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In head and neck cancer (HNC) there is a need for more personalized treatment based on risk assessment for treatment related adverse events (i.e. toxicities and complications), expected survival and quality of life. Sarcopenia, defined as a condition characterized by loss of skeletal muscle mass and function, can predict adverse outcomes in HNC patients. A review of the literature on the measurement of sarcopenia in head and neck cancer patients and its association with frailty was performed. Skeletal muscle mass (SMM) measurement only is often used to determine if sarcopenia is present or not. SMM is most often assessed by measuring skeletal muscle cross-sectional area on CT or MRI at the level of the third lumbar vertebra. As abdominal scans are not always available in HNC patients, measurement of SMM at the third cervical vertebra has been developed and is frequently used. Frailty is often defined as an age-related cumulative decline across multiple physiologic systems, with impaired homeostatic reserve and a reduced capacity of the organism to withstand stress, leading to increased risk of adverse health outcomes. There is no international standard measure of frailty and there are multiple measures of frailty. Both sarcopenia and frailty can predict adverse outcomes and can be used to identify vulnerable patients, select treatment options, adjust treatments, improve patient counselling, improve preoperative nutritional status and anticipate early on complications, length of hospital stay and discharge. Depending on the definitions used for sarcopenia and frailty, there is more or less overlap between both conditions. However, it has yet to be determined if sarcopenia and frailty can be used interchangeably or that they have additional value and should be used in combination to optimize individualized treatment in HNC patients.
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Introduction

Head and neck cancer (HNC) encompasses a heterogeneous group of malignancies that arise in the mucosal linings of the sinonasal cavities, oral cavity, pharynx and larynx. Most HNC patients present with locoregionally advanced disease. Combining various types of treatments - such as surgery, radiation, and chemotherapy - often are required for cure to be achieved. Many of these treatments and procedures can cause toxicity and complications, potentially limiting oncological outcomes. Despite important developments in diagnostics and immune checkpoint inhibitors are the therapeutic highlight of the past decade, survival rates overall in patients with HNC have not dramatically changed (1). New strategies are needed to shift the treatment paradigm from treatment for all patients according to clinical and histological features to personalized treatment guided by biomarkers that identify individual differences between patients (2).

Patients are increasingly being diagnosed with HNC at an older age. In older patients the treatment is complicated by the heterogeneous aging process and associated with a wide diversity in treatment tolerability. There is a need for personalized treatment based on risk assessment for treatment related (dose limiting) toxicities and complications, expected survival and quality of life (3–5). Several patient and tumor characteristics have been implicated in poor tolerance to treatment, such as advanced age, low socio-economic status, advanced clinical stage, liver and kidney disease and poor functional status. However, these risk factors are difficult to modify prior to treatment. The characteristics that can be modified prior to treatment are few. Assessment of frailty and, more recently, sarcopenia have potential predictive and prognostic value in HNC patients and these features could be used to tailor treatment (2, 6). Early identification of those patients who may tolerate treatment poorly may allow for treatment modification and guide future research in these higher risk populations.

The aim of the present review is to describe the different measurement methods to diagnose sarcopenia, its predictive value and its association with frailty.



Sarcopenia

Sarcopenia lends its name from the Greek words ‘‘sarx’’ meaning flesh and ‘‘penia’’ meaning lack (7). Sarcopenia was first described as the phenomenon of skeletal muscle mass (SMM) loss related to increasing age, while fat remains equal or increases, combined with loss of muscle function (8). Sarcopenia can occur across all body mass index (BMI) categories (9). Although sarcopenia is primary due to ageing, it can also occur secondary due to an underlying disease. The proposed definition of sarcopenia of the European Working Group on Sarcopenia in Older People (EWGSOP) requires a decrease in SMM combined with a decrease in muscle function (10, 11). The Sarcopenia Definition and Outcomes Consortium (SDOC) and the Special Interest Group (SIG) on cachexia-anorexia in chronic wasting diseases (of the European Society for Clinical Nutrition and Metabolism; ESPEN) support the use of both SMM and muscle function for defining sarcopenia (12, 13). However, muscle function is not frequently measured, whereas SMM can often be retrospectively determined. Therefore, despite the importance of decreased muscle function to diagnose sarcopenia, the terms “sarcopenia” and “low SMM” are often used interchangeably in literature.

