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Abstract: Concurrent chemoradiotherapy (CCRT) is the standard approach for the

treatment of locally advanced head and neck squamous cell carcinoma. Despite its

undisputed advantages, CCRT is associated with acute and late toxicities, leading to

unfavorable implications (eg, unplanned interruptions and noncancer-related mortality).

The former prolongs the overall treatment time leading to a detrimental effect on tumor

control. The latter consists of several noncancer morbidities arising from treatment-

related toxicities, identifying a new pathway in cancer fate. This pathway has been

termed noncancer mortality or competing mortality and consists of a series of treat-

ment-competing morbidities, which nullify all therapeutic efforts aimed at curing these

patients. The management of patients with head and neck squamous cell carcinoma who

experience treatment-related toxicities is complex and requires expertise in oncological

treatment as well as supportive care. The optimal management of these patients should

start with knowledge regarding the most important competing morbidities developing

during all phases of the disease (ie, from diagnosis to follow-up) to minimize treatment

interruptions, ensure appropriate psychological support, and achieve the best oncological

result. The purpose of the present review is to analyze the most important competing

morbidities due to patient’s condition at baseline and CCRT, which could result in

noncancer mortality. A multidisciplinary team approach is strongly required in the

management of this disease.

Keywords: competing mortality, head and neck squamous cell carcinoma, concurrent

chemoradiotherapy, multidisciplinary team

Introduction
Based on meta-analysis and randomized studies, concurrent chemoradiotherapy

(CCRT) is currently the standard care for locally advanced head and neck

squamous cell carcinoma (HNSCC),1 resulting in the highest laryngectomy-free

survival rate, best locoregional control rate, and low distant metastasis rate versus

radiotherapy alone.2 In terms of drugs, platinum-based CCRT has emerged as the

principal treatment of choice,3 despite the availability of other novel and effective

agents.4 However, CCRT is associated with the development of acute and late

adverse effects, which may lead to a competing morbidity pathway that reduces

overall survival (OS) and decreases long-term disease-free survival (DFS).
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Therefore, strict selection of patients eligible for this type

of therapy is crucially important. It has been estimated

that this competing morbidity pathway is present in

≤50% of the treated patients.5 The first report regarding

these unintended effects was recently published by

Forastiere et al, analyzing the long-term results of the

Intergroup Radiation Therapy Oncology Group 91–11

study. This exploratory analysis showed that the rate of

deaths not attributed to larynx cancer or treatment was

higher in patients receiving concomitant chemotherapy

(ie, induction chemotherapy and radiotherapy alone

30.8% vs 20.8% vs 16.9%, respectively).6 This offers a

basis for thought from a radiobiological and clinical point

of view. It is well acknowledged that toxicities exert a

detrimental effect on local control. Treatment toxicity is

one of the major causes of unplanned interruptions,

which leads to a prolongation of the overall treatment

time. The radiobiological consequence is the reinitiation

of an accelerated repopulation of tumor clones, which

reduces local control and increases toxicity.7 Following

an unplanned interruption, an increased radiation dose

administered over a short period of time is required to

compensate for the gap in treatment. The increased dose

required to maintain a constant control rate in HNSCC

has been calculated at 0.5–0.6 Gy/day using 2 Gy/frac-

tion. However, this treatment compensation may result in

toxicity.8 In addition, local irradiation and systemic

effects are strongly interlinked. Russi et al have described

in detail the impact of local irradiation on the whole

organism through several inflammatory steps.9 The

authors clearly explained that local irradiation leads to

mucosal injury that perturbs the organism as a whole

through cytokine cascades, generating an abscopal

inflammatory effect on distant organs. As a result, several

occasionally life-threatening systemic syndromes or

organ failures may occur following CCRT. Knowledge

of the systemic consequences related to CCRT together

with the conditions of the patients with HNSCC at base-

line and during treatment are of crucial importance, high-

lighting the need for a multidisciplinary team (MDT)

approach.

Patient-Related Factors
Evaluation of the physical conditions of patients with

HNSCC at baseline is the first process for the identifica-

tion of factors which could impact the occurrence of

toxicities and final outcome. This process influences the

selection of treatment and therapeutic process prior to and

during treatment. Thus far, the age of patients with

HNSCC and their nutritional status have been identified

as important factors.

Advanced Age And Comorbidities
Elderly patients represent approximately half of the

HNSCC diagnoses. This is a particularly challenging

population associated with reduced treatment compliance.

