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Highlights:

Oral enteral nutrition could significantly increase the energy and protein intake of lung cancer patients during
chemotherapy, while no significant effects were found after the patients had received radiotherapy or
chemoradiotherapy. Limited evidence is available to judge whether oral enteral nutrition could improve clinical
effectiveness in lung cancer after being received chemotherapy and/or radiotherapy.
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Abstract

Background and Objectives: the effects of oral enteral nutrition (EN) in lung cancer patients receiving
chemotherapy and/or radiotherapy were controversial, so we made a systematic review to analyze the clinical
efficacy of EN in lung cancer patients after chemotherapy and/or radiotherapy. Methods and Study Design:
Pertinent studies were identified by searching in PubMed, Embase, Web of Science, Cochrane Library, China
National Knowledge Infrastructure (CNKI), WanFang Database, China Biomedical Literature database (CBM) and
Chinese Science and Technology Periodical Database (VIP). Energy intake, protein intake, weight and other data
were extracted. Results: Finally, 5 randomized controlled trials (RCTs) were included in this systematic review.
Patients in 3 studies received chemotherapy, in 1 with radiotherapy and in 1 with chemo-radiotherapy. The
combined results showed that EN significantly increased energy and protein intake in lung cancer during
chemotherapy, while there was no significant effect on other results after patients had received chemotherapy
and/or radiotherapy. Conclusions: Limited evidence is available to judge whether EN can improve clinical effect of
lung cancer with or without chemotherapy and/or radiotherapy, as clinical heterogeneity and other potential
variation existed in this review. Further studies are needed.
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Introduction

Lung cancer was one of the most commonly diagnosed
and the leading cause of death in most countries [1, 2].
Approximately 1 million new lung cancer patients will
be confirmed in China in 2050 [3]. Chemotherapy
significantly reduced the risk of death compared with
surgery or supportive care alone in lung cancer, and
radiotherapy plus chemotherapy further decreased the
mortality risk [4-6]. Lung cancer patients experienced
more symptom distress than other cancers, meanwhile
chemotherapy and radiotherapy caused severe side
effects and these side effects increased the risk of
weight loss and malnutrition [7, 8]. It also diminished
quality of life [9,10]. Weight loss is an ominous sign
predicting disease progression and shortened survival
time [11-16]. Malnutrition is a common finding in lung
cancer patients, but only a small part of them had
received treatment [17]. Malnutrition was an
independent risk factor for poor prognosis [18].
Nutrition intervention could prevent malnutrition and
weight loss, and even improved the quality of life and
prolong survival time of cancer patients [12-14].
Therefore, it was critical to determine the efficacy of
nutrition intervention in lung cancer patients receiving
chemotherapy and/or radiotherapy. Early reviews
indicated that exercise and nutrition had positive
effects on weight loss, physical strength, and
functional performance in non-small cell lung cancer
(NSCLC). But the single function of nutrition
intervention was not reported. Moreover, not all
participants received anticancer therapy [15]. Another
review suggested that dietary counseling can improve
the food-intake of lung cancer patients after
chemotherapy. However, the included studies were not
all randomized controlled trials (RCTs)[16]. The
outcome of enteral nutrition (EN) in lung cancer
patients who had received chemotherapy and/or
radiotherapy based on RCTs were not quantitatively or
qualitatively analyzed. Only two studies were
published with new evidence. Therefore, a systematic
review was carried out about it.

Methods

Search strategy

A literature search was conducted in PubMed, Embase,
Web of Science, Cochrane Library, China National
Knowledge Infrastructure (CNKI), WanFang Database,
China Biomedical Literature database (CBM) and
Chinese Science and Technology Periodical Database
(VIP) with the following medical subject headings
(MESH): lung neoplasm, nutrition supplement,
nutrition therapy, dietary counselling, diet therapy,
randomised controlled trails. Additional studies were
also manually searched in primary magazines of
nutrition. All databases were searched up to September,
2015. The search work was completed by Lang Huang
and Jian-Guo Zhou respectively, and the disagreements
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were resolved by Hu Ma. The search strategy for
PubMed was summarised in Supplemental Data 1.
Inclusion and exclusion criteria

The inclusion criteria were as follows:

(1) Participants: lung cancer patients who received
chemotherapy and/or radiotherapy; Interventions: EN
by oral nutrition support, dietary counselling, etc.;

(2) Comparison: control groups were used usually
care, normal diet or no intervention;

(3) Outcomes: primary outcomes must include weight
or dietary intake;

(4) Study types: RCTs.