It is estimated that the prevalence of primary sarcopenia in the general population is 5-13% for people aged 60-70 years, and up to 50% for those aged 80 years or above (14). Sarcopenia is a risk factor for various adverse outcomes such as physical disability, decreased quality of life, and ultimately early death (10). Sarcopenia can also be secondary to chronic systemic inflammation, malnutrition and immobilization, regardless of age (9). While the presence of sarcopenia has been associated with adverse outcomes in numerous chronic diseases, the impact of sarcopenia in oncology has been increasingly appreciated and considered of importance. Cancer patients are generally exposed to several cancer-specific and non-cancer-specific factors that cause a decrease in muscle mass and function. These factors include age and comorbidities, malnutrition, physical inactivity, tumor-derived factors, cancer therapy and supportive medication (15). Moreover, chronic inflammation triggered by the tumor is also an added risk factor for sarcopenia (10–13).

The increase in research related to sarcopenia in cancer has been augmented by the widespread availability of radiology images obtained as part of routine oncology care.

HNC patients are particularly at risk for low SMM due to the location of the tumor which frequently leads to dysphagia and consequently to malnutrition and a catabolic state. At diagnosis, up to 50% of patients with HNC present with signs of malnutrition (16). HNC patients with dysphagia have a lower body mass index (BMI), lower SMM and more often sarcopenia as compared to HNC patients without dysphagia (17). Sarcopenia affects also swallowing-related muscles leading to decreased swallowing function: sarcopenic dysphagia (18). This vicious circle may accelerate the severity of sarcopenia. Evidence is mounting that an abnormal body composition, in particular a low SMM, is an adverse predictive and prognostic factor in HNC patients (2, 19).


Skeletal Muscle Mass Measurement

Techniques to measure body composition and SMM include ‘dual-energy X-ray’-absorptiometry (DEXA) scan, bioelectrical impedance analysis (BIA), magnetic resonance imaging (MRI) and computed tomography (CT) (9, 20–22). To date, CT is probably the easiest and most promising modality, although limited by the time needed for muscle segmentation (20). However, the evolution of automated CT segmentation to assess body composition will accelerate body composition research and, eventually, facilitate integration of body composition measures into clinical care (23, 24).

A high correlation between the cross-sectional skeletal muscle area (CSMA) on a single MRI slice at the level of the third lumbar vertebra (L3) and whole-body total skeletal muscle volume as measured on whole-body MRI was found (25). In contrast to SMM measurement on MRI, in which SMM measurement is fully manually performed, measurement on CT imaging can be performed using semi-automatic software programs with predefined Hounsfield unit range (-29 and +150) which is muscle specific (26). Therefore, CSMA measurement on CT at level L3 became the most frequently used measurement method of SMM. The area of the psoas, erector spinae, quadratus lumborum, transversus abdominis, external and internal obliques and rectus abdominis muscles are segmented on a single axial-slice to measure CSMA on this level (Figure 1). Because a linear relationship between a person’s height and the skeletal muscle area at the level of L3 was found, CSMA at level of L3 is adjusted for squared height, to calculate the skeletal muscle index (SMI; cm2/m2), as an estimation of a person’s total SMM in proportion to stature (27).




Figure 1 | Delineation of skeletal muscle tissue on transversal CT imaging at the level of L3. A Hounsfield Unit window of -29 to +150 was used to accentuate skeletal muscle tissue.




Assessment of Cross-Sectional Skeletal Muscle Area at the Level of the Third Cervical Vertebra

Abdominal CT imaging is not routinely performed in HNC patients and is often only available in patients with locally advanced disease in the context of staging. In 2016, Swartz et al. (28) published an assessment method for SMM using a single CT slice at the level of the third cervical vertebra (C3), which is featured on regular head and neck CT imaging. In this method SMM is assessed at the level of C3 in which both sternocleidomastoid muscles and the paravertebral muscles are segmented (Figure 2). In a next step, a good correlation between CSMA at the level of C3 and L3 was found (r = 0.785). A multivariate formula to estimate the CSMA at the level of L3 from the CSMA at the level of C3 was formulated and included gender, age, and weight; the correlation between the estimated CSMA at the level of L3 and the actual CSMA at the level of L3 was excellent (r = 0.891) (28). This SMM assessment at the level of C3 was recently validated in 200 patients with HNC and showed again a good correlation between CSMA at the level of C3 and L3 (r = 0.75). With the use of the multivariate formula to estimate CSMA at L3 the correlation further improved (r = 0.82). Finally, there proved to be a very adequate agreement between the estimated and the actual CSMA at L3 (interclass coefficient (ICC) 0.78). Using a previously defined cut-off value of 43.2 cm2/m2 for lumbar SMI (29), a moderate agreement in the identification of patients with low SMI based on the estimated lumbar SMI and actual lumbar SMI was found: κ 0.57, 95%CI: 0.45-0.69 (30). Interobserver agreement for CSMA measurement at the level of C3 was investigated in 54 locally advanced HNSCC patients and found to be excellent (ICC 0.763-0.969) for 6 observers (31). In a study of Zwart et al. the excellent interobserver agreement for cross-sectional measurements was confirmed (ICC 0.931-0.982) and an excellent intra-observer agreement was found (ICC 0.957-0.998) (32). The strong correlation of a prediction model based on C3 SMM measurement with the actual L3 SMM was confirmed in a study of 305 advanced stage HNSCC patients (33). Lu et al. developed another prediction formula model in 200 Chinese oral squamous cell carcinoma patients. Adding gender and weight (not age) improved the correlation between estimated and measured L3 CSMA from 0.810 to 0.975 (34). Looking for alternative cervical levels, in 159 HNC patients who underwent PET/CT for tumor staging paravertebral and sternocleidomastoid muscle areas at C2, C3, C4 and L3 were measured. Although SMI at C2, C3 and C4 all showed very strong and significant correlation with SMI at L3 (p < 0.001), the best discriminative for low SMM was SMI at C3 (35).




