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ABSTRACT
Head and neck cancer (HNC) patients are known to have high nutritional risk and a
high prevalence of malnutrition. The diagnosis of HNC, together with sequelae and
other consequences of cancer treatment, directly impacts survival.
Aim. To determine overall 5-year survival inHNCpatients submitted to surgery as their
initial treatment and to assess the prognostic accuracy of nutritional anthropometric
measurements weight loss percentage (%WL), body mass index (BMI), triceps skinfold
(TSF), adductor pollicis muscle thickness (APMT), and calf circumference (CC) to
predict survival in this population.
Methods. A prospective cohort study of HNC patients treated at a cancer referral center
in Bahia’s countryside was conducted.
Results. Seventy-eight patients were included in this study and were followed up
for a 5-year period, with an overall survival rate of 52.1%. Most patients were male
(83.3%), with a median age of 65.5 years [55–72 years], and most had low education
levels, low household income, and a lifestyle marked by alcohol drinking and tobacco
smoking. Median values of all nutritional anthropometric variables assessed in this
study were significantly lower among patients who died during follow-up, suggesting
greater impairment of nutritional status in this group. All nutritional indicators were
found to be predictors of survival in the study population, with a prognostic accuracy
of 74% for TSF 95% CI [0.63–0.83], 68% for BMI 95% CI [0.56–0.78], 65% for CC
95% CI [0.53–0.75], 63% for APMT 95% CI [0.51–0.63], and 63% for %WL 95% CI
[0.51–0.73].
Conclusion. The overall 5-year survival rate was found to be 52.1%, and all nutritional
anthropometric variables, namely BMI, %WL, TSF, APMT, and CC, were found to be
good predictors of survival in HNC patients initially treated with surgery.
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INTRODUCTION
Head and neck cancer (HNC) patients are known to have high nutritional risk and a
high prevalence of malnutrition. Multiple diagnostic criteria are employed to detect
malnutrition, whose prevalence among HNC patients ranges from 19% to 70%, depending
on the diagnostic criteria adopted (Reis, 2014; Oliveira, 2018; Kubrak et al., 2020).

In addition to the degree of nutritional impairment often present at the time of diagnosis,
the adverse effects of cancer treatment add to the deterioration of nutritional status. Changes
in mental health and quality of life facing these patients also directly impact on their life
expectancy (Oliveira, 2018).

Despite its curative potential, treatment-related sequelae of HNC surgery may include
orofacial deformities and oropharyngeal dysphagia, which result from partial or complete
damage to anatomical structures directly affected by the tumor or adjacent to it, thus
leading to reduced food intake and negative changes in patients’ eating habits. As a result,
nutritional disorders such as malnutrition and dehydration may arise, as well as impaired
resistance to infection, culminating in unfavorable clinical outcomes (Bento, 2017;Melgaço,
Vicente & Gama, 2021).

The concept of survival transcends the number of days following diagnosis and treatment.
More broadly, it encompasses physical, psychosocial, and economic aspects, beyond
diagnostic and therapeutic stages (Simcock & Simo, 2016).

Weight loss and malnutrition are well-established, independent risk factors for
postoperative complications in HNC (Oliveira, 2018; Caburet et al., 2020), and there are
many tools for assessing nutritional status. Anthropometric measurements and indicators,
including weight loss percentage (%WL), body mass index (BMI), triceps skinfold (TSF),
adductor pollicis muscle thickness (APMT), and calf circumference (CC), are inexpensive
and easy to obtain. However, few studies have looked into the predictive role of these
preoperative indicators in survival rates of surgically treated HNC patients (Datema,
Ferrier & De Jong, 2011; Kubrak et al., 2020; Santos, Viani & Pavoni, 2021).

In spite of the large number of measurements and indicators of nutritional status being
used for the diagnosis of malnutrition, it remains controversial which of them has the
best prognostic accuracy to predict treatment outcomes and survival in different clinical
settings.

The aim of this project was therefore to assess overall 5-year survival among patients
diagnosed with head and neck squamous cell carcinoma initially treated with surgery and
to evaluate the prognostic accuracy of prespecified nutritional anthropometric variables
(BMI, %WL, TSF, APMT, and CC) to predict survival in this population.

METHODS
All eligible patients were consecutively included in the study between November 2016 and
November 2022. Men and women aged 18 years or older who were submitted to a bloc
surgery as the initial treatment of T2 to T4 (Amin et al., 2018) cancer of the oral cavity,
larynx, oropharynx, hypopharynx, or nasopharynx were included in this study.
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Data were collected as previously described inOliveira et al. (2024). The method relating
to the object of study of this manuscript is specified below.

Patients diagnosed with dyslipidemia and taking lipid-lowering drugs and
glucocorticoids, those with diseases affecting the normal metabolism of hepatic proteins,
such as nephrotic syndrome, congestive heart failure, and cirrhosis, and individuals who
did not provide written informed consent were excluded from the study.

This project was approved by the Human Research Ethics Committee of the State
University of Feira de Santana under the protocol no. 1.399.962.

Eligible subjects were referred to an experienced dietitian by the surgeon the week
before surgery. During this visit, patients provided written informed consent and had their
sociodemographic and clinical data collected, as well as their nutritional status evaluated.

Body weight was measured with a Welmy® mechanical scale, with a 150-kg capacity
and an accuracy of 100 g, while height was measured with an attached stadiometer
with a maximum measuring capacity of 2.05 m, conforming to the rules described by
Lohman, Roche & Martorell (1988). BMI was derived from Quételet’s equation [BMI =
weight/(height2)].

Triceps skinfold (TSF), weight loss percentage (%WL), adductor pollicis muscle
thickness (APMT), and calf circumference (CC) were calculated and utilized as secondary
indicators of nutritional status. %WL was calculated as follows: [(usual weight - actual
weight)/(usual weight) x 100] (Blackurn & Bistrian, 1977). A Lange skinfold caliper was
used to measure TSF and APMT and was calibrated according to techniques described by
Lohman, Roche & Martorell (1988) and Lameu et al. (2004), respectively. A Seca inelastic
fiberglass measuring tape was used to measure CC to the nearest 0.1 cm according to a
previously published technique (Lee & Nieman, 1995).

