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HEAD AND NECK

Prognostic nutritional index (PNI) correlates with survival in head and
neck cancer patients more precisely than other nutritional markers —
real world data

Imre Uri' - Angéla Horvath' - Laszlé Tamas'2 - Gabor Polony' - Kornél Danos'

Received: 22 December 2023 / Accepted: 22 July 2024
© The Author(s) 2024

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 TNMS8 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
0OS, 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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Introduction survival (OS), cancer specific survival (CSS) and fitness to

treatment. Optimal evaluation of nutritional status requires a

The landscape of head-neck squamous cell carcinomas
(HNSCC) has changed. Appropriate nourishment of high-
risk patients is especially crucial regarding their overall
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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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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 TNMS8 localizations (including pl6 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,
pl6 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 p16™X4-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.
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— 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
pmol/liter for men or 97.2 pmol/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 [pumol/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).

T,

1 if chol.: 3.62—4.65 mmol/liter,

1 if lymph.: 1.20-1.59 Giga/liter,

2 if lymph.: 0.80—1.19 Giga/liter,

4 if alb.: 25.0-29.9 gram/liter,
3 if lymph. < 0.8 Giga/liter

6 if alb.: < 25.0 gram/liter

cholesterol score:
2 if chol.: 2.59-3.61 mmol/liter,

0 if chol. > 4.66 mmol/lite
3 if chol. < 2.59 mmol/liter
lymphocyte score:

0 if lymph. > 1.6 Giga/liter,

0 if alb. > 35 gram/liter,

albumin score:
cholesterol score + 2 if alb.: 30-34.9 gram/liter,

Controlling Nutritional Status Score

no if CONUT: 0-1
mild if CONUT:

2-4

CONUT

albumin score +
lymphocyte score
malnutrition:
moderate if
CONUT: 5-8
severe if CONUT:
9-12

risk to

Ideal weight
[kg]
according to

Lorentz-

formula
for women:

for men:
height [cm]
—100 -
(height [cm]
—150) /4
height [cm]
—100 -
(height [cm]
—150) /2

mild if GNRI:

Geriatric Nutritional Risk Index
92-97.9

1.489 x albu-
min [gram/
liter] +41.7 x
(actual / ideal
weight) [kg/kg]
no if GNRI>98
moderate if
GNRI: 82-91.9
severe if

GNRI < 82

GNRI

mild if NRI:

(actual / previous
97-99.9

weight) [kg/kg]

Nutritional Risk
risk to malnutrition:

1.519 X serum
albumin [gram/
liter] +41.7 X
no if NRI> 100
moderate if NRI:
83.5-96.9
NRI<83.5

Index
NRI

severe if PNI<40 severe if

Prognostic Nutri-
tional Index

PNI

5 x lymphocyte
count [Giga/liter]
[gram/liter]

no if PNI>50
mild if

PNI: 45-49.9
moderate if

PNI: 40-44.9

Results

Altogether 661 patients met the inclusion criteria. Inves-
tigating the descriptive statistics of the new TNMS group,
pl6 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
(»<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

ght loss

months ago [kg] x 100 + serum albumin

[kg] / body weight 6
severity of weight

loss

obese if BMI>30 no wei
moderate if weight

body weight now
mild if weight
loss: 5-9.9%

loss < 5%
severe if weight

weight loss %
loss >10%

MI
body weight [kg]
/ body height ~2

Body Mass Index Percent of weight loss
[m"2]

normal weight if
BMI: 18.5-24.9
underweight if

WHO categories
BMI<18.5

overweight if
BMI: 25-29.9

Table 1 Nutritional scores

abbreviation

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

Analyzing Kaplan-Meier curves (Graph 1), the best OS
among TNMS groups was associated with glottic laryngeal
and pl6 positive oropharyngeal cancer patients, while pl16
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 pl6 negative and 7.4 months for pl6 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 TNMS8 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 pgy,;, <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

but according to univariate Cox-regressions of TNMS
groups (Tables 5 and 6), oral cavity and pl6 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
(»<0.001, RR=0.818), creatinine (p <0.001, RR=0.983),
NRI (p=0.003, RR=0.969), GNRI (» <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 (»<0.001), 1.050 (» <0.001) and 0.947
(»<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).

