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Abstract: In this study, we aimed to evaluate the prognostic impact of sarcopenia, five-item modified
frailty index (mFI-5), neutrophil/lymphocyte ratio (NLR), and platelet/lymphocyte ratio (PLR) in
patients with oral cavity squamous cell carcinoma (OSCC) treated with adjuvant chemoradiotherapy
(CRT) and their survival outcomes. We retrospectively enrolled 175 patients with OSCC undergoing
adjuvant CRT between 2011 and 2018, who were divided into groups with (n = 112) and without
(n = 63) sarcopenia. Logistic regression analysis and Cox proportional hazards models were used to
determine prognostic factors for CRT-related toxicity, three-year overall survival (OS), and disease-
free survival (DFS). Sarcopenia and high PLR were independently associated with CRT-induced
anemia (CIA); advanced tumor stage was related to poor three-year OS. CRT and survival did not
differ by mFI-5 and NLR. Our results indicate that sarcopenia and high PLR are significant predictors
of adjuvant CRT, increasing toxicity outcomes and indicating worse short-term OS. Accurately
identifying sarcopenia and high PLR in patients with OSCC is critical to help better select candidates
for adjuvant CRT to improve their outcomes.

Keywords: sarcopenia; frailty; platelet/lymphocyte ratio; oral cavity squamous cell carcinoma

1. Introduction

Oral cavity squamous cell carcinoma (OSCC) was a major cause of cancer death
worldwide in 2018 [1]. The primary treatment is radical resection, followed by radiotherapy
or chemoradiotherapy (CRT) [2]. Current precision therapies include optimizing radiation,
targeted therapies, immunotherapy, and gene therapy. Unfortunately, the prognosis and
quality of life remain low [3,4]. Almost 70% of patients with head and neck cancer (HNC)
present at diagnosis with advanced disease, often accompanied by comorbidities and
nutritional deficiencies. The patients may also develop sarcopenia, which is multifactorial,
with physical inactivity, systemic inflammation, increased metabolic rate, and reduced
nutrient intake [5,6].

Up to 65% of patients with HNC developed sarcopenia during the pretreatment
period [6]. In patients with HNC, sarcopenia is independently associated with poor out-
comes [7–12], such as dose-limiting chemotherapy toxicities [9], higher risk of postoperative
AEs [10–12], and lower progression-free and overall survival (OS) [8,11,12]. Therefore,
predicting short-term clinical outcomes in patients with OSCC is essential. Systemic
inflammation-based blood leukocyte indices, including the neutrophil/lymphocyte ratio
(NLR) and the platelet/lymphocyte ratio (PLR), are strongly correlated with cancer prog-
nosis. Both reflect tumor-promoting activities, including angiogenesis, mutagenesis, and
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immunosuppression [13]. The association between raised PLR or NLR and worse prog-
nosis was observed in HNC [14], although these studies were heterogeneous for clinical
characteristics or different treatment modalities.

Frailty implies a state of heightened vulnerability to acute and chronic stressors caused
by a significant reduction in physiologic reserves, increasing the risk of poor clinical out-
comes [15]. While sarcopenia is a precursor of frailty, these two are not interchangeable [16].
In recent years, frailty evaluations have been increasingly used to predict perioperative
mortality and morbidity in patients with HNC [17–21]. Although extensively studied
in patients undergoing surgery, there are less data on patients with OSCC exposed to
CRT stressors. Therefore, our study aims to examine the predictive role of sarcopenia,
frailty status, NLR, and PLR on CRT-related toxicities and survival outcomes in patients
with OSCC.

2. Materials and Methods
2.1. Patients and Study Design

This retrospective study was approved by the Institutional Review Board and Ethical
Committee of Hualien Tzu Chi General Hospital, Buddhist Tzu Chi Medical Foundation
(IRB no.: IRB109-292-B). We included patients with OSCC who underwent pre-CRT head
and neck computed tomography (CT), and who were treated at our institution between
2011 and 2018 with curative intent surgery, followed by adjuvant CRT. Exclusion criteria
were as follows: (1) previous history of malignancy, (2) only surgery or only radiotherapy or
supportive care, and (3) lost to follow-up or had incomplete data. All patients who received
adjuvant CRT were administered a total prescribed dose of 60–66 Gy to the tumor bed with
the dissected nodal region and a prophylactic dose of 54–60 Gy to the undissected neck
nodal region at risk [22]. Chemotherapy combined with platinum-based chemotherapy
plus +/− oral tegafur-uracil or +/− 5-FU infusion as indicated depends on several risk
factors, i.e., positive margins, extracapsular spread (ECS), lymphovascular invasion (LVI),
perineural invasion (PNI), close margins, and depth of invasion [2,3].

