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Abstract: Study on the impact of pretreatment malnutrition on treatment outcomes in locally
advanced head and neck cancer (LAHNC) patients is still lacking. We prospectively collected
various malnutrition assessment methods including nutrition indexes, inflammatory biomarkers,
and lean body mass index (LBMI) data before treatments. The one year mortality rate was assessed,
and the factors associated with this outcome were investigated. Furthermore, the association between
malnutrition assessment methods was examined. A total of 113 patients were enrolled. By prognostic
stratification based on the prognostic nutritional index (PNI) and platelet-to-lymphocyte ratio (PLR)
combination, the low PNI/high PLR group had highest and the high PNI/low PLR group had the
lowest mortality rate. Furthermore, the PNI was positively correlated with the LBMI, and the PLR
was inversely correlated with the LBMI. PNI and PLR were found to be independent prognostic
factors of one year mortality and also associated with the loss of muscle.

Keywords: head and neck cancer; biomarkers; nutrition; survival; muscle mass

1. Introduction

Malnutrition remains a major concern among patients with head and neck cancer (HNC), with a
prevalence of 17–60% at the time of diagnosis [1–4]. Pretreatment malnutrition can manifest as a
subacute or chronic condition that hampers the body composition and organ function, resulting in an
increased risk of infection, deterioration of life quality, poor survival outcomes, and increased patient
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and care-related costs [2,5]. Thus, failure to obtain an early and rapid malnutrition diagnosis may
result delayed nutritional support and consequently increased mortality in HNC patients.

Despite the various available assessment methods, standard diagnostic criteria for malnutrition
are not well established in HNC patients [6]. The major obstacle to reach a diagnostic consensus
is that different nutrition assessment criteria produce diverse malnutrition rates and statuses [7].
Moreover, different demographic characteristics, heterogeneous clinical staging, and disparate treatment
modalities among studies may greatly influence the validation of the impact of malnutrition on HNC
patient prognoses.

To establish reliable and practical diagnostic criteria for malnutrition, we conducted a prospective
cohort observational study of patients with locally advanced head and neck cancer (LAHNC).
The enrolled patients were stage III, IVA, or IVB patients who received standard concurrent
chemoradiation (CCRT) at a single institution to minimize bias effects from a heterogeneous population
and different treatment protocols. The reported 60 and 90-day short-term mortality for LAHNC patients
after completion of CCRT ranged from 4.7% to 7.2% [8–11], but the one year mortality can escalate up
to 25% [12–14]. Understanding the relevant nutritional assessment parameters for prediction of one
year mortality in LAHNC patients will allow clinicians to identify malnutrition early and offer prompt
action that may reduce mortality. Nevertheless, the literature concerning the influence of malnutrition
on one year mortality in LAHNC is limited.

The aim of this study was to investigate the pretreatment nutritional status using various
malnutrition assessment methods for prediction of one year mortality in LAHNC patients receiving
CCRT and to examine the relationships between these nutritional parameters and the LBMI.

2. Materials and Methods

2.1. Study Design and Patients

An international panel of experts has suggested various methods to evaluate the nutritional
status of HNC patients, including anthropometric, biochemical/hematological, and clinical/physical
measurements [15–17]. Recently, non-invasive clinical imaging methods, such as dual energy X-ray
absorptiometry (DXA), have been introduced to evaluate malnutrition, because they can precisely
quantify the lean body mass with low radiation and costs [7,18,19]. This study evaluated commonly
used clinical diagnostic parameters for malnutrition assessment, including: (1) nutrition indexes, such as
the body mass index (BMI), body weight loss (BWL), prognostic nutritional index (PNI), nutritional
risk index (NRI), and patient-generated subjective global assessment (PG-SGA); (2) inflammatory
biomarkers, such as the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and lymphocyte-to-monocyte ratio (LMR); and (3) the DXA-derived lean body mass index (LBMI).

Eligible patients were aged 20–75 years and had histologically proven locally advanced head and
neck squamous cell carcinoma. Our patient populations had a variety of tumors originating from the
oral cavity, oropharynx, hypopharynx, and larynx and metastatic cervical squamous cell carcinoma of
unknown primary (CUP) site. The disease was staged according to the 7th edition of the American
Joint Committee on Cancer Staging System (AJCC), which included stages III (T1-2, N1, or T3, N0-1),
IVA (T4a, N0-1 or T1-4a, N2), and IVB (any T, N3 or T4b, any N). The clinical or pathological stages
were reviewed and confirmed by multidisciplinary head and neck cancer specialists at our institute.
The specialists included head neck surgeons, medical oncologists, radiation oncologists, nuclear
medicine physicians, radiologists, and pathologists. Patients were included if they had an Eastern
Cooperative Oncology Group (ECOG) performance status ≤ 2 with adequate hematopoietic or organ
function and were amenable to concurrent chemoradiotherapy (CCRT). Patients were excluded if they
had one of the following conditions: major gastrointestinal disorder, autoimmune disorder, end-stage
renal failure, liver cirrhosis with intractable ascites, heart failure with New York Heart Association
Classification IV, uncontrolled diabetes mellitus, ongoing infection, or receipt of regular medications
that could substantially modulate metabolism or weight, such as steroids or megestrol acetate.



Nutrients 2020, 12, 836 3 of 13

This prospective cohort study was carried out from February 2015 to November 2017. This study
was approved by the institutional review board (IRB) of Chang Gung Memorial Hospital, Taiwan (IRB
approval number: 103-3365A3) and was performed in accordance with good clinical practices and the
Declaration of Helsinki guidelines. Written informed consent was provided by all patients. This trial
was registered at ClinicalTrials.gov (identifier: NCT02854735).

2.2. CCRT Schedule

Curative CCRT alone was scheduled for patients with unresectable disease or organ preservation.
Adjuvant CCRT were scheduled for patients after surgery if they had (1) 1 of 2 major risk factors
(extranodal extension or a positive surgical margin) or (2) at least 3 of the following minor risk factors:
pT4, pN1, close margin ≤ 4 mm, poor differentiation, perineural invasion, vessel invasion, lymph
invasion, or depth ≥10 mm. CCRT was performed with radiotherapy delivered at a dose of 64–72 Gy
in 32–36 fractions over an 8 week period, and concurrent chemotherapy with cisplatin (40 mg/m2)
was administered once weekly. Neoadjuvant chemotherapy was allowed for patients before starting
CCRT according to the treatment recommendations formulated by the head and neck cancer group in
our institute. Neoadjuvant chemotherapy was performed with docetaxel (60–75 mg/m2) on Day 1,
cisplatin (60–75 mg/m2) on Day 1, plus continuous infusion of 5 FU (1000 mg/m2/day) on Days 1–4
every 3 weeks.