All surgical procedures were carried out by the head and neck surgeon from the Head
and Neck Cancer Research Group (NUPESCAP) at the HDPA. Data on the types of surgery
and simultaneous neck dissection, the need for flap reconstruction, and the occurrence of
intraoperative complications were collected during surgery.

All patients received nutrition support therapy consisting of an industrialized formula
was initiated enterally up to 12 h after surgery as per protocol and patient specificities.
During their hospital stay, patients were seen daily by the surgeon responsible for the
procedure in order to assess patient condition and monitor postoperative complications.

After discharge, patients were followed up by a multidisciplinary team, including the
responsible medical team, and when necessary were referred for adjuvant treatments (radio
and chemotherapy). During follow-up, patients were seen by dietitians in order to evaluate
their nutritional status and to provide education on tube feeding and changes in diet such
as dietary supplementation and diet texture modifications.

Death (date of death) regardless of cause was the event of interest for overall survival
analysis. The date of surgery was defined as the start of follow-up for each participant.
Patients who remained alive until the date of last follow-up were censored. Brazil’s National
Civil Registry Information System was searched online for patients’ names if they were lost
to follow-up at https://www.registrocivil.org.br/ (TJBA, 2023). Five-year survival analysis
was conducted using a time-to-event approach, and all patients were followed from the date
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of surgery to either the date of death or censoring on February 28, 2023. Therefore, not all
patients reached five years of follow-up, but their partial follow-up data were incorporated
in the Cox regression model, which accounts for varying follow-up durations.

Microsoft Excel was used for tabulation of data and GraphPad Prism, version 10.0.0 for
Windows (San Diego, CA, USA), was used for statistical analysis. Continuous and ordinal
quantitative variables were presented as medians and interquartile ranges, while qualitative
variables were expressed as absolute values and proportions.

The Student’s t -test and Mann–Whitney U test were used to compare continuous
variables, while the chi-squared test and its variants were used to compare categorical
variables. We adopted p values less than 0.05 (p< 0.05) to indicate statistical significance.

Kaplan–Meier curves were used to estimate overall survival probability over time, and
95% confidence intervals were used as a measure of precision.

Receiver operating characteristic (ROC) curves were utilized to compare and calculate
the overall accuracy of the anthropometric indicators, which was measured by the area
under the ROC curve.

We performed both univariate and multivariate Cox proportional hazards regression
models to evaluate the relationship between preoperative nutritional anthropometric
variables (BMI, TSF, %WL, CC and APMT) and 5-year overall survival in patients
diagnosed with head and neck squamous cell carcinoma initially treated with surgery. The
predictors included in the model were BMI, CC, TSF, AMPT, and %WL. The survival
function was modeled using the coxph function from the survival package in R, with the
formulation Surv (survival_months, death) as the dependent variable. The multivariate
model included adjustments for potential confounders such as age, sex, clinical stage (stage
II area excluded duo to small number of patients and stage III is considered reference
category), and treatment modality.

Adjusted risk values for each individual were then predicted using the predict function
with the ‘‘risk’’ type. The model’s predictive capacity was assessed through the ROC curve
generated by the ROC function from the pROC package.

Additionally, the proportional hazards assumption was tested using the cox.zph function,
which confirmed that the assumption of proportionality was not violated for any individual
predictors or the model as a whole (p> 0.05 for all predictors).

RESULTS
A total of 78 subjects were included in this study, with a median age of 65.5 years (55–
72 years). Most of them were male and had low education levels, low income, and a lifestyle
marked by alcohol drinking and tobacco smoking.

Sociodemographic and lifestyle characteristics were not significantly different between
groups (alive vs. dead) in univariate analysis. These data are shown in Table 1.

Patients were followed up for up to 60 months. In this period, 40 deaths were recorded
(51.2%), with a median survival time of 39 months (Fig. 1).

Most patients had cancer of the larynx (51.4%) and the oral cavity (44.8%). The most
commonly observed primary tumor subsites were the glottis, in 48.7% of cases, the floor of
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Table 1 Sociodemographic and lifestyle characteristics of the study population.

Variable Total
(n= 78)

Alive
(n= 38)

Dead
(n= 40)

p value

n (%) n (%) n (%)

Age (years)* 65.5 [55–72] 63.0 [53.7–67.2] 67.5 [57.5–72.0] 0.06
Sex
Male 65 (83.3%) 29 (76.3%) 36 (90.0%) 0.17
Female 13 (16.7%) 9 (23.7%) 4 (10.0%)
Education level
Illiterate 17 (21.8%) 6 (15.8%) 11 (27.5%) 0.40
Primary education 49 (62.8%) 26 (68.5%) 23 (57.5%)
Secondary education 6 (7.7%) 4 (10.5%) 2 (5.0%)
Higher education 6 (7.7%) 2 (5.2%) 4 (10.0%)
Household income
No income 15 (19.2%) 6 (15.8%) 9 (22.5%) 0.30
Up to the minimum wage 47 (60.2%) 23 (60.5%) 24 (60.0%)
1 to 2 times the minimum wage 13 (16.8%) 6 (15.8%) 7 (17.5%)
≥ 2 times the minimum wage 3 (3.8%) 3 (7.9%) 0 (0.0%)
Alcohol drinking
No 7 (9.0%) 2 (5.3%) 5 (12.5%) 0.16
Yes 71 (91.0%) 36 (94.7%) 35 (87.5%)
Tobacco smoking
No 10 (12.8%) 4 (10.5%) 6 (10.0%) 0.48
Yes 68 (87.2%) 34 (89.5%) 34 (90.0%)

Notes.
*Median [interquartile range].

the mouth (24.3%), the tongue (12.8%), and the base of the tongue (7.7%). As for clinical
staging, 66.6% of patients had advanced-stage disease (stages III and IV), and these patients
were overrepresented among those who died. Patient clinical characteristics are detailed in
Table 2.