From the electronic chart review, we collected age, gender, smoking and alcohol
history, five-item modified frailty index (mFI-5), cancer site, clinical stage, clinicopathologic
characteristics (PNI, LVI, ECS), nutritional status (serum albumin), body mass index (BMI),
and skeletal muscle index (SMI). In routine blood tests, white blood cell count, hemoglobin
(Hb), platelet count, and differential white blood cell count were examined. The laboratory
examination of blood AEs was only assessed because symptomatic toxicity might have
been overlooked in the review of the medical records. The laboratory data were collected
within one week post-chemotherapy and radiotherapy. Hematologic AEs were graded
according to the National Cancer Institute Common Terminology Criteria for Adverse
Events, v.5.0 [23]. Survival analysis was performed for three-year OS (calculated from the
date of diagnosis to the date of death or censored at the date of three years of follow-up for
surviving patients) and disease-free survival (DFS; the time between the end of diagnosis
and the date of recurrence or the date of death or censoring at three years of follow-up).

2.2. Definition of Sarcopenia, Frailty, and Inflammatory Status

Sarcopenia was determined based on a single-slide CT measurement of the cross-
sectional skeletal muscle area (SMA) at the level of the third lumbar vertebra (L3) [24,25].
The SMA at the third cervical vertebra (C3) level can be converted to SMA at the level of
L3 using a formula published by Swartz et al. [25]. The SMA of all patients was measured
at the C3 level on the CT images before surgery. A single axial CT slice at C3 showing
the entire vertebral arc was selected. The SMA was quantified at the slice by applying a
threshold within −29 to +150 Hounsfield units [25–27]. The SMA (cm2) at C3 was converted
using the equation described by Swartz et al. [25] to estimate the SMA at L3. This value
was then adjusted for the patient’s height (m2), resulting in the lumbar SMI (cm2/m2) to
define sarcopenia [24–27]. All images were analyzed using the open-source software OsiriX
(Pixmeo, Geneva, Switzerland) [28]. Sarcopenia was defined using previously determined
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thresholds of an SMI below 46.7 cm2/m2 for men and 30.3 cm2/m2 for women [12]. Figure 1
shows the C3 slices on the CT images of patients without (A) and with (B) sarcopenia.
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Figure 1. Skeletal muscle area regions in computed tomography images at the third cervical vertebral
level in patients without (A) and with (B) sarcopenia.

Frailty was quantified using the mFI-5, a modified form of the 11-item frailty index
based on the Canadian Study of Health and Aging Frailty Index that is used to quantify a
series of “accumulating deficits” often seen in elderly patients [29]. The mFI-5 variables are
consistently recorded and verified in the National Surgical Quality Improvement Program
dataset to assess frailty in surgical specialties [30–32]. The index results in a score (0–5)
where 1 point each is attributed to having a history of chronic obstructive pulmonary
disease, congestive heart failure, diabetes mellitus, hypertension requiring medication,
and functional dependency (Eastern Cooperative Oncology Group ≥ 3). Based on previ-
ous literature [30], we stratified the patients by mFI-5 score into 0 (no comorbidities), 1
(1 comorbidity, defined as pre-frailty), and 2+ (2 or more comorbidities, defined as frailty).

The inflammatory status was evaluated before adjuvant CRT treatment with hema-
tologic markers NLR and PLR. NLR and PLR were calculated as the ratio of neutrophil
cell and platelet counts to lymphocyte cell counts, respectively. The optimal cutoff values
for NLR and PLR were determined using receiver operating characteristic (ROC) curve
analysis based on Youden’s index [33].

