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Concurrent chemotherapy and radiotherapy (CCRT) followed by durvalumab immune therapy in appropriate
patients is considered to be the standard of care in most fit stage III non-small-cell lung cancer (NSCLC)
patients. However, CCRT is a toxic treatment that affects all organ systems and may cause acute and
permanent side effects, some of which may be lethal. Supportive care is therefore of utmost importance in this
clinical setting. A group of experts from the European Society for Therapeutic Radiology and Oncology (ESTRO)
and the European Society of Medical Oncology (ESMO) identified the following items of importance for further
improvement of supportive care: smoking cessation; nutrition before and during CCRT (including treatment and
prevention of anorexia); physical exercise before and during CCRT; prevention and treatment of acute
esophagitis and dysphagia; treatment of cough and dyspnea; treatment of skin reactions; treatment of fatigue;
prophylaxis of nausea and emesis; prevention, diagnosis, and treatment of cardiac disease and damage; and
optimization of radiotherapy techniques and chemotherapy adjustments to reduce toxicity in the era of immune
therapy. The resulting recommendations are summarized in this manuscript and knowledge gaps identified, in
which future investments are needed to improve supportive care and hence quality of life and survival for our
stage III NSCLC patients.
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INTRODUCTION

Stage III non-small-cell lung cancer (NSCLC) is a very hetero-
geneous disease.1 Concurrent chemotherapy and radiotherapy
(CCRT) is considered to be the standard of care inmost fit stage
III NSCLC patients.1 CCRT is mostly defined as the administra-
tion of radiotherapy to the primary lung cancer and the
involved lymph nodes, typically at a dose of 60e66 Gy given in
2-Gy once-daily fractions, five times per week, together with
two cycles of a platinum-doublet chemotherapy. Recently, 12
months of adjuvant immunotherapy (durvalumab) has shown
to improve the overall survival following CCRT.2

Nevertheless, CCRT is a toxic treatment that affects all
organ systems and may cause acute and permanent side
effects, of which some may be lethal.1 Supportive care is
therefore of utmost importance in this clinical setting. This
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relates not only to the prevention and treatment of in-
fections, the use of antiemetics for chemotherapy, and
sometimes administration of hematopoietic growth factors,
but also to meticulous radiotherapy planning and delivery,
for all of which excellent recommendations exist.3e5 A group
of experts from the European Society for Therapeutic Radi-
ology and Oncology (ESTRO) and the European Society of
Medical Oncology (ESMO) identified the following items of
importance for further improvement of supportive care:
smoking cessation; nutrition before and during CCRT
(including treatment and prevention of anorexia); physical
exercise before and during CCRT; prevention and treatment
of acute esophagitis and dysphagia; treatment of cough and
dyspnea; treatment of skin reactions; treatment of fatigue;
prophylaxis of nausea and emesis; prevention, diagnosis, and
treatment of cardiac disease and damage; and optimization
of radiotherapy techniques and chemotherapy adjustments
to reduce toxicity in the era of immune therapy.

SMOKING CESSATION

Persistent smoking after cancer diagnosis has been shown
to have a significant impact on overall mortality, cancer-
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specific mortality, risk for second primary cancer, quality of
life, efficacy of treatment, and cancer treatment toxicity
across all cancer sites and treatments. This also applies for
lung cancer.6e8

Data that smoking lowers the risk for developing radia-
tion pneumonitis are inconsistent, which may be due to the
different definitions of pneumonitis, the inclusion or
exclusion of alternative diagnoses of dyspnea, and the in-
clusion or not of baseline dyspnea in a multivariate model.3

Continuing to smoke during radiotherapy or chemo-
radiotherapy for lung cancer may lead to a decreased
overall survival.8e11 Patients who continued to smoke after
treatment for early stage lung cancer (stages IeIIIA) have a
higher risk of tumor recurrence, development of a second
primary tumor, or all-cause mortality compared with those
who quit smoking.12

Smoking cessation, before or after radiotherapy for lung
cancer, increases the performance status and health-related
quality of life (HRQoL) and may also lead to improved sur-
vival.13,14 Smoking cessation was shown to be associated
with a decreased risk for a second smoking-related primary
cancer in small-cell lung cancer patients who survived
cancer free for >2 years after initial successful therapy.15