Thus, the evaluation of frailty due to advanced age and any

other associated comorbidities is crucial in the decision to

prescribe CCRT that could benefit the patients in terms of

survival. A meta-analysis revealed that patients aged >70

years have no survival benefit following the addition of

chemotherapy to radiation.1 Kwon et al recently conducted

an analysis with regard to patients enrolled in specific

clinical trials. The results confirmed that elderly patients

with HNSCC are less fit for CCRT versus younger patients

due to the high incidence of additional comorbidities,

which lead to correspondingly higher rates of noncancer-

related mortality.10 A single-institution retrospective study

involving 369 elderly patients analyzed the compliance to

CCRT, underlining some differences in outcome between

patients aged ≥70 years or <70 years. In summary, it was

reported that patients aged ≥70 years were treated less

often with thrice-weekly cisplatin (25.5% vs 71.4%,

respectively) and more often with weekly carboplatin

(31.9% vs 3.4%, respectively) than those aged <70 years

(p<0.001). Notably, patients aged ≥70 years exhibited a

higher rate of hospitalizations due to toxicities (36.2% vs

21.1%, respectively; p=0.02). Furthermore, the same

group of patients had an increased risk of death at 3

months following CCRT (p=0.005) and worse survival

over time (p=0.002).11 Comorbidity has been found to be

an independent predictor of short-term mortality and OS in

patients with HNSCC.12 However, treating physicians may

not integrate this feature in their decisional process,13

despite the fact that at least mild comorbidity has been

documented in ≤54% of the patients with HNSCC at the

time of diagnosis.14 In clinical practice, the performance

status is routinely assessed during enrolment in the CCRT

protocol; however, this approach seems inadequate for

evaluating comorbidities and predicting the risk of a non-

cancer mortality. The most widely used and validated

model in oncology for the evaluation of comorbidities is

the Charlson Comorbidity Index, assessing the risk of

treatment-related toxicity and its outcome through intensi-

fication of therapy.15 Furthermore, other systems for the

scoring of comorbidities, such as the Adult Comorbidity
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Evaluation-27, Cumulative Illness Rating Scale for

Geriatrics, Geriatric (G8), Cancer and Aging Research

Group, and Generalized Competing Event scores, have

been used in elderly patients with HNSCC. More recently,

all these models have been incorporated into an online tool

to calculate indices of comorbidity in patients with head

and neck cancer (HNSCC), showing a high degree of

reproducibility and reliability.16

Glasgow Prognostic Score (GPS)
This score summarizes the inflammatory and metabolic

activity of cancer hidden in the patient. It takes into

account two parameters, namely the plasma levels of

C-reactive protein (CRP) and the serum levels of albumin.

The former is related to the inflammatory state induced by

the tumor, while the latter is an expression of the nutri-

tional state of the patient modified by cancer catabolism.