Figure 2 | Delineation of skeletal muscle tissue on transversal CT imaging at the level of C3. A Hounsfield Unit window of -29 to +150 was used to accentuate skeletal muscle tissue.



Yoshimura et al. compared the sternocleidomastoid muscle mass index and psoas muscle mass index by assessment of cross-sectional areas at the levels of C3 and L3, respectively, and found a moderate correlation (r = 0.546; p < 0.0001) (36). Recently Yoon et al. (37) examined the predictive value of CSMA at C3 (without sternocleidomastoid muscle) for CSMA at L3 in 165 HNC patients and 42 healthy adults and found a strong correlation in both healthy adults (r = 0.864) and non-sarcopenic (normal SMI) patients (r = 0.876), while a fair association was found in sarcopenic (low SMI) patients (r = 0.381). A prediction model, including age, sex, weight, showed a very strong correlation between actual SMM at the level of L3 and predicted SMM at the level of L3 in both non-sarcopenic patients and healthy adults (r > 0.9), whereas the relationship was moderate in sarcopenic patients (r = 0.763). Sarcopenia was defined as SMI at L3 < 49 cm2/m2 for men and < 31 cm2/m2 for women based on an epidemiological study with a Korean population. They conclude that SMM at the level of C3 may not be a strong predictor for SMM at the level of L3 in sarcopenic HNC patients (37). However, It is likely that there are inter-ethnic differences in skeletal muscle mass assessment. In a cohort of 200 Dutch patients CSMA at C3 and L3 correlated well in patients with normal as well as low SMM. In the 77 patients with low SMM (lumbar SMI ≤ 43.2cm2/m2), the correlation between CSMA at C3 and CSMA at L3 was 0.681 (p < 0.01). In the 133 patients with normal SMM (lumbar SMI >43.2cm2/m2) the correlation was 0.651 (p < 0.01). Using the previously mentioned multivariate prediction formula (29), SMM at L3 was predicted from SMM at C3. In patients with normal SMM, correlation between predicted and measured SMM at L3 was 0.756 (p < 0.01). In patients with low SMM, a correlation between predicted and measured SMM at L3 of 0.751 (p < 0.01) was found. Using the prediction formula and cut-of values of Martin et al. (38), the correlation between estimated and measured SMM at L3 were 0.844 (p <0.01) and 0.864 (p < 0.01) for 98 low and 102 normal SMM patients, respectively (39). Some studies use the lowest (gender specific) quartile as cut-off value for sarcopenia (40). These results highlight the issue that different cut-off values result in different patient numbers being identified as having low SMM. Several cut-off values for low SMI exist, most of which have not been formulated in head and neck cancer patients (29, 38, 41). Very recently, in order to provide standardized cut-off values for low SMM in head and neck cancer patients, Chargi et al. calculated in 1415 HNSCC patients gender and BMI specific cut-off values for low SMM based on mean cervical SMI minus 2 standard deviations. For male patients with BMI < 25 kg/m2 and ≥ 25kg/m2, a cervical SMI of respectively ≤ 6.8 cm2/m2 and ≤ 8.5cm2/m2 was defined for low SMM. For female patients with BMI <25 kg/m2 and ≥ 25kg/m2, a cervical SMI of respectively ≤ 5.3 cm2/m2 and ≤ 6.4 cm2/m2 was defined for low SMM (42).

