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Background and Aim: Most patients with non-small cell lung cancer (NSCLC) are diagnosed in advanced-stage disease and
therefore have poor overall survival. It remains unclear whether nutritional status affects response rate and overall survival in NSCLC
patients. This study aimed to evaluate the association of nutritional status with treatment response and overall survival in patients with
advanced stage of NSCLC.

Methods: Patients aged >18 years with stage II-IV NSCLC (January—June 2018) in a national cancer center in Indonesia were
enrolled in this study. The patients were followed up for 2 years since NSCLC diagnosis was established. Clinical data including age,
sex, histology of cancer, disease stage, cachexia, and weight status before chemotherapy were reviewed and analyzed. Logistic
regression and Cox regression analyses were performed.

Results: A total of 174 patients (71% males, mean age = 584+9.4 years) was included. Complete response was found in <1% patients,
partial response 41%, stable disease 33%, and progressive disease 25%. Median survival was 12 months (95% CI: 11-13 months).
Mortality rate was 5.7 per 100 person-months. Poor survival was associated with being males (HR: 1.77, 95% CI: 1.15-2.72,
P =0.009), and overweight or obesity (HR 1.67, 95% CI: 1.04-2.69, P = 0.034). These associations were independent of sex, age,
staging, histopathology, performance status and D-dimer level at baseline. Cachexia and BMI at baseline were not associated with
treatment response.

Conclusion: Males and having overweight or obesity are independently associated with lower survival in patients with advanced
stage of NSCLC undergoing platinum-based chemotherapy.

Keywords: body mass index, nutritional status, lung cancer

Introduction
Lung cancer remains one of the most common cancer worldwide and is responsible for almost one-quarter of all cancer
death.' Tt has been estimated that lung cancer contributes to 1.79 million deaths per year.? Among lung cancer cases, the
predominant type is non-small cell lung cancer (NSCLC) which has an overall 5-year survival of 24%.> Although various
diagnostic tools have been developed to detect NSCLC in early stage, most cases of NSCLC are delayed in diagnosis
and/or treatment,'* and therefore more than 50% cases are diagnosed in advanced-stage disease.’

Platinum-based therapy has been offered as a first-line treatment in patients with advanced stage of NSCLC and good
performance status.® Nevertheless, the response rate to treatment was estimated only between 20% and 40%, leaving the
majority of patients with stable or progressive disease.* In addition, poor overall survival was reported in most studies.””’
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Nutritional status pre-chemotherapy and weight trajectories during treatment have been suggested to affect response
rate and overall survival among patients with advanced stage of NSCLC. However, results from previous studies were
conflicting. For instance, some studies found obesity status before treatment was associated with protective effect on

810 while other studies indicated that such association was confounded by smoking status.'' Moreover, weight

mortality,
loss or cachexia during treatment has been indicated to be a poor prognostic factor by some studies,'*'* but other studies
found no association between weight loss and overall survival in patients with advanced stage of NSCLC.'* Hence, it
remains unclear whether nutritional status is a predictor of treatment response and survival in patients with advanced lung
cancer, particularly those receiving chemotherapy as standard care. More detailed knowledge in this area would
contribute to appropriate clinical decision-making and a more accurate prediction of the outcome. In this study, we,
therefore, aimed to evaluate factors associated with treatment response and survival in a cohort of patients with advanced
NSCLC receiving platinum-based chemotherapy in a tertiary hospital in Indonesia. The weight status before chemother-

apy treatment was the main predictor examined.

Materials and Methods
Study Population

A cohort study was conducted in a national cancer center in Indonesia. The population was patients with a histological
diagnosis of NSCLC receiving chemotherapy. The patients were enrolled in the study between January and June 2018
and were followed for 2 years after diagnosis. NSCLC diagnosis and its staging were confirmed through histopatholo-
gical and immunohistochemistry evaluations, pleural fluid cytology, and imaging. All eligible patients received packed
red cell transfusion before chemotherapy initiation if the hemoglobin level was below 10 mg/dl and platinum-based
chemotherapy according to the current guideline,'” whereby the combination of platinum (cisplatin/carboplatin) and
pemetrexed was used as the first-line treatment in patients with adenocarcinoma, whereas the combination of platinum
and gemcitabine was used the first-line treatment in patients with squamous cell carcinoma. The second-line treatment for
both adenocarcinoma and squamous cell carcinoma was the combination of platinum and taxane.