All patients received routine hydration, antiemetic medications, and adequate supportive care.
All patients were routinely referred to an early and intensive nutrition support program established
in 2007 in our institute that included biweekly dietitian visits, mandatory feeding tube placement if
the body weight loss was more than 5% during the treatment course, timely caloric supplementation,
and blood transfusion as needed [20]. More than 90% of the patients remained in the hospital for
completion of the treatment course and had government healthcare support via the Taiwan National
Health Insurance Program.

2.3. Clinicopathological Data

Clinicopathological data were collected, including age, gender, body height, body weight, ECOG
performance status, comorbid diseases, location, World Health Organization (WHO) histologic
grade, AJCC 7th edition of tumor node metastasis (TNM) stage, treatment modality, including the
chemotherapy and radiotherapy doses, and history of exposure to smoking, alcohol, and betel nuts.
Participants were considered smokers if they currently smoked tobacco or had smoked in the past.
Participants were considered alcohol drinkers if they reported consuming alcohol four or more times
per week. Participants were considered betel quid users if they reported taking this substance during
the previous year. The severity of comorbid diseases was scored using the head and neck Charlson
Comorbidity Index (HN-CCI), which assessed the presence of heart failure, pulmonary disease,
cerebrovascular disease, peptic ulcer, liver disease, and diabetes [21].

2.4. Malnutrition Assessment Methods

The nutrition indexes were evaluated using anthropometric methods, including the BMI and
BWL, laboratory methods, including the PNI and NRI, and clinical assessment with the PG-SGA.
BMI was defined as weight in kilograms divided by height in meters squared (kg/m2); BWL was
calculated as (BW at diagnosis - ideal BW)/ideal BW × 100%. The laboratory nutrition indexes were
calculated as follows: PNI, 10 × serum albumin (g/dL) + 0.005 × total lymphocyte count (TLC) (/mm3),
and NRI, 1.519 × serum albumin (g/L) + 41.7 × (initial BW/ideal BW) [22,23]. The NRI scores were
classified into severe (< 83.5), moderate (83.5–97.5), mild (97.5–100), and no malnutrition (> 100) risk
groups [23]. The PG-SGA scores ranged between 0 and 35, with scores of 0–3 indicating well nourished,
4–8 indicating moderately malnourished, and ≥ 9 indicating severely malnourished [24].

The inflammatory biomarkers tested in this study included the NLR, PLR, and LMR. The NLR
was defined as the ratio of the absolute neutrophil count to lymphocyte count, the PLR as the ratio of
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the platelet count to lymphocyte count, and the LMR as the ratio of the lymphocyte count to monocyte
count. For lean mass measurement, DXA (GE Medical System, Lunar iDXA, Madison, WI, USA)
was performed with the patients in the supine position on the table according to the manufacturer’s
protocol. The scan modes (standard, thin, or thick) were automatically selected by the scanner software
depending on the body size and BMI. Scans were analyzed using the enCORE Software, Version 15
(GE Lunar). The LBMI was calculated as lean mass in kilograms divided by height in meters squared
(kg/m2).

All anthropometric measurements, blood tests, and DXA studies were completed 1 week prior to
CCRT initiation. The 1 year mortality rate was defined as the proportion of patients who died within
365 days after CCRT initiation, which was used as the reference date due to variation from the time for
stage workups.

2.5. Statistical Analysis

The statistical analyses were performed using SPSS Version 22.0 (SPSS Inc., Chicago, IL, USA).
We assumed that the one year mortality rate was 25% with a power of 80% and α error of 0.05;
the calculated sample size was at least 108. If the attrition rate was 10%, then the total number of
patients that needed to be recruited was 120. Receiver operating characteristic (ROC) curves were
used to determine the optimal cutoff values for the PNI, NLR, PLR, and LMR. The lowest quartile
was used as the cutoff value for the LBMI [25,26], because no standard reference value was available.
The associations between different clinicopathological and nutritional parameters and the one year
mortality rate were analyzed by Cox proportional hazard models by applying predefined cut-off

values. Forward stepwise selection was used in the univariate and multivariate analyses for different
nutritional parameters. All independent variables significantly associated with the one year mortality
rate (p < 0.05) in the univariate analysis were included in the multivariate analysis. Mortality differences
among groups stratified by the PNI/PLR classification were further examined by logistic regression.
The associations between nutrition indexes or inflammatory biomarkers and the LBMI were examined
by Pearson’s or Spearman’s rank correlation coefficient after all variables were assessed using the
Kolmogorov–Smirnov normality test. All differences were considered statistically significant with a
p-value < 0.05 (two-tailed).

3. Results

3.1. Patients

A total of 120 LAHNC patients were recruited, of whom 113 were eligible for analysis in this study.
The patient enrollment, allocation, treatment modality, and data collection details are presented in a
CONSORT diagram (Figure 1). The baseline patient characteristics are summarized in Table 1. Among
these patients, the male gender was predominant, and the oral cavity (49.6%) was the most common
tumor site. A high proportion of patients reported smoking (92.9%), alcohol (75.2%), and betel nut
(62.8%) exposures. Among the 113 patients, 29 (25.7%) underwent CCRT alone, 52 (46.0%) received
CCRT after curative surgery, and 32 (28.3%) underwent neoadjuvant chemotherapy followed by CCRT.
At the one year follow-up after CCRT completion, 35 patients (30.9%) had died. The majority of
the causes of death were related to cancer progression (71.4%), followed by severe infection (22.8%),
and choking-related in-hospital cardiac arrest (3.6%).
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Table 1. Pretreatment baseline characteristics of LAHNC patients undergoing CCRT.

