97.2 μmol/liter for women.

Carbamide/creatinine ratio is useful for assessing catabo-
lism in normal renal function patients according to some 
sources [21]. We counted carbamide/creatinine ratio as: 
carbamide [mmol/liter] x 1000 / creatinine [μmol/liter].

After collecting height and weight at diagnosis and before 
it with at least six months, we calculated BMI at diagno-
sis, BMI before disease and percent of weight loss over six 
months. For BMI categories, the WHO classification was 
used: below 18.5: underweight; 18.5–24.9: normal weight; 
25.0–29.9: overweight; over 29.9: obese. For weight loss, 
we divided it to mild (< 5%), moderate (5–10%) and severe 
extent (> 10%). (Table 1)

We calculated the following risk scores: Prognostic 
Nutritional Index (PNI), Nutritional Risk Index (NRI), Con-
trolling Nutritional Status Score (CONUT)  and Geriatric 
Nutritional Risk Index (GNRI). The latter is advantageous, 
if the patient was sarcopenic before the disease or did not 
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remember to the extent of weight loss [22]. Their calcula-
tion and interpretation are presented in Table 1.

We assessed the Hungarian National Cancer Registry on 
28th February 2023 as a censoring database and calculated 
OS in weeks by subtracting diagnosis date from it. Besides 
overall survival (OS), we also calculated cancer specific 
survival (CSS) to minimize the confounding effect of 
advanced age and concomitant diseases. For CSS, the tumor 
free status and presence of intercurrent disease were veri-
fied or rejected by reviewing the documentations of regu-
lar follow-up visits and imaging procedures in the internal 
computer database of the Semmelweis University.

Five-year survival was determined only if the patient’s 
diagnostic biopsy was at least five years before 28th Febru-
ary 2023.

For statistical analysis IBM SPSS Statistics 28.0 and 
TIBCO Statistica 14.0 were used.

Many of our variables did not show normal distribution 
(Kolmogorov-Smirnov and Shapiro-Wilk tests showed sig-
nificant alteration from normal distribution), therefore anal-
yses were performed by non-parametric tests: Chi-square 
tests, Spearman rank order correlations, univariate Cox-
regressions, uni- and bivariate Cox proportional hazards 
regressions. The significance level is set to 5% in most tests, 
and to 1% in Spearman rank order correlations.

Written informed consents were obtained from all indi-
vidual participants included in the study for data collection, 
processing, and storage before diagnostic sampling.

All procedures were in accordance with the ethical stan-
dards of the institutional and national research committee 
and with the 1964 Helsinki declaration and its later amend-
ments. This research was approved by the Semmelweis 
University’s Regional, Institutional Scientific and Research 
Ethics Committee (SE TUKEB 105/2014).

Results

Altogether 661 patients met the inclusion criteria. Inves-
tigating the descriptive statistics of the new TNM8 group, 
p16 positive oropharyngeal cancer patients were younger 
than p16 negative OPSCC or other HNSCC groups with 
mean ages 58, 63 and 63 years at diagnosis, respectively. Of 
p16 positive OPSCC patients, 42% had a regular smoking 
history and 20% did abuse alcohol at diagnosis, however, 
these numbers for p16 negative OPSCC and other HNSCC 
patients were 73%, 41%, and 66%, 44%, respectively 
(p < 0.001 for both tobacco and alcohol abuse, Chi-squares 
are 72.561 and 20.567).

Comparing stages of the HNSCC patients, most belonged 
to stage 4 (48%) while stage 3 group included 18%, stage 2 
17% and stage 1 comprised 15% of patients, whereas 3% had 

Ta
bl

e 
1 

N
ut

rit
io

na
l s

co
re

s
B

od
y 

M
as

s I
nd

ex
Pe

rc
en

t o
f w

ei
gh

t l
os

s
Pr

og
no

st
ic

 N
ut

ri-
tio

na
l I

nd
ex

N
ut

rit
io

na
l R

is
k 

In
de

x
G

er
ia

tri
c 

N
ut

rit
io

na
l R

is
k 

In
de

x
C

on
tro

lli
ng

 N
ut

rit
io

na
l S

ta
tu

s S
co

re

ab
br

ev
ia

tio
n

B
M

I
w

ei
gh

t l
os

s %
PN

I
N

R
I

G
N

R
I

Id
ea

l w
ei

gh
t 

[k
g]

ac
co

rd
in

g 
to

L
or

en
tz

-
fo

rm
ul

a
fo

r 
m

en
:

he
ig

ht
 [c

m
] 

−
 10

0 
- 

(h
ei

gh
t [

cm
] 

−
 15

0)
 /4

fo
r 

w
om

en
:

he
ig

ht
 [c

m
] 

−
 10

0 
- 

(h
ei

gh
t [

cm
] 

−
 15

0)
 /2

C
O

N
U

T
al

bu
m

in
 sc

or
e:

0 
if 

al
b.

 ≥
 3

5 
gr

am
/li

te
r,

2 
if 

al
b.

: 3
0–

34
.9

 g
ra

m
/li

te
r,

4 
if 

al
b.

: 2
5.

0–
29

.9
 g

ra
m

/li
te

r,
6 

if 
al

b.
: <

 2
5.