2.3. Statistical Analysis

Data were analyzed using the SPSS statistical package v.20 (SPSS, Chicago, IL, USA).
Descriptive statistics such as frequency, percentage, mean, and standard deviation (SD)
or the median and interquartile range (IQR) were provided for the sarcopenia and non-
sarcopenia groups. Independent t-tests or Mann–Whitney U tests were used for continuous
variables. The Chi-square or Fisher’s exact test was performed for comparisons between
two groups for categorical variables. Logistic regression models were used to evaluate
the association between CRT toxicity and sarcopenia (yes or no). Survival curves were
obtained using the Kaplan–Meier method, and the log-rank test was used for compari-
son. Univariate and multivariate analyses of CRT toxicities and three-year OS and DFS
were performed using the Cox proportional hazards model, and the results are presented
as hazard ratio (HR) with 95% confidence interval (CI). p value < 0.05 was considered
statistically significant.
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3. Results
3.1. Patient Characteristics

We performed a review of the medical records of 267 patients who received adjuvant
treatment. Patients were excluded if: (1) preoperative CT images could not be obtained
(n = 36); (2) they had incomplete or missing data (n = 65). Thus, 175 patients were identified
to be eligible for inclusion in this study. No significant differences in characteristics were
noted between patients who were included and those who were not (data not shown).
All tumors were histologically confirmed to be OSCC. Sarcopenia was identified using
pre-CRT imaging in 112 patients (64%). The presence of sarcopenia was associated with
being male (n = 112, 100%), being a former or current alcohol drinker (n = 93, 83.1%), a
higher mFI-5 score (≥2: n = 23, 20.6%), a lower BMI (23.6 ± 3.4 kg/m2), and a lower SMI
(38.8 ± 5.7 cm2/m2). There were no significant differences in age, prevalence of smoking
and betel nut chewing, tumor characteristics, and pretreatment hematologic markers
between the groups (Table 1). The ROC curve was constructed for NLR and PLR with
three-year OS as the primary endpoint. A high PLR was defined as >385, with an area
under the curve of 0.66, a sensitivity of 56.2%, and a specificity of 74%. Since there was no
significant ROC curve to determine the optimal cutoff value of NLR, we used the median
value of 3.4.

Table 1. Patient characteristics classified by sarcopenia before adjuvant chemoradiotherapy.

Variable Total (n = 175) Sarcopenia
(n = 112)

No Sarcopenia
(n = 63) p

Age, years

Mean (SD) 53.9 (9.9) 54 (9.5) 54 (10.4) 0.384

Sex, n (%)

Male 151 (86.3) 112 (100) 39 (61.9) <0.001

Female 24 (13.7) 0 (0) 24 (38.1)

Alcohol, n (%)

Never drinker 40 (22.9) 19 (16.9) 21 (33.3) 0.031

Ever drinker 135 (77.1) 93 (83.1) 42 (66.7)

Smoking, n (%)

Never drinker 34 (19.4) 22 (19.6) 11 (17.4) 0.592

Ever drinker 141 (80.6) 90 (80.4) 52 (82.6)

Betel nut, n (%)

Never chewing 35 (20.0) 18 (16.1) 17 (26.9) 0.101

Ever chewing 140 (80.0) 94 (83.9) 46 (73.1)

mFI-5

0 92 (52.5) 52 (46.4) 38 (60.3) 0.031

1 57 (32.6) 37 (33.0) 20 (31.8)

≥2 26 (14.9) 23 (20.6) 5 (7.9)

Cancer site

Buccal 58 (33.1) 37 (33.0) 21 (33.3) 0.080

Lower gum 27 (15.4) 17 (15.1) 10 (15.9)

Tongue 59 (33.7) 33 (29.4) 26 (41.3)

Other sites 31 (17.8) 25 (22.5) 6 (9.5)

Clinical Stage
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Table 1. Cont.