Variables
Total

Numbers (%) or Mean ± SD

Included patient No. 113 (100)

Clinicopathological data
Age (years) 53.6 ± 8.3
Gender (male : female) 110 (97.3) : 3 (2.7)
Smoking (no : yes) 8 (7.1) : 105 (92.9)
Alcohol (no : yes) 28 (24.8) : 85 (75.2)
Betel nut (no : yes) 42 (37.2) : 71 (62.8)
ECOG performance status (0 : 1 : 2) 9 (8.0) : 98 (86.7) : 6 (5.3)
HN-CCI (0 : 1 : 2) 72 (63.7) : 33 (29.2) : 8 (7.1)
Location (oral cavity : oropharynx : hypopharynx : larynx :
unknown primary) 56 (49.6) : 25 (22.1) : 20 (17.7) : 10 (8.8) : 2 (1.8)

Histologic grade (well : moderate : poor : unknown) 7 (6.2) : 74 (65.5) : 21 (18.6) : 11 (9.7)
Tumor (T0 : T1 : T2 : T3 : T4) 2 (1.8) : 4 (3.5) : 20 (17.7) : 17 (15.0) : 70 (62.0)
Lymph node (N0 : N1 : N2 : N3) 20 (17.7) : 21 (18.6) : 64 (56.6) : 8 (7.1)
Stage, AJCC 7th edition (III : IVA : IVB) 12 (10.6) : 79 (69.9) : 22 (19.5)
Neoadjuvant chemotherapy (no : yes) 81 (71.7) : 32 (28.3)
Curative surgery (no : yes) 61 (54.0) : 52 (46.0)
Cisplatin dose (mg/m2) 216 ± 62
Radiation

dose (Gy) 65.3 ± 10.9
days to finish 49.4 ± 11.2

Laboratory data
Hemoglobin (g/dL) 11.9 ± 1.7
WBC count (× 109/L) 7.4 ± 2.6
Platelet count (× 109/L) 305.3 ± 130.0
Total lymphocyte count (× 109/L) 1.7 ± 0.6
Albumin (g/dL) 3.9 ± 0.4

Nutrition Index
BMI (kg/m2) 22.9 ± 4.3
BWL (< 10% : ≥ 10%) 84 (74.3) : 29 (25.7)
PNI 47.9 ± 5.9
NRI (no : mild : moderate : severe) 68 (60.2) : 11 (9.7) : 27 (23.9) : 7 (6.2)
PG-SGA (well (0–3) : moderate (4–8) : severe (≥ 9)) 88 (77.9) : 24 (21.2) : 1 (0.9)

Inflammatory biomarkers
NLR 3.4 ± 2.9
PLR 212.3 ± 149.5
LMR 3.6 ± 2.4

DXA-derived LBMI (kg/m2) 15.9 ± 2.0

1-year all-cause mortality rate 30.9%

Abbreviations: LAHNC, locally advanced head and neck cancer; CCRT, concurrent chemoradiotherapy; SD, standard
deviation; ECOG, Eastern Cooperative Oncology Group; HN-CCI, Head and Neck Charlson Comorbidity Index;
AJCC, American Joint Committee on Cancer; WBC, white blood cell; BMI, body mass index; BWL, body weight
loss; PNI, prognostic nutritional index; NRI, nutritional risk index; PG-SGA, patient-generated subjective global
assessment; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte
ratio; DXA, dual energy X-ray absorptiometry; LBMI, lean body mass index.



Nutrients 2020, 12, 836 6 of 13

Figure 1. CONSORT diagram. Patients were considered to have completed planned therapy if they
received at least four cycles of weekly cisplatin at 40 mg/m2 concomitants with radiotherapy (64–72 Gy).
Incomplete data indicated patients who did not complete the DXA examination or missed blood tests.
HNC, head and neck cancer; CUP, cancer of unknown primary; RT, radiotherapy; DXA, dual-energy
X-ray absorptiometry; CCRT, concurrent chemoradiotherapy.

3.2. Parameters Predicting One Year Mortality

Different malnutrition assessment methods produced different malnutrition rates, with a range
from 15.0% based on a BMI < 18.5 kg/m2 to 39.8% based on a TLC < 1.5 × 109/L (Supplementary
Table S1). The univariate analysis revealed that the performance status, tumor location, curative
surgery, hemoglobin, TLC, albumin level, BMI, PNI, NRI, NLR, PLR, LMR, and LBMI were significantly
associated with the one year mortality rate of LAHNC patients (Table 2). After inclusion of these
significant factors in the multivariate Cox proportional hazard model to adjust the effects of covariates,
both low PNI (< 46.8; hazard ratio [HR] = 0.276; 95% CI, 0.131 to 0.582; p = 0.001) and high PLR (≥ 191;
HR = 3.205; 95% CI, 1.520 to 6.757; p = 0.002) were identified as independent prognostic factors for
prediction of the one year mortality of LAHNC patients (Table 2). Both PNI and PLR were also tested
for multicollinearity in the logistic regression model, and both showed a low degree of correlation.
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Table 2. Univariate and multivariate analyses of factors associated with 1 year mortality of LAHNC
patients undergoing CCRT.

Variables
Total

Univariate Multivariate

HR (95% CI) p HR (95% CI) p

Age (< 65 y vs. ≥ 65 y) 1.246 (0.381–4.069) 0.716
Gender (male vs. female) 1.094 (0.405–2.958) 0.859
Smoking (no vs. yes) 1.255 (0.301–5.231) 0.755
Alcohol (no vs. yes) 1.754 (0.728–4.225) 0.210
Betel nut (no vs. yes) 1.878 (0.879–4.009) 0.104
ECOG PS (< 2 vs. ≥2) 3.208 (1.123–9.163) 0.029
HN-CCI (< 1 vs. ≥ 1) 0.564 (0.264–1.204) 0.139
Location (oral cavity vs. non-oral cavity
cancer) 0.377 (0.184–0.771) 0.008

Histologic grade (well vs. moderate/poor) 0.481 (0.169–1.366) 0.169
Tumor (T0–T2 vs. T3–T4) 2.576 (0.909–7.300) 0.075
Lymph node (N0–N1 vs. N2–N3) 1.480 (0.711–3.081) 0.295
Stage (III vs. IV) 1.315 (0.403–4.295) 0.650
Neoadjuvant chemotherapy (no vs. yes) 0.950 (0.456–1.978) 0.891
Curative surgery (no vs. yes) 2.295 (1.155–4.562) 0.018
Cisplatin dose (< 160 vs. ≥ 160 mg/m2) 0.893 (0.347–2.303) 0.815
Radiation

Dose (< 66 vs. ≥ 66 Gy) 0.806 (0.413–1.575) 0.528
eDays (< 50 vs. ≥ 50 d) 1.320 (0.680–2.561) 0.412

Hemoglobin (< 10 vs. ≥ 10 g/dL) 0.423 (0.192–0.931) 0.033
WBC count (< 11.0 vs. ≥ 11.0 × 109/L) 1.472 (0.611–3.548) 0.389
Platelet count (< 400 vs. ≥ 400 × 109/L) 1.975 (0.981–3.976) 0.057
TLC (< 1.5 vs. ≥ 1.5 × 109/L) 0.297 (0.149–0.590) 0.001
Albumin (< 3.5 vs. ≥ 3.5 g/dL) 0.294 (0.141–0.617) 0.001
BMI (< 18.5 vs. ≥ 18.5 kg/m2) 0.296 (0.144–0.608) 0.001
BWL (< 10% vs. ≥ 10%) 1.640 (0.815–3.298) 0.165