0 
gr

am
/li

te
r 

ch
ol

es
te

ro
l s

co
re

:
0 

if 
ch

ol
. ≥

 4
.6

6 
m

m
ol

/li
te

r,
1 

if 
ch

ol
.: 

3.
62

–4
.6

5 
m

m
ol

/li
te

r,
2 

if 
ch

ol
.: 

2.
59

–3
.6

1 
m

m
ol

/li
te

r,
3 

if 
ch

ol
. <

 2
.5

9 
m

m
ol

/li
te

r
ly

m
ph

oc
yt

e 
sc

or
e:

0 
if 

ly
m

ph
. ≥

 1
.6

 G
ig

a/
lit

er
,

1 
if 

ly
m

ph
.: 

1.
20

–1
.5

9 
G

ig
a/

lit
er

,
2 

if 
ly

m
ph

.: 
0.

80
–1

.1
9 

G
ig

a/
lit

er
,

3 
if 

ly
m

ph
. <

 0
.8

 G
ig

a/
lit

er

co
un

t
bo

dy
 w

ei
gh

t [
kg

] 
/ b

od
y 

he
ig

ht
 ^

2 
[m

^2
]

bo
dy

 w
ei

gh
t n

ow
 

[k
g]

 / 
bo

dy
 w

ei
gh

t 6
 

m
on

th
s a

go
 [k

g]
 x

 1
00

5 
× 

ly
m

ph
oc

yt
e 

co
un

t [
G

ig
a/

lit
er

] 
+

  se
ru

m
 a

lb
um

in
 

[g
ra

m
/li

te
r]

1.
51

9 
× 

se
ru

m
 

al
bu

m
in

 [g
ra

m
/

lit
er

] +
 41

.7
 ×

 
(a

ct
ua

l /
 p

re
vi

ou
s 

w
ei

gh
t) 

[k
g/

kg
]

1.
48

9 
× 

al
bu

-
m

in
 [g

ra
m

/
lit

er
] +

 41
.7

 ×
 

(a
ct

ua
l /

 id
ea

l 
w

ei
gh

t) 
[k

g/
kg

] 

al
bu

m
in

 sc
or

e 
+

ch
ol

es
te

ro
l s

co
re

 +
ly

m
ph

oc
yt

e 
sc

or
e

ca
te

go
ry

W
H

O
 c

at
eg

or
ie

s
se

ve
ri

ty
 o

f w
ei

gh
t 

lo
ss

ri
sk

 to
 m

al
nu

tr
iti

on
:

ri
sk

 to
 

m
al

nu
tr

iti
on

:
ob

es
e 

if 
B

M
I ≥

 30
no

 w
ei

gh
t l

os
s

no
 if

 P
N

I ≥
 50

no
 if

 N
R

I ≥
 10

0
no

 if
 G

N
R

I ≥
 98

no
 if

 C
O

N
U

T:
 0

–1
ov

er
w

ei
gh

t i
f 

B
M

I: 
25

-2
9.

9
m

ild
 if

 w
ei

gh
t 

lo
ss

 <
 5%

m
ild

 if
PN

I: 
45

-4
9.

9
m

ild
 if

 N
R

I: 
97

-9
9.

9
m

ild
 if

 G
N

R
I: 

92
-9

7.
9

m
ild

 if
 C

O
N

U
T:

 
2–

4
no

rm
al

 w
ei

gh
t i

f 
B

M
I: 

18
.5

–2
4.

9
m

od
er

at
e 

if 
w

ei
gh

t 
lo

ss
: 5

–9
.9

%
m

od
er

at
e 

if
PN

I: 
40

-4
4.

9
m

od
er

at
e 

if 
N

R
I: 

83
.5

–9
6.

9
m

od
er

at
e 

if 
G

N
R

I: 
82

-9
1.

9
m

od
er

at
e 

if 
C

O
N

U
T:

 5
–8

un
de

rw
ei

gh
t i

f 
B

M
I <

 18
.5

se
ve

re
 if

 w
ei

gh
t 

lo
ss

 ≥
 10

%
se

ve
re

 if
 P

N
I <

 40
se

ve
re

 if
 

N
R

I <
 83

.5
se

ve
re

 if
 

G
N

R
I <

 82
se

ve
re

 if
 C

O
N

U
T:

 
9–

12

1 3



European Archives of Oto-Rhino-Laryngology

but according to univariate Cox-regressions of TNM8 
groups (Tables 5 and 6), oral cavity and p16 negative oro-
pharyngeal cancer patients’ OS and CSS is independent of 
BMI status. Surprisingly p16 positive OPSCC fits in the row 
of “average” HNSCC behavior in this aspect.

Carbamide/creatinine ratio as theoretical catabolism 
marker did not affect OS or CSS. Hemoglobin strongly 
correlated with survival. Several parameters were sig-
nificant only on the whole sample, but not in smaller sub-
groups: BMI before diagnosis (p = 0.003, RR = 0.965), 
total lymphocyte count (p < 0.001, RR = 0.740), serum 
albumin (p = 0.001, RR = 0.956), total protein (p = 0.036, 
RR = 0.980), cholesterol (p = 0.037, RR = 0.822), carbamide 
(p < 0.001, RR = 0.818), creatinine (p < 0.001, RR = 0.983), 
NRI (p = 0.003, RR = 0.969), GNRI (p < 0.001, RR = 0.968) 
and CONUT scores (p = 0.031, RR = 1.246) are of this 
assessment.

The markers correlating with survival even in sub-
groups were BMI at diagnosis, percent of weight loss over 
six months and prognostic nutritional index (PNI) with 
risk ratio of 0.938 (p < 0.001), 1.050 (p < 0.001) and 0.947 
(p < 0.001) on the total sample, respectively (Graphs 2, 3 
and 4). Performing univariate Cox-regressions revealed the 
following:

 – Only PNI correlated with oral cavity cancer patients’ OS 
(p = 0.022, RR = 0.899) and percent of weight loss cor-
related with their CSS alone (p = 0.018, RR = 1.058).

incomplete staging. Further descriptive statistics are displayed 
in Tables 2, 3 and 4.