Several reports have demonstrated that the presence of a

systemic inflammatory response is associated with

increased weight loss (WL), loss of lean tissue, and a

functional decline, leading to cancer-related cachexia.17

This type of cachexia is associated with complex meta-

bolic, as well as molecular and cellular alterations defining

an inflammatory status also represented by elevated

plasma levels of CRP.18 Moreover, the levels of serum

albumin are correlated with the systemic inflammatory

condition of the patient through several pro-inflammatory

cytokine cascades.19 Thus, increased catabolism, chronic

malnutrition, and inflammatory reactions due to cancer

lead to hypoalbuminemia, which has been associated

with poor survival in various types of cancer. The combi-

nation of serum CRP and albumin concentrations defines

the modified GPS (mGPS) that has been adopted as a

prognostic therapeutic tool in a wide variety of cancers.20

Therefore, it should be considered an objective prognostic

nutritional marker in HNSCC treated with CCRT as a

survival prognosticator at baseline and during all the

phases of CCRT. In fact, the mGPS may change over

time. Changes in the mGPS score prior to, during, and

after CCRT have been identified as important prognosti-

cators of DFS and OS. Patients exhibiting an improved

GPS at the end of treatment have been linked to better OS

(p= 0.013) and relapse-free survival (p=0.012) compared

with those yielding a worsened final GPS.21

Weight Loss
In all cancer patients, weight loss (WL) is considered an

involuntary effect mainly attributed to cancer-induced

catabolism, which impacts loss of fat-free mass.22 In parti-

cular, in HNSCC patients, WL seems to be increased by

additional factors. One of these factors is the tumor primary

site in oro-hypopharyngeal cancers, which are characterized

by a predominant mechanical impairment of the ability to

eat.23 Swallowing problems caused by the obstruction of the

passage of bolus by the tumor, metabolic alterations affect-

ing appetite, and radiation-related mucositis on the treated

area are also factors to consider.24 The impact of these

factors on WL has been widely assessed in the past. In

particular, in the ARTSCAN study, the oropharyngeal

tumor site, age >65 years, underweight, absence of tube

feeding, Karnofsky performance status <80%, and swallow-

ing problems reported at the initiation of treatment have

been significantly related to WL.25 Moreover, the trend of

WL during and after the treatment completion strongly

affects the final outcome. It has been recognized that a

reduction of the pre-diagnosis weight by >20% is signifi-

cantly related to poor survival during CCRT and within

30 days after treatment completion.26 Furthermore, it should

be considered that WL during CCRT is not a static but a

variable feature that changes during treatment. During

CCRT, 55% of the patients may lose an additional 10% or

more of their body weight. In the acute phase, this loss has

been measured to be 11.3% and continues to decrease after

RT completion, with a nadir recorded at 5 months after the

termination of RT.25

This trend over time may be a useful finding for adopt-

ing prompt and customized nutritional interventions prior

to, during, and after treatment. Routine nutritional screen-

ing is considered an essential component of modern cancer

care; however, the early assessment of the risk of malnu-

trition has not been well established. The Malnutrition

Universal Screening Tool has shown its strength for appli-

cation to adult patients across all healthcare settings,

including oncology. Taking into account the WL linked

to radiation oncology, the Malnutrition Universal

Screening Tool appears to be effective in detecting the

risk of WL in this subset of patients. Moreover, it is a

simple and rapid method that can be applied by any

healthcare professional, with a high validity for early

screening. Ideally, this method should antedate a compre-

hensive nutritional assessment and guide intervention.27

Nutritional Intervention Issues
WL is considered the main surrogate of nutritional status

impairment in CCRT. Severe malnutrition, defined as WL

>10% within 6 months preceding primary tumor diagnosis
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has been found as an independent factor affecting the OS

of primary HNSCC patients. During treatment, WL exerts

a negative effect on OS, leading to unplanned interruptions

in treatment or prolonged hospitalization. Discontinuation

of RT for >5 days has been reported in 53% of the patients

with a WL >20% during CCRT, with a complete interrup-

tion observed in 29% of those patients.28 After completion

of treatment, WL (an additional 10%) can continue further

due to the persistence of severe mucositis and dysphagia.

Thus, the implementation of a customized nutritional pro-

gram is required. Several international guidelines suggest

that intensive nutritional counseling and oral nutritional

supplements should be applied to increase dietary intake,

as well as prevent therapy-associated WL and interruption

of RT in patients with HNSCC undergoing CCRT.29–31

Paccagnella et al documented that patients with HNSCC

who were enrolled in the nutritional intervention policy

had lost significantly less weight than those in the control

group (CG) who did not participate in the nutritional

program (p=0.024). As a result, patients enrolled in the

nutritional intervention policy exhibited WL at the end of

treatment (−4.6%), followed by prompt weight regain. On

the contrary, CG patients continued to lose weight for 6

months after the end of CCRT. In this group, statistical

significance was found for the proportion of patients who

had RT interruptions for >5 days due to toxicity (p=0.007),

delay of RT (days) due to toxicity (p=0.038), and the

proportion of patients admitted to a hospital for mucositis

(p=0.030).32 As shown by Hughes et al, the implementa-

tion of the WL risk stratification along with appropriate

guidelines concerning the nutritional status of patients

with head and neck cancer has been demonstrated to be

a health and cost-effective strategy.33

Caloric Intake Interventions
In patients receiving RT or CCRT, the total energy expen-

diture and protein requirement have been estimated to be

30–35 kcal/kg/day and 1.2 g/kg/day, respectively.34 For the

minimization of WL, the nutritional support should be

promptly performed in the following scenarios: a body

mass index (BMI) <18.5 kg/m2, an unintentional WL

>10% over 3–6 months, a BMI <20 kg/m2, a minimal

intake <5 days, or increased nutritional requirements due

to catabolism. Three main methods of nutritional support

have been identified, namely oral, parenteral, and enteral.

Of note, enteral nutrition is preferred for patients with

HNSCC receiving CCRT.35 The type and volume of ent-

eral nutrition depend on the patient’s symptoms and

current intake because they are likely to change throughout

and following treatment. Hence, a range of nutritionally

polymeric complete feeds have become available to cus-

tomize and ensure an appropriate caloric intake.36

Enteral Nutrition: Percutaneous

Gastrostomy (PEG) Or Nasogastric Tube

(NGT) Feedings?
Enteral nutrition is the preferred approach to improving the

nutritional status of patients with HNSCC receiving

CCRT.37 The strategies employed for nutritional supply

during enteral feeding are the NGT and PEG. At present,

there is insufficient evidence to determine which of these

two strategies is the optimal method for these patients, as

both have demonstrated effectiveness in improving nutri-

tional intake.38 Several studies have shown that at 6 weeks

following the end of radical chemoradiation, the patients

with PEG feeding had lost significantly less weight than

those with NGT feeding; however, 6 months later, the

difference in weight was not significant.39 Furthermore, a

retrospective study indicated that enteral feeding did not

influence WL at the end of treatment or unscheduled inter-

ruptions of RT.40 Nevertheless, a systematic review of PEG

and NGT feedings revealed equivalent outcomes in terms of

maintaining weight, rate of infections, difference in survi-

val, duration of feeding, and days of delay in RT.41 Another

factor which could influence the choice of feeding approach

is the duration of use of these devices, considering that

prolonged use of NGT feeding is associated with decubitus

ulcerations of the mucosa of the nose and pharynx.