PNI (< 46.8 vs. ≥ 46.8) * 0.199 (0.097–0.409) <0.001 0.276
(0.131–0.582) 0.001 #

NRI (< 97.5 vs. ≥ 97.5) 0.387 (0.199–0.753) 0.005
PG-SGA (well vs. moderate/severe) 1.791 (0.876–3.661) 0.110
NLR (< 3.5 vs. ≥ 3.5) * 4.078 (2.089–7.962) <0.001

PLR (< 191 vs. ≥ 191) * 4.585 (2.238–9.393) <0.001 3.205
(1.520–6.757) 0.002 #

LMR (< 2.1 vs. ≥ 2.1) * 0.384 (0.193–0.764) 0.006
LBMI (< 14.4 vs. ≥ 14.4 kg/m2) † 0.496 (0.249–0.986) 0.045

* ROC curves were used to determine the optimal cutoff values for the PNI, NLR, PLR, and LMR. † The lowest
quartile was used as the cutoff value for the LBMI. Bold represents a significant p-value. # Adjusted for ECOG PS,
location, surgery, hemoglobin, TLC, albumin, BMI, NRI, NLR, LMR, and LBMI. Abbreviations: LAHNC, locally
advanced head and neck cancer; CCRT, concurrent chemoradiotherapy; ECOG PS, Eastern Cooperative Oncology
Group performance status; HN-CCI, Head and Neck Charlson Comorbidity Index; WBC, white blood cell; TLC,
total lymphocyte count; BMI, body mass index; BWL, body weight loss; PNI, prognostic nutritional index; NRI,
nutritional risk index; PG-SGA, patient-generated subjective global assessment; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; LBMI, lean body mass index.

We further stratified the patients into four risk groups based on the PNI and PLR as follows: Group
1, low PNI/low PLR (n = 16); Group 2, low PNI/high PLR (n = 26); Group 3, high PNI/low PLR (n = 53);
and Group 4, high PNI/high PLR (n = 18). Significant differences in the one year mortality rate were
found among the groups by using logistic regression and the Kaplan–Meier survival curve, adjusted
for location, surgery, hemoglobin, TLC, albumin, BMI, NRI, and LBMI. (Figure 2, Supplementary
Figure S1). Patients in Groups 2 and 3 had the highest and lowest mortality rates (73.1% vs. 11.3%),
respectively, and the difference between these two groups was significant (OR = 21.262, 95% CI, 6.317
to 71.562; p < 0.001). Moreover, a significantly higher mortality rate was observed for the patients
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in Group 2 than for those in Group 1 (OR = 0.167, 95% CI, 0.043 to 0.657; p = 0.010) and Group 4
(OR = 0.142, 95% CI, 0.037 to 0.545, p = 0.004). No difference in mortality was observed between
Groups 1 (31.3%) and 4 (27.8%).

Figure 2. Risk groups based on the PNI and PLR combination predict the one year mortality rates of
LAHNC patients undergoing CCRT. (A) Risk group stratification based on the PNI and PLR combination.
(B) The one year mortality rates of the different risk groups by using the logistic regression model,
adjusted for location, surgery, hemoglobin, TLC, albumin, BMI, NRI, and LBMI. LAHNC, locally
advanced head and neck cancer; PNI, prognostic nutritional index; PLR, platelet-to-lymphocyte ratio;
CCRT, concurrent chemoradiotherapy.

3.3. Relationships between the PNI or PLR and LBMI

Linear associations were found between the PNI or PLR and LBMI (Supplementary Figure S2).
The PNI had a positive correlation with the LBMI (r = 0.198, p = 0.036), whereas the PLR had a negative
correlation with the LBMI (r = −0.267, p = 0.004). When the patients were further stratified into
survivor and non-survivor groups, the PNI still exhibited a positive correlation with the LBMI in the
surviving patients (r = 0.224, p = 0.049), but not in the non-surviving patients. In contrast, the PLR was
negatively associated with the LBMI in the non-surviving patients (r = −0.434, p = 0.009), but not in the
surviving patients.
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4. Discussion

Researchers have increasingly focused on establishing an easy and practical indicator to assist
clinicians with early identification of treatment outcomes associated with the malnourished status.
Our current study demonstrated two independent prognostic factors (PNI and PLR) that could be
applied to LAHNC patients receiving CCRT. The PNI as the ratio of albumin and lymphocyte reflects
both the nutritional and immunological conditions of a cancer patient [27,28]. Albumin is considered
to stabilize cell growth and DNA replication, buffer biochemical changes, and maintain sex hormone
homeostasis to protect against cancers [29]. Hypoalbuminemia is associated with chronic malnutrition
and promotes the release of inflammatory cytokines [30]. Lymphocytes suppress tumor through
inhabitation of dendritic cell activation and regulate T-cells and tumor associated macrophages [29].
Lymphopenia is associated with activation of cytotoxic immunity [31]. The PLR reflects the systemic
inflammatory condition of a cancer patient. A high PLR value indicates thrombocytosis and/or
lymphopenia. Thrombocytosis may dampen the recognition and cytotoxicity of tumor cells by immune
cells [28] or promote tumor growth by stimulating tumor angiogenesis, vascular invasion, and distant
metastasis [32,33]. Our results reinforce the predictive values of PNI and PLR seen in previous
retrospective studies, which showed that the PNI predicted overall survival and treatment-related
toxicities in LAHNC patients [22,34] and that the PLR predicted survival outcomes and disease
recurrence in HNC patients [35–37]. Moreover, this study demonstrated that the combination of these
two parameters provided better prediction of one year mortality in LAHNC patients. The mortality
rate of patients with a low PNI and high PLR reached 73.1%; this finding consolidated the fact that poor
nutrition and elevated inflammation may reduce the survival rate of LAHNC patients. It was evident
that the patient’s nutritional, immunological, and inflammatory conditions determined the survival of
the cancer patient. The combination of PNI and PLR biomarkers could provide an overview of all
three conditions in the cancer patient and accurately predict the survival rate of cancer patients [38].
Moreover, peripheral blood cell counts (such as neutrophil, platelet, and monocyte count) alone are
not well associated with survival, but by combining these cell counts into inflammatory biomarkers,
these provide a more detail assessment of the inflammatory condition within the cancer patient [39].