Although CSMA measurement on CT may be preferred over MRI, because of its more labor-intensive SMM measurement, the latter may be in some patients the only routine cross-sectional imaging available depending on the site of the primary tumor and diagnostic protocols. In quantifying CSMA of the paravertebral muscles and both sternocleidomastoid muscles at the level of C3 on CT and MRI (performed within 1 month of each other) a significant correlation (ICC of 0.97) was found (43). Zwart et al. (44) confirmed this high correlation and found that CT and MRI correlated highly on CSA and SMI (r = 0.958-0.998, p < 0.001). Using the previously defined prediction formula and cut-off value of ≤ 43.2cm2/m2 for lumbar SMI no significant difference between CT and MRI in diagnosing low SMM was found. Also, for CSMA measurement on MRI an excellent intra-observer agreement was found (ICC 0.961-0.998) (44). Assessment of skeletal muscle CSMA at the level of L3 can thus be assessed using skeletal muscle CSA measurement at the level of C3 on CT or MRI.

Findings above mentioned allow for easy and robust skeletal muscle mass measurements on routinely performed CT and MRI of the head and neck for diagnosis and treatment evaluation. However, CSMA assessment of sternocleidomastoid muscle or paravertebral muscles at cervical levels may be impaired by infiltration of primary tumor or lymph node metastasis into muscles and by previous neck dissection, radical tumor resection with muscle sacrifice or radiotherapy. Although Swartz et al. proposed doubling the area of the SCM that could be measured when SCM measurement is impaired by unilateral lymph node metastases (28), alternative SMM measurement methods have been investigated.



Assessment of Cross-Sectional Skeletal Muscle Area at the Level of Other Vertebrae

Vangelov et al. systematically reviewed alternative vertebral levels for SMM evaluation when CT slices at level L3 are not available. Other vertebral landmarks like thoracic vertebrae (Th) Th2, Th4, Th5, Th8, Th10, Th12 and L1 have been used in cancer patients (45). Most of these levels are not included on a routinely performed CT of the head and neck and are not validated against L3 or whole-body CT or MRI. Matsuyama et al. developed a formula (including age, sex, and weight) to estimate the L3 level CSMA using the Th12 level CSMA on chest CT in 164 oral squamous cell carcinoma patients. Correlations between the predicted and measured L3 level CSA were excellent (r = 0.915 and ICC = 0.911) (46). Van Heusden et al. investigated the correlation between SMM measurements at the level of Th4 and L3 in 47 trauma patients and 194 head and neck cancer patients. CSMA at level Th4 strongly correlates with L3 CSMA (r = 0.791). A multivariate model (prediction formula) incorporating the patient characteristics arm positioning (downwards or upwards), age, sex, and weight achieved an even stronger correlation (r = 0.856) (47). It can be concluded that CSMA measured at these levels is a feasible alternative to measurements at L3, particularly when assessment at level C3 is not possible.

Interestingly, Choi et al. did not measure SMM using the CSMA at one axial slide, but a volumetric measurement of the area from hyoid bone anteriorly to third cervical vertebrae posteriorly and caudally to the level of the first rib, immediately above the apical lungs, in 79 HNC patients before and after radiotherapy (mean interscan interval 8.7 ± 5.3 months). Cervical skeletal muscle volume and other volumetric body composition changes were associated with overall survival (48).

Yunaiyama et al. compared an infrahyoid SMI (contouring cross-sectionally paravertebral and sternocleidomastoid muscles) with SMI at level L3 and found a moderate correlation (r = 0.434). No detailed information on the precise infrahyoid level was reported (49).



Assessment of Cross-Sectional Skeletal Muscle Area of Masticatory Muscles

As an alternative to CSMA at vertebral levels, masticatory-skeletal muscle (pterygoid and masseter muscles) index assessed at the mandibular notch level has been introduced. Chang et al. (50) recently demonstrated a strong association between the masticatory-skeletal muscle index and SMI at level L3 in 50 trauma and 52 HNC patients (r = 0.901). They stated that masticatory-skeletal muscle index assessment by head and neck CT evaluation is less susceptible to interference by lymphadenopathy and muscle ingrowth by tumor, and differences in measurement methods, and may be readily used as a marker of systemic SMM in patients (50). More extensively, masseter muscle characteristics (masseter volume, masseter skeletal muscle area and masseter thickness) and their relationship with L3 and C3 CSMA were analyzed by Van Heusden et al. (51) in 99 HNC patients. Moderate to strong correlations between the masseter muscle volume (r = 0.531 and 0.699), masseter CSMA (r=0.451 and 0.586) and masseter thickness (r = 0.431 and 0.509) with C3 CSMA and L3 CSMA were found. In patients without cross-sectional imaging at level L3 or C3 or with impaired C3 measurements, masseter muscle parameters could serve as an alternative for SMM assessed by CSMA measurements at these vertebral levels. However, dental status may impact masseter function and size, and (dental) implants may cause scattering hampering reliable masseter measurements on CT (38). Also temporalis muscle thickness has been used as an indicator of sarcopenia. In patients with brain metastases from lung cancer or melanoma a strong association (r= 0.733) between temporal muscle thickness and lumbar skeletal muscle cross-sectional area was found (52). However, no studies have been reported to confirm this correlation in HNC patients. In the only study on temporal muscle thickness as a surrogate parameter for pre-treatment sarcopenia in HNC patients, temporal muscle thickness could predict progression free survival. In this study a high correlation (ICC of 0.894) between of temporal muscle thickness on CT and MRI was found (53).