Concerning this issue, the National English Institute for

Health and Care Excellence guidelines on enteral feeding

suggest that gastrostomy should be performed in patients

requiring enteral feeding for >4 weeks.36

Prophylactic PEG (P-FT) Or Reactive PEG

(R-FT)?
A controversial topic is the use of P-FT or R-FT, whereas

this last occurs when patients are unable to meet their

nutritional requirements through the intake of oral nutri-

tional supplements during treatment. Several retrospective

and few prospective studies have addressed this topic by

comparing these two approaches. However, as investigated

by Bossola in a narrative review, there is no definitive

conclusion drawn owing to the similar nutritional out-

comes observed with both approaches.42 Particularly, in a

study conducted by Lewis et al, the number of
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interruptions of treatment was similar although patients

with P-FT had completed a greater number of chemother-

apy cycles compared with those receiving R-FT (p<0.001).

Notably, there were no differences found in terms of OS

and DFS.43 However, in another study, patients who

received R-FT had a significantly higher stricture rate

and aspiration rate compared with those in the P-FT

group. In addition, significantly fewer hospitalizations

were observed in the P-FT group versus the R-FT group.

Overall, when accounting for both PEG placement and

hospitalizations, the prophylactic approach was found to

be more cost-effective.44 An Australian group has pro-

posed the implementation of a nutritional program based

on WL risk stratification guidelines.33 This program con-

sists of an algorithm, which includes the early identifica-

tion and insertion of a P-FT tube in HNSCC patients with

high-risk WL. This active implementation of customized

nutritional guidelines according to the WL risk has

resulted in a significant decrease in the number of hospital

admissions and duration of hospital stay.33 Strom et al

indicated some factors, such as a BMI <25, accelerated

irradiation fractionation, a tumor T classification of ≥3,
and a cumulative cisplatin dose >200 mg/m2, that can be

used to determine the appropriate time for the reactive

placement of a PEG tube during CCRT in patients with

symptomatic oropharyngeal cancer.45 However, there is

insufficient evidence to determine the optimal method of

enteral feeding. The use of routine swallowing tests per-

formed at baseline and during treatment could be a useful

method for the early identification of symptomatic

patients.

Refeeding Syndrome And Eating

Rehabilitation
Refeeding syndrome is a metabolic disturbance occurring

with the reintroduction of nutrition in patients who are

severely malnourished irrespective of the feeding route.

The main feature of this syndrome is hypophosphatemia,

with an abnormal sodium and fluid balance. Changes in

glucose, protein, fat metabolism, as well as thiamine defi-

ciency, hypokalemia, and hypomagnesemia are also

accounted.36 Prior to the initiation of feeding, intake of

thiamine and multivitamin complex is required for patients

at risk, followed by a slow-feeding supplement, and care-

ful rehydration. Importantly, attention is paid to the correct

levels of potassium, phosphate, and magnesium.

Implementation of a rehabilitation eating program is man-

datory after discontinuation of feeding. Dietitians can play

a key role in this process by offering tailored healthy

eating advice that takes into consideration the long-term

side effects experienced by the treated patients. As empha-

sized by Talwar et al,35 a nutritional intervention (dietary

counseling and/or supplements) should be offered for ≤3
months after treatment. The rehabilitation program recom-

mends that patients should be observed fortnightly for ≥6
weeks post treatment and reviewed by the dietitian for ≤6
months or as long as they require management of chronic

toxicities, WL, or tube feeding.

Fatigue
Fatigue has been described as the most distressing symp-

tom experienced by patients with cancer during treatment,

especially with the addition of RT.46 Fatigue exerts a

negative effect on the compliance and management of

therapy, influencing the decision to interrupt the treatment

or decrease the dose. As shown by Hickok et al, although

it is not a specific symptom, the degree of fatigue appears

to vary according to the irradiated anatomical site.47 In

that study, compared with other cancer sites, patients with

HNSCC showed a higher frequency and severity of fatigue

at baseline and throughout the 5-week treatment period.