Lean body mass is considered to be responsible for the distribution, metabolism, and clearance of
antineoplastic agents. Patients with low LBMI are commonly intolerant to chemotoxicity. The increased
treatment toxicity may be linked to systematic inflammation and, consequently, nosocomial infections
and other complications and even death [40]. Thus, the investigation of the associations among the
PNI, PLR, and LBMI may provide us a better understanding of how the nutritional, immunological,
and inflammatory conditions affect the LBMI. Although the interplay between these three nutritional
parameters in LAHNC patients undergoing CCRT remains unclear, the following evidence may shed
light on their intricate interactions. First, the serum albumin level changes correspond to muscle mass
alterations in healthy adults [41,42]. Muscle mass may serve as a dominant reservoir for albumin, and a
low serum albumin level may enhance activation of oxidative damage in the muscle to release more
albumin [41,42]; therefore, a positive correlation was found between the PNI and LBMI. Moreover,
increased PLR values were significantly associated with sarcopenia and negatively correlated with the
skeletal muscle index in geriatric and gastric cancer patients [43,44]. Since the PLR is an important
indicator of the systematic inflammatory status and elevation of inflammatory cytokines will induce
muscle wasting, enhance protein catabolism, and inhibit muscle synthesis [43,44], a negative correlation
was found between the PNI and LBMI. In our study, the patients with high PNI values may have
better muscle mass to compensate for the muscle breakdown induced by systemic inflammation
from cancer or CCRT. Hence, these patients are more equipped to survive through treatment [45–47].
Conversely, patients with a low PNI have a lower muscle mass and may have difficulty overcoming
the loss of muscle mass from inflammation and CCRT. Consequently, these patients are not able to
hinder cancer progression or tolerate treatment and die as a result [45–47]. Moreover, the PNI was
only positively correlated with the LBMI in the survivor group, but not in the non-survivor group.
Therefore, we propose that the muscle mass was almost depleted in the non-survivor group patients,
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resulting in unstable provision of albumin from the muscle reservoir. This scenario may explain the loss
of association between the muscle and PNI. Conversely, in the non-survivor group, ongoing systematic
inflammation may further induce muscle wasting and break down; therefore, the PLR values were still
negatively associated with the LBMI in this group.

Our work had some limitations. The comprehensiveness of the nutrition assessment remains
a concern. C-reactive protein (CRP) was not included, although this measure might be elevated
in malnourished patients and during HNC treatment [7]. Because CRP is interrelated with other
nutritional or inflammatory parameters and the treatment modality, its prognostic effect on HNC
patients is less commonly addressed [7]. Some anthropometric indexes (mid-arm circumference and
triceps skinfold), muscle function tests (handgrip strength and physical activity), and body composition
analyses using technology (bioelectrical impedance analysis and computed tomography scan) have been
studied in HNC patients [7,48,49]. However, whether the addition of more nutritional or inflammatory
parameters to the current model will provide better predictions is unclear. Additionally, administering
cisplatin at 100 mg/m2 once every three weeks offered better locoregional tumor control and overall
survival than administration at 30 mg/m2 once weekly [50]. Since the major cause of mortality in our
study was cancer progression, selection of the drug regimen could also have contributed to the higher
one year mortality rate in our study than in previous reports [12,14]. Therefore, we speculated that
different chemotherapy regimens might also alter the significance of the nutritional/inflammatory
parameter profiles for the treatment outcome. Lastly, this study’s results were based on a small sample
size and short duration of follow-up time. Replication of study with larger population size and longer
follow-up time is warranted before making a strong statement about the study results.

5. Conclusions

In conclusion, LAHNC patients with nutrition risks need to be identified as early as possible to
prevent malnutrition and its consequences, such as treatment delays, interruptions, and poor treatment
outcomes. The current prospective study design demonstrated that the PNI and PLR combination
was a robust prognostic indicator of one year mortality for LAHNC patients undergoing CCRT. These
parameters are relatively simple, inexpensive, and easily accessible in clinical practice and are correlated
with muscle loss measured by DXA.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/3/836/s1:
Figure S1: Kaplan–Meier survival curve showing survival differences of four risk combination groups of PNI
and PLR, Figure S2: The linear relationships between the PNI (A) and PLR (B) and LBMI, Table S1: Pretreatment
malnutrition rates of 113 LAHNC patients undergoing CCRT.

Author Contributions: Conceptualization: H.H.L., K.-Y.Y. and Y.-C.L.; data curation, H.H.L., K.-Y.Y., S.-H.N.,
C.-H.W. and Y.-C.L.; formal analysis: H.H.L., K.-Y.Y., S.-H.N. and Y.-C.L.; funding acquisition: Y.-C.L.; investigation:
K.-Y.Y., C.-H.W., C.-H.L., T.-H.W., P.-H.C., W.-C.C. and F.-P.C.; methodology: H.H.L. and K.-Y.Y.; writing–original
draft: H.H.L., S.-H.N. and Y.-C.L.; writing—review and editing: H.H.L., K.-Y.Y., S.-H.N., C.-H.W., C.-H.L., T.-H.W.,
P.-H.C., W.-C.C., F.-P.C. and Y.-C.L. All authors have read and agreed to the published version of the manuscript.

Funding: Supported by grants (CMRPG2E0101-CMRPG2E0103, CMRPG2J0171, and CORPG2F0011-13) from
Chang Gung Memorial Hospital, Keelung, Taiwan.

Acknowledgments: The authors thank the statistical assistance from Mr. Tay-Wey Lee and Research Services
Center for Health Information, Chang Gung University, Taoyuan, Taiwan, in supporting statistical consultation.
We also wish to acknowledge the support of the Maintenance Project of the Biostatistical Consultation Center
(Grant CLRPG2C0021, CLRPG2C0022, CLRPG2C0023) at Chang Gung Memorial Hospital for the study design
and monitor, data analysis, and interpretation.