Variable Total (n = 175) Sarcopenia
(n = 112)

No Sarcopenia
(n = 63) p

I 16 (9.1) 9 (8.0) 7 (11.1) 0.624

II 38 (21.7) 23 (20.5) 15 (23.8)

III 10 (5.7) 5 (4.5) 5 (7.9)

IV 111 (63.5) 75 (67.0) 36 (57.2)

PNI

Negative 79 (45.1) 50 (44.6) 29 (46.0) 0.947

Positive 96 (54.9) 62 (55.4) 34 (54.0)

LVI

Negative 80 (45.7) 53 (47.3) 27 (42.9) 0.451

Positive 95 (54.3) 59 (52.7) 36 (57.1)

ECS
Negative 130 (74.3) 82 (73.2) 48 (76.2) 0.702
Positive 45 (25.7) 30 (26.8) 15 (23.8)

BMI, kg/m2

Mean (SD) 25.2 (5.3) 23.6 (3.4) 28.1 (5.5) <0.001

Albumin

Median (IQR) 3.4 (3.1–3.7) 3.4 (3.1–3.7) 3.4 (3.1–3.7) 0.610

SMI, cm2/m2

Mean ± SD 42.9 (8.8) 38.8 (5.7) 49.6 (8.1) <0.001

Hemoglobin

Mean ± SD 11.4 (1.9) 11.5 (1.9) 11.0 (1.6) 0.754

NLR

Median (IQR) 3.4 (2.2–5.3) 3.9 (2.2–6.6) 3.3 (2.2–4.8) 0.072

PLR

Median (IQR) 223.2 (142.7–341.4) 228.7 (147.8–347.3) 218.2 (142.6–326.6) 0.652
SD, standard deviation; IQR, interquartile range; mFI-5, five-item modified frailty index; PNI, perineural invasion;
LVI, lymph vascular invasion; ECS, extracapsular spread; BMI, body mass index; SMI, skeletal mass index; NLR,
neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio.

3.2. Hematologic Toxicities under CRT According to Sarcopenia and Frailty Status

For hematologic toxicities, anemia significantly occurred more often in the sarcopenia
group (17.9%) than in the non-sarcopenia group (6.4%; p = 0.021) (Table 2). In terms of
grade 3 and 4 toxicities, febrile neutropenia (FN) and infection were not significantly
different between the groups. Baseline characteristics were not significantly different
between groups stratified by frailty status (data not shown). In the patients with or without
frailty with AEs, there were no significant differences in anemia, FN, or infection after
CRT. Logistic regression analysis of baseline clinical variables for CRT-related toxicities
showed that the independent predictors of anemia (≥grand 3) were sarcopenia (odds ratio
(OR) = 1.871, 95% CI = 1.051–3.320) and high PLR (OR = 3.102, 95% CI = 1.017–8.912).
In patients ≥65 years old, advanced tumor stage (stage III–IV), sarcopenia, lower Hb,
and high NLR/PLR were not significantly associated with FN and infection, as shown in
Table 3.
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Table 2. Chemoradiotherapy-related toxicities according to sarcopenia and modified frailty index.

Toxicities Sarcopenia
(n = 112)

No Sarcopenia
(n = 63) p mFI-5 ≥ 1

(n = 83)
mFI-5 = 0
(n = 92) p

Anemia n (%)

Grade 0–2 92 (82.1) 59 (93.6) 0.021 71 (85.5) 80 (86.6) 0.841

Grade 3–4 20 (17.9) 4 (6.4) 12 (14.5) 12 (13.4)

Febrile neutropenia n (%)

Grade 0–2 104 (92.9) 61 (96.8) 0.110 80 (96.4) 87 (94.5) 0.384

Grade 3-4 8 (7.1) 2 (3.2) 3 (3.6) 5 (5.5)

Infection n (%)

Grade 0–2 95 (84.8) 57 (90.5) 0.181 72 (86.7) 80 (86.9) 0.605

Grade 3–4 17 (15.2) 6 (9.5) 11 (13.3) 12 (13.1)
mFI-5, five-item modified frailty index.

Table 3. Logistic regression of clinical variables in chemoradiotherapy-related toxicities outcomes.