Assessment of Cross-Sectional Skeletal Muscle Area on Extremities

Ultrasound has been suggested to be a quick, cheap, repeatable alternative for SMM measurements on CT or MRI. The SARCUS working group published recommendations for standardization of the use of ultrasound to assess muscle. Recommendations were made for patient positioning, system settings and components to be measured. Standardized anatomical landmarks and measuring points were proposed for different muscles/muscle groups. Muscle parameters included muscle thickness, cross-section area, muscle volume, pennation angle, fascicle length, echo-intensity, stiffness, contraction potential and microcirculation (54, 55). In a systematic review Van den Broeck et al. found that ultrasound-derived equations to estimate SMM are valid and applicable in a healthy population. They advise the clinician to choose an equation that best matches the population the equation was developed for (56). In a systematic review of 17 studies Nijholt et al. (57) showed that ultrasound is a reliable and valid tool to quantify muscles in older (≥ 60 years) adults. Muscle thickness, CSMA and muscle volume were assessed of different muscles among which vastus lateralis, rectus femoris and anterior surface of the upper arm were the most reliable. Two studies describing the validity of ultrasound to predict lean body mass showed good validity as compared with DEXA (r2 = 0.92 to 0.96) (57). Galli et al. found that CSMA of the rectus femoris muscle measured by ultrasound was a reliable method for identification of patients with low SMM in a cohort of 47 surgically treated advanced stage HNSCC patients, defining a subset at high-risk of 30-day complications and poorer OS (58). In an expanded cohort of 65 HNC patients, CSMA of rectus femoris muscle measured by ultrasound and CSMA of paravertebral muscles and sternocleidomastoid muscles at level C3 measured on CT and MRI were both independent predictive factors for 30-day major postoperative complications (OR 7.07, p = 0.004 and OR 6.74, p = 0.005, respectively (59).



Bioelectrical Impedance Analysis

Bioelectrical impedance analysis (BIA) can also be used to detect low SMM in clinical practice (60, 61). BIA is based on the difference in electrical conductance of tissues; muscle has a high water content and therefore low electrical resistance, whereas fat has a lower water content and higher resistance. Inherently, BIA results are confounded by alterations in hydration status and rapid weight change, for example in patients with edema, dehydration and/or malnutrition, often present in HNC patients. Measurements obtained from routine clinical imaging may be an easily available and more practical approach without extra costs and radiation exposure. However, an advantage of BIA maybe the possibility to perform more easily serial measurements (62). In a prospective observational study of 50 HNC patients undergoing radiotherapy baseline bioelectrical impedance analysis (BIA) measures of skeletal muscle mass, fat-free mass, and fat mass were compared to CT-based assessments. BIA measures of body composition were strongly correlated with CT measures (r = 0.95-0.97) (63).

It can be concluded that there are many methods used to assess SMM in HNC patients of which CSMA measurement at level C3 on CT is the most frequently used and highly correlated alternative for CSMA measurement at level L3 (Table 1).


Table 1 | Different skeletal muscle mass measurement methods and their correlation with skeletal muscle mass measurement on CT at level L3 and C3.






Muscle Function Measurements

The EWGSOP recommended to focus on low muscle strength as a key characteristic of sarcopenia, to use detection of low muscle quantity and quality to confirm the sarcopenia diagnosis, and to identify poor physical performance as indicative of severe sarcopenia. To assess for evidence of sarcopenia, EWGSOP recommended use of grip strength or a chair stand measure with specific cut-off-points for each test. Measuring grip strength is simple and inexpensive and therefore suitable in daily clinical practice as surrogate for more complicated measures of strength in other body compartments, e.g. arm and leg strength. To diagnose sarcopenia hand grip strength values should be adjusted for sex and BMI (11). The chair stand test (also called chair rise test) can be used as a proxy for strength of leg muscles (quadriceps muscle group). The chair stand test measures the amount of time needed for a patient to rise five times from a seated position without using the arms. It can also be measured as how many times a patient can rise and sit in the chair over a 30-second interval (11).