Moreover, persistence of fatigue throughout the entire

course of RT has been observed in nearly 52% of the

patients. Several questionnaires have been developed for

assessing the level of fatigue. Among them, the

Multidimensional Fatigue Inventory-20 has been validated

as a useful tool in oncological research.48 Jereczek-Fossa

et al showed that the level of fatigue increased during RT,

with the maximum noted at week 6 and gradually decreas-

ing thereafter. The multivariate analysis revealed that

advanced age, psychologic disorders, and previous head

and neck surgery correlated with a higher pre-RT level of

fatigue. In turn, the pre-RT fatigue score (p<0.0001),

induction and/or CCRT (p=0.035), and need of cortisone

during RT (p<0.005) also correlated with a higher level of

fatigue during RT. Furthermore, the pre-RT fatigue score

(p<0.0001), induction and/or concomitant computed tomo-

graphy (p<0.001), and the need of cortisone during RT

(p>0.005) were also related to a higher level of fatigue

post-RT.48 Although they may be concurrently present in

the patient, fatigue is not a surrogate feature of WL or

anemia. A low-level hemoglobin (Hgb) pre-RT has been

associated with a high level of RT-induced fatigue in some

studies.49 However, in other studies, fatigue was primarily

associated with the Karnofsky performance status and

psychological distress.50 The correction of anemia prior
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to or during RT could be helpful when fatigue is accom-

panied by a low level of Hgb.51 Currently, the role of

erythropoietin in the correction anemia and fatigue in

these patients remains unclear, as documented by a pro-

spective randomized trial using epoetin alfa.52 This study

showed that administration of erythropoietin in patients

with HNSCC receiving CCRT ameliorated the level of

Hgb, whereas it did not affect fatigue on any subscale or

overall score.

Cancer-Related Anemia
Anemia is a condition caused by a decrease in the concen-

tration of red cells or level of Hgb in peripheral blood

leading to a reduction in the oxygen-carrying capacity of

the blood and hypoxia in tissues.53 The pathophysiology of

anemia in cancer is multifactorial, including factors related

to the cancer per se and treatment side effects. Among the

tumor-associated factors, the combination of tumor bleeding

and low nutritional oral intake with deficiency in folic acid

and vitamin B12 has been linked to an inflammatory antic-

ancer immune response.54 Considering this, the interaction

between the tumor cell population and immune system

leads to the release of cytokines, such as interferon

gamma, interleukin-1, and tumor necrosis factor-α. The

consequence is an inflammatory state, which suppresses

the differentiation of erythroid precursor cells in the bone

marrow enhanced by the activation of macrophages. In turn,

this effect leads to a shorter erythrocyte half-life and a

decrease in iron utilization, achieving high levels of ery-

thropoietin and ferritin with sideropenic anemia.55 A low

level of Hgb has been shown to be detrimental.56 Several

previous studies have reported thresholds for the low level

of Hgb ranging from 9 g/dL to 14.5 g/dL.56 Hence, thus far,

this threshold remains unclear. An association between

lower baseline Hgb and worst treatment outcome was con-

firmed by a secondary analysis of two European rando-

mized trials (ARO 95–06, SAKK 10/94). A lower

baseline Hgb was associated with decreased OS in patients

who received CCRT (p=0.009) and in those who underwent

RT alone (p<0.001).57 Furthermore, studies investigating

the quality of life of patients suggested that correction of

moderately severe anemia may result in significant gains.

However, the use of erythropoiesis-stimulating agents

(ESAs) in patients with HNSCC remains controversial on

the basis of the unfavorable outcomes, as stated by several

studies (eg, ENHANCE, DAHANCA 10, RTOG 99–03,

and an erythropoietin alfa study).52,58–60 All these studies

confirmed that correction of the level of Hgb using ESAs

during RT in patients with HNSCC has resulted in a sig-

nificantly poorer tumor control and survival.

Correction Of Anemia
According to the available guidelines, the amelioration of

symptoms and avoidance of transfusion therapy are the

main indications for the administration of erythropoietin,

although transfusion of red blood cells is also an option.

The European Organization for Research and Treatment of

Cancer updated their guidelines regarding the use of ESAs

stating that they reduce the number of transfusions and

significantly improve quality of life in patients with che-

motherapy-induced anemia. A sustained Hgb level of

approximately 12 g/dL has been recommended as the target

of treatment with ESAs.61 Furthermore, based on the detri-

mental outcomes reported in several trials, the guidelines

established by the American Society of Clinical Oncology–

American Society of Hematology recommend the adminis-

tration of erythropoietin in patients with chemotherapy-

associated anemia whose cancer treatment is not curative

in intent and their Hgb has declined to 10 g/dL.62

Treatment-Related Systemic
Morbidities
Approximately 50% of the patients with HNC receiving

CCRT are at risk of developing treatment-related toxicity,

which negatively impacts the outcome. Herein, the most

important and frequently recorded toxicities reported in

clinical practice are discussed.