Univariate Multivariate

Anemia Febrile Neutropenia Infection Anemia

OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p

Age (≤65 vs. >65) 0.921 (0.514–1.528) 0.780 0.921 (0.524–1.582) 0.781 1.625 (0.75–3.62) 0.201

Stage (I–II vs. III–IV) 0.918 (0.325–2.703) 0.971 1.612 (0.332–8.090) 0.554 2.118 (0.70–6.79) 0.172

Sarcopenia (no vs. yes) 1.739 (1.931–3.107) 0.040 0.835 (0.567–1.471) 0.532 2.024 (0.71–5.82) 0.187 1.871 (1.051–3.320) 0.040

Hb (>11 vs. ≤11) 3.326 (1.171–9.615) 0.021 1.217 (0.276–5.610) 0.805 3.010 (1.16–7.77) 0.023 2.821 (0.925–8.208) 0.058

NLR (≤3.4 vs. >3.4) 3.622 (1.278–10.02) 0.011 0.835 (0.116–4.529) 0.853 1.714 (0.68–4.46) 0.241

PLR (≤385 vs. >385) 2.018 (0.616–6.448) 0.204 0.922 (0.542–1.835) 0.781 1.349 (0.49–4.49) 0.473 3.102 (1.017–8.912) 0.033

OR, odds ratio; CI, confidence interval; Hb, hemoglobin; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio.

3.3. Survival Analysis

The median follow-up was 83 months (95% CI = 38.5–129.1). The results of univari-
ate and multivariate Cox regression analyses for the clinical variables on three-year OS
are presented in Table 4. In the univariate analysis, advanced tumor stage (HR = 2.352,
95% CI = 1.415–3.180), positive PNI (HR = 1.631, 95% CI = 1.104–2.423), positive ECS
(HR = 1.727, 95% CI = 1.122–2.624), sarcopenia (HR = 1.745, 95% CI = 1.123–2.627), high
NLR (HR = 1.793, 95% CI = 1.116–2.176), and high PLR (HR = 2.620, 95% CI = 1.610–4.213)
were associated with three-year OS. These variables were tested in the multivariate
Cox regression model. After multivariate analysis, advanced tumor stage (HR = 1.820,
95% CI = 1.201–3.323), sarcopenia (HR = 1.643, 95% CI = 1.202–2.670), and high PLR
(HR = 1.983, 95% CI = 1.206–2.553) maintained their prognostic significance for three-
year OS. Kaplan–Meier analysis was performed for patients with and without sarcopenia
and by frailty status and PLR. Three-year OS was significantly better in patients without
sarcopenia (p = 0.039); meanwhile, DFS was not significantly different between the groups
(p = 0.532) (Figure 2A). Patients with or without frailty had no significant difference in
three-year OS (p = 0.098) or DFS (p = 0.667) (Figure 2B). Three-year OS was significantly
better in patients with low PLR (p < 0.001); DFS was not significantly different between the
groups (p = 0.744) (Figure 2C).
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Table 4. Univariate and multivariate analyses of clinical variables in relation to three-year overall survival.

Overall Survival Disease-Free Survival

Univariate Multivariate Univariate

HR 95% CI p HR 95% CI p HR 95% CI p

Age 0.990 (0.861–1.622) 0.918 0.972 (0.915–1.215) 0.072

Stage (I–II vs. III–IV) 2.352 (1.415–3.180) <0.001 1.820 (1.201–3.323) 0.042 1.464 (0.812–2.670) 1.195

PNI (negative vs. positive) 1.631 (1.104–2.423) 0.011 1.114 (0.713–1.779) 0.542 1.163 (0.925–2.580) 0.061

LVI (negative vs. positive) 1.172 (0.709–1.731) 0.410 1.513 (0.819–2.460) 0.112

ECS (negative vs. positive) 1.727 (1.122–2.624) 0.014 1.505 (0.971–2.461) 0.068 1.125 (0.710–2.204) 0.443

mFI (0 vs. ≥1) 1.273 (0.781–2.108) 0.321 1.718 (0.921–3.590) 0.692

BMI (≥18.5 vs. <18.5 kg/m2) 2.005 (0.819–4.710) 0.082 0.823 (0.471–1.487) 0.543

Sarcopenia (no vs. yes) 1.745 (1.123–2.627) 0.016 1.643 (1.202–2.670) 0.034 2.623 (0.912–4.570) 0.532

Hb (≤11 vs. >11) 0.906 (0.48–2.411) 0.896 0.619 (0.317–1.249) 0.251

NLR (≤3.4 vs. >3.4) 1.793 (1.116–2.176) <0.001 1.006 (0.529–1.772) 0.974 1.607 (0.732–3.540) 0.232

PLR (≤385 vs. >385) 2.620 (1.610–4.213) <0.001 1.983 (1.206–2.553) 0.033 2.205 (0.876–2.182) 0.748

HR, hazard ratio; CI, confidence interval; PNI, perineural invasion; LVI, lymphovascular invasion; ECS, extracapsular spread; mFI-5, five-
item modified frailty index; BMI, body mass index; Hb, hemoglobin; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio.
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sarcopenia (A), frailty status (B), and platelet/lymphocyte ratio (C).