Nutritional aspects of the study population in both groups (alive and dead patients)
are presented below. All study variables were significantly different between groups in that
they had lower median values (greater impairment) among those who died (Table 3).

ROC curves demonstrating the prognostic accuracy of the anthropometric indicators to
predict survival in the HNC patients included in this study are shown in Fig. 2. We found
a discriminatory power (accuracy) to predict survival of 74% for TSF 95% CI [0.63–0.83],
of 68% for BMI 95% CI [0.56–0.78], of 65% for CC 95% CI [0.53–0.75], of 63% for APMT
95% CI [0.51–0.63], and of 63% for %WL 95% CI [0.51–0.73].

The results of the Cox model analysis demonstrated that TSF was the only significant
predictor of survival among the variables analyzed. A higher TSF was associated with a
reduced hazard of death, with a hazard ratio (HR) of 0.88 (95% CI [0.79–0.98], p= 0.022)
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Figure 1 Five-year survival in HNC patients submitted to surgery as their initial treatment.
Full-size DOI: 10.7717/peerj.19496/fig-1

(Table 4). The ROC curve for TSF indicated moderate predictive performance for the
occurrence of death, as evidenced by the area under the curve (AUC).

In contrast, the other variables—BMI, CC, AMPT, and %WL—did not show statistical
significance in predicting survival. Specifically, BMI had anHRof 0.92 (95%CI [0.79–1.08],
p= 0.3), CC had an HR of 0.93 (95% CI [0.81–1.07], p= 0.3), AMPT had an HR of 0.96
(95% CI [0.87–1.05], p= 0.3), and %WL was similarly non-significant (Table 4).

Although clinical stage was more frequently advanced among deceased patients, it
did not reach statistical significance in univariate analysis. However, we recognize
the well-established prognostic importance of staging. Even after the adjustment for
confounders variable, triceps skinfold thickness (TSF) remained independently associated
with mortality.

DISCUSSION
The overall 5-year survival rate was found to be 52.1% in the study population, with a
median survival time of 39 months. This rate is higher than that reported in a Danish
study, which was 47.8% 95% CI [47.1–48.5] over a 5-year period after the diagnosis of
HNC (Jakobsen et al., 2018).

The overall 5-year survival rates after the diagnosis of HNC range from 30 to 60% in
studies conducted in Brazil. In a retrospective cohort study carried out at the Oncocentro
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Table 2 Preoperative clinical characteristics of the study population.

Variable Total
(n= 78)

Alive
(n= 38)

Dead
(n= 40)

p value

n (%) n (%) n (%)

Primary tumor site
Oral cavity 35 (44.8%) 16 (42.1%) 19 (47.5%) 0.19
Oropharynx 3 (3.8%) 3 (7.9%) 0 (0.0%)
Larynx 40 (51.4%) 19 (50.0%) 21 (52.5%)
Primary tumor subsite
Tongue 10 (12.8%) 4 (10.5%) 6 (15.0%) 0.20
Buccal mucosa 2 (2.6%) 0 (0.0%) 2 (5.0%)
Floor of the mouth 19 (24.3%) 9 (23.7%) 10 (25.0%)
Lower gingiva 1 (1.3%) 1 (2.6%) 0 (0.0%)
Base of the tongue 6 (7.7%) 5 (13.1%) 1 (2.5%)
Aryepiglottic fold 2 (2.6%) 2 (5.2%) 0 (0.0%)
Glottis 38 (48.7%) 17 (44.8%) 21 (52.5%)
Clinical stage
I 2 (2.6%) 2 (5.2%) 0 (0.0%) 0.020
II 24 (30.8%) 16 (42.1%) 8 (20.0%)
III 17 (21.8%) 6 (15.8%) 11(27.5%)
IV 35 (44.8%) 14 (36.8%) 21 (52.5%)

Table 3 Cox proportional hazards regressionmodel to evaluate the relationship between preoperative
nutritional anthropometric variables and 5-year overall survival in patients (adjusted).

Variable Death Time to death

ORI 95% CII p-value HRI 95% CII p-value

TSF 0.80 0.66, 0.93 0.009 0.88 0.79, 0.98 0.022
BMI 1.08 0.84, 1.40 0.6 0.92 0.79, 1.08 0.3
CC 0.93 0.73, 1.16 0.5 0.93 0.81, 1.07 0.3
AMPT 0.90 0.77, 1.04 0.2 0.96 0.87, 1.05 0.3
Clinical stage
II – – – – – –
III 2,04 0,48, 9,09 0,3 2,12 0,83, 5,36 0,1
IV 1,23 0,33, 4,48 0,7 1,31 0,56, 3,06 0,5

Notes.
IOR, Odds Ratio; CI, Confidence Interval; HR, Hazard Ratio.
IITriceps Skinfold Thickness (TSF), Body Mass Index (BMI), Calf Circumference (CC), Adductor Pollicis Muscle Thickness
(AMPT).

de São Paulo, the overall 5-year survival rate was found to be 35% regardless of themodality
of the initial treatment (Santos, Viani & Pavoni, 2021). The overall survival rate for mouth
cancer was reported to be 32.2% in a study by Bonfante and colleagues (Bonfante et al.,
2014). As for laryngeal cancer, the overall 3-year survival rate was found to be 58% for
patients with stage III disease and 42% for those with stage IV cancer (Karlsson et al., 2014).
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Figure 2 ROC curves showing the prognostic accuracy of the anthropometric indicators.
Full-size DOI: 10.7717/peerj.19496/fig-2

Table 4 Correlation between the anthropometric indicators and death in the study population.