Whether completely switching from tobacco cigarette
smoking to vaping of an e-cigarette improves the outcome
of lung cancer patients treated with chemoradiotherapy has
not been established.16

Current smokers with stage III lung cancer considered for
CCRT should be actively supported to quit smoking. This
recommendation is very likely also applicable for patients
receiving sequential chemotherapy and radiotherapy,
radiotherapy alone, or any anticancer nonsurgical or surgi-
cal treatment. Smoking in itself is not a contraindication for
receiving CCRT. Cancer diagnosis is a ‘teachable’ moment to
assist the patient in quitting smoking and immediate
smoking cessation may significantly decrease the risk of
complications and improve overall survival.6,13 No studies
have shown any harm from smoking cessation in cancer
patients, or any signal for a clinical benefit of continued
smoking.17,18
PREVENTION AND TREATMENT OF ACUTE ESOPHAGITIS
AND DYSPHAGIA

Acute esophagitis and dysphagia occur in most patients
receiving CCRT for stage III NSCLC, with an incidence of 20%
reversible common terminology criteria for adverse events
(CTCAE) grade 3 dysphagia.19 Acute radiation-induced
esophagitis typically begins during the third week of CCRT
and reaches a peakw2 weeks after the end of CCRT. Healing
is mostly complete w8 weeks after the end of CCRT.

Disorders of esophageal motility may also lead to
dysphagia.20 Severe, long-lasting acute esophagitis may
evolve to late damage such as strictures and perforation.
Serious acute esophagitis may not only result in a decreased
intake of food, but also of liquids, which may lead to dehy-
dration. Adequate nutritional support and weight control are
necessary, as discussed in the section on nutritional support.
42 https://doi.org/10.1016/j.annonc.2019.10.003
There is a good correlation between dysphagia and
esophagitis in radiotherapy patients.21,22 Patients with clin-
ical grade 2 or 3 dysphagia also had endoscopic evidence of
esophagitis21,22; 11% of patients, without or with clinical
grade 1 dysphagia, had grade 3 esophagitis, scored by
endoscopic criteria22; 16% of patients had esophageal can-
didosis; the relation with dysphagia or endoscopic grade was
not reported.

An increased esophageal transit time (ETT) may also lead
to dysphagia.23 Radiotherapy increases the ETT in 80% of
patients, even at low doses.21,24 No data are available on
the ETT at higher doses or with CCRT, but most likely the
severity and incidence of increased ETT will be higher. It is
unknown when and if the esophageal motility returns to
normal after CCRT.

Amifostine, a radioprotective thiol, was evaluated in
three randomized trials.25e27 In one of the three trials (n ¼
146) amifostine reduced the incidence of esophagitis in
week 4 during radiotherapy.25 The two other trials with 243
and 60 patients, respectively, could not show a beneficial
effect, however.26,27

Two small placebo-controlled randomized trials totaling 14
and 28 patients, respectively, investigated indomethacin or
naproxen.28,29 No effect on esophagitis was observed. Nearly
29% developed esophageal candidosis, with no difference
between the groups. A placebo-controlled randomized trial
(n¼ 97) did not demonstrate a beneficial effect of sucralfate,
a cytoprotective drug used to treat gastrointestinal disorders
or dysphagia.30 In NRG/RTOG 1012, 163 patients were ran-
domized between prophylactic manuka honey and standard
supportive care during CCRT.31 Standard supportive care
consisted of viscous lidocaine, an antacid, and oxycodone as
needed. There was no statistical difference in patient-
reported pain on swallowing.

Because esophageal candidosis frequently occurs, evalu-
ation of patients with grade 2 or greater esophagitis should
include a physical examination for the mouth and
oropharynx for candidosis. In patients who have a delayed
recovery of esophagitis, esophageal candidosis should be
suspected and antifungal therapy may be considered.
NUTRITION BEFORE AND DURING CCRT, INCLUDING
TREATMENT AND PREVENTION OF ANOREXIA

In cancer patients undergoing curative or palliative cancer
therapy, malnutrition and cachexia, including weight loss and
metabolic dysregulations, are associated with an impaired
prognosis and may therefore be targets for prevention and
treatment.32,33 In patients with lung cancer, malnutrition is a
common comorbidity.34 Patients receiving CCRT for stage III
lung cancer are at a high risk of worsening of this condition
related to esophagitis and dysphagia resulting in inadequate
nutritional intake.32,34 This is further exacerbated by the
cancer itself and treatment-induced catabolism, anorexia,
nausea, abdominal discomfort, fatigue, pain, anxiety,
depression, and other psychosocial distress.32,35