Cisplatin-Induced Toxicity
In HNSCC, cisplatin is currently the most widely used cyto-

toxic agent in combination with radiation. Ameta-analysis of

chemotherapy in HNC showed a 65% benefit at 5 years in

patients receiving concomitant chemotherapy. Moreover,

among monochemotherapies in clinical trials, platinum-

based regimens were found to be more effective than other

drugs.1 The rationale for adding cisplatin to RT is based on its

radiosensitizing properties coupled with a toxicity profile not

overlapping with RT. Administration schedules of

100 mg/m2 thrice weekly or weekly 40 mg/m2 are usually

used,63,64 while a new alternative weekly administration of

20 mg/m2 for 5 days every 4 weeks has been recommended

owing to a favorable safety profile.65 Apart from the sche-

dule, the cumulative dose of cisplatin in concurrent chemor-

adiation protocols for HNSCC seems to be significantly

related with survival (p=0.027), suggesting that higher

doses of cisplatin are associated with greater benefit.66
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Thus, the recommended cumulative dose of cisplatin admi-

nistered during RT should be ≥200 mg/m2. However, this

approach is linked to toxicity (eg, myelosuppression, neuro-

toxicity, ototoxicity, and nephrotoxicity) and reduced com-

pliance to the planned regimen of chemotherapy (ie,

49–61%), as shown in several trials.2,67,68 Cisplatin belongs

to the group of agents with a potentially high emetogenic

risk, in which the frequency of emesis is estimated to be

>90%.69 Therefore, according to the available antiemesis

guidelines established by the National Comprehensive

Cancer Network V2.2018.2018,70 the Multinational

Association for Supportive Care in Cancer, the European

Society of Medical Oncology, and the American Society of

Clinical Oncology, adequate antiemetic prophylaxis is

required in patients receiving treatment with cisplatin.71,72

Cisplatin-Induced Nephrotoxicity
Acute platinum-induced nephrotoxicity occurs in one-third

of patients nearly 10 days after its supply, as an expression of

damage to kidney tubule cells. In fact, it is associated with the

inability to concentrate urine rather than a reduction in urin-

ary output, resulting in hypovolemia and irreversible kidney

failure. The mechanism consists of tubular damage occurring

mainly in the S3 part of the tubular proximal loop, Henle

loop, and distal tubular district via tumor necrosis factor-α
effect cytokine cascade associated with an immune inflam-

mation. The results are glucosuria, aminoaciduria, magne-

sium loss, and anemia due to renal damage and impairment in

the production of erythropoietin.73 The scales used to mea-

sure nephrotoxicity impact on its real incidence, explaining

the observed controversial toxicity data. According to the

Common Terminology Criteria for Adverse Events criteria

grade 3–4, the incidence of acute nephrotoxicity varies

between 1% and 46%.2–65 Nevertheless, the incidence of

nephrotoxicity could be increased to nearly 53% when mea-

sured using the RIFLE scale (Risk, Injury, Failure, Loss of

kidney function, End-stage kidney disease), as found by

Espeli et al.64 However, in clinical practice, the measurement

of nephrotoxicity is usually based on the rate of glomerular

filtration, using the Common Terminology Criteria for

Adverse Events v4.0. Through this method, grade 2

nephrotoxicity based on a glomerular filtration rate of

30–59 mL/min is considered the main parameter for discon-

tinuing the administration of cisplatin during CCRT.

However, grade 2 nephrotoxicity is underreported in the

literature. A more useful approach to evaluating renal func-

tion is the calculation of the clearance of creatinine using the

Cockcroft–Gault formula. Using this method, a retrospective

study assessing treatment with thrice-weekly cisplatin CCRT

reported grade 2 nephrotoxicity in 25% of the patients.74 This

method calculates the rate of glomerular filtration accounting

for the age, sex, and body weight. It appears to be a more

accurate indicator of renal function over time in patients with

HNSCC because their weight and liquid intake are change-

able features during CCRT. Different options for minimizing

platinum-induced nephrotoxicity have been discussed in the

literature. The first option is adjustment of cisplatin sche-

dules, as previously discussed.64,65 The role of supportive

care based on hydration and forced diuresis with supply of

mannitol, furosemide, potassium, and magnesium is funda-

mental, as indicated by nephron protection protocols. During

treatment, loss of body weight or volume depletion predis-

poses patients to pre-renal hyper-azotemia, which may con-

tribute to acute kidney injury.

Cisplatin-Induced Anemia
Anemia is the most common hematological side effect

in patients with cancer receiving chemotherapy,75 exert-

ing a detrimental effect on quality of life and a negative

impact on prognosis, with an estimated overall mortality

risk of 75% in HNSCC.76 Undoubtedly, anemia in pla-

tinum-based chemotherapy is induced by platinum

nephrotoxicity through a decrease in the production of

endogenous erythropoietin following damage to renal

proximal tubular cells. The kidneys are the major source

of erythropoietin in adults. Evidence indicated the pro-

duction of erythropoietin by peritubular interstitial cells,

although some studies suggested a renal tubular cell

origin. The kidneys accumulate cisplatin to a greater

degree than other organs. Moreover, they are the major

route for its excretion, leading to a five-fold higher

concentration of cisplatin in proximal tubular epithelial

cells than in the serum. Thus, the disproportionate accu-

mulation of cisplatin in kidney tissue contributes to

cisplatin-induced nephrotoxicity.18 Mechanisms identi-

fied as major causes of underlying cisplatin-induced

renal cell injury include the paradoxical role of

gamma-glutamyl-transpeptidase in cisplatin nephrotoxi-

city, the unexpected ability of proximal tubular cells

to metabolize cisplatin to a nephrotoxin, apoptotic

pathways, and the presence of reactive oxygen

metabolites.18 For this reason, cisplatin-associated ane-

mia has been defined as “an erythropoietin deficiency

syndrome” promptly responding to the administration of

erythropoietin, which corrects the anemia associated

with renal failure in the majority of patients.77
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Infections
Owing to extensive immunosuppression, cancer and its