Analyzing Kaplan-Meier curves (Graph 1), the best OS 
among TNM8 groups was associated with glottic laryngeal 
and p16 positive oropharyngeal cancer patients, while p16 
negative oropharyngeal and hypopharyngeal carcinomas 
had the most devastating prognosis. Subglottic patients’ OS 
was inconclusive due to the small sample size.

Median survival times of patients with at least five-year 
surveillance were the following: 7.0 months assuming 
the whole sample, 8.0 months for oral cavity, 4.4 months 
for p16 negative and 7.4 months for p16 positive oropha-
ryngeal, 40.6 months for hypopharyngeal, 8.5 months for 
supraglottic-, 9.5 for glottic- and 11.8 for subglottic laryn-
geal squamous cell carcinoma patients.

Kolmogorov-Smirnov test proved deviation from normal 
distribution in the case of cholesterol, albumin, PNI, NRI, 
GNRI with p > 0.20.

Spearman rank order test have proven correlation at 
1% significance level between BMI and weight loss, and 
between PNI, NRI, GNRI and CONUT.

We performed univariate Cox-regressions for overall 
survival and cancer specific survival in each TNM8 group 
(Tables 5 and 6). If the results of both analyses were signifi-
cant with unidirectional risk ratios, we only indicated results 
of the more widely used OS, otherwise we presented both 
OS and CSS.

Graph 2 with pChi2 <0.001 underlines the BMI paradox in 
for the whole head and neck squamous cell cancer sample, 

Table 2 Descriptive statistics: tumor characteristics. Data presentation: “number (% of known)”
Total all groups oral cavity p14 neg. 

oropharynx
p16 pos. 
oropharynx

hypopharynx supraglottic 
larynx

glottic 
larynx

subglot-
tic larynx

661 60 150 91 133 53 167 7
5-year 
survival

yes 121 (39%) 11 (61%) 12 (17%) 12 (40%) 16 (23%) 14 (45%) 55 (61%) 1 (33%)
no 193 (61%) 7 (39%) 60 (83%) 18 (60%) 54 (77%) 17 (55%) 35 (39%) 2 (67%)
shorter 
surveillance

347 42 78 61 63 22 77 4

Tumor 1 102 (16%) 10 (18%) 17 (12%) 11 (13%) 10 (8%) 6 (12%) 48 (29%) 0 (0%)
2 172 (27%) 13 (23%) 41 (29%) 36 (41%) 25 (20%) 15 (29%) 41 (25%) 1 (14%)
3 129 (20%) 14 (25%) 20 (14%) 17 (20%) 30 (23%) 15 (29%) 31 (19%) 2 (29%)
4 234 (37%) 20 (35%) 63 (45%) 23 (26%) 63 (49%) 15 (29%) 46 (28%) 4 (57%)
unknown 24 3 9 4 5 2 1 0

Node 0 278 (44%) 28 (47%) 41 (29%) 9 (10%) 33 (26%) 24 (47%) 137 (83%) 6 (86%)
nodal met. 361 (56%) 31 (53%) 100 (71%) 77 (90%) 96 (74%) 27 (53%) 29 (17%) 1 (14%)
unknown 22 1 9 5 4 2 1 0

Metastasis 0 602 (94%) 58 (98%) 125 (89%) 85 (97%) 121 (95%) 45 (88%) 161 (96%) 7 (100%)
1 39 (6%) 1 (2%) 16 (11%) 3 (3%) 7 (5%) 6 (12%) 6 (4%) 0 (0%)
unknown 20 1 9 3 5 2 0 0

Stage 1 97 (15%) 9 (16%) 6 (4%) 25 (29%) 4 (3%) 5 (10%) 48 (29%) 0 (0%)
2 110 (17%) 10 (18%) 16 (11%) 32 (37%) 6 (5%) 8 (16%) 37 (22%) 1 (14%)
3 117 (18%) 9 (16%) 17 (12%) 26 (30%) 22 (17%) 10 (%) 31 (19%) 2 (29%)
4 314 (49%) 29 (51%) 102 (72%) 4 (5%) 97 (75%) 28 (20%) 50 (30%) 4 (57%)
unknown 23 3 9 4 4 2 1 0
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Stage 4 patients are set as baseline for risk evaluation, as 
this have the most considerable impact on all tests results, 
being the largest sample group (with 48% of patients). As 
BMI and percent of weight loss are strongly related (Spear-
man’s rank correlation coefficient is -0.452, p < 0.01) we 
could not perform bivariate regression with these markers. 
R2 values indicating goodness of fitting are distributed from 
0.354 to 0.462. In the case of percent of weight loss and 
BMI categories, their prognostic value depended on tumor 
stage (as it has proven a risk factor in the regression model). 
PNI category’s predictive effect was independent of stage 
making it the most suitable nutritional status marker for 
everyday screening.

Bivariate Cox proportional regression proved BMI and 
PNI both affect survival when applied together. (R2 = 0.450, 
pBMI=0.003, RRBMI=1.603, pPNI<0.001, RRPNI=1.429)

After running Receiver Operating Characteristic (ROC) 
analysis, we have found similar sensitivity and specificity 
properties of the observed parameters determining five-
year survival. PNI proves the best performance (area under 
ROC curve = 0.704, p = 0.005), followed by BMI at diagno-
sis (area under ROC curve = 0.686, p = 0.010) and percent 
of weight loss (area under ROC curve = 0.324. As it nega-
tively correlates with OS, we have to divide it from 1 to be 

 – Percent of weight loss (p = 0.016, RR = 1.031) and PNI 
(p = 0.003, RR = 0.918) correlated with p16 negative 
OPSCC patients’ OS.