Because of the increased risk of malnutrition, nutritional
risk should be assessed and all patients counselled before
Volume 31 - Issue 1 - 2020

https://doi.org/10.1016/j.annonc.2019.10.003


D. De Ruysscher et al. Annals of Oncology
and during therapy.32,36e38 Counselling by trained pro-
fessionals has been shown to improve energy and protein
intake, body weight, and quality of life.32,36 Nutritional
assessment should be performed by a nutrition expert and
includes calculating body mass index, estimating food
intake, determining the presence and degree of weight loss,
muscle mass, anorexia and other nutritional impact symp-
toms (e.g. nausea, dysphagia, diarrhea), decreased perfor-
mance index, and metabolic derangements as well as the
presence of other stressors such as pain and psychological
and social distress.32,35

Prevention of nutritional deficits should include early
counselling on the potential stressors listed earlier,37,38

options to improve food intake and physical activity, and
seeking professional help early in case of developing
symptoms. To prevent or minimize the symptoms of
esophagitis and dysphagia, it is crucial to instruct patients
to avoid alcohol, bulky food, spicy, hot or very cold food,
citrus fruits, and products such as orange juice. Prevention
also includes optimal antiemetic prophylaxis, effective pain
treatment, early psychosocial care, exercise training, control
of potential constipation, and protection of the gastroin-
testinal mucosa.

Independent of the route of delivery, nutritional intake
should cover at least 30 kcal and 1.0e1.5 g protein per kg
body weight as well as the recommended daily allowance
for all micronutrients.32,37,38 If intake is expected to be
inadequate, counselling should focus on the choice of
foods, options to enrich foods with energy and proteins,
optimal meal size, and meal frequency. Pain induced by
chewing or swallowing needs to be controlled effectively.
Counselling should focus on soft and mild food, avoiding
irritating ingredients. Liquid or soft oral nutritional supple-
ments should be offered in addition to, but not in
replacement of, normal foods. If oral intake is inadequate
despite meticulous care, resulting in progressive weight loss
of 5% from the initiation of CCRT, tube feeding should be
initiated promptly. In patients receiving CCRT for stage III
lung cancer, naso-gastric tube feeding is rarely required for
prolonged periods. In very rare situations, such as in
important anatomical deformations or intolerance for a
naso-gastric tube, placement of a percutaneous endoscopic
gastrostomy should be considered. If enteral tube feeding is
not tolerated, parenteral nutrition should be offered.32

No pharmacologic agent has shown to improve anorexia
or catabolism in this setting.32 Data reporting effects of
glutamine or long-chain n-3 fatty acids on appetite, body
weight, and lean body mass in patients with lung cancer are
heterogeneous and based on trials characterized by a
definitive risk of bias.32
PHYSICAL EXERCISE BEFORE AND DURING CCRT

The health benefits of exercise have been recognized in
cancer patients.39 Nevertheless, patients with lung cancer
tend to have low levels of activity and a reduced tolerance
to exercise. This can be explained by the presence of
disabling symptoms such as fatigue and shortness of breath
Volume 31 - Issue 1 - 2020
due to existing comorbidities or to the cancer itself, which
impact on the patients’ ability to engage in exercise.
Chronic obstructive pulmonary disease (COPD) is present in
w70% of men and w50% of women with newly diagnosed
primary lung cancer in Europe.40 There is evidence of
reduction in hospitalization and improvement in HRQoL in
COPD patients taking part in pulmonary rehabilitation pro-
grams that include home-based exercise.41,42

Although some studies have investigated physical exer-
cise in lung cancer patients, there is a paucity of data
specifically in patients treated with chemoradiotherapy.
Most of the data available come from the surgical setting.43

Exercise training in patients with advanced lung cancer
showed an improvement in disease-specific global HRQoL
but no significant effects on dyspnea, fatigue, feelings of
anxiety and depression, or lung function.44,45