treatment may predispose patients to infections. The

array of potential pathogens is wide. However, opportu-

nistic agents and viruses such as the Herpes simplex virus

(HSV) or Hepatitis B virus (HBV) should be principally

taken into account in addition to conventional microorgan-

isms. Under specific favorable conditions (eg, immunosup-

pression), infection with any mold, yeast, saprophytic

microorganism, or latent virus, may result in a dissemi-

nated life-threatening disease. Indwelling catheter, PEG or

tube feedings, corticosteroids, and neutropenia-lymphope-

nia are considered the principal causes. Caution should be

taken regarding viruses, such as HSV (Herpes Simplex

Virus) and HBV (Hepatitis B Virus). As suggested by

several experimental models, local radiation therapy

including the temporal lobes in the radiation fields (as in

nasopharyngeal cancers) could be responsible for reactiva-

tion of latent HSV in the trigeminal ganglion, leading to

an increased risk of herpes simplex encephalitis.78

Furthermore, patients with chronic HBV infections receiv-

ing immunosuppression therapy (eg, oral corticosteroids or

chemotherapy), are at risk of HBV reactivation, develop-

ing severe hepatitis, and even life-threatening hepatic fail-

ure due to suppression of the immune system and

enhancement of virus replication. Prophylactic antiviral

therapy using lamivudine should be administered to all

HBV-seropositive patients.79

Opportunistic Infections
Among the pathogens associated with opportunistic bac-

teremia, severe infections by Salmonella are frequent with

or without enteritis in immunocompromised patients due

to age, malnutrition, use of corticosteroids, or other immu-

nosuppressive therapies. Following oral mucositis with

ulcerations and neutropenia, bacteremia may be caused

by pathogens normally present in the oral cavity (eg,

Rothia dentocariosa, Eikenella corrodens, Stomatococcus

mucilaginosus). Bacillus species and Mycobacterium for-

tuitum are also considered opportunistic agents of catheter-

related bacteremia. Pulmonary infections by Aspergillus

and Fusarium have also been described, as well as pneu-

mocystis and Cytomegalovirus pneumonia.80

Fungal Infections
Fungal colonization is the most frequently recorded infec-

tion in patients with HNSCC receiving CCRT. The principal

source of fungal infections is the mouth flora, skin, and

gastrointestinal tract. Predisposing factors are neutropenia,

mucositis, and total parenteral nutrition indwelling catheter.

However, high-grade (grade III–IV) radiation mucositis has

been identified as the most important factor related to fungal

colonization and infection in irradiated patients with

HNSCC.81 The fungal spectrum is wide, including

Candida albicans and non-albicans infections. Oral candi-

diasis, after mucosal colonization by the Candida species, is

the most common finding, with albicans as the most fre-

quently isolated organism. Infections with Candida tropica-

lis and Candida krusei have also been described.82

Moreover, infections with Candida parapsilosis have been

associated with total parenteral nutrition indwelling catheter

delivering total parenteral nutrition.83 Furthermore, non-

albicans species (eg, Candida glabrata) have also been

implicated in oropharyngeal infections.84 Radiation alters

the oral environment that predisposes to fungal colonization

of the oral mucosa. Therefore, the incidence and severity of

mucositis and thrush may be reduced by the prophylactic

administration of fluconazole or itraconazole during CCRT.

This condition leads to opportunistic candidiasis and occa-

sionally induces fungemia and deep candidiasis in other

organs. These effects may be life-threatening in patients

with an immunocompromised state. Hence, early diagnosis

and management become important in view of the morbid-

ity and lethality associated with oral candidiasis.

Aspiration Pneumonia (AP)
AP is an underreported complication of CCRT in patients

with HNSCC. It has been defined as a pneumonia second-

ary to inhalation of food particles, saliva, or other foreign

substances. Moreover, it represents the major source of

post-treatment morbidity, as well as a potential cause

of death among HNC patients, with a 42% increased risk

of death.85 Significant risk factors related to AP have been

identified, such as the absence of tube feeding, advanced

clinical stage, incomplete response to treatment, grade 3

dysphagia, and advanced age.86 The Surveillance,

Epidemiology and End Results-Medicare Database has

reported that nearly one-quarter of elderly patients with

HNSCC develop AP within 5 years after CCRT. In this

population, the 1- and 5-year cumulative incidence of AP in

patients with HNSCC was 15.8% and 23.8%, respectively.