The inclusion criteria were as follows: (1) patients having a histologically or cytologically confirmed NSCLC with
a diagnosis of stage II-IV disease according to the American Joint Committee on Cancer (AJCC) staging manual'®; (2)
the first diagnosis of NSCLC was at >18 years of age; (3) ECOG performance status score was between 0 and 2'”; (4)
normal kidney function assessed by glomerular filtration rate according to Cockroft-Gault formula; (5) normal liver
enzymes, where liver enzymes were less or equal to two times of the upper limit normal; and (6) never received cancer
treatment before. Patients with EGFR mutations, acute kidney injury, chronic kidney disease, liver dysfunction, or other
primary cancer than lung cancer, patients refusing treatment, or patients who died before completing treatment were
excluded.

Informed consent was obtained from all patients included in the study and the procedure was conducted according to
the Declaration of Helsinki. This study was approved by the ethical committee of Dharmais National Cancer Center,
Indonesia (no. 014/KEPK/I/2018).

Baseline Evaluation and Follow-Up

Baseline Data

Patients’ demographics, tumor characteristics, disease history (including body mass index before NSCLC diagnosis),
body weight and height, body mass index (BMI), ECOG performance status score, and D-dimer before chemotherapy
were collected at enrollment. D-dimer was included into one of the exposure variables as it has been suggested has
a predictor of lung cancer prognosis.'® Presence of cachexia, defined as weight loss >5% during the past 6 months or any
degree of weight loss >2% in patients with body mass index <20 kg/m?, was also assessed at baseline."”

Treatment Response
Treatment response was assessed 3 weeks after completion of chemotherapy. Evaluation of treatment response was
performed according to Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1.2° Treatment response was
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classified as complete response, partial response, progressive disease, and stable disease. Overall response rate was
defined as the proportion of patients achieving complete response and partial response.

Survival Status

Survival was ascertained from follow-up visits in the hospital. If necessary, a phone call with the patients or their family
was made. Survival times were calculated in months from the date of NSCLC diagnosis until death due to NSCLC
(event) or until the end of follow-up (ie, 2 years after NSCLC diagnosis).

Sampling
Consecutive sampling was used for patients’ recruitment. To achieve at least 80% of power and 5% of significance level,
174 patients were recruited.

Statistical Analysis

Categorical variables were presented as proportions, whereas continuous variables were presented as mean and standard
deviation since the continuous data were normally distributed according to the histogram examinations. Chi-square test
was used to compare proportions between categorical variables and the treatment response, while an independent #-test
was used to assess the mean difference between the continuous variables.

Outcomes were treatment response and overall mortality rate. Treatment response was divided into CR/PR and
SD/PD. To association of treatment response with patients’ demographics, histological subtypes, staging, presence of
cachexia, and hypercoagulable state, logistic regression analyses were performed. Overall mortality rate was assessed.
Survival time after diagnosis was calculated using Kaplan—Meier estimates. Differences in survival distributions for each
independent variable were analyzed using the Log rank test. Cox proportional hazard regression analysis was then
performed to examine the independent associations of independent variables with survival. Hazard ratio (HR) and its
95% CI were presented. Statistical software Stata (version 16) was used to perform all analyses.

Results

Patients’ Characteristics and Treatment Response
A total of 174 patients were included in the analysis (71% males, mean age of all patients = 58.1 + 9.4 years). The
response rate to chemotherapy was 42% (41% partial response, <1% complete response). Patients having stable disease
and progressive disease responses were 33% and 2%, respectively. Smoking history was present in 38.5% of the patients.
Other than chemotherapy, 10 patients (5.7%) underwent cryotherapy, and 85 patients (48.9%) underwent palliative
radiotherapy. Most patients were in stage IV (78%) and had histopathology of adenocarcinoma (71%). The overall mean
BMI was 21.9 + 3.6 kg/m?, with 15.5% of individuals had underweight and 19% overweight or obesity. (Table 1). The
patients’ characteristics did not differ by weight status, except for sex. A higher proportion of females was found in the
overweight/obesity group compared to the underweight or normal weight group (Table 2).

When comparing the patients’ characteristics by sex, we found a higher proportion of age >60 years in males than
females (53% in males vs 20% in females). Adenocarcinoma was less common in males than females (67% in males vs
80% in females), and stage IV disease was less prevalent in males than females (75% in males vs 84% in females).

Patients’ Characteristics Were Not Associated with Treatment Response
Treatment response was not associated with any patients’ characteristics, such as sex, age, smoking history, histopathology,
staging, ECOG performance status, BMI, cachexia, or D-dimer level according to the crude and adjusted analysis (Table 3).