Only two studies were identified in the setting of radical
treatment (surgery or radiotherapy, with or without chemo-
therapy) for lung cancer. In the first study, 28 patients were
randomly allocated after radical treatment to either standard
follow-up or a 12-week rehabilitation training program.46 The
study showed that muscle mass and strength are decreased at
presentation in most patients and decline after radical treat-
ment. Furthermore, muscle mass and strength completely
recovered after a 12-week structured rehabilitation program,
whereas a further decline was observed in the control group.
In the second study, 70 patients were randomized to either a
resistance training program, whole body vibration, or standard
follow-up.47 The primary end point was a change in 6-min
walking distance after rehabilitation. The study showed that
radical treatment significantly impaired patients’ exercise ca-
pacity. Resistance training significantly improved and restored
functional exercise capacity. In both studies compliancewas an
issue.
TREATMENT OF COUGH AND DYSPNEA

Cough and dyspnea, during and after radiotherapy, may be
caused by either acute radiation bronchitis or pneumonitis
(occurring during or 2e6 months after radiotherapy, respec-
tively) or by pulmonary fibrosis (mostly �6 months after
radiotherapy). Radiation-induced lung injury (RILI) is a complex
process of subacute and chronic cellular and molecular
mechanisms, involving damage to alveolar epithelial cells and
vascular endothelial cells, activation ofmacrophages, fibroblast
accumulation, proliferation and differentiation, which can lead
to radiation-induced pulmonary fibrosis, typically 6e12
months following completion of radiotherapy.48,49 Most
important RILI symptoms are nonproductive cough, exercise-
induced dyspnea, low-grade fever, and chest pain. Neverthe-
less, some 45% of lung cancer patients treated with radio-
therapy may develop cough and dyspnea not related to the
radiotherapy, alternatively caused by pulmonary infections,
COPD exacerbations, heart failure, cardiac arrhythmias, ane-
mia, and immunotherapy-induced lung tissue changes.49 The
recent introduction of immunotherapy in the combined
treatment of locally advanced NSCLC patients has been asso-
ciated with an increase in pulmonary toxicities of any grade in
https://doi.org/10.1016/j.annonc.2019.10.003 43

https://doi.org/10.1016/j.annonc.2019.10.003


Annals of Oncology D. De Ruysscher et al.
the PACIFIC trial, but grade 3 or 4 toxicity was not significantly
increased in the anti-programmed death ligand 1 (anti-PD-L1)
immunotherapy durvalumab armversus the control arm.2 In all
of the recent chemoradiotherapy trials, the frequency of grade
�3 acute pulmonary toxicities was well below 5%.3,49e51

Smoking cessation is associated with a decrease of cough
and dyspnea and should be encouraged.52,53 Special
attention should be paid to the dose and volume of lung
irradiated in patients with interstitial lung disease. These
patients should be more intensively counselled about their
elevated radiation pneumonitis risk.54 More intensive
follow-up may be needed in this group of patients to detect
pulmonary toxicity earlier.55

Treatment of cough and dyspnea caused by radiation
pneumonitis consists of symptomatic treatment (inhaled
b2-mimetics; oxygen supplementation), anti-inflammatory
drugs (use of corticosteroids, moderate to high dose and
tapered over several weeks), and treatment of comorbid
diseases.49,54

TREATMENT OF SKIN REACTIONS

Radiation effects in the skinmostlymanifestwithin 2e3weeks
of radiation start, may increase for 1e2 weeks after radio-
therapy has finished, and gradually resolve over a period of 3e
4 weeks after treatments have been completed.55 Severe
radiation-induced skin reactions are rare in patients receiving
CCRT for lung cancer.2,49e51 Moist desquamation is observed
in less than 5% of patients, withmost patients experiencing no
change to skin or faint erythema and dry desquamation. The
addition of anti-PD-L1 immunotherapy durvalumab after CCRT
did not increase skin reactions.2

When asymptomatic, radiation-induced skin reactions do
not require treatment. Dry desquamationmay be treated with
a moisturizing cream.55,56 There is no strong evidence sup-
porting the use topical steroids and dexpanthenol-containing
emollients.55e57 Avoiding sun exposure and wearing loose-
fitting clothing may be helpful. Moist desquamation is
treated as a superficial burn, mostly using hydrogels.