4. Discussion

Although sarcopenia, frailty status, and systemic inflammation are relatively well
established as negative predictors of clinical outcomes in patients with HNC undergoing
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surgery [18–21,34,35], the value of these factors to predict patients with OSCC undergoing
adjuvant CRT is unclear. The present study analyzed 175 patients with OSCC, among
which 64% (n = 112) had sarcopenia undergoing adjuvant CRT. We found sarcopenia to
be significantly associated with CIA. Moreover, sarcopenia and PLR were independent
risk factors for clinical variables in CIA. At three years after diagnosis, initial advanced
stage, sarcopenia, and PLR were independent risk factors for shorter survival. These
results highlight that pre-CRT sarcopenia and high PLR represent risks for complications
and poor survival, in addition to advanced tumor stage. The prevalence of sarcopenia
in our cohort (64%) is consistent with the previously published prevalence [6]. Many
studies have demonstrated that sarcopenia is associated with increased chemotherapy dose-
limiting toxicity [9], CRT toxicity [7–9,36], and radiation treatment breaks [7,9]. However,
an association between CRT-related hematologic toxicity and sarcopenia has not been
demonstrated in OSCC. Based on our results, sarcopenia was not associated with FN
or infection. Posner et al. [37] reported that FN more frequently occurred in patients
with HNC who received TPF than those who received PF. Nishikawa et al. [12] reported
a correlation between sarcopenia and grade 1–2 radiation-induced toxicities, such as
xerostomia and dysgeusia, in patients with HNC; however, that study included only
39 patients. Other studies focused on symptomatic toxicity, including dermatitis, mucositis
xerostomia, dysgeusia, and hypothyroidism, but none found an association between
sarcopenia and CRT-related acute hematologic toxicities. Here, we collected hematologic
toxicity only because symptomatic toxicity may have been overlooked in medical records.

Systemic inflammatory response is associated with the development of anemia [38]
and sarcopenia in cancer [39]. Since disease-related blood loss can be encountered in
OSCC, CRT can be immunosuppressive, inhibiting erythropoiesis and gastrointestinal
mucositis, resulting in further nutritional status deterioration. Chronic malnutrition may
strengthen anemia severity, such as via folic acid and iron insufficiency [40]; this may
also be partly caused by alcohol consumption in most of our patients. Consistent with a
previous study [10,36], sarcopenia may be a more accurate marker for nutritional status than
BMI. However, the impact of sarcopenia on CIA in patients with OSCC remains unclear;
additional investigations are necessary. Moreover, we found that PLR was a predictor of
CIA. Thrombocytosis can result from reactive processes such as acute blood loss, infections,
and iron deficiency anemia [40,41]. However, further research is still required to show an
effect between PLR and the cause of anemia during CRT in patients with OSCC. Many
studies have investigated the association between high PLR and survival in patients with
oral cancer [34]. Cancer cells induce platelet activation, and activated platelets influence
tumor growth, angiogenesis, and metastasis. Therefore, platelets closely link inflammation
with cancer progression [41]. In this study, we defined the cutoff value of PLR as 385, which
is higher than that reported in other OSCC studies [34]. In our population, the baseline
characteristics of smoking, drinking alcohol, and betel nut chewing reflect cumulative
chronic inflammation and induce carcinogenesis; tobacco and alcohol cause DNA damage,
inducing mutations and potentially altering the tumor immune microenvironment [42].
Therefore, inflammatory cells might be more strongly associated with tumor development
in OSCC than at other sites. In our cohort, we did not find the systemic inflammation status
predictive of DFS, nor did we find traditional clinicopathological characteristics PNI, LVI,
and ECS to correlate with survival.