Sex and Weight Status Were Associated with Lung Cancer Mortality

During 2 years of follow-up, 134 patients died. Median survival was 12 months (95% CI: 11-13 months). Overall mortality
risk was 6.1% (95% CI: 5.1-7.3%), and the mortality rate was 5.7 per 100 person-months. Overall mortality rate significantly
was higher among males (6.3 per 100) than females (4.5 per 100), and slightly higher among patients in stage IV (6.1 per 100)
than stage III (4.4 per 100). Mortality rate was increasing with increased of BMI, with mortality rate among patients with
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Table | Treatment Response and Patients’ Characteristics

Variables n %
Sex

Males 124 713

Females 50 28.7
Age (years), mean (SD) 58.1 (9.43)

<60 years 98 56.3

260 years 76 43.7
Smoking history

Yes 67 385

No 107 61.5
Histopathology

Adenocarcinoma 123 70.7

Squamous cell carcinoma 51 29.3
Staging

Stage II/1lI 39 224

Stage IV 135 77.6
Other treatments

Cryotherapy 10 57

Palliative radiotherapy 85 48.9
ECOG performance status

0 13 7.5

| 120 69.0

2 41 235
Cachexia

Yes 1 63.8

No 63 36.2
Body mass index (kg/m?), mean (SD) | 21.9 (3.58)

Underweight 27 15.5

Normal weight 114 65.5

Overweight/obesity 33 19.0
D-dimer before chemotherapy

<500 35 20.1

2500 139 79.9

Table 2 Patients’ Characteristics According to the Weight Status

Variables Underweight Normal Weight Overweight/Obesity P
(n=27) (n=114) (n=33)
Sex 0.005
Males 22 (81.5) 86 (75.4) 16 (48.5)
Females 5(18.5) 28 (24.6) 17 (51.5)
Age (years), mean (SD) 0.792
<60 years 14 (51.9) 64 (56.1) 20 (60.6)
260 years 13 (48.1) 50 (43.9) 13 (39.4)
Histopathology 0.39
Adenocarcinoma 22 (81.5) 79 (69.3) 22 (66.7)
Squamous cell carcinoma 5 (18.5) 35 (30.7) 11 (33.3)
Staging 0.119
Stage II/1I 311 25 (21.9) 11 (33.3)
Stage IV 24 (88.9) 89 (78.1) 22 (66.7)
(Continued)
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Table 2 (Continued).

Variables Underweight Normal Weight Overweight/Obesity P
(n=27) (n=114) (n=33)

ECOG performance status 0.109
0 0 (0) 12 (10.5) 1 (3.0)
[ 17 (63.0) 77 (67.5) 26 (78.8)
2 10 (37.0) 25 (22.0) 6 (18.2)

Cachexia 0.474
Yes 16 (59.3) 71 (62.3) 24 (72.7)
No 11 (40.7) 43 (37.7) 9 (27.3)

D-dimer before chemotherapy 0.104
<500 4 (14.8) 20 (17.5) 11 (33.3)
2500 23 (85.2) 94 (82.5) 22 (66.7)

Note: P values were calculated by chi-square or one-way ANOVA, where appropriate.