TREATMENT OF FATIGUE

Fatigue is described as a feeling of physical and mental
tiredness and is the most common symptom experienced by
patients during cancer treatment. It also influences the
HRQoL after completion of therapy in lung cancer survi-
vors.58 For all supportive and palliative care inter-
ventionsdas well as for fatigueda screening and
assessment should begin at diagnosis and be continued at
regular intervals.59 To diagnose fatigue early, a patient-
reported 10-point Numeric Rating Scale might therefore
be suitable to grade the intensity of fatigue as mild,58e60

moderate,61e63 or severe.64e67 Patients reporting moder-
ate or severe fatigue should undergo a follow-up assess-
ment to identify the causes or other medical conditions that
need treatment (e.g. pain, anemia, or active infection).60

So far, there is no drug that can be recommended for the
therapy of cancer-related fatigue (CRF). The use of psychosti-
mulants such as methylphenidate,61 dexmethylphenidate,62
44 https://doi.org/10.1016/j.annonc.2019.10.003
long-acting methylphenidate,63 dexamphetamine,64 mod-
afinil,65 and armodafinil66 is not recommended because their
therapeutic efficacy has not been convincingly and reproduc-
tively proven. Besides, antidepressants67 or the acetylcholin-
esterase inhibitor donepezil68 have shown no therapeutic
benefit in the treatment of CRF. The short-term use of corti-
costeroidswithdexamethasone4mg twice a day for 14days or
methylprednisolone 16 mg twice a day for 7 days might be
considered.69,70 The use of dietary supplements, such as
L-carnitine71 and coenzyme Q10,72 has turned out to be inef-
fective in randomized controlled trials.The intake ofWisconsin
ginseng has led to an improvement in fatigue in a randomized
double-blind study with 364 patients with all cancers under-
going or having undergone treatment with curative intent.73

Although ginseng seems to be safe, further studies have to
confirm these findings before definite recommendations can
be made.

Growing evidence suggests that physical exercise is
appropriate, not only to improve CRF, but also to reduce
other side effects of therapy and to control loss of muscle
mass.74 Moderate-intensity exercise such as walking,
running, swimming, or cycling two to three times per week
for 30e60 min, if possible, should be offered to patients.75

Furthermore, psychosocial interventions such as psycho-
therapy or psychoeducation, including counselling about
CRF, are of great importance. These programs can be
helpful to develop strategies with the patients to handle
fatigue-promoting or energy-consuming activities.76

PROPHYLAXIS OF NAUSEA AND VOMITING

In patients with lung cancer, chemotherapy-induced nausea
and vomiting (CINV) and/or radiotherapy-induced nausea
and vomiting can occur within the first 24 h of therapy
(acute) and 24 h to 5 days after therapy (delayed) or as a
conditioned response in subsequent cycles of the antineo-
plastic therapy (anticipatory emesis). In Table 1, the major
classes of antiemetic agents are shown. At equivalent doses
and bioavailabilities, oral and intravenous routes have
equivalent efficacy and safety. The emetogenic risk potential
of the antineoplastic agent determines the likelihood of CINV.
In combination therapies, the preventive antiemetic strategy
is based on the drug with the highest emetogenicity level
(high, moderate, low, or minimal; Table 24,77), which in
concurrent chemoradiotherapy for stage III lung cancer is
mostly cisplatin. Carboplatin is moderately emetogenic,
whereas etoposide, paclitaxel, and vinorelbine are low
emetogenic. Thoracic radiotherapy has low emetogenic risk
and durvalumab is of low emetogenic potential.2 If optimal
antiemetic prophylaxis has been given and CINV occurs,
repeated dosing of the same agents is unlikely to be suc-
cessful. Possible rescue antiemetics are shown in Table 3.78

PREVENTION, DIAGNOSIS, AND TREATMENT OF CARDIAC
DISEASE AND DAMAGE

All parts of the heart can be affected by radiotherapy, some
even at low doses.79 It is likely that underlying heart disease
may make the heart more susceptible to radiation injury.
Volume 31 - Issue 1 - 2020
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Table 1. Major antiemetics: class/drug, route, dose (emetogenicity of
treatment)

Class/drug Route Daily recommended dose

5-HT3-RA
Dolasetron p.o. 100 mg
Granisetron p.o./i.v. 2 mg/1 mg (0.01 mg/kg);

transdermal via a patch over
multiple days

Ondansetron p.o./i.v. 24 mg (high)a, 16 mg
(8 mg b.i.d. is recommended)
(moderate)a