Conflicts of Interest: The authors declare no conflict of interest.

http://www.mdpi.com/2072-6643/12/3/836/s1


Nutrients 2020, 12, 836 11 of 13

References

1. Ravasco, P.; Monteiro-Grillo, I.; Marques Vidal, P.; Camilo, M.E. Impact of nutrition on outcome: A prospective
randomized controlled trial in patients with head and neck cancer undergoing radiotherapy. Head Neck 2005,
27, 659–668. [CrossRef] [PubMed]

2. Alshadwi, A.; Nadershah, M.; Carlson, E.R.; Young, L.S.; Burke, P.A.; Daley, B.J. Nutritional considerations
for head and neck cancer patients: A review of the literature. J. Oral. Maxillofac. Surg. 2013, 71, 1853–1860.
[CrossRef] [PubMed]

3. Gorenc, M.; Kozjek, N.R.; Strojan, P. Malnutrition and cachexia in patients with head and neck cancer treated
with (chemo)radiotherapy. Rep. Pract. Oncol. Radiother. 2015, 20, 249–258. [CrossRef] [PubMed]

4. Martin, L.; Senesse, P.; Gioulbasanis, I.; Antoun, S.; Bozzetti, F.; Deans, C. Diagnostic criteria for the
classification of cancer-associated weight loss. J. Clin. Oncol. 2015, 33, 90–99. [CrossRef] [PubMed]

5. Talwar, B.; Donnelly, R.; Skelly, R.; Donaldson, M. Nutritional management in head and neck cancer: United
Kingdom National Multidisciplinary Guidelines. J. Laryngol. Otol. 2016, 130, S32–S40. [CrossRef] [PubMed]

6. Sadeghi, M.; Keshavarz-Fathi, M.; Baracos, V.; Arends, J.; Mahmoudi, M.; Rezaei, N. Cancer cachexia:
Diagnosis, assessment, and treatment. Crit. Rev. Oncol. Hematol. 2018, 127, 91–104. [CrossRef]

7. Dechaphunkul, T.; Martin, L.; Alberda, C.; Olson, K.; Baracos, V.; Gramlich, L. Malnutrition assessment in
patients with cancers of the head and neck: A call to action and consensus. Crit. Rev. Oncol. Hematol. 2013,
88, 459–476. [CrossRef]

8. Datema, F.R.; Ferrier, M.B.; Baatenburg de Jong, R.J. Impact of severe malnutrition on short-term mortality
and overall survival in head and neck cancer. Oral Oncol. 2011, 47, 910–914. [CrossRef]

9. Chang, P.H.; Yeh, K.Y.; Huang, J.S.; Lai, C.H.; Wu, T.H.; Lan, Y.J. Pretreatment performance status and
nutrition are associated with early mortality of locally advanced head and neck cancer patients undergoing
concurrent chemoradiation. Eur. Arch. Otorhinolaryngol. 2013, 270, 1909–1915. [CrossRef]

10. Dixon, L.; Garcez, K.; Lee, L.W.; Sykes, A.; Slevin, N.; Thomson, D. Ninety Day Mortality After Radical
Radiotherapy for Head and Neck Cancer. Clin. Oncol. 2017, 29, 835–840. [CrossRef]

11. Spencer, K.; Ellis, R.; Birch, R.; Dugdale, E.; Turner, R.; Sebag-Montefiore, D. Caution is required in the
implementation of 90-day mortality indicators for radiotherapy in a curative setting: A retrospective
population-based analysis of over 16,000 episodes. Radiother. Oncol. 2017, 125, 140–146. [CrossRef] [PubMed]

12. Kanotra, S.P.; Kanotra, S.; Gupta, A.; Paul, J. Chemoradiation in Advanced Head and Neck Cancers: A
Comparison of two Radiosensitizers, Paclitaxel and Cisplatin. Indian J. Otolaryngol. Head Neck Surg. 2011, 63,
229–236. [CrossRef] [PubMed]

13. Nedergaard, A.; Karsdal, M.A.; Sun, S.; Henriksen, K. Serological muscle loss biomarkers: An overview of
current concepts and future possibilities. J. Cachexia Sarcopenia Muscle 2013, 4, 1–17. [CrossRef] [PubMed]

14. Iqbal, M.S.; Chaw, C.; Kovarik, J.; Aslam, S.; Jackson, A.; Kelly, J. Primary Concurrent Chemoradiation
in Head and Neck Cancers with Weekly Cisplatin Chemotherapy: Analysis of Compliance, Toxicity and
Survival. Int. Arch. Otorhinolaryngol. 2017, 21, 171–177. [CrossRef]

15. Arends, J.; Bodoky, G.; Bozzetti, F.; Fearon, K.; Muscaritoli, M.; Selga, G. ESPEN Guidelines on Enteral
Nutrition: Non-surgical oncology. Clin. Nutr. 2006, 25, 245–259. [CrossRef]

16. Evans, W.J.; Morley, J.E.; Argiles, J.; Bales, C.; Baracos, V.; Guttridge, D. Cachexia: A new definition. Clin. Nutr.
2008, 27, 793–799. [CrossRef]

17. Fearon, K.; Strasser, F.; Anker, S.D.; Bosaeus, I.; Bruera, E.; Fainsinger, R.L. Definition and classification of
cancer cachexia: An international consensus. Lancet Oncol. 2011, 12, 489–495. [CrossRef]

18. Wendrich, A.W.; Swartz, J.E.; Bril, S.I.; Wegner, I.; de Graeff, A.; Smid, E.J. Low skeletal muscle mass is a
predictive factor for chemotherapy dose-limiting toxicity in patients with locally advanced head and neck
cancer. Oral Oncol. 2017, 71, 26–33. [CrossRef]

19. Pring, E.T.; Malietzis, G.; Kennedy, R.H.; Athanasiou, T.; Jenkins, J.T. Cancer cachexia and myopenia - Update
on management strategies and the direction of future research for optimizing body composition in cancer - A
narrative review. Cancer Treat Rev. 2018, 70, 245–254. [CrossRef]

20. Wang, C.H.; Wang, H.M.; Pang, Y.P.; Yeh, K.Y. Early nutritional support in non-metastatic stage IV oral cavity
cancer patients undergoing adjuvant concurrent chemoradiotherapy: Analysis of treatment tolerance and
outcome in an area endemic for betel quid chewing. Supportive Care Cancer 2012, 20, 1169–1174. [CrossRef]

