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Abstract

Background: Body mass index (BMI) change after a lung cancer diagnosis has been associated 

with non-small cell lung cancer (NSCLC) survival. This study aimed to quantify the association 

based on a large-scale observational study.

Methods: Included in the study were 7,547 NSCLC patients with prospectively collected BMI 

data from Massachusetts General Hospital and Brigham and Women’s Hospital/Dana Faber 

Cancer Institute. Cox proportional hazards regression with time-dependent covariates was used to 

estimate effect of time varying post-diagnosis BMI change rate (% per month) on overall survival 

(OS), stratified by clinical subgroups. Spline analysis was conducted to quantify the non-linear 

association. A Mendelian Randomization (MR) analysis with a total of 3,495 patients further 

validated the association.

Results: There was a J-shape association between post-diagnosis BMI change and OS among 

NSCLC patients. Specifically, a moderate BMI decrease (0.5-2.0; HR = 2.45, 95% CI = 2.25-2.67) 

and large BMI decrease (≥ 2.0; HR = 4.65, 95% CI = 4.15-5.20) were strongly associated with 

worse OS, whereas moderate weight gain (0.5-2.0) reduced the risk for mortality (HR = 0.78, 
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95% CI = 0.68-0.89) and large weight gain (≥ 2.0) slightly increased the risk of mortality without 

reaching statistical significance (HR = 1.10, 95% CI = 0.86-1.42). MR analyses supported the 

potential causal roles of post-diagnosis BMI change in survival.

Conclusions: This study indicates that BMI change after diagnosis was associated with 

mortality risk.

Impact: Our findings, which reinforce the importance of post-diagnosis BMI surveillance, 

suggesting that weight loss or large weight gain maybe unwarranted.

Keywords

NSCLC; BMI change; overall survival

Introduction

BMI has been found to be associated with lung cancer survival. Being underweight or 

morbidly obese at the time of diagnosis is associated with worse outcomes, whereas 

overweight and obese patients had better prognosis.(1-8) Moreover, weight change after 

a lung cancer diagnosis may impact survival(9-12) by changing patients’ performance status, 

quality of life, response to treatment as well as other clinical outcomes.(13) Post-diagnosis 

weight loss is associated with worse survival, as involuntary weight loss may be an indicator 

of cancer-induced cachexia, contributing to poor survival through progressive depletion 

of patients’ energy reserves.(14) On the other hand, some studies reported a positive 

relationship between weight gain after diagnosis and prolonged survival.(15-18)

However, there are some limitations in these association studies. First, most studies only 

evaluated weight change at a single time point post diagnosis, which may not fully capture 

the weight change trajectory.(9,11) Secondly, most studies have focused on the amount of 

weight/BMI change, but not the rate of weight/BMI change which might be more relevant to 

survival. Thirdly, association results based on observational studies can be biased because of 

reverse causation and residual confounding and may not have causal interpretations.(19,20) 

For example, patients with a weight loss may have a higher mortality rate because of illness-

induced cachexia.(21,22) To our knowledge, none of these studies have investigated the 

causal relationship between BMI change and non-small cell lung cancer (NSCLC) survival.

Using electronic medical records (EMRs) data from the Mass General Brigham Healthcare 

System, we examined systematically how post-diagnosis BMI change impacts overall 

survival for NSCLC patients. We first examined the effect of the BMI change rate on OS at 

multiple time points, and then applied Mendelian Randomization (MR) analysis, which used 

genetic variants associated with exposure of interest as instruments, to validate the potential 

causal effect.

Materials and Methods

Data source and study population

EMR data with written informed consent obtained are from the Massachusetts General 

Hospital and Brigham and Women’s Hospital using/Dana Faber Cancer Institute in the Mass 
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General Brigham HealthCare System Research Patient Data Registry. Institutional Review 

Board of Partners HealthCare (Protocol Number: 1999P004935/PHS) approved this study. 

Lung cancer patients were identified via a semi-supervised machine algorithm, for which 

the clinical information (including the histological type) was extracted from structured and 

unstructured data via natural language processing tools.(23) Patients were included between 

Dec 1990 and Jan 2018 with histologically and stage confirmed NSCLC to allow for at least 

3 years of follow-up. We limited the age range to be between 18 and 90. A total of 12,906 

patients were identified with BMI data available in the database.