 – All three correlated with p16 positive OPSCC patients’ 
OS: BMI at diagnosis (p = 0.013, RR = 0.917), percent 
of weight loss (p = 0.001, RR = 1.067), PNI (p = 0.019, 
RR = 0.871).

 – Only BMI at diagnosis correlated with hypopharyn-
geal cancer patients’ OS (p = 0.010, RR = 0.941). Only 
in stage 4 did BMI prove to significantly affect OS 
(p = 0.022, RR = 0.937).

 – All three correlated with glottic laryngeal patients’ OS: 
BMI at diagnosis (p = 0.001, RR = 0.914), percent of 
weight loss (p < 0.001, RR = 1.128), PNI (p < 0.001, 
RR = 0.901).

 – BMI at diagnosis and percent of weight loss did not cor-
relate with subglottic patients’ OS. Sample size was not 
sufficient to run Cox regression with PNI.

 – None of any investigated nutritional status markers cor-
related significantly with supraglottic laryngeal cancer 
patients’ survival.

Different groups owe different distribution of disease sever-
ity. To eliminate this confounder effect, we used uni- and 
bivariate Cox proportional hazards regression (Table 7). 

Table 3 Descriptive statistics: patient demographics. Data presentation: “number (% of known)”
Total all groups oral cavity p14 neg. 

oropharinx
p16 pos. 
oropharinx

hypopharynx supraglottic 
larynx

glottic 
larynx

subglot-
tic larynx

661 60 150 91 133 53 167 7
Sex female 133 (20%) 18 (30%) 37 (25%) 27 (30%) 19 (14%) 13 (25%) 19 (11%) 0 (0%)

male 528 (80%) 42 (70%) 113 (75%) 64 (70%) 114 (86%) 40 (75%) 148 (89%) 7 (100%)
unknown 0 0 0 0 0 0 0 0

Age < 50 61 (9%) 4 (7%) 9 (6%) 21 (23%) 13 (10%) 2 (4%) 12 (7%) 0 (0%)
50–70 477 (72%) 33 (55%) 126 (84%) 60 (66%) 104 (78%) 42 (79%) 107 (64%) 5 (71%)
> 70 122 (18%) 23 (38%) 15 (10%) 10 (11%) 16 (12%) 9 (17%) 47 (28%) 2 (29%)
unknown 1 0 0 0 0 0 1 0

ECOG 0 334 (58%) 38 (67%) 66 (51%) 68 (77%) 55 (49%) 20 (43%) 84 (59%) 3 (50%)
1 170 (29%) 11 (19%) 40 (31%) 17 (19%) 40 (36%) 15 (33%) 45 (32%) 2 (33%)
2 48 (8%) 6 (11%) 13 (10%) 3 (3%) 11 (10%) 6 (13%) 8 (6%) 1 (17%)
3 26 (4%) 2 (4%) 10 (8%) 0 (0%) 5 (4%) 5 (11%) 4 (3%) 0 (0%)
4 2 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (1%) 0 (0%) 1 (1%) 0 (0%)
unknown 81 3 21 3 21 7 25 1

Tobacco 
use

never 58 (9%) 6 (11%) 7 (5%) 27 (36%) 5 (4%) 0 (0%) 13 (8%) 0 (0%)
previous 128 (21%) 17 (32%) 23 (17%) 11 (14%) 26 (20%) 9 (17%) 41 (27%) 1 (17%)
active 425 (70%) 30 (57%) 109 (78%) 38 (50%) 100 (76%) 44 (83%) 99 (65%) 5 (83%)
unknown 50 7 11 15 2 0 14 1

Alcohol 
abuse

never 243 (43%) 29 (56%) 43 (36%) 50 (69%) 37 (30%) 18 (36%) 65 (45%) 1 (17%)
previous 60 (11%) 6 (12%) 17 (14%) 4 (6%) 17 (14%) 6 (12%) 9 (6%) 1 (17%)
active 263 (46%) 17 (33%) 61 (50%) 18 (25%) 68 (56%) 26 (52%) 69 (48%) 4 (67%)
unknown 95 8 29 19 11 3 24 1

Diabetes not known 570 (88%) 51 (85%) 131 (90%) 78 (90%) 118 (90%) 47 (89%) 139 (85%) 6 (100%)
known 76 (12%) 9 (15%) 14 (10%) 9 (10%) 13 (10%) 6 (11%) 25 (15%) 0 (0%)
unknown 15 0 5 4 2 0 3 1
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Poor oral hygiene (lack of bite and chewing function) also 
makes eating difficult. The initial nutritional status deter-
mines the patient’s suitability to the curative treatment.

Obesity is known as a cardiovascular and metabolic 
risk factor, but it unexpectedly brings a survival benefit in 
HNSCC patients - known as BMI paradox. Stepping for-
ward, we searched for a nutritional status marker good 
enough for everyday screening to efficiently filter out high-
risk patients and get the opportunity for early and intensive 
re-nourishment. This screening marker had to fulfill the fol-
lowing requirements:

 – Affordable for routine use.
 – Correlates with other nutritional status markers.
 – Has a considerable effect on overall survival (OS) and 

cancer specific survival (CSS).
 – Applicable for most patient subgroups.
 – Independently good predictor in every tumor stage de-

fined by TNM8.

comparable with other parameters, which equals to 0.676. 
p = 0.015).