8 mg (0.15 mg/kg)
Tropisetron p.o./i.v. 5 mg/5 mg
Palonosetron p.o./i.v. 0.50 mg/0.25 mg

(0.75 mg in Japan)
Steroids
Dexamethasone p.o./i.v. 12 mg (high with aprepitant)a;

20 mg without aprepitant:
acute emesis
8 mg b.i.d. (high)a, 8 mg
(moderate)a: delayed emesis

NK1-RAs
Aprepitant p.o. 125 mg on day 1; 80 mg

on each of days 2 and 3
160 mg on day 1
(approved dose in Australia
and Switzerland)

Fosaprepitant i.v. 150 mg one only on day 1
Rolapitant p.o. 180 mg once only on day 1
Netupitant p.o. 300 mg netupitant/0.5 mg

palonosetron once only on
day 1 one oral fixed
combination

Atypical antipsychotic p.o. 5e10 mg
Olanzapine 2e3 days

5-HT3-RA, serotonin3 receptor antagonist; b.i.d., twice daily; i.v., intravenously; NK1-
RAs, neurokinin-1 receptor antagonists; p.o., orally.
a Information in parentheses reflects emetogenicity of therapy for a particular dose.

Table 3. Rescue antiemetics

Drug Dose

Olanzapine 1 � 5 mg p.o.
Haloperidol 1e3 mg daily
Metoclopramide 3 � 10 mg p.o.

(maximum daily dose 0.5 mg/kg
body weight, not exceeding 30 mg in total)

Levomepromazine 3 � 1e5 mg p.o.
Alizapride 3 � 50 mg
Lorazepam 1 � 1e2 mg p.o.
Alprazolam 1 � 0.25e1.0 mg p.o.
Dimenhydrinate 3 � 50e100 mg p.o.

or 1e2 � 150 mg rectally

p.o., orally.
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Because of massive technical improvements of radio-
therapy, moving from two-dimensional (2D) technology to
three dimensional (3D) in the late 1990, to intensity-
modulated radiotherapy (IMRT) in the first decade of this
century, to intensity-modulated proton therapy (IMPT) at
present, the radiation dose to the heart has been reduced
substantially. These modern techniques should therefore be
considered standard practice, particularly in patients with
existing cardiac comorbidities.
Table 2. Antiemetic prophylaxis recommendation for CINV according to the MA

Level of emetogenicity Agent (examples)

High (>90 %) Cisplatin
Moderate (30%e90%) Carboplatin

Other than carboplatin
Low (10%e30%) Etoposide, docetaxel,

durvalumab, paclitaxel,
gemcitabine, pemetrexed

Minimal (<10%) Vinblastine
Vincristine
Vinorelbine

5-HT3-RA, serotonin3 receptor antagonist; APR, aprepitant; ASCO, American Society of Clinica
DOP, dopamine receptor antagonist; ESMO, European Society of Medical Oncology; MASCC
antagonist; OLA, olanzapine.
a In patients treated with highly emetogenic chemotherapy olanzapine may be considered w
2017). In the ASCO guidelines olanzapine is recommended in this setting.
b APR 125 mg on day 1, otherwise no NK1-RA is necessary on days 2 and 3.
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The heart and the lungs can be viewed as a functional entity.
This explains the preclinical findings that reducing pulmonary
damage by radiation also mitigates cardiac functional dam-
age.80 Lung damage may indeed cause pulmonary hyperten-
sion.81 In a preclinical model, the angiotensin-converting
enzyme (ACE) inhibitor captopril significantly improved the
breathing rate and decreased cardiopulmonary fibrosis and
maintained the cardiopulmonary structure, and reduced
radiation-induced pleural and pericardial effusion, resulting in
an improved left ventricular end-diastolic pressure.82

To the best of our knowledge, no prospective study in
humans has addressed the prevention or treatment of
radiation-induced cardiac injury. As already mentioned, ACE
inhibition was effective in preclinical models.82 Cardiac
injury after radiotherapy is diagnosed and treated similar to
non-irradiated subjects, although the pattern of coronary
occlusion and the presence of fibrosis may be challenging.
RADIOTHERAPY TECHNIQUES AND CHEMOTHERAPY
ADJUSTMENTS TO PREVENT TOXICITY IN THE ERA OF
IMMUNE THERAPY