(5) Study types: RCTs.

Studies would be excluded:

(1) Studies used parenteral nutrition as the first choice
or EN by tube feeding;

(2) Only focused on microelement,
vegetable and fruit;

(3) Studies were a secondary research.
Data extraction

Titles and abstracts were screened to identify
references by Jian-Guo Zhou and Yu Zhang according
inclusion and exclusion criteria. Once included, the
full-text was read. Name of the first author, study
design, publication year, sample size, type of nutrition
intervention and outcome measures were extracted by

fatty acid,

two investigators independently by using a
predetermined data extraction table. Outcomes
included energy intake, protein intake, weight,

nutritional status, quality of life, functional status,
treatment response and survival. The disagreements
about the eligibility data were resolved by Hu Ma.
Quality assessment

Lang Huang and Fei Wang assessed the
methodological  quality using the  Cochrane
collaboration’s tool [17]. Random sequence generation,
allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, selective reporting, and other bias were
assigned a value of “high”, “low” or “‘unclear”. Any
inconsistency was discussed with a third review author
(Hu Ma).

Data synthesis

The clinical heterogeneity and other bias existed; a
meta-analysis ~ was  considered  inappropriately,
therefore, a brief qualitative analysis was presented to
describe the outcome of EN in the lung cancer patients
receiving chemotherapy and/or radiotherapy.

Result

Literature research and characteristic studies

The search strategy identified 541 studies from
electronic database. Finally 5 studies met the criteria
were included in the systematic review [18-22]. The 5
studies contained a total of 712 patients, including 218
patients with lung cancer. All included studies were
published between 1987 and 2014, and the detailed
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data of one study cannot be obtained [23]. Among two
of them were from Clinical Oncology Society of
Australia (COSA) [18, 23]. The patients in 3 RCTs
received chemotherapy , in 1 RCT with radiotherapy
and in other 1 RCT received chemo-radiotherapy [5,
18, 20, 24, 23]. All studies in this review were RCTs.
But only two studies focused on lung cancer without
other tumor types. Three studies included other type
tumors. One of these reported data by tumor type. All
studies reported weight or weight change. Four studies
showed survival. Three studies reported the data of
nutritional status, energy and/or protein, quality of life.
Treatment response was available in two studies. The
detailed steps of our literature search were showed in
Figure 1. The characteristics of these studies were
presented in table 1.The primary outcome data of
included studies were showed in table 2.

Assessing risk of bias

The blinding of participants, personnel and outcome
assessment were not showed in two studies. It was
assigned as “unclear”. All domains were assigned as
“low risk” in one study. Two meeting abstracts were
assigned as “unclear” in all aspects, and no studies
were assigned as “high risk”. The overall
methodological quality was accepted and fair. The
detail of assessing risk of bias was showed in Figure 2.
Energy and protein Intake

Two studies reported the data of intake, and both
studies showed a significant increase at the end of
intervention after chemotherapy. Ovesen et al. reported
that the intervention group was counseled to intake
energy and protein by 1 megajoule (MJ) and 10g of
protein per day. 1 month after the intervention, patients

achieved the goal of 1MJ/d. It had a significant
increase both in energy and protein intake (P<0.05)
and the difference continued during the entire study
period [21]. Evans et al. showed that patients in
intervention group had high caloric intakes during all
chemotherapy cycles (P<0.001) [22].

Weight or weight change

All studies described weight and its changes, except
Kilic et al [19]. Kilic et al. found that the weight loss
more prevalent in the control group than the
radiotherapy group (P=0.003). None of them reported
increase significant in weight in the intervention group.
Baldwin et al. reported a statistically significant
difference in weight change during 52 weeks
(4.78+£5.0Kg, 1.36+£7.5Kg, P=0.04). On the contrary,
because of considerable attrition, Intention-to-treat
analysis was considered (0.12+5.3Kg, 0.29+5.9Kg,
P>0.05) [20]. Evans et al. found overall median
percent weight change during the 12 week support
period did not differ significantly between the
intervention and the control groups (—1.2Kg; —3.1Kg,
P>0.50)?2. Kiss et al. found no significant benefits in
weight at the end of radiotherapy (3.0 kg; 95%CI:
—0.8-6.8, effect size=0.7, P=0.11) and 3 months
post-radiotherapy (5.5kg, 95%CI: —1.4-2.3, effect size
=0.71, P=0.71) [18]. Ovesen et al reported that weight
increased more in the counseled group than the control
group, but the difference did not reach statistical
significance after 5 months (1.0+£5.6Kg, 0.1+4.7Kg,
P=0.15) [21].
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Figure 1 Flow diagram of the details of the study
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Nutritional status