Discussion

There is a well-documented tendency towards malnutri-
tion in the patient population suffering from head-neck 
squamous cancer [23–26] Disorders can be caused by the 
tumor and the treatment as well [27]. Dysphagia (sensa-
tion of having difficulty with swallowing) could develop 
by direct swallowing obstruction, innervational damage 
or xerostomia [28, 29]. Odynophagia (painful swallowing) 
and frequent aspiration could result in eating aversion and 
recurrent pneumoniae [27, 30]. Loss of appetite and explicit 
tumor metabolism lead to catabolic energy mobilization and 
cachexia [31]. The characteristic HNSCC patient is from 
poor socioeconomical group, some tend to spend on alcohol 
and tobacco rather than on a balanced, sufficient diet [32]. 

Table 4 Descriptive statistics: nutritional status markers. Data presentation: “number (% of known)”
all groups oral cavity p14 neg. 

oropharinx
p16 pos. 
oropharinx

hypopharynx supraglottic 
larynx

glottic 
larynx

subglot-
tic larynx

BMI obese 98 (16%) 11 (18%) 15 (10%) 23 (26%) 14 (11%) 7 (14%) 27 (17%) 1 (14%)
overweight 153 (24%) 15 (25%) 26 (18%) 28 (32%) 21 (17%) 11 (22%) 51 (32%) 1 (14%)
normal 309 (49%) 25 (42%) 84 (58%) 32 (37%) 72 (58%) 21 (43%) 72 (46%) 3 (43%)
underweight 71 (11%) 9 (15%) 20 (14%) 4 (5%) 18 (14%) 10 (20%) 8 (5%) 2 (29%)
unknown 30 0 5 4 8 4 9 0

weight loss % no 305 (57%) 35 (61%) 52 (40%) 50 (68%) 51 (48%) 16 (39%) 98 (77%) 3 (75%)
< 5% 55 (10%) 3 (5%) 18 (14%) 8 (11%) 10 (9%) 4 (10%) 12 (9%) 0 (0%)
5–10% 86 (16%) 9 (16%) 29 (22%) 10 (14%) 20 (19%) 11 (27%) 6 (5%) 1 (25%)
> 10% 93 (17%) 10 (18%) 30 (23%) 5 (7%) 26 (24%) 10 (24%) 12 (9%) 0 (0%)
unknown 175 6 37 27 32 16 53 4

PNI (risk to 
malnutrition)

no 67 (40%) 3 (33%) 7 (20%) 9 (60%) 23 (52%) 3 (15%) 21 (50%) 1 (100%)
mild 26 (16%) 1 (11%) 9 (26%) 2 (13%) 6 (14%) 5 (25%) 3 (7%) 0 (0%)
moderate 36 (22%) 3 (33%) 8 (23%) 3 (20%) 10 (23%) 5 (25%) 7 (17%) 0 (0%)
severe 37 (22%) 2 (22%) 11 (31%) 1 (7%) 5 (11%) 7 (35%) 11 (26%) 0 (0%)
unknown 495 51 115 76 89 33 125 6

NRI (risk to 
malnutrition)

no 48 (35%) 3 (38%) 8 (26%) 7 (70%) 13 (35%) 2 (13%) 15 (43%) 0 (0%)
mild 8 (6%) 0 (0%) 1 (3%) 0 (0%) 2 (5%) 2 (13%) 3 (9%) 0 (0%)
moderate 58 (43%) 4 (50%) 14 (45%) 3 (30%) 20 (54%) 7 (47%) 10 (29%) 0 (0%)
severe 22 (16%) 1 (13%) 8 (26%) 0 (0%) 2 (5%) 4 (27%) 7 (20%) 0 (0%)
unknown 525 52 119 81 96 38 132 7

GNRI (risk to 
malnutrition)

no 89 (57%) 5 (56%) 20 (59%) 8 (67%) 24 (60%) 7 (39%) 24 (59%) 1 (100%)
mild 21 (14%) 2 (22%) 1 (3%) 2 (17%) 7 (18%) 4 (22%) 5 (12%) 0 (0%)
moderate 23 (15%) 1 (11%) 5 (15%) 2 (17%) 6 (15%) 2 (11%) 7 (17%) 0 (0%)
severe 22 (14%) 1 (11%) 8 (24%) 0 (0%) 3 (8%) 5 (28%) 5 (12%) 0 (0%)
unknown 506 51 116 79 93 35 126 6

CONUT 
(risk to 
malnutrition)

no 12 (41%) 0 (0%) 0 (0%) 4 (80%) 3 (60%) 3 (60%) 2 (33%) 0 (0%)
mild 9 (31%) 0 (0%) 4 (50%) 1 (20%) 1 (20%) 1 (20%) 2 (33%) 0 (0%)
moderate 7 (24%) 0 (0%) 3 (38%) 0 (0%) 1 (20%) 1 (20%) 2 (33%) 0 (0%)
severe 1 (3%) 0 (0%) 1 (13%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
unknown 492 60 142 86 48 48 161 7
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As for Prognostic Nutritional Index it fulfills every 
requirement for the ideal screening listed above. Other stud-
ies underly our findings related to the superiority of PNI 
among nutritional status markers [19, 36–41].