Variable Total
(n= 78)

Alive
(n= 38)

Dead
(n= 40)

p value

Mdn [IC25–IC75] Mdn [IC25–IC75] Mdn [IC25–IC75]

BMI (kg/m2) 23.2 [20.5–26.2] 24.3 [22.2–26.1] 22.1 [19.4–24.6] <0.01
%WL 1.53 [0–6.3] 0.5 [0–3.2] 2.8 [0–7.4] 0.02
TSF (mm) 9.0 [6.7–12.0] 11.5 [8.7–14] 8.0 [5.2–10.0] <0.001
APMT (mm) 10.0 [8–13.3] 11.5 [8.7–14] 10.0 [7.2–12] 0.03
CC (cm) 33.3 [32–35.8] 35.0 [32.0–37.1] 33.0 [31.0–35.0] 0.03

Notes.
Mdn, median.

The epidemiology of the study population was characterized by the predominance of
males, of advanced age, with low income and low education levels, and of alcohol drinkers,
which is in line with the HNC literature (Carvalho, 2017; Brasil, 2018; Brasil, 2020; Brasil,
2022; Silva et al., 2020).

Cancers of the oral cavity and the larynx figure among the 10 most frequent types of
cancer in Brazil and are thus considered a serious public health issue (Silva et al., 2020).

In this study, 66.6% of patients had advanced-stage disease (stages III and IV) at the
time treatment was initiated, which is common in HNC (Ingarfield et al., 2019; Santos
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et al., 2022; Bonfante et al., 2014). Early diagnosis of HNC is not difficult, but patient
delay in help-seeking, medical malpractice in diagnosis/follow-up, and lack of appropriate
treatment facilities likely lead to late diagnosis in most cases (Huang, Imam & Nguyen,
2020).

Data from Brazil’s National Cancer Institute (2020) (Brasil, 2020) showed the time
between diagnosis and first treatment of lip and oral cavity cancers was over 60 days in
2018 and 2019 for most cases from the North, Northeast, and Southeast regions of Brazil.
This clearly indicates healthcare services are facing challenges in follow-up care, which may
be the reason for the advanced stage treatment initiation in this study.

Diagnostic delay favors tumor growth, infiltration of adjacent tissues, and metastatic
dissemination, thus hindering treatment and warranting more aggressive therapies with
greater impact on quality of life (Yan, Agrawal & Gooi, 2018; Santos et al., 2022). This
explains the positive association between late-stage cancer and death (p= 0.020).

Early diagnosis of HNC is associated with better treatment outcomes. For this purpose,
it is essential to ensure the immediate initiation of cancer treatment aiming to reducing
mortality and maintain quality of life. Evidence shows HNC treatments are improving
against a background of increasing incidence (Abbott et al., 2016; Simcock & Simo, 2016).

It is worth remembering that data collection for this study happened during the
pandemic period. And the additional complications caused by the COVID-19 pandemic,
including the need for social isolation and the overburdened healthcare services, which
have led HNC patients, an already vulnerable population, to experience treatment delays
and interruptions, surely contributing to an increased frequency of advanced cancer and
reduced survival among these patients. A 20% increase in mortality fromHNC is estimated
to occur as a result of the COVID-19 pandemic (Huang, Imam & Nguyen, 2020; Chone,
2021).

As for the nutritional aspects, our population was found to have BMI values bordering
on malnutrition for older adults (23.2 kg/m2) (Pan American Health Organization, 2002),
with a median TSF value of 9.0 mm, which is consistent with a state of severely depleted
fat reserves (TSF <5th percentile) (Frisancho, 1990), and median APMT (10 mm) (Lameu
et al., 2004) and CC (33 cm) (Cruz-Jentoft et al., 2019) values indicating normal muscle
reserve.

These findings are in line with the literature in that malnutrition is considered common
in HNC, with a prevalence ranging from 40 to 80% depending on the diagnostic criteria
adopted, as well as on the type and location of the tumor (Karnell et al., 2015; Talwar et al.,
2016).

Individuals with HNC have reduced food intake prior to treatment due to their lifestyle
of alcohol consumption and smoking, the location of the neoplasm, and the catabolic
properties of the tumor itself. In addition, HNC therapy has debilitating physical effects
on organs essential for normal human activities, such as breathing, communication, and
nutrition and hydration, resulting from the need to use a feeding tube and/or tracheostomy,
dysphagia, trismus,mucositis, amongothers (Bento, 2017;Melgaço, Vicente & Gama, 2021).
The complex interaction between the anatomical structures invaded by the tumor and the
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effects of the treatments, as well as the operational and financial difficulties following the
prescribed diet, further contribute to the deterioration of the nutritional status.

All nutritional variables assessed in the present study were shown to be good predictors
of survival after HNC surgery. There are few published studies evaluating the role of these
nutritional variables in predicting survival among HNC patients. In a previously published
work of ours, nutritional anthropometric variables (BMI, TSF, APMT, and CC) were found
to have good accuracy to predict severe postoperative complications (Oliveira et al., 2022).

Out of the indicators assessed in the present study, BMI has been more consistently
positively associated with survival in HNC (Liu et al., 2006; Karnell et al., 2015; Takenaka
et al., 2014); Gama et al. (2017) demonstrated underweight HNC patients (BMI < 18.5
kg/m2) to be nearly twice as likely to die (HR: 1.89; 95% CI [1.2–3.1]) when compared to
those with normal weight. Being overweight at diagnosis, on the other hand, was found to
be a protective factor, resulting in improved survival (HR: 0.55; 95% CI [0.4–0.8]).

Weight loss is easily observed in HNC patients and it is a good indicator of the difficulties
facing these patients with regard to maintaining an adequate nutritional status in the face
of multiple metabolic changes imposed by both the physical presence of the tumor and the
consequent negative impact it has on food intake. This variable has been previously found
to be associated with postoperative complications such as wound dehiscence, surgical
wound infection, and fistula formation (RR: 2.0; p< 0.001), as well as acute cardiovascular
events, pneumonia, kidney failure, and sepsis (RR: 2.6; p< 0.001), in surgical HNC patients
(Gourin, Couch & Johnson, 2014).