Three studies assessed the nutritional status by
measuring the data of fat-free mass and hand grip
strength. However, none of them had statistically
significant difference between the intervention and the
control groups. The study by Kiss et al. found dietary
counselling improved fat-free mass, but there was no
significant difference at the end of radiotherapy (0.6kg;
95%CI:—2.1-3.3, effect size=0.19, P=0.66), or three
months post-radiotherapy (1.48kg; 95%CI:—0.5-3.5Kg,
effect size=0.67, P=0.14) [18]. Baldwin et al. collected
the data of grip strength of hand, while the mean
changes at all time-points were no significantly
different between two groups (data not shown) [20].
Ovesen et al. measured the data of fat mass from the
first month to the fifth month, no significant
differences were observed at any time point [21].
Quality of life

Two studies reported the quality of life by
questionnaires [(European Organisation for Research
and Treatment of Cancer (EORTC-C30), Functional
Assessment of Cancer Therapy (FAACT), linear
analog scale (LAS) and Quality-of-Life index
(QL-index)]. But neither of both reported significant
difference between the intervention and the control
groups—Baldwin et al. collected data by using
EORTC-C30 FAACT, and changes were not
significantly different. However, not all participates

finished the questionnaires. The data of quality of life
was incomplete [20]. Ovesen et al. measured data by
using LAS and QL-index. QL-index increased
significantly in both groups in months. But LAS
remained unchanged.

Treatment response

Two studies assessed the effects of intervention on the
rate of complete remission (CR), partial remission
(PR), no change (NC), and progressive disease (PD).
No significantly difference between the intervention
and the control groups were reported in the two studies.
Ovesen et al. found the effective rate (CR+PR) and
ineffective rate (NC+PD) were no significant
difference in the counseled and the control groups at 3
months (65% vs 69%, P=0.81), and similar at 5
months (63% vs 46%, P=0.11) [21]. Evans et al. found

no significant difference in the proportion of
responders (CR+PR) and nonresponders (NC+PD)
[22].

Survival

Four studies reported survival analysis. However, there
was no significant difference between the intervention
and the control groups— Kilic et al. found that both the
median overall and metastasis-free survival rates were
higher in the intervention groups. But no statistically
significant difference was found [19]. Baldwin et al.
found that overall 1-year survival was 38.6% (95% CI:
33.3-43.9), but there were no significant difference in
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Figure 2 Appraisal risk of bias of the included trials using the Cochrane risk-of-bias tool.
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overall survival (HR=0.840, 95%CI: 0.653-1.08,
P<0.05). Mean weight change from baseline to 12
weeks was greater in survivors who lived beyond 26
weeks compared with those who did not (0.58+2.47kg,
0.66+3.76kg, P=0.002). It suggested that weight gain
was primarily associated with survival [20]. Ovesen et
al. found that there was no significant difference in the
overall survival rate. The cumulative proportions
surviving 1 year and 2 years were 69% and 39%
respectively in the intervention group and 72% and
32% in the control group (P=0.35) [21]. Evans et al.
demonstrated that the median survival time was no
significant difference [22].

Discussion
Strong evidences have indicated that EN was as good
as or preferable to PN. It could reduce the incidence of
complication [25-27]. EN was recommended when
patients were in malnutrition or the intake reducing
markedly. It had been proved that the patients with
gastrointestinal or head and neck tumor te—be
benefitted from EN [12]. The effect of EN in lung
cancer patients receiving chemotherapy and/or
radiotherapy was controversial, so it was important to
ensure that whether EN in lung cancer can significant
improve intake, weight, nutrition status and quality of
life, even benefit in treatment response and survival or
not.

Five RCTs with 241 lung cancer patients were

involved in this review. Two of them were from COSA.

The patients in 3 RCTs received chemotherapy, in 1
RCT with radiotherapy and in other 1 RCT received
chemo-radiotherapy. Available studies indicated that
EN could increase energy and protein intake in lung
cancer patients undergoing chemotherapy. While
limited evidence was available to judge whether EN
could improve clinical effectiveness of patients
received chemotherapy and/or radiotherapy or not.