Comparing TNM8 groups, PNI correlated with OS and 
percent of weight loss correlated with CSS in oral cavity 
cancer patients. p16 negative oropharyngeal cancer patient’s 
survival did not correlate with BMI, but did with PNI and 
percent of weight loss. All three markers influence survival 
significantly among p16 positive oropharyngeal and glot-
tic cancer patients, whereas supraglottic laryngeal cancer 
patients’s outcome showed no correlation with the markers 
mentioned. Among subglottic laryngeal originating cancer 
patients, neither BMI nor percent of weight loss influenced 
OS or CSS, and there was not enough element number to 
judge the effect of PNI. We found BMI the only marker 
affecting survival in the case of hypopharyngeal cancer 
patients, but only in stage 4.

Re-nourishing is essential is high-risk patients, which 
should start as soon as possible. The recommendation is 
30–35 kcal/kg daily energy intake [42]. If amenable, oral 
route is preferred, but if due to dysphagia, odynophagia or 
malabsorption it is not sufficient for the daily intake, we 
should not fear of invasive enteral, or initial parenteral feed-
ing. Prolonged wearing of nasogastric tube is discomfort-
ing, so prophylactic percutaneous or surgical gastrectomy 
is advised, as it improves survival outcomes [43]. Chemora-
diation may worsen the symptoms of dysphagia and odyno-
phagia, therefore long-term feeding is recommended [44].

We run a retrospective analysis on 661 patients suffering 
from HNSCC.

Nearly all observed markers have prognostic value to 
some extent in the whole sample, but only four have proven 
to impact OS and CSS in nearly all TNM8 groups: BMI at 
diagnostic sampling, percent of weight loss in six months, 
Prognostic Nutritional Index (PNI) and hemoglobin.

Hemoglobin is routinely screened, but as the etiology can 
be quite diverse beyond poor nutrition [17]. It is corrected 
by substitution of iron, vitamin-B12, folic acid or in severe 
case by blood transfusion, not by re-nourishment. Consider-
ing these reasons, we did not count it to the candidate nutri-
tional status markers for screening.

We observed the Body Mass Index paradox (meaning 
that obese patients have better prognosis) in most TNM8 
groups, except for in the case of oral cavity and p16 negative 
OPSCC, supra- and subglottic laryngeal cancer patients. We 
confirmed that BMI paradox does occur in the case of p16 
positive OPSCC patients [15]. This follows the tendency 
observed in many previous studies [1, 2]. A research has 
found greater association between nutritional status and OS 
in HPV-induced cancers [33], but another has claimed it 
independent of HPV status [34]. A study have found obesity 
associated with higher risk of non-HPV HNSCC develop-
ment [35]. PNI is a better choice to assess nutritional status 
of p16 negative OPSCC [36].

According to Cox proportional hazards regression, both 
percent of weight loss and BMI has different prognostic 
value in different TNM8 stages, which make them inconclu-
sive and less fit for screening.

Graph 1 Kaplan-Meier over-
all survival analysis of TNM8 
HNSCC groups
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Graph 3 Kaplan-Meier overall 
survival analysis based on per-
cent of weight loss

 

Graph 2 Kaplan-Meier overall 
survival analysis of BMI groups
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Graph 4 Kaplan-Meier overall 
survival analysis of PNI groups
 

Table 7 Cox proportional hazards regression model based on cancer specific survival. Marker categories (no, low, medium, or high-risk to malnu-
trition) are the covariates, and stages according to TNM8 are the factors. Stage 4 is set as baseline

univariate Cox proportional hazards regression bivariate Cox proportional 
hazards regression

BMI category percent of 
weight loss 
category

PNI category BMI and PNI 
categories

percent of 
weight loss 
and PNI 
categories

R2 0.462 0.488 0.354 0.450 0.353
BMI category p < 0.001 0.003

Hazard ratio
if p < 0.05 (confidence interval)

1.398
(1.199–1.630)

1.603
(1.175–2.188)

percent of 
weight loss 
category

p < 0.001 0.114
Hazard ratio
if p < 0.05 (confidence interval)

1.243
(1.115–1.387)

PNI category p < 0.001 < 0.001 0.003
Hazard ratio
if p < 0.05 (confidence interval)

1.438
(1.193–1.734)

1.429
(1.181–1.731)

1.376
(1.112–
1.701)

stage 1 p < 0.001 < 0.001 0.053 0.249 0.167
Hazard ratio
if p < 0.05 (confidence interval)

0.088
(0.041–0.190)

0.085
(0.035–0.204)

stage 2 p 0.029 0.229 0.718 0.954 0.690
Hazard ratio
if p < 0.05 (confidence interval)

0.228
(0.150–0.349)

stage 3 p 0.041 0.180 0.830 0.683 0.722
Hazard ratio
if p < 0.05 (confidence interval)

0.448
(0.321–0.625)

Note: bivariate Cox proportional hazards regression with BMI and percent of weight loss category is not amenable due to their correlated status 
(at 1% significance level)
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Conclusion

We found that Prognostic Nutritional Index (PNI) is the 
optimal nutritional status marker for identifying high-risk 
patients in most tumor localizations. It strongly correlates 
with overall survival, cancer specific survival and is unbi-
ased of tumor stages defined by TNM8. This observation 
should be confirmed in prospective, cohort studies.

Body Mass Index and percent of weight loss are accept-
able markers in case of PNI’s unavailability, but these have 
several limitations. In the case of oral cavity originating and 
p16 negative oropharyngeal squamous cell cancer patients, 
overall- and cancer specific survival is irrespective of BMI. 
BMI and percent of weight loss have different prognostic 
values in different tumor stages defined by TNM8. BMI and 
percent of weight loss strongly correlate, making it futile to 
measure both, whereas counting PNI when knowing BMI 
provides additive information about nutritional status.