In a survival analysis study, all degrees of weight loss were found to be associated with
worse survival after controlling for age, clinical staging, and tumor location (Kubrak et al.,
2020). An inverse relationship between the probability of 5-year survival for patients with
head and neck epidermoid carcinoma and the increase in %WL (p< 0.01) was reported in
a study by Datema, Ferrier & De Jong (2011). In line with these findings, %WL was shown
to be a good predictor of survival in HNC patients in the present study.

TSF was predictor independent and yielded an accuracy of 74% to predict survival in
this study. This indicator is a simple and noninvasive tool for assessing fat reserves. TSF
was reported to have similar accuracy (75%) to predict severe postoperative complications
in HNC patients in a study by Oliveira (2018) (95% CI [0.56–0.94]; p= 0.031).

APMT is a cheap and rapid tool for estimating loss of muscle mass (Bragagnolo et al.,
2009) and has been used in multiple clinical settings, with significant results in nutrition
diagnosis and in prognostic analysis of in-hospital postoperative complication and length
of hospital stay (Andrade, Lameu & Luiz, 2005; Gonzalez et al., 2015; Rosca et al., 2015). To
our knowledge, this is the first study to assess the role of APMT in predicting survival in
HNC, yielding an accuracy of 63%.

Both the cancer itself and the onset of malnutrition may cause patients to reduce daily
work activities andmay potentially induce catabolism, resulting in a progressive decrease in
APMT (Caporossi et al., 2012). In a cross-sectional study conducted by Freitas et al. (2010),
mean APMT was reported to be 13 ± 3.2 mm and was not found to be associated with
length of hospital stay or mortality.
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CC yielded an accuracy of 65% to predict survival in the present study (95% CI
[0.53–0.75]; p= 0.03). Previous research has shown CC to be an independent predictor
of severe postoperative complications (Oliveira et al., 2022) and survival in HNC
(Sousa et al., 2020), gastric and colorectal cancers (Sousa et al., 2022), and palliative care (Da
Silva et al., 2019). This indicator (CC < 31 cm) is considered by the European Consensus on
Sarcopenia to be a predictor of physical performance and survival in older adults regardless
of underlying diseases (Mello, Waisberg & Silva, 2016; Cruz-Jentoft et al., 2019).

Our findings demonstrate the prognostic value of TSF even after adjusting for key clinical
confounders, including stage, age, and sex. This supports TSF as a nutritional predictor of
survival in head and neck cancer. Moreover, our results corroborate with evidence linking
nutritional status to sarcopenia. Recent studies have shown that preoperative sarcopenia
is an independent predictor of poor outcomes in head and neck cancer highlighting the
need for early identification and intervention to prevent muscle mass depletion in head
and neck cancers (Erul et al., 2023).

There are many factors involved in the mortality and survival of individuals with
HNC. We demonstrated that preoperative nutritional status is positively associated with
mortality and survival at 5 years of follow-up. However, we know that there are several
other factors involved in the survival of these subjects, which are not the focus of discussion
in this manuscript, such as: complications from surgery, need for adjuvant therapy, other
cancerous diseases, quality of medical and family care, among others.

The limitations of this study include its single-center design and its limited sample
size. However, we consider our results to be sufficient to suggest the application of these
indicators in clinical practice can easily identify patients at risk of death, who may benefit
from targeted care in order to preserve nutritional status and consequently improve
prognosis. Furthermore, it also provides additional information to help the medical team
plan therapeutic care for these cases.

CONCLUSION
The overall 5-year survival rate was found to be 47% among HNC patients submitted to
surgery as their initial treatment. The nutritional anthropometric variables (TSF, BMI,
%WL, CC, and APMT) showed moderate accuracy in predicting survival (63 a 74%). Only
the TSF remained associated with mortality after multivariate adjustment.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare there are no competing interests.

Oliveira et al. (2025), PeerJ, DOI 10.7717/peerj.19496 11/16

https://peerj.com
http://dx.doi.org/10.7717/peerj.19496


Author Contributions
• Neyara dos Santos Oliveira conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.
• Tercio Guimarães Reis conceived and designed the experiments, performed the
experiments, analyzed the data, authored or reviewed drafts of the article, and approved
the final draft.
• Milena Souza Freitas performed the experiments, prepared figures and/or tables, and
approved the final draft.
• Marluce Matos Macêdo performed the experiments, authored or reviewed drafts of the
article, and approved the final draft.
• Jean Carlos Zambrano Contreras analyzed the data, prepared figures and/or tables,
authored or reviewed drafts of the article, and approved the final draft.
• Márcio Campos Oliveira conceived and designed the experiments, analyzed the data,
authored or reviewed drafts of the article, and approved the final draft.
• José Bessa Júnior conceived and designed the experiments, analyzed the data, prepared
figures and/or tables, authored or reviewed drafts of the article, and approved the final
draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The Research Ethics Committee of the State University of Feira de Santana, Bahia, Brazil
approved the study (The protocol no. 1.399.962).

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplementary File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.19496#supplemental-information.

REFERENCES
Abbott DM, Cohen EEW, Sadeghi N, Stein KD, Erb NL. 2016. Considering the sur-

vivorship care needs of head and neck cancer survivors. Oral Oncology 57:61–62
DOI 10.1016/j.oraloncology.2016.04.012.

AminMB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK,
Meyer L, Gress DM, Byrd DR,Winchester DP. 2018. The Eighth Edition AJCC
Cancer Staging Manual: continuing to build a bridge from a population-based to
a more personalized approach to cancer staging. CA Cancer Journal for Clinicians
67(2):93–99 DOI 10.3322/caac.21388.