As function measurements require prospective study design, the number of studies analyzing muscle strength are significantly less than studies on SMM measurements, which can be performed on retrospective cohorts with available scans. Douma et al. (64) investigated muscle function in 254 newly diagnosed HNC patients. Older patients, females, patients with more comorbidity, patients with a normal weight (compared to patients with overweight and obesity), patients living alone and surpisingly patients with no history of smoking (compared to patients with a history of smoking) had significant lower handgrip strength. Older patients, patients with a low educational level, smokers and patients with more comorbidities had a significant lower chair-stand test (64).

Kowshik et al. investigated in 22 HNC patients the association of skeletal muscle function with body composition in HNC patients. Decreased handgrip strength and endurance had a significant but moderate correlation (r = 0.757) with low SMM (65). Only a few studies used the combination of muscle function and skeletal muscle mass for the prediction of treatment outcome in HNC patients (66–69).



Adverse Events and Prognosis

Due to heterogeneity in HNC patients, research is necessary to understand what, and if any, relationship exists between sarcopenia and treatment outcomes. This knowledge may help in individualizing treatment goals which aims at structural and functional preservation, amelioration of treatment outcomes and the maintenance of quality of life. Sarcopenia is increasingly recognized for its predictive value for treatment-related adverse events in cancer patients. Sarcopenic HNC patients are more likely to experience moderate to severe toxicities of chemoradiation (70, 71). SMM may explain the heterogeneity of patient’s tolerance for chemotherapy to some extent and several studies have shown the predictive value of low SMM on dose limiting toxicity (DLT) in HNC patients treated by radiation and concurrent cisplatin (29, 72–76). A low SMM appeared to be a significant predictor of non-completion of concurrent cisplatin-based chemoradiation. Patients with a low SMM experienced DLT from cisplatin three times more often than patients with a normal SMM (29, 74, 76). Patients experiencing cisplatin DLT had a significant lower survival than patients who did not (29, 74–76). This increased DLT in patients with low SMM may be partly explained by accumulation of cisplatin in muscles and other tissues.

In a systematic review of 3,461 HNC patients a pretreatment low SMM was independently associated with prolonged radiotherapy breaks and chemotherapy-related toxicities (77). Low SMM is a predictor for the risk of aspiration pneumonia in HNSCC patients receiving chemoradiation (78). Moreover, low SMM was found to be predictive for length of hospital stay and unplanned admission in HNC patients treated with (chemo)radiotherapy (79). Low SMM was also associated with long-term morbidity of (chemo)radiation like dysphagia, xerostomia and trismus (40, 80, 81).

Also, in surgically treated HNC patients with low SMM or sarcopenia, higher rates of complications have been found that potentially can delay recovery and increase mortality. In a systematic review Surov and Wienke found that sarcopenia was associated with occurrence of severe postoperative complications (82). Low SMM was associated with early complications, e.g. pneumonia, venous thromboembolism, prolonged ventilation, need for blood transfusion, delirium, fistula and wound disruption, and discharge to post–acute care facilities and readmission (83–88). Orzell et al. found that in patients undergoing major head and neck surgery the combination of low SMM and low muscular function was associated with an increased risk of severe complications and increased length of hospital stay, while in patients with solely low SMM they did not observe this (66).

Several studies have reported on a decreased survival of HNC patients with low SMM. Systemic reviews and meta-analyses in HNC patients showed an association of low SMM with disease free survival, disease specific survival and overall survival for different treatments, different tumor sites and different SMM assessments (82, 89–91). Chargi et al. (67) found that in elderly (≥ 70 years) HNSCC patients, sarcopenia, defined as the combination of low SMM and low muscle function (handgrip strength and/or 4-m gait speed), was a better predictor of OS than low SMM or low muscle function only. Of the 85 included patients 81.2% had low SMM, 58.8% had low hand grip strength, 68.2% had low gait speed and 48.2% were classified as sarcopenic. SMM, handgrip strength and gait speed correlated significantly with age (67).

In conclusion, HNC patients with low SMM with or without low muscular function experience more toxicity of cisplatin and radiotherapy, leading to significantly more frequent dose limiting toxicity and radiotherapy breaks, and complications in major head and neck surgery. Low SMM with or without low muscular function is also associated with decreased survival. Therefore, low SMM seems suitable to be used for more individualized (alternative) treatment planning in head and neck cancer patients.