The survival of supra- and subglottic laryngeal squamous 
cancer patients seem to be independent of nutritional status, 
which is not studied yet, needs to be confirmed.

Funding Open access funding provided by Semmelweis University.

Declarations

Ethics approval This research was approved by the Semmelweis Uni-
versity’s Regional, Institutional Scientific and Research Ethics Com-
mittee (SE TUKEB 105/2014).

Conflict of interest The authors declare that they have no conflict of 
interest.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Hobday S et al (2023) The body Mass Index Paradox in Head 
and Neck Cancer: a systematic review and Meta-analysis. Nutr 
Cancer 75(1):48–60. https://doi.org/10.1080/01635581.2022.210
2659

2. Hicks DF et al (2018) Impact of obesity on outcomes for patients 
with head and neck cancer. Oral Oncol 83:11–17. https://doi.
org/10.1016/j.oraloncology.2018.05.027

1 3

https://doi.org/10.1002/hed.24760
https://doi.org/10.1002/hed.24760
https://doi.org/10.3390/nu15081944
https://doi.org/10.3390/nu15081944
https://doi.org/10.1016/j.anorl.2013.06.007
https://doi.org/10.1007/s00394-013-0553-3
https://doi.org/10.1017/s0954422416000263
https://doi.org/10.1016/j.rpor.2017.01.003
https://doi.org/10.1016/j.rpor.2017.01.003
https://doi.org/10.1016/s1470-2045(23)00013-x
https://doi.org/10.1016/s1470-2045(23)00013-x
https://doi.org/10.1007/s00405-016-4412-8
https://doi.org/10.1007/s00405-016-4412-8
https://doi.org/10.1007/s11864-017-0484-y
https://doi.org/10.1093/jnci/djn011
https://doi.org/10.1200/JCO.2008.20.2853
https://doi.org/10.1016/j.oraloncology.2016.07.003
https://doi.org/10.21873/cgp.20039
https://doi.org/10.3390/jcm8060775
https://doi.org/10.3390/nu9080829
https://doi.org/10.3390/nu9080829
https://doi.org/10.1186/s12885-020-6604-2
https://doi.org/10.1177/0194599818755995
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/01635581.2022.2102659
https://doi.org/10.1080/01635581.2022.2102659
https://doi.org/10.1016/j.oraloncology.2018.05.027
https://doi.org/10.1016/j.oraloncology.2018.05.027


European Archives of Oto-Rhino-Laryngology

combined with chemotherapy. Cancers 14(9):2335. https://doi.
org/10.3390/cancers14092335

34. Tamaki A et al (2019) Clinical significance of sarcopenia 
among patients with advanced oropharyngeal cancer. Oto-
laryngology–Head Neck Surg 160(3):480–487. https://doi.
org/10.1177/0194599818793857

35. Tan X et al (2015) Obesity and head and neck cancer risk and sur-
vival by human papillomavirus serology. Cancer Causes Control 
26(1):111–119. https://doi.org/10.1007/s10552-014-0490-3

36. Tomasoni M et al (2023) The prognostic-nutritional index in HPV-
negative head and neck squamous cell carcinoma treated with 
upfront surgery: a multi-institutional series. Acta Otorhinolaryngol 
Ital 43(3):170–182. https://doi.org/10.14639/0392-100x-n2358

37. Bruixola G et al (2018) Prognostic nutritional index as an inde-
pendent prognostic factor in locoregionally advanced squamous 
cell head and neck cancer. ESMO Open 3(6):e000425. https://doi.
org/10.1136/esmoopen-2018-000425

38. Tsai MH et al (2020) Clinical significance of pretreatment prog-
nostic nutritional index and lymphocyte-to-monocyte ratio in 
patients with advanced p16-negative oropharyngeal cancer-a 
retrospective study. PeerJ 8:e10465. https://doi.org/10.7717/
peerj.10465

39. Kono T et al (2017) Pre-therapeutic nutritional assessment for 
predicting severe adverse events in patients with head and neck 
cancer treated by radiotherapy. Clin Nutr 36(6):1681–1685. 
https://doi.org/10.1016/j.clnu.2016.10.021

40. Yan L et al (2021) Long-term and short-term prognostic value of 
the prognostic nutritional index in cancer: a narrative review. Ann 
Transl Med 9(21):1630. https://doi.org/10.21037/atm-21-4528

41. Luan C-W et al (2021) Pretreatment prognostic nutritional index 
as a prognostic marker in head and neck cancer: a systematic 
review and meta-analysis. Sci Rep 11(1):17117. https://doi.
org/10.1038/s41598-021-96598-9

42. Giles KH et al (2016) Recommended European society of par-
enteral and enteral nutrition protein and energy intakes and 
weight loss in patients with head and neck cancer. Head Neck 
38(8):1248–1257. https://doi.org/10.1002/hed.24427

43. Xu Q-Q et al (2022) Effect of prophylactic gastrostomy on nutri-
tional and clinical outcomes in patients with head and neck can-
cer. Eur J Clin Nutr 76(11):1536–1541. https://doi.org/10.1038/
s41430-022-01154-x

44. Espeli V et al (2018) Prolonged versus short-duration use of 
nasogastric tubes in patients with head and neck cancer during 
radiotherapy alone or combined chemoradiotherapy. Nutr Cancer 
70(7):1069–1074. https://doi.org/10.1080/01635581.2018.14976
70

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

21. Gunst J, Kashani KB, Hermans G (2019) The urea-creatinine ratio 
as a novel biomarker of critical illness-associated catabolism. 
Intensive Care Med 45(12):1813–1815. https://doi.org/10.1007/
s00134-019-05810-y