Oliveira et al. (2025), PeerJ, DOI 10.7717/peerj.19496 12/16

https://peerj.com
http://dx.doi.org/10.7717/peerj.19496#supplemental-information
http://dx.doi.org/10.7717/peerj.19496#supplemental-information
http://dx.doi.org/10.7717/peerj.19496#supplemental-information
http://dx.doi.org/10.1016/j.oraloncology.2016.04.012
http://dx.doi.org/10.3322/caac.21388
http://dx.doi.org/10.7717/peerj.19496


Andrade FN, Lameu EB, Luiz RR. 2005. Adductor pollicis musculature: a new prognostic
index in valvular heart surgery. Revista SOCERJ 18(5):384–491 (In Portuguese).

Bento CA. 2017. Quality of life and nutritional status of patients with head and neck
tumors, 77f. Master’s Dissertation, Postgraduate Studies in Economics and Health
- University of Coimbra, Coimbra, Portugal (In Portuguese).

Blackurn GL, Bistrian BR. 1977. Nutritional and metabolic assessment of the
hospitalized patient. Journal of Parenteral and Enteral Nutrition 1:11–22
DOI 10.1177/014860717700100101.

Bonfante GMS, Machado CJ, De Souza FEA, Andrade EIG, Acurci FA, Cherchiglia ML.
2014. Five-year survival and factors associated with oral cancer for patients undergo-
ing outpatient cancer treatment through the Unified Health System, Brazil. Cadernos
De Saúde Pública 30(5):983–997 (In Portuguese) DOI 10.1590/0102-311X00182712.

Bragagnolo R, Caporossi FS, Dock-Nascimento DB, de Aguilar-Nascimento JE. 2009.
Adductor pollicis muscle thickness: a fast and reliable method for nutritional assess-
ment of surgical patients. Journal of the Brazilian College of Surgeons 36(5):371–376
(In Portuguese) DOI 10.1590/S0100-69912009000500003.

Brasil. 2018.Ministry of Health. Secretariat of Health Care. National Cancer Institute José
Alencar Gomes da Silva. 2018 Estimate: Cancer Incidence in Brazil. -Rio De Janeiro:
INCA 130 p (In Portuguese).

Brasil. 2020.Ministry of Health, Secretariat of Health Care. National Cancer Institute
José Alencar Gomes da Silva. Time interval between diagnosis and start of oncological
treatment for lip and oral cavity cancer cases. 2020. Rio De Janeiro: INCA 13 (In
Portuguese).

Brasil. 2022.Ministério da Saúde. Secretaria De Atenção à Saúde. Instituto Nacional do
Câncer José Alencar Gomes da Silva. Direitos sociais da pessoa com câncer: orientações
aos usuários. Rio De Janeiro: INCA, 26 p.

Caburet C, Farigon N, Mulliez A, Mom T, Boirie Y, Gilain L, Saroul N. 2020. Impact of
nutritional status at the outset of assessment on postoperative complications in head
and neck cancer. European Annals of Otorhinolaryngology, Head and Neck Diseases
137:393–398 DOI 10.1016/j.anorl.2019.12.005.

Caporossi FS, Caporossi C, Borges Dock-Nascimento D, De Aguilar-Nascimento JE.
2012.Measurement of the thickness of the adductor pollicis muscle as a predictor of
outcome in critically ill patients. Nutrición Hospitalaria 27(2):490–495.

Carvalho LGA. 2017. Epidemiology of head and neck cancer in Brazil: a study of hospital
records from 2000 to 2014. (Dissertation) Master’s degree, Postgraduate Program in
Dentistry, Federal University of Paraíba, João Pessoa, Paraíba (In Portuguese).

Chone TC. 2021. Increased mortality from head and neck cancer due to the SARS-CoV-
2 pandemic. Brazilian Journal of Otorhinolaryngology 87(1):1–2 (In Portuguese)
DOI 10.1016/j.bjorl.2020.11.001.

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, Cooper C, Landi
F, Rolland Y, Sayer HA, Schneider SM, Sieber CC, Topinkova E, VandewoudeM,
Visser M, Zamboni M. 2019. Sarcopenia: revised European consensus on definition
and diagnosis. Age and Ageing 48(1):16–31 DOI 10.1093/ageing/afy169.

Oliveira et al. (2025), PeerJ, DOI 10.7717/peerj.19496 13/16

https://peerj.com
http://dx.doi.org/10.1177/014860717700100101
http://dx.doi.org/10.1590/0102-311X00182712
http://dx.doi.org/10.1590/S0100-69912009000500003
http://dx.doi.org/10.1016/j.anorl.2019.12.005
http://dx.doi.org/10.1016/j.bjorl.2020.11.001
http://dx.doi.org/10.1093/ageing/afy169
http://dx.doi.org/10.7717/peerj.19496


Da Silva JR,Wiegert EVM, Oliveira LC, Calixto-Lima L. 2019. Different methods
for diagnostic of sar- copenia and its association with nutritional status and
survival in patients with advanced cancer in palliative care. Nutrition 60(1):48–52
DOI 10.1016/j.nut.2018.09.003.

Datema FR, Ferrier MB, De Jong RJB. 2011. Impact of severe malnutrition on short-
term mortality and overall survival in head and neck cancer oral. Oncology
47(9):910–914 DOI 10.1016/j.oraloncology.2011.06.510.

Erul E, Guven DC, Ozbay Y, Altunbulak AY, Kahvecioglu A, Ercan F, Muhammad
YF, Ucdal MT, Cengiz M, Yazici G, Kuscu O, Suslu N, Gullu I, OnurMR, Aksoy
S. 2023. Evaluation of sarcopenia as a prognostic biomarker in locally advanced
head and neck squamous cell carcinoma. Biomarkers in Medicine 17(2):87–99 (In
Portuguese) DOI 10.2217/bmm-2022-0748.

Freitas BJSA, Mesquita LC, Teive NJV, Souza SR. 2010. Classical anthropometry
and adductor pollicis muscle in determining nutritional prognosis in can-
cer patients. Brazilian Journal of Cancerology 56(4):415–422 (In Portuguese)
DOI 10.32635/2176-9745.RBC.2010v56n4.1462.