Current EN guidelines recommended that intensive
dietary counselling and oral nutrition supplements
could increase dietary intake (grade A) in cancer
patients [12,28]. But only patients with gastrointestinal
or head and neck tumor could maintain weight and
prevent the interruption of therapy. EN was not
appropriate to the patients receiving radiotherapy
(grade C) or chemotherapy (grade B). Similar to
guidelines, except for energy and protein intake, other
outcomes were not benefited in this review.
Radiotherapy had a long and severe adverse effect on
digestive system of patients with gastrointestinal or
head and neck compared with lung cancer patients. It
may explain why lung cancer patients could not benefit
from the increase of dietary in some degree. The
mechanism of different response among lung cancer,
gastrointestinal tumor and head and neck tumor in the
treatment of EN should be fucused on.

Our review may have more convinced results than
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the previous reported review [16]. Firstly, we had a
more comprehensive search strategy. Secondly, to the
best of our knowledge, this was the first systematic
review to focus on EN in lung cancer patients received
chemotherapy and/or radiotherapy based on RCTs.
Finally, methodological quality was assessed. The
overall quality of involved studies was good. Some
potential limitations were also needed to resolve in this
review. First of all, the clinical heterogeneity and other
variation were existed. Quantitative analysis were not
conducted in this review. Then, only a small number of
eligible studies were included, and other type tumors
were included in this review. Lung cancer patients had
more chances to experience weight loss and
malnutrition than other type tumors when they
received chemotherapy and/or radiotherapy. So the
data may not be extremely convinced. Moreover, the
amount of dietary intake in the control group was not
unified. Current studies existed huge variation in this
field. Primarily, the target caloric and protein intake in
intervention groups were different. Additionally, only a
part of participators reached the intake goals.
Furthermore, the time of follow-up were different.
Finally, the time and frequency of assessment results
were also various. Therefore, it would be better if
consensuses could be reached about intervention and
evaluation in further studies.

Conclusion

In conclusion, this review suggested that dietary and
nutritional counselling could significantly improve the
energy and protein intake in lung cancer patients
receiving chemotherapy. But there was insufficient
evidence indicating the clinical effectiveness. Current
literatures demonstrated that it was not feasible to
recommend EN as a routine treatment for lung cancer
patients undergoing chemotherapy and/or radiotherapy.
However, limitations had existed in this review. We
should interpret with caution. Malnutrition and weight
loss occurred frequently in lung cancer patients,
especially after they had received chemotherapy and/or
radiotherapy, and associated with poor prognosis
[11,12,29-33]. In addition, It was demonstrated that
EN had positive effect in patients with gastrointestinal,
head and neck tumor. So, unless strong evidence
proved that EN had no effect on lung cancer patients
undergoing chemotherapy and/or radiotherapy, further
high quality RCTs should be conducted.
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Table 1 Characteristic of included studies

Study ID Participants (n)  Nutrition intervention/ Comparison  Outcome Results
Kiss et al lung 1.NI(12):intensive, individualized =~ Weight Study dietary counselling
2014 cancer(24)receiving nutritional management up to 6 improved weight, fat-free

(chemo)radiotherap weeks following radiotherapy

Study design: y

RCT

COSA

Kilicetal = Lung(45) cancer
2012 patients at locally

~ advanced stage
Study design: yndergoing
RCT radiotherapy

COSA

Baldwin et al Gastrointestinal
(277) cancer and
lung ( 81) cancers

2011

Study design: receiving
RCT

chemotherapy
Evansetal NSCLC (96) and
1987 colorectal(84)
cancer patients
Study design: during
RCT chemotherapy

2. UC(12):study didn’t show

Gr 1: normal diet
Gr 2: immune-enriched ONS

Gr 3: Standard ONS

Gr1(96):No intervention, weekly
phone call

from dietician

Gr2(90):Dietary advice alone, an
additional 2510 kJ (600 kcal) intake
per day by selecting four items daily
from booklet

Gr3(86):Nutritional supplement
alone, receiving a supplement sachet

(ScandiShake or Calshake) to
provide 2460 kJ (588 kcal) plus
full-cream milk, multivitamin and
mineral supplement