22. Bouillanne O et al (2005) Geriatric nutritional risk index: a new 
index for evaluating at-risk elderly medical patients2. Am J Clin 
Nutr 82(4):777–783. https://doi.org/10.1093/ajcn/82.4.777

23. Yanni A et al (2019) Malnutrition in head and neck cancer 
patients: Impacts and indications of a prophylactic percutane-
ous endoscopic gastrostomy. Eur Ann Otorhinolaryngol Head 
Neck Dis 136(3, Supplement):S27-S33. https://doi.org/10.1016/j.
anorl.2019.01.001

24. Van Schueren Bokhorst-de (1997) Assessment of malnutrition 
parameters in head and neck cancer and their relation to postoperative 
complications. Head Neck 19(5):419–425. https://doi.org/10.1002/
(sici)1097-0347(199708)19:5%3C419::aid-hed9%3E3.0.co;2-2

25. Steer B et al (2020) Malnutrition prevalence according to the 
GLIM criteria in head and neck cancer patients undergoing cancer 
treatment. Nutrients 12(11). https://doi.org/10.3390/nu12113493

26. Cederholm T et al (2019) GLIM criteria for the diagnosis of 
malnutrition - a consensus report from the global clinical nutri-
tion community. Clin Nutr 38(1):1–9. https://doi.org/10.1016/j.
clnu.2018.08.002

27. Raber-Durlacher JE et al (2012) Swallowing dysfunction in can-
cer patients. Support Care Cancer 20(3):433–443. https://doi.
org/10.1007/s00520-011-1342-2

28. Manikantan K et al (2009) Dysphagia in head and neck can-
cer. Cancer Treat Rev 35(8):724–732. https://doi.org/10.1016/j.
ctrv.2009.08.008

29. Logemann JA et al (2006) Site of disease and treatment protocol 
as correlates of swallowing function in patients with head and 
neck cancer treated with chemoradiation. Head Neck 28(1):64–
73. https://doi.org/10.1002/hed.20299

30. Eisbruch A et al (2004) Dysphagia and aspiration after chemora-
diotherapy for head-and-neck cancer: which anatomic structures 
are affected and can they be spared by IMRT? Int J Radiation 
Oncology*Biology*Physics 60(5):1425–1439. https://doi.
org/10.1016/j.ijrobp.2004.05.050

31. Muscaritoli M, Corsaro E, Molfino A (2021) Awareness of 
cancer-related malnutrition and its management: analysis of the 
results from a survey conducted among medical oncologists. 
Front Oncol 11. https://doi.org/10.3389/fonc.2021.682999

32. Jones L et al (2015) Relationship between alcohol-attributable 
disease and socioeconomic status, and the role of alcohol con-
sumption in this relationship: a systematic review and meta-
analysis. BMC Public Health 15(1):400. https://doi.org/10.1186/
s12889-015-1720-7

33. Brewczyński A et al (2022) Analysis of selected nutritional 
parameters in patients with HPV-related and non-HPV-related 
oropharyngeal cancer before and after radiotherapy alone or 

1 3

https://doi.org/10.3390/cancers14092335
https://doi.org/10.3390/cancers14092335
https://doi.org/10.1177/0194599818793857
https://doi.org/10.1177/0194599818793857
https://doi.org/10.1007/s10552-014-0490-3
https://doi.org/10.14639/0392-100x-n2358
https://doi.org/10.1136/esmoopen-2018-000425
https://doi.org/10.1136/esmoopen-2018-000425
https://doi.org/10.7717/peerj.10465
https://doi.org/10.7717/peerj.10465
https://doi.org/10.1016/j.clnu.2016.10.021
https://doi.org/10.21037/atm-21-4528
https://doi.org/10.1038/s41598-021-96598-9
https://doi.org/10.1038/s41598-021-96598-9
https://doi.org/10.1002/hed.24427
https://doi.org/10.1038/s41430-022-01154-x
https://doi.org/10.1038/s41430-022-01154-x
https://doi.org/10.1080/01635581.2018.1497670
https://doi.org/10.1080/01635581.2018.1497670
https://doi.org/10.1007/s00134-019-05810-y
https://doi.org/10.1007/s00134-019-05810-y
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1016/j.anorl.2019.01.001
https://doi.org/10.1016/j.anorl.2019.01.001
https://doi.org/10.1002/(sici)1097-0347(199708)19:5%3C419::aid-hed9%3E3.0.co;2-2
https://doi.org/10.1002/(sici)1097-0347(199708)19:5%3C419::aid-hed9%3E3.0.co;2-2
https://doi.org/10.3390/nu12113493
https://doi.org/10.1016/j.clnu.2018.08.002
https://doi.org/10.1016/j.clnu.2018.08.002
https://doi.org/10.1007/s00520-011-1342-2
https://doi.org/10.1007/s00520-011-1342-2
https://doi.org/10.1016/j.ctrv.2009.08.008
https://doi.org/10.1016/j.ctrv.2009.08.008
https://doi.org/10.1002/hed.20299
https://doi.org/10.1016/j.ijrobp.2004.05.050
https://doi.org/10.1016/j.ijrobp.2004.05.050
https://doi.org/10.3389/fonc.2021.682999
https://doi.org/10.1186/s12889-015-1720-7
https://doi.org/10.1186/s12889-015-1720-7

	Prognostic nutritional index (PNI) correlates with survival in head and neck cancer patients more precisely than other nutritional markers – real world data
	Abstract
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusion
	References