Data collection

BMI were entered prospectively into EMR system and were extracted from structured 

data. BMI closest to the diagnosis date served as BMI at-diagnosis within three months; 

BMI measured at least one month after at-diagnosis BMI measurement was assigned to 

post-diagnosis BMI, and BMI measured three months to 1 year before diagnosis was used 

as pre-diagnosis BMI. We grouped repeated post-diagnosis BMI measures into consecutive 

1-month time intervals after the measurement of at-diagnosis BMI and selected the BMI 

measures closest to the end of each month interval. Post-diagnosis BMI change (%) was 

calculated as: BMI post diagnosis − BMI at diagnosis
BMI at diagnosis × 100. The monthly rate of BMI change 

(% per month) was calculated by dividing BMI change by the time difference between 

post-diagnosis BMI measurement date and at-diagnosis BMI measurement date. Patients 

with extreme BMI records (BMI below 14 or BMI above 50) or extreme BMI change over 

a short period (over 20% in one month) were excluded out of data quality concern. BMI 

at-diagnosis was categorized into six groups: BMI < 18.5 kg/m2 (underweight), 18.5 kg/m2 

≤ BMI < 25 kg/m2 (normal), 25 kg/m2 ≤ BMI < 30 kg/m2 (overweight), 30 kg/m2 ≤ BMI 

< 35 kg/m2 (obese), 35 kg/m2 ≤ BMI < 40 kg/m2 (severe obese), and BMI ≥ 40 kg/m2 

(morbid obese). For patients with multiple post-diagnosis BMI measurements, we calculated 

the mean rate of BMI change per month for each patient, with positive or negative values 

indicating average BMI increase or decrease. In this study, we identified 9,327 patients with 

BMI measured less than three months before or after the initial lung cancer diagnosis and 

7,547 of them had at least one post-diagnosis BMI measurement.

Demographic characteristics [i.e., age, sex, race/ethnicity, smoking status (ever-smoker, non-

smoker) at the time of diagnosis] and clinical features (i.e., tumor histological type, stage, 

year of diagnosis, and treatments) were available from EMR. Race/ethnicity was categorized 

into white and non-white (including Black, Asian, Hispanic). Overall survival, the main 

outcome, was defined as the time lag between the date of diagnosis and the date of death, 

which may be censored at the last visit.

Statistical analysis

Cox proportional hazards regression models were used to examine the effect of BMI at 

diagnosis (both continuous and categorical variable) on OS, adjusting for sex, age at 

diagnosis, race/ethnicity, and year of diagnosis, smoking history, stage, and histological 

type. Treatment status was not adjusted given that treatment was given after at-diagnosis 

BMI measurement. For post-diagnosis BMI change, we used Cox proportional model with 
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the BMI change rate (% per month) included as a time-dependent covariate, adjusting for the 

aforementioned variables, at-diagnosis BMI, and treatment status. Treating BMI change as a 

time-dependent variable enables us to study patients who had both a weight gain and weight 

loss at different times. We further accessed non-linear relationships between BMI change 

rate and OS using penalized smoothing spline (PSS) curves. We categorized the percent 

of BMI change per month into five categories: large decrease (≥2.0), moderate decrease 

(0.5–2.0), stable (decrease/increase < 0.5), moderate increase (0.5–2.0) and large increase 

(≥2.0). These categories were chosen based on the distribution of average BMI change per 

month. The 10th percentile of average BMI change was 2.1% (round to 2%), decrease per 

month and 33rd percentile was 0.48% (round to 0.5%), decrease per month. Furthermore, 

we considered an interaction between the BMI change and the BMI category at diagnosis to 

assess the effect of BMI change within the initial BMI categories.

We conducted analyses of post-diagnosis BMI change and OS, stratified by sex, age at 

diagnosis (< 66 vs. ≥ 66 years[median of study population]), race, stage, histological type, 

and treatment status. We examined the heterogeneity in associations in stratified analyses via 

inclusion of cross-product terms of stratified variables and post-diagnosis BMI change in the 

Cox regression models. We conducted sensitivity analyses by restricting to the population 

with complete information on pre-diagnosis BMI to test the effect of post-diagnosis BMI 

change after adjusting pre-diagnosis BMI, and also by excluding patients whose deaths 

occurred within the first six months to address the possible reverse causality.

MR analysis

DNA was extracted from peripheral white blood cells of a subset of the Boston Lung 

Cancer Study cohort using standard protocols and was genotyped using the Human610-

Quad BeadChip (Illumina, San Diego, CA) and OncoArray platform. Details of sample 

selection, genotyping, and quality control (including population structure) can be found in 

our previous studies(24,25) and supplementary materials. A total of 3,495 European ancestry 

NSCLC patients with complete survival information and genotyping data were retained for 

genetic association analysis. These patients were part of the MGH study population and can 

be matched to EMR database. Among them, 1,061 have both at-diagnosis and post-diagnosis 

BMI measurements available.

We used MR analysis to assess the potential causal relationship between the post-diagnosis 

BMI change and OS. We partitioned our patients into two subpopulations, with 1,061 

patients testing for the association between genetic and exposure (post-diagnosis BMI 

change) and 2,434 patients for the association between genetic and outcome (NSCLC OS). 

First, we conducted a post-diagnosis BMI change GWAS containing 1,061 cases via linear 

regression analysis with adjustments of age at diagnosis, sex, smoking status, stage, tumor 

type, treatments, and top three principal components (PCs) of population structure; and we 

then applied the criteria of P < 5 × 10−8 and linkage disequilibrium (LD) of r2 < 0.001 

within 10,000 kb to identify independently exposure associated SNPs as genetic instruments. 