Table 3 Association Between Clinical Characteristics and Treatment Response

Variables CR/PR SD/PD Crude Adjusted*
n (%) n (%) OR (95% CI) P OR (95% CI) P
Sex
Males 52 (71.2) 72 (71.3) Ref Ref Ref Ref
Females 21 (28.8) 29 (28.7) 1 (0.51; 1.94) 0.994 0.96 (0.43; 2.16) 0.921
Age (years), mean (SD) 58.1 (8.62) 58.1 (10.0) 1 (0.97; 1.03) 0.998 1.00 (0.97; 1.04) 0.945
<60 years 44 (60.3) 54 (53.47)
260 years 29 (39.7) 47 (46.53)
Smoking history
Yes 27 (37.0) 40 (39.6) 1.12 (0.60; 2.08) 0.726 1.08 (0.53; 2.21) 0.829
No 46 (63.0) 61 (60.4) Ref Ref Ref Ref
Histopathology
Adenocarcinoma 52 (71.2) 71 (70.3) Ref Ref Ref Ref
Squamous cell carcinoma 21 (28.8) 30 (29.7) 1.05 (0.54; 2.03) 0.894 1.16 (0.58; 2.34) 0.671
Staging
Stage I/l 21 (28.8) 18 (17.8) Ref Ref Ref Ref
Stage IV 52 (71.2) 83 (82.2) 1.86 (0.91; 3.82) 0.088 2.01 (0.88; 4.58) 0.095
ECOG performance status
0 4 (5.5) 9 (8.9) Ref Ref Ref Ref
| 50 (68.5) 70 (69.3) 0.62 (0.18; 2.13) 0.451 0.52 (0.14; 1.94) 0.331
2 19 (26.0) 22 (21.8) 0.51 (0.14; 1.94) 0.327 0.49 (0.12; 1.95) 0.31
Cachexia
Yes 48 (65.8) 63 (62.4) 0.86 (0.46; 1.62) 0.647 0.80 (0.41; 1.57) 0.514
No 25 (34.2) 38 (37.6) Ref Ref Ref Ref
Body mass index (kg/m?), mean (SD) 22.0 (3.75) 21.9 (3.48)
Underweight 13 (17.8) 14 (13.9) 0.70 (0.30; 1.63) 0411 0.70 (0.29; 1.69) 0.431
Normal weight 45 (61.6) 69 (68.3) Ref Ref Ref Ref
Overweight/obesity 15 (20.6) 18 (17.8) 0.78 (0.36; 1.71) 0.539 0.94 (0.40; 1.57) 0.88
D-dimer before chemotherapy
<500 17 (23.3) 18 (17.8) Ref Ref Ref Ref
2500 56 (76.7) 83 (82.2) 1.4 (0.66; 2.95) 0.375 I.11 (0.49; 2.54) 0.798

Notes: All odds ratios and P values were calculated using logistic regression. *Fully adjusted model.
Abbreviations: Cl, confidence interval; CR, complete response; ECOG, Eastern Cooperative Oncology Group; OR, odds ratio; PD, progressive disease; PR, partial

response; Ref, reference; SD, stable disease.
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underweight (4.5 per 100), normal weight (5.8 per 100), and overweight/obesity (6.5 per 100). Based on the Kaplan—Meier
graphs, survival function was higher in females than males over time (P = 0.046) and higher in individuals with performance
status grade O (fully active) than in those with performance status grade 1 or 2 (P = 0.046). On the other hand, no difference in
survival function by age, staging, histopathology, cachexia, weight status, or D-dimer. At the first year of follow-up, patients
with complete or partial response seemed to have slightly higher survival over time compared to the others. However, after
a year of follow-up the survival was similar between patients with complete or partial response vs patients with stable or
progressive disease (Figure 1E). Kaplan—Meier graphs stratified by patients’ characteristics are shown in Figure 1A-1.

Crude regression showed no association between 2-year mortality and sex, age, staging, BMI status, histopathology,
performance status, and D-dimer. After adjustment for the other factors, males had higher mortality compared to males
(HR: 1.77, 95% CI: 1.15-2.72, P = 0.009), whereas individuals with overweight or obesity had higher mortality rate
compared to those underweight or normal weight (HR 1.67, 95% CI: 1.04-2.69, P = 0.034). The crude and adjusted HRs
are presented in Table 4.

Discussion

In this hospital-based cohort study, we found that the median survival of the patients with advanced stage of NSCLC
undergoing platinum-based chemotherapy was 12 months, with 42% patients had complete or partial response. Neither
sex, age, staging, histopathology, cachexia, weight status nor D-dimer was associated with treatment response in
advanced stage of NSCLC. Meanwhile, this study demonstrated that males and overweight/obesity were associated
with higher 2-year overall mortality rate among patients with NSCLC.

At least 50% of study population in the present study were alive at 12-months after chemotherapy initiation. This
finding was in line with the previous studies both in the western world settings’ and in an Asian country.® However, the
overall response rate to chemotherapy in the present study was higher compared to the other studies in patients with
advanced stage NSCLC receiving platinum-based chemotherapy globally®' and in Asia (42% in this study, 20% in
a Taiwanese study, 27% in a Japanese study),®** despite similar age, sex, and tumor histopathology distribution. This
finding suggests that geographical area or ethnicity might to some extent affect the treatment response.

While platinum-based chemotherapy has been one of the main treatment in advanced stage of NSCLC, it was
suggested that genetic polymorphism might affect overall response rate.”* A meta-analysis including Asian NSCLC
patients receiving platinum-based treatment reported that at least three polymorphisms of the genes were correlated with
platinum response.* Future studies should take genetic polymorphism analysis into account.