Gr4(86): increase food intake by250
kJ (600 kcal) per day and one sachet
of the nutritional supplements and
vitamin preparations were given to
groups 2, 3Intervention groups
received weekly phone
encouragement by a dietitian

Fat-free mass

Quality of life

Weight
Malnourish
TNFa and IL-6
Esophagitis
Toxicity

Quality of life
Survival rates
Survival

Quality of life
Dietary increased

Weight

Grl:an adliboral diet without specific Weigh

nutritional counselling

Gr2: to meet 10%+TCI with 12.5%
form protein and RDA of vitamins

Dietary intake

Treatment
response

mass, fatigue and
functional outcomes in
lung cancer patients
receiving(chemo)radiothe

rapy

Immune-enriched oral
nutritional

supplementation was
found its effective to
decrease the RT-related
esophagitis via reducing
systemic inflammation
without effect on

survival

any

Oral nutritional
interventions based on
dietary advice or
supplements had no effect
on nutritional status or
quality of life

Nutritional support has no
benefit in terms of tumor
response, toxicity, or
survival duration
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and minerals Survival

Gr3: to meet 10%+TCI with 25%
form protein and RDA of vitamins
and minerals plus 150 mg Zn and 266

mg Mg
Ovesen et al Breast cancer(19); Grl:ad lib diet Weight Nutritional counseling
1993 ovarian cancer(45); effectively increased
lung cancer(41) Gr2:dietary ~ counseling  from  aDietary intake  energy and protein intake,
Study design: Undergoing dietitian with or without ONS to . but no Signiﬁcant increase
RCT Chemotherapy achieve an intake that met orNutritional status w . seen in weight, lean
exceeded calculated energy and body mass, or survival.

protein requirements 1.5 to 1.7 x (anthropometry)

basal energy expenditure  protein

intake of 1.0 to 1.2 g/kg body weight Quality of life

Treatment
response

Survival

COSA: Clinical Oncology Society of Australia; TCI: target caloric intake

Table 2 The primary outcome data of included studies

Reference Outcome Intervention group Control group P value
Baldwin et al One survival rate HR 0.840 (0.653-1.08) 1.00 >0.05
2011

Mean (SD) change (kg) Baseline 70.3kg (13.0) Baseline70.0kg (13.4) >0.05
Study design:

RCT 6 weeks 0.16 (3.1) 6 weeks 0.36 (3.3) >0.05
52weeks 0.12 (5.3) 52weeks 0.29 (5.9) >0.05
Evans et al Median percent weight 4wk -0.6%(57) -2.1%(33) 0.06
1987 change (N)
Overall -1.2%(45) -3.1%(20) >0.50
Study design: Caloric Intake(N)
RCT Baseline 67(59) 62 (33) 0.13
4wk 89 (59) 68 (34) 0.001
12wk 90 (48) 61 (23) 0.004
Overall 91 (58) 62 (34) <0.001
response rate
27.5% 14.7% >0.05
Ovesen et al Weight change(Kg) Sm  1.0+5.6 Sm 0.1+4.7 0.15
1993
Im -0.7+2.7 Im -0.6+2.6 -
Study design:
RCT Energy intake(MJ/d) Sm  0.6+23 Sm  -03£20 <0.05
Im 1.1£2.6 Im 03+2.7 <0.05
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Protein intake(g/d) S5m 8§+ 21 S5m -1+£22 <0.05
Im 12423 Im 2421 <0.05
CR+PR(n) 5Sm 36 Sm 22 0.11
3m 37 3m 33 0.83
Survival rate lyear 69% 72% <0.05
2year 39% 32% <0.05
Kiss etal 2014  Weight change Im 3.0kg 95%CI—0.8, 6.8 0.11
Study design: 3m 5.5kg 95%CI-14,12.3 0.71
RCT
fat-free mass Im 0.6kg 95%CI-2.1,3.3 0.66
COSA
3m 1.48kg 95%CI-0.5,3.5 0.14
Kilic et al 2012 Weight loss was detected in Gr 1 0.03
Study design: 100%, 17% and 60% of patients were malnourished in Gr 1, 2 and 3 <0.001
RCT <0.002
Esophagitis 27%, 87% and 80% in Gr 1, 2 and 3
COSA >0.05
Better functional scores were detected in Gr 2
>0.05
median overall- and metastasis-free survival rates were higher for Gr 2
<0.05
TNFa and IL-6 were higher Gr 2

Reference meta-analysis of randomised controlled trials.
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