Frisancho AR. 1990. Anthropometric Standards of the assessment of growth and nutritional
status. Ann Arbor: The University of MichiganAvailable at https://books.google.co.
in/books?id=qPZ6vnKL90YC&printsec=frontcover&hl=de#v=onepage&q&f=false
(accessed on 29 June 2017).

Gama RR, Song Y, Zhang Q, BrownMC,Wang J, Habbous S, Tong L, Huang SH,
O’Sullivan B,Waldron J, XuW, Goldstein D, Liu G. 2017. Body mass index and
prognosis in patients with head and neck cancer. Head & Neck 9(6):1226–1233
DOI 10.1002/hed.24760.

Gonzalez MC, Duarte RRP, Orlandi SP, Bielemann RM, Barbosa-Silva TG. 2015.
Adductor pollicis muscle: a study about its use as a nutritional parameter in surgical
patients. Clinical Nutrition 34(5):1025–1029 DOI 10.1016/j.clnu.2014.11.006.

Gourin CG, CouchME, Johnson JT. 2014. Effect of weight loss on short-term outcomes
and costs of care after head and neck cancer surgery. Annals of Otology, Rhinology &
Laryngology 123:101–110 DOI 10.1177/0003489414523564.

Huang VW, Imam SA, Nguyen SA. 2020.Head and neck survivorship care in the times
of the SARS-COV -2 pandemic. Head & Neck 42:1664–1667 DOI 10.1002/hed.26235.

Ingarfield K, McMahon AD, Douglas CM, Savage S, Conway DI, MacKenzie K.
2019. Determinants of long-term survival in a population-based cohort study of
patients with head and neck cancer from Scotland. Head & Neck 41:1908–1917
DOI 10.1002/hed.25630.

Jakobsen KK, Grønhøj C, Jensen DH, Karnov KKS, Agander TK, Specht L, Von
Buchwald C. 2018. Increasing incidence and survival of head and neck cancers in
Denmark: a nation-wide study from 1980 to 2014. Acta Oncologica 57:1143–1151
DOI 10.1080/0284186X.2018.1438657.

Karlsson TR, Al-AzzaweM, Aziz L, Hurman D, Finizia C. 2014. Survival outcome
depending on different treatment strategies in advanced stages III and IV laryngeal

Oliveira et al. (2025), PeerJ, DOI 10.7717/peerj.19496 14/16

https://peerj.com
http://dx.doi.org/10.1016/j.nut.2018.09.003
http://dx.doi.org/10.1016/j.oraloncology.2011.06.510
http://dx.doi.org/10.2217/bmm-2022-0748
http://dx.doi.org/10.32635/2176-9745.RBC.2010v56n4.1462
https://books.google.co.in/books?id=qPZ6vnKL90YC&printsec=frontcover&hl=de#v=onepage&q&f=false
https://books.google.co.in/books?id=qPZ6vnKL90YC&printsec=frontcover&hl=de#v=onepage&q&f=false
http://dx.doi.org/10.1002/hed.24760
http://dx.doi.org/10.1016/j.clnu.2014.11.006
http://dx.doi.org/10.1177/0003489414523564
http://dx.doi.org/10.1002/hed.26235
http://dx.doi.org/10.1002/hed.25630
http://dx.doi.org/10.1080/0284186X.2018.1438657
http://dx.doi.org/10.7717/peerj.19496


cancers: an audit of data from two European centres. European Archives of Oto-
Rhino-Laryngology 271:547–554 DOI 10.1007/s00405-013-2657-z.

Karnell LA, Sperry SM, Anderson CM, Pagedar NA. 2015. Influence of body composi-
tion on survival in patients with head and neck cancer. Head Neck 38(1):261–267
DOI 10.1002/hed.23983.

Kubrak C, Martin L, Gramlich L, Scrimger R, Jha N, DebemhamD, Chua N,Walker
J, Baracos VE. 2020. Prevalence and prognostic significance of malnutrition in
patients with cancers of the head and neck. Clinical Nutrition 39(3):901–909
DOI 10.1016/j.clnu.2019.03.030.

Lameu EB, GerudeMF, Corrêa RC, Lima KA. 2004. Adductor pollicis muscle: a new
anthropometric parameter. Revista do Hospital das Clínicas Faculdade De Medicina
De São Paulo 59(2):57–62 DOI 10.1590/S0041-87812004000200002.

Lee RD, Nieman DC. 1995. Nutritional assessment of hospitalized patients. In: Lee RDe,
Nieman DC, et al., eds. Nutritional assessment. St. Louis: Mosby, 289–332.

Liu SA,Wong YK, Poon CK,Wang CC,Wang CP, Tung KC. 2006. Risk factors for
wound infection after surgery in primary oral cavity cancer patients. Laryngoscope
117:166–171 DOI 10.1097/01.mlg.0000249737.05840.29.

Lohman TG, Roche AF, Martorell R. 1988. Anthropometric standardization reference
manual. Ilinois: Human Kinetics Books, 1–124.

Melgaço SA, Vicente LCC, Gama ACC. 2021. Analysis of the time of decannulation and
oral release in patients with oral cancer. Communication Disorders, Audiology and
Swallowing –CoDAS 33(4):1–7 (In Portuguese) DOI 10.1590/2317-1782/20202019236.

Mello FS, Waisberg J, Silva MLN. 2016. Calf circumference is associated with the worst
clinical outcome in elderly patients. Geriatrics Gerontology Aging 10(2):80–85 (in
Portuguese) DOI 10.5327/Z2447-211520161600011.

Oliveira NS. 2018. Nutritional parameters as postoperative prognostic markers in head
and neck cancer, 129f. Dissertation (Master’s degree), Postgraduate Program in
Public Health, State University of Feira De Santana, Feira De Santana, Bahia (In
Portuguese).

Oliveira NDS, CruzMLS, Oliveira RS, Reis TG, Oliveira MC, Bessa Júnior J. 2024.
Phase angle is a predictor of overall 5-year survival after head and neck cancer
surgery. Brazilian Journal of Otorhinolaryngology 90(6):101482
DOI 10.1016/j.bjorl.2024.101482.