Large population-based studies have shown the evidence of gender difference in survival among patients with
NSCLC, whereby males have poorer prognosis regardless of stage.”*> Our finding confirms the evidence from the
previous studies. In the present study, females with advanced stage of NSCLC tended to be younger and mostly had
adenocarcinoma as the cancer pathology. These favorable characteristics might have contributed to better prognosis in
females. However, we also showed that the gender difference in NSCLC survival was independent of age and
histopathology. A possible explanation for this finding is the NSCLC tumor biology somewhat differs between females
and males.” In addition, while some other studies reported contradicting finding due to substandard NSCLC treatment in
females,?® the better survival in females in this study indicated no gender bias in NSCLC treatment.

Although obesity is known to have negative effect in survival among cancer patients in general,'' obesity paradox in
lung cancer has been an interest and indicated by vast literatures. Patients with overweight or obesity have longer

1.5 In contrast, this study found that overweight or obesity before

survival, whereas underweight worsens the surviva
cancer treatment initiation was associated with poorer survival. The beneficial effect of obesity on NSCLC survival has
been suggested to be time-limited; obesity was associated with better survival during the first year after NSCLC
diagnosis and associated with higher mortality in later years of follow-up.?” This may be a possible reason for rather
contradictory finding in our study. Since the setting in the present study is in a tertiary care, there most likely was several
weeks or months of waiting time from diagnosis until patients received treatment. A plausible mechanism contributing to
the unfavorable effect of obesity in this study is that the increasing insulin-like growth factors (IGF) due to excess

adiposity might enhance tumor progression.® Obesity might also induce chemoresistance to some chemotherapy agents
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Table 4 Sex and Weight Status Were Associated with 2-Year Mortality Rate

Variables Crude Adjusted*
HR 95% ClI P HR 95% CI P

Males (vs females) 1.45 0.99-2.13 0.056 1.77 1.15-2.72 0.009
Age (years) | 0.98-1.02 0.83 0.99 0.98-1.01 0.587
Stage IV (vs stage II/Ill) 1.46 0.96-2.22 0.079 1.43 0.90-2.25 0.133
Overweight/ obesity (vs UW/NW) 1.23 0.81-1.87 0.339 1.67 1.04-2.69 0.034
SCC (vs adenocarcinoma) 0.99 0.69-1.43 0.96 0.97 0.66—1.42 0.882
D-dimer 2500ng/mL (vs D-dimer <500 ng/mL) 1.21 0.80-1.85 0.368 1.23 0.79-1.93 0.358
PS 1-2 (vs PS 0) 1.98 0.97-4.05 0.062 1.78 0.85-3.69 0.121

Notes: Cox proportional hazard was applied. *Fully adjusted model.
Abbreviations: Cl, confidence interval; HR, hazard ratio; NWV, normal weight; PS, performance status; UW, underweight.

(including platinum-based chemotherapy)*® and seemed to alter the pharmacokinetics of the chemotherapy agents, impair
drug delivery, and induce metabolic perturbations such as increased insulin resistance and hyperglycemia.*

Weight loss after NSCLC diagnosis was known to be associated with worse overall survival.'*'*> Moreover, cachexia
was generally related to toxicity and complications of cancer therapy.®' Interestingly, no association between cachexia
and overall survival was observed in the present study. Different study population may be an explanation for this
dissimilar finding. Most patients in our study were in end-stage cancer, whereas the previous studies included patients
with early and advanced stages. Taken together, the effect of cachexia overall survival might be prominent among
patients in earlier stages, but not among patients with advanced stage of NSCLC. Moreover, 22% of the patients with
cachexia in the present study had overweight or obesity at baseline and we found an inverse association of overweight or
obesity on overall survival. This might overshadow the effect of cachexia on survival. Cachexia in patients with obesity
NSCLC has been known to be prevalent.'® Hence, there might be an interaction between cachexia and obesity in
predicting overall survival in NSCLC. Future studies investigating whether overall survival in NSCLC in obese patients
with cachexia differs from obese patients without cachexia are warranted to understand the interplay between obesity and
cachexia in NSCLC.

Some strengths of this study need to be acknowledged. This study was conducted in a national cancer center with
patients treated in accordance with international and national guidelines. However, due to the nature of the retrospective
study design, prospective studies are needed to confirm the causal association of our findings. Moreover, selection bias
might have occurred in the present study since individuals deceased before chemotherapy completion were excluded. In
addition, the generalization of the findings in this study might be limited as the study population consisted of patients
treated in a referral hospital.

Conclusions
Males and excess adiposity are associated with poorer survival among patients with advanced stage of NSCLC receiving
platinum-based chemotherapy.

Disclosure
The authors report no conflicts of interest in this work.
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