Frailty

Frailty is often defined as an age-related cumulative decline across multiple physiologic systems, with impaired homeostatic reserve and a reduced capacity of the organism to withstand stress, leading to increased risk of adverse health outcomes. In HNC frailty is associated with severe chemoradiation-related complications (92), postoperative complications (93, 94), life-threatening postoperative complications requiring intensive care unit (ICU) admission (95), length of hospital stay and unplanned readmission (96), discharge to short-term or skilled nursing facilities (94), 30-day mortality after head and neck oncologic surgery (95), poor survival after chemoradiation (92) and decline in health-related quality of life after treatment (97). A comprehensive geriatric assessment (CGA) which evaluates physical, psychological, functional, and social capabilities and limitations of geriatric patients is the gold standard to diagnose frailty. In geriatric oncology, CGA is used to detect disabilities and comorbid conditions that potentially contribute to an older patient’s vulnerability, predisposing to poor outcome and treatment complications, so that treatment can be adjusted accordingly. However, such assessments are time-consuming, leading cancer specialists to seek a short screening tool that can separate fit older patient with cancer, who are able to receive standard cancer treatment, from vulnerable patients that should subsequently receive a full assessment to guide tailoring of their treatment regimen. Among the many screening instruments, which are used to predict the presence of impairments on CGA in elderly patients with cancer, are the Vulnerable Elders Survey-13 (VES-13), Geriatric 8 (G8), Triage Risk Screening Tool (TRST), Groningen Frailty Index (GFI), Fried frailty criteria, Barber and abbreviated CGA (aCGA) (98–100). The G8 screening tool, developed specifically for older patient with cancer, has the highest sensitivity, which is important to select patients who may benefit from CGA. Unfortunately, the specificity and negative predictive value are limited (98–100). This frailty screening tool consists of eight items which cover multiple geriatric domains, including nutritional status, physical capacity, mood, and polypharmacy. Scores range from zero to seventeen, with scores ≤ fourteen representing potential frailty (101).



Sarcopenia and Frailty

Sarcopenia is a major component of frailty. Although sarcopenia can lead to frailty, not all patients with sarcopenia are frail. In fact, sarcopenia is about twice as common as frailty (14).


Association of Sarcopenia and Frailty

Williams et al. (102) investigated the association of single-slice CT-assessed muscle measurements at the level of L3 with the 36-item Carolina Frailty Index in 162 older (>65 years) adults with cancer. Muscle measurements included SMI, skeletal muscle density (SMD, average Hounsfield Units of CSMA) and their multiplication skeletal muscle gauge (SMG=SMI x SMD). SMG can thus be regarded as a combination of muscle quantity and quality. The association between Carolina Frailty Index and SMI was not significant, and the correlation was weak (r = -0.08). For SMD and SMG this association was significant, but correlations were moderate (r = -0.33 and -0.30, respectively) (103). Dunne et al. (103) investigated in 100 geriatric oncologic patients the association of sarcopenia, defined as SMM measured at the level of third lumbar vertebra only, and several metrics of CGA. No significant association between SMM and instrumental activities of daily living (IADL), falls, lower short physical performance battery score, depression, fatigue, or self-reported exercise were found (103). In these studies, HNC patients were not (separately) analyzed.

Zwart et al. (32) were the first to demonstrate that low SMM is independently associated with frailty in HNC patients. In 112 advanced stage HNC patients SMM was assessed on CT at the level of C3. Frailty was evaluated by Geriatrics 8 (G8), Groningen Frailty Indicator, Timed Up and Go test, and Malnutrition Universal Screening Tool. SMI correlated best with the G8 score (r = 0.38, p < 0.001), followed by the GFI score (r = −0.27, p = 0.004). Timed Up and Go and SMI did not correlate significantly with each other (r = −0.11). The G8 score was found to be an independent variable associated with SMI (OR 0.76, 95% CI 0.66–0.89, p < 0.001) (85). Meerkerk et al. (68) confirmed this finding in 150 HNC patients (≥ 60-years old) and they found a weak correlation between G8 frailty score and SMI (r = 0.252, p < 0.01), but not when combined with handgrip strength. SMI was an independent variable associated with G8 (OR 0.92, 95% CI 0.86–0.98, p = 0.006). Handgrip strength itself showed also a significant but weak correlation with the G8 frailty score (r = 0.284, p < 0.01) (68). In a sequel study, the association between sarcopenia and frailty was investigated in 73 elderly (≥ 70-years) HNSCC patients. Sarcopenia was defined as the combination of reduced handgrip strength and low skeletal muscle mass (assessed on CT at level C3), according to the EWGSOP-2 criteria. Frailty screening was performed using the GFI and the Fried criteria and a CGA by a geriatrician. Low SMI was the only significant predictor for frailty diagnosed by CGA, independent of comorbidity and muscle strength (105). From these studies it can be concluded that low SMI may have potential to predict frailty and is a promising time-efficient and routinely available tool for clinical practice.