Oliveira NS, Reis TG, Carneiro AL, Souza SP, Serra MGS, Bessa Junior J, Oliveira MC.
2022. Calf circumference is an independent predictor of postoperative complications
in the surgical treatment of head and neck cancer. ABCSHealthScience 47(2):1–5
DOI 10.7322/abcshs.2020237.1666.

Pan American Health Organization. 2002. Multicenter survey aging, health and
wellbeing in Latin America and the Caribbean (SABE): preliminary report. In:
Meeting of the Advisory Committee on Health Research 36. Washington, D.C.: Pan
American Health Organization.

Reis TG. 2014. Nutritional parameters as postoperative prognostic markers in head and
neck cancer. 85f. Dissertation (Master’s Degree), Postgraduate Program in Health

Oliveira et al. (2025), PeerJ, DOI 10.7717/peerj.19496 15/16

https://peerj.com
http://dx.doi.org/10.1007/s00405-013-2657-z
http://dx.doi.org/10.1002/hed.23983
http://dx.doi.org/10.1016/j.clnu.2019.03.030
http://dx.doi.org/10.1590/S0041-87812004000200002
http://dx.doi.org/10.1097/01.mlg.0000249737.05840.29
http://dx.doi.org/10.1590/2317-1782/20202019236
http://dx.doi.org/10.5327/Z2447-211520161600011
http://dx.doi.org/10.1016/j.bjorl.2024.101482
http://dx.doi.org/10.7322/abcshs.2020237.1666
http://dx.doi.org/10.7717/peerj.19496


Sciences, Institute of Medical Assistance to Public Servants of the State of São Paulo,
São Paulo (In Portuguese).

Rosca TC, Arakaki DG, Arruda ECF, Rodrigues AS, RalamM, Feiras KC. 2015. Adduc-
tor pollicis muscle: potential anthropometric parameter in hospitalized individuals.
Acta Scientiarum Health Sciences 37(2):111–117
DOI 10.4025/actascihealthsci.v37i2.25990.

Santos A, Santos IC, Reis PF, Rodrigues VD, PeresWAF. 2022. Impact of nutritional
status on survival in head and neck cancer patients after total laryngectomy.
Nutrition and Cancer 74(4):1252–1260 DOI 10.1080/01635581.2021.1952446.

Santos FM, Viani GA, Pavoni JF. 2021. Evaluation of survival of patients with locally
advanced head and neck cancer treated in a single center. Brazilian Journal of
Otorhinolaryngology 87(1):3–10 DOI 10.1016/j.bjorl.2019.06.006.

Silva FA, Roussenq SC, Tavares MGS, Souza CPF, Mozzini CB, Benetti M, Dias M.
2020. Perfil epidemiológico dos pacientes com Câncer De Cabeça e Pescoço em um
Centro Oncológico no Sul do Brasil. Revista Brasileira De Cancerologia 66(1):1–8
DOI 10.32635/2176-9745.RBC.2020v66n1.455.

Simcock R, Simo R. 2016. Follow-up and survivorship in head and neck cancer. Clinical
Oncology 28:451–458 DOI 10.1016/j.clon.2016.03.004.

Sousa IM, Bielemann RM, Gonzalez MC, Roca IMG, Barbalho ER, Carvalho ALM,
Dantas MAM,Medeiros GOC, Silva FM, Fayh APT. 2020. Low calf circumference is
an independent predictor of mortality in cancer patients: a prospective cohort study.
Nutrition 79(80):1–7 DOI 10.1016/j.nut.2020.110816.

Sousa IMS, Silva FM, Carvalho ALM, Rocha IMG, Fayh APT. 2022. Accuracy of isolated
nutritional indicators in diagnosing malnutrition and their prognostic value to
predict death in patients with gastric and colorectal cancer: a prospective study.
Journal of Parenteral and Enteral Nutrition 46(1):508–516 DOI 10.1002/jpen.2199.

Takenaka Y, Takemoto N, Nakahara S, Ymamoto Y, Yasui T, Hanamoto A, Fukusumi
T, Michiba T, Cho H, YmamotoM, Inohara H. 2014. Prognostic significance
of body mass index before treatment for head and neck cancer. Head & Neck
37(10):1518–1523 DOI 10.1002/hed.23785.

Talwar B, Donnelly R, Skelly R, DonaldsonM. 2016. Nutritional management in head
and neck cancer: United Kingdom National Multidisciplinary Guidelines. The
Journal of Laryngology & Otology 130(2):32–40 DOI 10.1017/s0022215116000402.

TJBA. 2023. Court of Justice of Bahia. Public Civil Registry Consultation. Available at
https://www.tjba.jus.br/registrocivil/consultaPublica/search# (accessed on 22 February
2023).

Yan K, Agrawal N, Gooi Z. 2018.Head and neck masses.Medical Clinics North American
102(6):1013–1025 DOI 10.1016/j.mcna.2018.06.012.

Oliveira et al. (2025), PeerJ, DOI 10.7717/peerj.19496 16/16

https://peerj.com
http://dx.doi.org/10.4025/actascihealthsci.v37i2.25990
http://dx.doi.org/10.1080/01635581.2021.1952446
http://dx.doi.org/10.1016/j.bjorl.2019.06.006
http://dx.doi.org/10.32635/2176-9745.RBC.2020v66n1.455
http://dx.doi.org/10.1016/j.clon.2016.03.004
http://dx.doi.org/10.1016/j.nut.2020.110816
http://dx.doi.org/10.1002/jpen.2199
http://dx.doi.org/10.1002/hed.23785
http://dx.doi.org/10.1017/s0022215116000402
https://www.tjba.jus.br/registrocivil/consultaPublica/search#
http://dx.doi.org/10.1016/j.mcna.2018.06.012
http://dx.doi.org/10.7717/peerj.19496