: “number (% of known)”

Total all groups  oral cavity pl4 neg. p16 pos. hypopharynx  supraglottic glottic subglot-
oropharynx oropharynx larynx larynx tic larynx
661 60 150 91 133 53 167 7

S-year yes 121 (39%) 11 (61%) 12 (17%) 12 (40%) 16 (23%) 14 (45%) 55 (61%) 1(33%)

survival no 193 (61%) 7 (39%) 60 (83%) 18 (60%) 54 (77%) 17 (55%)  35(39%) 2 (67%)
shorter 347 42 78 61 63 22 77 4
surveillance

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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Table 3 Descriptive statistics: patient demographics. Data presentation: “number (% of known)”

Total all groups oral cavity  pl4 neg. pl6 pos. hypopharynx supraglottic ~ glottic subglot-
oropharinx oropharinx larynx larynx 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  / 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 8/ 3 21 3 21 7 25 1
Tobacco  never 58 (9%) 6 (11%) 7 (5%) 27 (36%)  5(4%) 0 (0%) 13 (8%) 0 (0%)
use 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  never 243 (43%) 29 (56%) 43 (36%) 50 (69%) 37 (30%) 18 (36%) 65 (45%) 1 (17%)
abuse 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 /5 0 5 4 2 0 3 1

— Percent of weight loss (p=0.016, RR=1.031) and PNI
(p=0.003, RR=0.918) correlated with pl6 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).

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.
R? 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. (R*=0.450,
Pemr=0.003, RRp=1.603, ppp;<0.001, RRpy;=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
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Table 4 Descriptive statistics: nutritional status markers. Data presentation: “number (% of known)”

all groups oral cavity pl4 neg. pl6 pos. hypopharynx  supraglottic glottic subglot-
oropharinx  oropharinx larynx larynx 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  no 67 (40%) 3 (33%) 7 (20%) 9 (60%) 23 (52%) 3 (15%) 21 (50%) 1 (100%)
malnutrition) 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 (riskto  no 48 (35%) 3 (38%) 8 (26%) 7 (70%) 13 (35%) 2 (13%) 15(43%) 0 (0%)
malnutrition) 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 no 89 (57%) 5 (56%) 20 (59%) 8 (67%) 24 (60%) 7 (39%) 24 (59%) 1 (100%)
malnutrition) 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 no 12 (41%) 0 (0%) 0 (0%) 4 (80%) 3 (60%) 3 (60%) 2(33%)  0(0%)
(risk to mild 9(31%) 0 (0%) 4 (50%) 1 (20%) 1 (20%) 1 (20%) 2(33%)  0(0%)
malnutrition) o derate 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

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].

@ Springer

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 TNMS.
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Graph 1 Kaplan-Meier over-
all survival analysis of TNMS8

p<0.001 (Chi2=70.258), O Complete, + Censored

HNSCC groups

Cumulative Proportion Surviving

oral cavity

p16 negative
oropharnyx

p16 positive
oropharynx

hypopharynx

i 1 supraglottic
&,_“_%_ﬂ larynx
| |
TR e glottic
=S i larynx

s

0,0

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 TNMS8 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 TNMS stages, which make them inconclu-
sive and less fit for screening.

1 o I L 1 fl\ L ’1\1
1

20 subglottic
larynx

8 10 12 14 6 18

Years from diagnosis

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 TNMS 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].
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Graph 4 Kaplan-Meier overall
survival analysis of PNI groups

p<0.001 (Chi2=28.744), O Complete, + Censored
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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 TNMS are the factors. Stage 4 is set as baseline

univariate Cox proportional hazards regression

bivariate Cox proportional
hazards regression

BMI category percent of PNI category =~ BMI and PNI percent of
weight loss categories weight loss
category and PNI

categories
R? 0.462 0.488 0.354 0.450 0.353
BMI category p <0.001 0.003
Hazard ratio 1.398 1.603
if p <0.05 (confidence interval) (1.199-1.630) (1.175-2.188)
percent of P <0.001 0.114
weight loss Hazard ratio 1.243
category if p <0.05 (confidence interval) (1.115-1.387)
PNI category p <0.001 <0.001 0.003
Hazard ratio 1.438 1.429 1.376
if p <0.05 (confidence interval) (1.193-1.734)  (1.181-1.731) (1.112-
1.701)
stage 1 P <0.001 <0.001 0.053 0.249 0.167
Hazard ratio 0.088 0.085
if p<0.05 (confidence interval) (0.041-0.190) (0.035-0.204)
stage 2 P 0.029 0.229 0.718 0.954 0.690
Hazard ratio 0.228
if p<0.05 (confidence interval) (0.150-0.349)
stage 3 )4 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 TNMS8. 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 TNMS8. 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.
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