Comparing the Predictive Role of Sarcopenia and Frailty

Galli et al. (58) investigated the potential role low SMM as assessed by ultrasound of the rectus femoris muscle in a group of patients with locally advanced HNC that underwent surgery and compared its predictive role with more commonly employed clinical predictors of postoperative complications and poor survival. On univariate analysis, ASA score, modified Frailty index and sex-adjusted rectus femoris CSMA were found to be statistically significant predictors of 30-day postoperative complications. At multivariate analysis, with a model including ASA score, modified Frailty index and CSMA, only sex-adjusted rectus femoris CMSA was confirmed as significant predictor of 30-day complications (OR 9.84, 95% CI 2.11–45.77). On univariate analysis, ASA score, Charlson comorbidity index, modified Frailty index and sex-adjusted rectus femoris CSMA were found to be statistically significant predictors of overall survival. At multivariate analysis, with a model including ASA score, Charlson comorbidity index, modified Frailty index and CSMA, only rectus femoris CMSA was confirmed as significant predictor of overall survival (OR 4.42, 95% CI 1.12–17.40; p = 0.033). Low SMM as assessed by ultrasound measurement of CSMA of the rectus femoris muscle was an independent and stronger predictor of complications and survival than the modified Frailty index (58).

Mascarella et al. (104) investigated predictive factors for postoperative adverse events in 127 treatment-naïve HNC patients undergoing surgery with microvascular reconstruction. For SMM assessment CSMA of the paravertebral muscles at C3 or L3 was measured on CT. Low SMI was independently associated with severe complications (Clavien-Dindo Grade 3+ events; OR 2.80, 95% CI 1.18–6.99), particularly fistula (OR 6.10, 95% CI of 1.53–24.3), when adjusted for multiple factors. SMI outperformed the modified Frailty index and preoperative anaesthesia risk assessment index to predict postoperative adverse events: for the prediction of Clavien-Dindo grade 3+ complications the areas under the curve for SMI, modified Frailty index and preoperative anaesthesia risk assessment index were 0.76, 0.56 and 0.50 (p < .05), respectively. The overall accuracy of the SMI to predict a Clavien-Dindo grade 3+ complication, fistula, or prolonged stay in hospital was 84.8% (104).



Sarcopenia and Frailty as Entities

Although sarcopenia and frailty have some commonalities and are often used interchangeably, they appear to represent separate entities with different constructs. Sarcopenia is characterized by loss of skeletal muscle and function, while frailty is a broader term used to indicate reduced homeostatic reserves. The most apparent overlap of sarcopenia and frailty is impaired physical function and disability. Both sarcopenia and frailty are highly prevalent age-related conditions that are associated with adverse outcomes. There is growing consensus that although sarcopenia may be a component of frailty, frailty is more multifaceted than sarcopenia alone. The general concept of frailty goes beyond physical factors and encompasses social and psychological dimensions as well, including social support and cognitive function. Furthermore, therapeutic approaches to the two age-related conditions may also vary. Treatment of sarcopenia is focused on combining exercise and adequate protein intake to increasing muscle mass and strength, while frailty is focused on a broader set of physical and non-physical domains (102).

Although discordance between frailty and low SMM has been reported more often, comparing studies is difficult, as a variety of definitions are employed. Studies using a physical frailty definition tend to show more overlap with sarcopenia, because it uses low muscle function, e.g. handgrip strength, as one of the criteria. Similarly, sarcopenia definitions that include reduced muscle function, e.g. handgrip strength and low performance, e.g. gait speed, have more concordance with frailty. While there is some overlap between sarcopenia and frailty, the consensus is that they are distinct (102).

Nevertheless, both sarcopenia and frailty can predict adverse outcomes and can be used to identify vulnerable patients, select treatment options, adjust treatments, improve patient counselling, improve preoperative nutritional status and anticipate early on complications, length of hospital stay and discharge. Depending on their usefulness in clinical practice one condition or both of these conditions can be used to individualize treatment in clinical practice.




Conclusions

Sarcopenia is proposed to be a combination of low muscle quantity and muscle function. However, in most studies on sarcopenia in patients with HNC only SMM is assessed. There are many methods to measure SMM, but the most often used methods are to measure CSMA on CT or MRI at the level of L3 or C3. Many different cut-off values for these SMM parameters to define low SMM have been used. Also, to diagnose frailty many instruments and definitions have been used in HNC patients. The association between sarcopenia and frailty depends on definitions, measurement methods and cut-off values used. Nevertheless, both can predict adverse outcomes and can be used to tailor treatments. It has to be decided which condition is most predictive and clinically useful in assessing older HNC patients and treatment decision making. More research is needed to investigate if sarcopenia and frailty, depending on the definitions and measurements used, can be used interchangeably, or have additional value and should be used in combination to optimize individualized treatment.
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