http://dx.doi.org/10.1002/hed.20221
http://www.ncbi.nlm.nih.gov/pubmed/15920748
http://dx.doi.org/10.1016/j.joms.2013.04.028
http://www.ncbi.nlm.nih.gov/pubmed/23845698
http://dx.doi.org/10.1016/j.rpor.2015.03.001
http://www.ncbi.nlm.nih.gov/pubmed/26109912
http://dx.doi.org/10.1200/JCO.2014.56.1894
http://www.ncbi.nlm.nih.gov/pubmed/25422490
http://dx.doi.org/10.1017/S0022215116000402
http://www.ncbi.nlm.nih.gov/pubmed/27841109
http://dx.doi.org/10.1016/j.critrevonc.2018.05.006
http://dx.doi.org/10.1016/j.critrevonc.2013.06.003
http://dx.doi.org/10.1016/j.oraloncology.2011.06.510
http://dx.doi.org/10.1007/s00405-012-2290-2
http://dx.doi.org/10.1016/j.clon.2017.08.005
http://dx.doi.org/10.1016/j.radonc.2017.07.031
http://www.ncbi.nlm.nih.gov/pubmed/28844331
http://dx.doi.org/10.1007/s12070-011-0263-1
http://www.ncbi.nlm.nih.gov/pubmed/22754800
http://dx.doi.org/10.1007/s13539-012-0086-2
http://www.ncbi.nlm.nih.gov/pubmed/22996343
http://dx.doi.org/10.1055/s-0036-1594020
http://dx.doi.org/10.1016/j.clnu.2006.01.020
http://dx.doi.org/10.1016/j.clnu.2008.06.013
http://dx.doi.org/10.1016/S1470-2045(10)70218-7
http://dx.doi.org/10.1016/j.oraloncology.2017.05.012
http://dx.doi.org/10.1016/j.ctrv.2018.10.002
http://dx.doi.org/10.1007/s00520-011-1192-y


Nutrients 2020, 12, 836 12 of 13

21. Boje, C.R.; Dalton, S.O.; Primdahl, H.; Kristensen, C.A.; Andersen, E.; Johansen, J. Evaluation of comorbidity
in 9388 head and neck cancer patients: A national cohort study from the DAHANCA database. Radiother.
Oncol. 2014, 110, 91–97. [CrossRef] [PubMed]

22. Bruixola, G.; Caballero, J.; Papaccio, F.; Petrillo, A.; Iranzo, A.; Civera, M. Prognostic Nutritional Index as an
independent prognostic factor in locoregionally advanced squamous cell head and neck cancer. ESMO Open
2018, 3, e000425. [CrossRef] [PubMed]

23. Aziz, E.F.; Javed, F.; Pratap, B.; Musat, D.; Nader, A.; Pulimi, S. Malnutrition as assessed by nutritional
risk index is associated with worse outcome in patients admitted with acute decompensated heart failure:
An ACAP-HF data analysis. Heart Int. 2011, 6, e2. [CrossRef] [PubMed]

24. Bauer, J.; Capra, S.; Ferguson, M. Use of the scored Patient-Generated Subjective Global Assessment (PG-SGA)
as a nutrition assessment tool in patients with cancer. Eur. J. Clin. Nutr. 2002, 56, 779–785. [CrossRef]

25. Noori, N.; Kovesdy, C.P.; Dukkipati, R.; Kim, Y.; Duong, U.; Bross, R. Survival predictability of lean and fat
mass in men and women undergoing maintenance hemodialysis. Am. J. Clin. Nutr. 2010, 92, 1060–1070.
[CrossRef]

26. Chang, J.S.; Kim, T.H.; Kim, H.; Choi, E.H.; Kim, N.; Kong, I.D. Qualitative muscle mass index as a predictor
of skeletal muscle function deficit in Asian older adults. Geriatr. Gerontol. Int. 2017, 17, 99–107. [CrossRef]

27. Onodera, T.; Goseki, N.; Kosaki, G. Prognostic nutritional index in gastrointestinal surgery of malnourished
cancer patients. Nihon Geka Gakkai Zasshi 1984, 85, 1001–1005.

28. Palumbo, J.S.; Talmage, K.E.; Massari, J.V.; La Jeunesse, C.M.; Flick, M.J.; Kombrinck, K.W. Platelets and
fibrin(ogen) increase metastatic potential by impeding natural killer cell-mediated elimination of tumor cells.
Blood 2005, 105, 178–185. [CrossRef]

29. Du, X.J.; Tang, L.L.; Mao, Y.P.; Guo, R.; Sun, Y.; Lin, A.H. Value of the prognostic nutritional index and weight
loss in predicting metastasis and long-term mortality in nasopharyngeal carcinoma. J. Transl. Med. 2015, 13,
364. [CrossRef]

30. Gupta, D.; Lis, C.G. Pretreatment serum albumin as a predictor of cancer survival: A systematic review of
the epidemiological literature. Nutr. J. 2010, 9, 69. [CrossRef]

31. Ray-Coquard, I.; Cropet, C.; Van Glabbeke, M.; Sebban, C.; Le Cesne, A.; Judson, I. Lymphopenia as a
prognostic factor for overall survival in advanced carcinomas, sarcomas, and lymphomas. Cancer Res. 2009,
69, 5383–5391. [CrossRef] [PubMed]

32. Gay, L.J.; Felding-Habermann, B. Contribution of platelets to tumour metastasis. Nat. Rev. Cancer 2011, 11,
123–134. [CrossRef] [PubMed]

33. Wojtukiewicz, M.Z.; Sierko, E.; Hempel, D.; Tucker, S.C.; Honn, K.V. Platelets and cancer angiogenesis nexus.
Cancer Metastasis Rev. 2017, 36, 249–262. [CrossRef] [PubMed]

34. Chang, P.H.; Hsieh, J.C.; Yeh, K.Y.; Chen, E.Y.; Yang, S.W.; Huang, J.S. Prognostic nutritional index relevance
in chemoradiotherapy for advanced oral cavity, oropharyngeal and hypopharyngeal cancer. Asia Pac. J. Clin.
Nutr. 2018, 27, 996–1001. [PubMed]

35. Rassouli, A.; Saliba, J.; Castano, R.; Hier, M.; Zeitouni, A.G. Systemic inflammatory markers as independent
prognosticators of head and neck squamous cell carcinoma. Head Neck 2015, 37, 103–110. [CrossRef]

36. Tangthongkum, M.; Tiyanuchit, S.; Kirtsreesakul, V.; Supanimitjaroenporn, P.; Sinkitjaroenchai, W. Platelet to
lymphocyte ratio and red cell distribution width as prognostic factors for survival and recurrence in patients
with oral cancer. Eur. Arch. Otorhinolaryngol. 2017, 274, 3985–3992. [CrossRef]

37. Mao, Y.; Fu, Y.; Gao, Y.; Yang, A.; Zhang, Q. Platelet-to-lymphocyte ratio predicts long-term survival in
laryngeal cancer. Eur. Arch. Otorhinolaryngol. 2018, 275, 553–559. [CrossRef]

38. Zhang, W.; Ye, B.; Liang, W.; Ren, Y. Preoperative prognostic nutritional index is a powerful predictor of
prognosis in patients with stage III ovarian cancer. Sci. Rep. 2017, 7, 9548. [CrossRef]

39. Cho, U.; Park, H.S.; Im, S.Y.; Yoo, C.Y.; Jung, J.H.; Suh, Y.J. Prognostic value of systemic inflammatory markers
and development of a nomogram in breast cancer. PLoS ONE 2018, 13, e0200936.