In non-HNSCC patients, these values were 3.6% and 8.7%,

respectively. A multivariate analysis identified several inde-

pendent risk factors for AP, including hypopharyngeal and

nasopharyngeal tumors, male sex, advanced age, increased

Charlson Comorbidity Index, no prior surgery to radiation,
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and care received at a teaching hospital.87 Several mechan-

isms involved in the development of AP in patients with

HNSCC receiving CCRT have been explored to explain the

relationship of this illness with oral radiation. After radia-

tion, AP may develop as the consequence of a series of

events induced by acute and chronic mucosal changes,

muscle fibrosis, dysphagia, and xerostomia. In turn, these

factors lead to swallowing dysfunction, which further

increases the risk of both aspiration and aspiration pneumo-

nia. Biological mechanisms involving altered oral condi-

tions and respiratory inflammation have been identified

due to oral pathogens directly aspirated into the lungs.88

Among them, Pseudomonas aeruginosa has been identified

as the most important agent, showing antibiotic resistance

and an increased capacity of colonization in patients with

NGTs.89 Lung injury may be a consequence of the direct

destructive effects of these microorganisms on the lung

parenchyma, inducing apoptosis of bronchial epithelial

cells and an exuberant host immune response. A second

mechanism may be represented by the role of salivary

enzymes associated with periodontal disease, which modify

the mucosal surfaces of the respiratory tract. In such cases,

it has been hypothesized that respiratory pathogens promote

adhesion and colonization through modification of the

mucosal epithelium, loss or removal of surface fibronectin

by hydrolytic enzymes, and release of cytokines.90 Thus,

oral hygiene and radiation-induced dysphagia play a key

role in the origin of AP. Poor oral hygiene leads to higher

enzymatic activity from periodontopathic bacteria. This

higher enzymatic activity destroys the salivary film that

protects against pathogenic bacteria through a reduction of

the ability of mucins to adhere to pathogens. Consequently,

pathogens are able to freely adhere to mucosal receptors in

the respiratory tract.91 Eventually, the continuous release of

cytokines from periodontal tissues and impairment of the

immune system of the host amplify the damage resulting in

a wide pulmonary infection. Adequate oral care is required

to minimize the risk of AP. Regarding dysphagia, assess-

ment of its severity through swallowing tests may be useful

to promptly determine the need for the placement of a tube

feeding device.92

Psychological Distress In Patients
With HNC
Patients with HNSCC are at a high risk of developing

emotional problems during all stages of their disease.

Therefore, they require a support network that closely

follows them during all phases of the disease (ie, from

diagnosis to follow-up). Two surveys have been con-

ducted in Western European countries by the European

Head and Neck Society. These efforts resulted in the

development of a program termed the Make Sense

Campaign aiming to raise awareness of the disease and

improve outcomes in patients with HNC.93 In summary,

this program advocates that emotional support should be

provided by one designated healthcare professional who

monitors the patients during the entire therapeutic jour-

ney or in the context of an MDT management approach.

Psychological interventions are applied to improve psy-

chological outcomes, increase adherence to treatment

protocols, enhance compliance to the treatment, and

encourage compliance to lifestyle modifications (eg,

consumption of alcohol, use of tobacco, or sexual activ-

ities). Moreover, this activity may be useful in recogniz-

ing situations requiring pharmacological or

psychotherapeutic interventions. In particular, appropri-

ate attention should be paid in the treatment of patients

with human papillomavirus-related HNSCC, owing to

high risk of psychosocial distress associated with this

condition.94

Conclusion
From an oncological and medical point of view,

HNSCC is a valid field for the application of a MDT

approach to guarantee the best oncological outcome

and prevent or adequately treat any adverse effects.

Given the complexities of the management of patients

with HNSCC, selection of patient and knowledge of

competing morbidities is the milestone to advocate and

stress the role of the MDT approach. Nutritional coun-

seling, evaluation of swallowing, oral care, and suppor-

tive and psychological care management are mandatory

prior to, during, and after concomitant chemoradiation

therapy. As shown by this review, and consistent with

the study conducted by Lo Nigro et al,95 the MDT

approach should include a radiologist, surgeon, radia-

tion oncologist, medical oncologist, and other profes-

sionals involved in supportive care (ie, dietician,

dentist, pain and swallowing physician, pneumologist,

and psychologist) throughout the entire therapeutic

journey to provide the best medical healthcare. Data

suggest that the MDT-based approach is beneficial for

patients with HNC and leads to improved survival rates

through an improved diagnostic and staging accuracy, a

more efficacious therapeutic approach, and enhanced

communication across disciplines.
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