No clinically significant increase in the rate of side effects
has been reported with the addition of immunotherapy
compared with that of CCRT alone.2,83 In the PACIFIC study,
durvalumab immunotherapy was delivered after CCRT for
up to 1 year. The rates of grade �3 events were similar in
SCC/ESMO and ASCO recommendation4,77

Antiemetics
Acute nausea and vomiting

Antiemetics
Delayed nausea and vomiting

5-HT3 þ DEX þ NK1 þ (OLA)a DEX þbAPR þ (OLA)a

5-HT3 þ DEX þ NK1 None orb APR
5-HT3 þ DEX No routine prophylaxis
5-HT3 or DEX or DOP No routine prophylaxis

No routine prophylaxis No routine prophylaxis

l Oncology; CINV, chemotherapy-induced nausea and vomiting; DEX, dexamethasone;
, Multinational Association for Supportive Care in Cancer; NK1, neurokinin1 receptor

ith a 5-HT3-RA plus dexamethasone, plus an NK1-RA (MASCC/ESMO guideline Update
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the durvalumab and placebo groups (grade �3 pneumonitis
were 3.4% and 2.6%, respectively).2 In the phase 2 NICOLAS
study, which evaluated the safety of delivering nivolumab
concurrently with CCRT and for up to 1 year after comple-
tion of treatment, no increased pneumonitis grade �3 was
observed.83

There is no evidence supporting modifications of routine
radiotherapy techniques to prevent toxicity in the context
of the use of immunotherapy. As advocated in the European
Organization for Research and Treatment of Cancer (EORTC)
recommendations for planning and delivery of radiotherapy
for lung cancer, dose to thoracic organs at risk should be
minimized, while maintaining target coverage.3 This can be
achieved through the use of advanced radiotherapy tech-
niques.84,85 Both the lung V20 (volume of lungs minus the
planning target volume receiving 20 Gy) and the mean lung
dose (volumes of lungs minus the gross tumor volume)
Table 4. Summary of recommendations

Smoking cessation Smoking cessation s
treatment as it may
primary cancers (lev

Prevention and treatment of acute
esophagitis and dysphagia

The administration o
radiotherapy up to
Because esophageal
be given appropriat
Symptomatic care, s
analgesics including

Nutrition before and during CCRT,
including treatment and prevention of anorexia

All patients should b
professional before
Independent of the
protein per kg body
(level III, grade A).
Enteral or parentera
loss of �5% of body

Physical exercise before and during CCRT Resistance training i
patients after concu

Treatment of cough and dyspnea The cause of cough
according to the eti
Smoking cessation i
b2-mimetics and the

Treatment of skin reactions No preventive meas
Dry desquamation m
Moist desquamation

Treatment of fatigue Only the short-term
methylprednisolone
intervention to trea
Drugs other than co
beneficial effect (lev
Moderate-intensity e
week for 30e60 min

Prophylaxis of nausea and vomiting As chemotherapy is
treatment, antiemet
Thoracic radiotherap
not recommended o
Durvalumab has a lo

Prevention, diagnosis, and treatment
of cardiac disease and damage

Patients should avoi
unhealthy diet, and
Radiotherapy techni
(level II, grade A).
Cardiac disease shou

Radiotherapy techniques and chemotherapy
adjustments to prevent toxicity in the
era of immune therapy

Radiotherapy techni
delivered according
clinical trials for con
(level II, grade A).
The radiation dose t
possible (level II, gra

See supplementary Table S1, available at Annals of Oncology online, for the definitions of
CCRT, concurrent chemotherapy and radiotherapy.
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correlate with the risk of radiation pneumonitis.3 The V20
or the mean lung dose should be kept below 35%e37% and
20 Gy, respectively. The dose to the heart and the esoph-
agus should be kept as low as possible, but no clear safe
threshold has been defined.3 Furthermore, it is unclear
which regions of the heart are most sensitive to radiation
injury and whether the delivery of immunotherapy in-
creases the risk of heart toxicity.86

Both carboplatin- and cisplatin-based regimens are
known to be safe in patients also treated with immuno-
therapy in the CCRT setting.2,83