Despite optimized diagnosis and treatment, recurrence or metastasis develops in
more than 65% of patients with HNC [42]. Additionally, we did not examine the effects of
sarcopenia on treatment tolerance, such as treatment interruption and dose-limiting during
CRT. On the other hand, all subjects received adjuvant CRT, indicating that they were at
high risk of locoregional recurrence. These reasons may have caused difficulties in applying
these indices retrospectively in our cohort as predictors of DFS. Studies have demonstrated
a significant negative relationship between frailty and perioperative outcomes in HNC,
including mortality, complications, longer hospital stay, and readmission rate [18–21]. In
our dataset, there was no significant difference in patients with or without frailty in terms
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of CRT or survival. Rittberg et al. [43] found that mFI-11-defined frailty in patients with
advanced pancreatic cancer receiving first-line palliative chemotherapy was not associated
with chemotherapy toxicity, disease response, or survival. Previous studies demonstrated
that pre-frailty and frailty were high in older adults with cancer, up to 42% and 43%,
respectively [44]. In contrast, our study had a median age of 53.9 years, and 32.6% and
14.9% of patients were categorized as pre-frailty and frailty, respectively. The mFI-5 findings
in our study may be influenced by demographics or treatment modality and may not be
readily compared with the results of other investigations. A recent systematic review
evaluating the association of functional or cognitive impairment, social conditions, and
frailty with adverse results in patients with HNC failed to find any longitudinal studies
assessing the association of frailty with adverse postoperative outcomes [45]. In addition,
patients undergoing surgery followed by CRT may exhibit a less frail physical phenotype
of frailty. The concept of frailty is evolving, and there remains no consensus on its use in
clinical practice. Our study helps confirm the impact of sarcopenia on CIA and three-year
survival, but our measure of frailty status was not correlated with these results.

The study also has limitations. First, many patients were excluded because of in-
sufficient available images for SMI analysis, which might have led to selection bias. We
measured SMA at C3 on the CT images because most of the pretreatment images were
captured via CT and not through magnetic resonance imaging (MRI). Relative to CT, MRI
offers specific image qualities for the differentiation of body composition changes. CT
and MRI for the skeletal muscle at C3 can be used interchangeably in cases of sarcope-
nia [46]. Despite the use of the C3 level that is readily available with the prognostic value
of sarcopenia in HNC patients, the assessment of the sternocleidomastoid muscles on CT
images in patients with advanced OSCC can still be impaired by the tumor infiltration of
lymphadenopathies. In the current study, patients with resectable OSCC usually presented
without supra-notch invasion. Accordingly, the assessment of masticatory muscles at the
mandibular notch level will not be impaired by the presence of primary tumor invasion or
metastatic lymphadenopathy. Further large-scale studies are needed to investigate the opti-
mal level for diagnosing sarcopenia on head and neck CT/MRI images. Second, the study
was retrospective, and bias generated from the study design is possible. Additionally, in
patients who developed surgery-related complications, adjuvant therapy is often delayed
or limited. A significant number of patients were involved in the EORTC 22,931 trial [47];
nearly three-quarters of them met the inclusion criteria for adjuvant therapy, but only
44% of them received it. Our retrospective study has a small number of patients and is
thus subject to selection bias and confounding. Extensive cohort studies are needed to
investigate patients undergoing all treatment modalities and to analyze the subgroups of
those undergoing adjuvant CRT for the increased sarcopenia and m-FI predictor values of
statistical power. Finally, our results are based on a single medical center, and our calcu-
lated cutoff values cannot be applied in a prospective study. Future multicenter studies are
warranted to fully understand factors that will improve the clinical outcomes of patients
with OSCC and sarcopenia who are undergoing treatment.

5. Conclusions

Sarcopenia and high PLR are significant predictors of CIA and reduced three-year OS
in patients with OSCC under adjuvant CRT. Both CT images and hematologic markers
to predict sarcopenia and high PLR, respectively, are readily available, reproducible, and
inexpensive in clinical evaluations. Additionally, using a novel comprehensive assessment
would be a useful personalized prognostic tool for patients with OSCC, which may improve
clinical outcomes by addressing patients’ specific needs.
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