40. Tan, B.H.; Brammer, K.; Randhawa, N.; Welch, N.T.; Parsons, S.L.; James, E.J. Sarcopenia is associated with
toxicity in patients undergoing neo-adjuvant chemotherapy for oesophago-gastric cancer. Eur. J. Surg. Oncol.
2015, 41, 333–338. [CrossRef]

41. Reijnierse, E.M.; Trappenburg, M.C.; Leter, M.J.; Sipila, S.; Stenroth, L.; Narici, M.V. Serum albumin and
muscle measures in a cohort of healthy young and old participants. Age 2015, 37, 88. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.radonc.2013.11.009
http://www.ncbi.nlm.nih.gov/pubmed/24412015
http://dx.doi.org/10.1136/esmoopen-2018-000425
http://www.ncbi.nlm.nih.gov/pubmed/30426973
http://dx.doi.org/10.4081/hi.2011.e2
http://www.ncbi.nlm.nih.gov/pubmed/21977302
http://dx.doi.org/10.1038/sj.ejcn.1601412
http://dx.doi.org/10.3945/ajcn.2010.29188
http://dx.doi.org/10.1111/ggi.12681
http://dx.doi.org/10.1182/blood-2004-06-2272
http://dx.doi.org/10.1186/s12967-015-0729-0
http://dx.doi.org/10.1186/1475-2891-9-69
http://dx.doi.org/10.1158/0008-5472.CAN-08-3845
http://www.ncbi.nlm.nih.gov/pubmed/19549917
http://dx.doi.org/10.1038/nrc3004
http://www.ncbi.nlm.nih.gov/pubmed/21258396
http://dx.doi.org/10.1007/s10555-017-9673-1
http://www.ncbi.nlm.nih.gov/pubmed/28681240
http://www.ncbi.nlm.nih.gov/pubmed/30272847
http://dx.doi.org/10.1002/hed.23567
http://dx.doi.org/10.1007/s00405-017-4734-1
http://dx.doi.org/10.1007/s00405-017-4849-4
http://dx.doi.org/10.1038/s41598-017-10328-8
http://dx.doi.org/10.1016/j.ejso.2014.11.040
http://dx.doi.org/10.1007/s11357-015-9825-6
http://www.ncbi.nlm.nih.gov/pubmed/26310888


Nutrients 2020, 12, 836 13 of 13

42. Visser, M.; Kritchevsky, S.B.; Newman, A.B.; Goodpaster, B.H.; Tylavsky, F.A.; Nevitt, M.C. Lower serum
albumin concentration and change in muscle mass: The Health, Aging and Body Composition Study. Am. J.
Clin. Nutr. 2005, 82, 531–537. [PubMed]

43. Liaw, F.Y.; Huang, C.F.; Chen, W.L.; Wu, L.W.; Peng, T.C.; Chang, Y.W. Higher Platelet-to-Lymphocyte
Ratio Increased the Risk of Sarcopenia in the Community-Dwelling Older Adults. Sci. Rep. 2017, 7, 16609.
[CrossRef] [PubMed]

44. Lin, J.; Zhang, W.; Huang, Y.; Chen, W.; Wu, R.; Chen, X. Sarcopenia is associated with the neutrophil/
lymphocyte and platelet/lymphocyte ratios in operable gastric cancer patients: A prospective study. Cancer
Manag. Res. 2018, 10, 4935–4944. [CrossRef] [PubMed]

45. Couch, M.E.; Dittus, K.; Toth, M.J.; Willis, M.S.; Guttridge, D.C.; George, J.R. Cancer cachexia update in head
and neck cancer: Pathophysiology and treatment. Head Neck 2015, 37, 1057–1072. [CrossRef]

46. Pin, F.; Couch, M.E.; Bonetto, A. Preservation of muscle mass as a strategy to reduce the toxic effects of cancer
chemotherapy on body composition. Curr. Opin. Support. Palliat. Care. 2018, 12, 420–426. [CrossRef]

47. Pin, F.; Barreto, R.; Couch, M.E.; Bonetto, A.; O’Connell, T.M. Cachexia induced by cancer and chemotherapy
yield distinct perturbations to energy metabolism. J. Cachexia Sarcopenia Muscle 2019, 10, 140–154. [CrossRef]

48. Lonbro, S.; Dalgas, U.; Primdahl, H.; Johansen, J.; Nielsen, J.L.; Overgaard, J. Lean body mass and muscle
function in head and neck cancer patients and healthy individuals–results from the DAHANCA 25 study.
Acta Oncol. 2013, 52, 1543–1551. [CrossRef]

49. Orell-Kotikangas, H.; Osterlund, P.; Makitie, O.; Saarilahti, K.; Ravasco, P.; Schwab, U. Cachexia at diagnosis
is associated with poor survival in head and neck cancer patients. Acta Otolaryngol. 2017, 137, 778–785.
[CrossRef]

50. Noronha, V.; Joshi, A.; Patil, V.M.; Agarwal, J.; Ghosh-Laskar, S.; Budrukkar, A. Once-a-Week Versus
Once-Every-3-Weeks Cisplatin Chemoradiation for Locally Advanced Head and Neck Cancer: A Phase III
Randomized Noninferiority Trial. J. Clin. Oncol. 2018, 36, 1064–1072. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/16155264
http://dx.doi.org/10.1038/s41598-017-16924-y
http://www.ncbi.nlm.nih.gov/pubmed/29192175
http://dx.doi.org/10.2147/CMAR.S175421
http://www.ncbi.nlm.nih.gov/pubmed/30464594
http://dx.doi.org/10.1002/hed.23696
http://dx.doi.org/10.1097/SPC.0000000000000382
http://dx.doi.org/10.1002/jcsm.12360
http://dx.doi.org/10.3109/0284186X.2013.822553
http://dx.doi.org/10.1080/00016489.2016.1277263
http://dx.doi.org/10.1200/JCO.2017.74.9457
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	CCRT Schedule 
	Clinicopathological Data 
	Malnutrition Assessment Methods 
	Statistical Analysis 

	Results 
	Patients 
	Parameters Predicting One Year Mortality 
	Relationships between the PNI or PLR and LBMI 

	Discussion 
	Conclusions 
	References