DISCUSSION

Although CCRT, followed by 12 months of adjuvant durva-
lumab, if appropriate, is considered to be the first-choice
treatment for the majority of patients with stage III
NSCLC,1,2 side effects are very common.
hould actively be supported in all patients, also before the beginning of
improve long-term survival, decrease side effects and risk of developing second
el III, grade A).
f a proton pump inhibitor at a daily dose of 40 mg, from the beginning of
3 months after the end is recommended (level V, grade B).
candidosis frequently occurs, patients with grade 2 or more esophagitis may
e antifungal drugs (level V, grade B).
uch as the administration of local anesthetics (e.g. lidocaine), systemic
opioids, is essential (level V, grade A).
e offered assessment of nutritional risk and counselling by a trained
the start, during, and after concurrent chemoradiotherapy (level III, grade A).
route of delivery, nutritional intake should cover at least 30 kcal and 1.0e1.5 g
weight as well as the recommended daily allowance for all micronutrients

l feeding should be initiated promptly if oral intake is inadequate resulting in
weight despite meticulous care and support (level III, grade A).

mproves and restores functional exercise capacity and should be offered to
rrent chemoradiotherapy (level III, grade B).
and dyspnea should always be determined, and treatment should be initiated
ology (level V, grade A).
s essential, in conjunction with symptomatic treatment such as inhaled
judicious use of corticosteroids (level IV, grade A).

ures have to be taken to avoid skin toxicity (level V, grade A).
ay be treated with a moisturizing cream (level V, grade A).
is treated as superficial burns (level V, grade A).
use of corticosteroids (dexamethasone: 4 mg twice a day for 14 days;
: 16 mg twice a day for 7 days) might be considered as pharmacological
t fatigue (level II, grade C).
rticosteroids, as well as dietary supplements have not convincingly shown a
el of evidence II, grade of recommendation B).
xercises such as walking, running, swimming, or cycling two to three times per
if possible should be offered to the patients (level II, grade B).
the most emetogenic part of concurrent chemotherapy and radiotherapy
ics should be given according to standard guidelines (level I, grade A).
y has a low emetogenic risk; prophylactic antiemetics are therefore generally
n the days in which only radiotherapy is administered (level I, grade A).
w emetogenic potential (level I, grade A).
d cardiovascular risk factors such as smoking, being overweight, eating an
sedentary behavior (level V, grade A).
ques to decrease the dose to the heart as much as possible should be used

ld be diagnosed and treated as in non-irradiated patients (level V, grade A).
ques, doses, and fractionation as well as chemotherapy regimen should be
to international guidelines and similar to what has been used in randomized
current chemotherapy and radiotherapy with or without immunotherapy

o organs at risk, including all parts of the heart, should be kept as low as
de A).

the levels and grading.
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Overall management recommendations for side effects
are summarized in Table 4. However, it is also clear that the
level of evidence for most recommendations is low, pointing
to important knowledge gaps needing more research. In
general, there is a lack of understanding of the underlying
pathophysiological and molecular mechanisms that
contribute to the side effects caused by CCRT, with or
without checkpoint inhibition. Cytotoxic chemotherapy and
radiotherapy do more than just kill cells; they provoke a
series of ill-defined processes affecting the whole body.49

Promoting inflammation, modulating the innate and adap-
tive immune system as well as metabolic processes in the
lungs, the heart, but also in other organs, all lead to pro-
found changes that contribute to side effects such as
cachexia, anorexia, fatigue, esophagitis, cough, and dys-
pnea. The addition of immune checkpoint inhibitors further
contributes to the complexity of these processes.

At present, most preventive and interventional measures
are symptomatic and do not tackle underlying mechanisms,
simply because we do not understand them all in depth.49 It
is our view that future clinical studies should include
translational parts that not only investigate effects of the
treatment on the tumor, but also on different host systems.
The identification of predictive and prognostic biomarkers
will not only increase understanding of these underlying
mechanisms but also lead to the development of more
targeted, less toxic therapies, improved quality of life, and
increased overall survival. It is envisaged that improved
supportive care will lead to a higher success rate with less
side effects of new treatment options and thus to higher
cost-effectiveness. Preclinical models may be part of this
research, but they cannot replace meticulous clinical
investigation.87

In the meantime, the implementation of these recom-
mendations in clinical practice will benefit patients and all
of them are achievable, although some may require addi-
tional resources. Hopefully, stakeholders will be willing to
invest to improve the outcome of our patients.
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