To assess the association between genetic instruments and NSCLC survival, we performed a 

NSCLC survival GWAS for the 2,434 cases via Cox regression model with adjustments 

of age at diagnosis, sex, smoking status, stage, tumor type, treatments, and principal 
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components 1-3 of population structure, followed by a fixed meta-analysis via METAL.

(26) The causal effect estimates were then calculated via inverse-variance-weighted (IVW) 

methods.(27) As sensitivity analyses, we used the MR-Egger method and the weighted 

median method to test for the potential directional pleiotropy as well as outlying variant-

specific causal estimates.(28) Additionally, we conducted heterogeneity test and leave one 

out analysis to evaluate the robustness of our results.(29,30)

Results

Patient and Characteristics

Among 12,906 patients with BMI data available, 7547 of them were included in the analysis, 

with 3,962 deaths were observed. Characteristics of patients included and excluded in the 

analysis were summarized in S Table 1. Patients who received treatments were more likely 

to have BMI collected. Patient characteristics stratified by average BMI increase (3,040) 

and decrease (4,507) were shown in Table 1. The median number of post-diagnosis BMI 

measures was 7 (interquartile range [IQR], 11). The median follow up was 2.77 years. 

Older, male patients were more likely to lose weight than younger, female patients. Patients 

with adenocarcinoma were more likely to gain weight compared to squamous carcinoma 

and other NSCLC. Patients diagnosed with later stage (stage 3 or 4) were more likely to 

lose weight, while stage 1 patients were more likely to gain weight. Consistent with the 

findings from stage, patients who received surgery were more likely to gain weight than 

those didn't received surgery, and patients who received chemotherapy or radiation therapy 

were more likely to lose weight than those didn’t receive chemotherapy or radiation therapy. 

Underweight and normal-weight patients at diagnosis were more likely to gain weight, while 

obese patients were more likely to lose weight.

Effect of BMI on NSCLC OS

At-diagnosis BMI was significantly associated with OS (S Table 2). Compared with normal-

weight patients, underweight patients had a higher mortality rate (HR, 1.37; 95% CI, 

1.14-1.63), whereas patients who were overweight (HR, 0.90; 95% CI, 0.84-0.97) and obese 

(HR, 0.87; 95% CI, 0.79-0.95) had a lower risk of death. Patients with server/morbid obese 

showed no difference compared with normal-weight patients.

As for longitudinal changes in BMI, a decrease in BMI post-diagnosis was significantly 

associated with a higher risk of death (HR, 2.53; 95% CI, 2.36-2.72; Table 2) than those 

with increased BMI post-diagnosis. The association between BMI change post-diagnosis 

and OS appeared to be non-linear (Figure 1a; P nonlinearity< 0.001). Decrease of BMI 

after diagnosis was strongly associated with worse OS, the risk for mortality increased 

markedly with increasing weight loss, with HR of 2.45 (95% CI, 2.25-2.67) for moderate 

BMI decrease and HR of 4.65 (95% CI, 4.15-5.20) for large BMI decrease (Figure 1a 

and Table 2). Moderate BMI increase reduced the risk for mortality (HR, 0.78; 95% CI, 

0.68-0.89); however, large BMI increase led to a trend toward higher risk of mortality, but 

the association was not significant (HR, 1.10; 95% CI, 0.86-1.42; Figure 1a and Table 2).
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We tested whether the effect of post-diagnosis BMI change and OS differed by the at-

diagnosis BMI status (Figure 1b and S Table 3). The BMI decrease associated risk was more 

evident in normal weight, overweight and obese patients compared to underweight, severe 

obese and morbid obese. A moderate increase of BMI reduced risk for mortality for normal 

weight and overweight patients, but not for underweight, obese patients. Large weight gain 

was non-significant among all of the BMI strata.

Stratified analysis and sensitivity analysis

In stratified analyses, a decrease in BMI post-diagnosis was associated with a higher risk 

of death compared with stable BMI among all subsets of the patients, whereas the effects 

of BMI increase were more heterogeneous by sex, stage, and treatments (Figure 2). The 

elevated risks for patients who had a BMI decrease post diagnosis were more evident among 

patients who were male, and who received chemotherapy (P < 0.001 for interactions). A 

moderate increase of BMI was associated with better OS among patients with late-stage 

and who received chemotherapy or radiation therapy but was not significant among those 

with early-stage and did not receive chemotherapy or radiation therapy. Early-stage patients 

who gained weight post diagnosis had a trend toward a higher risk of mortality. The 

results of stratified analysis by treatment are consistent with stage, as early-stage patients 

usually received surgery and late-stage patients are more likely to receive chemotherapy 

and radiation therapy. Sensitivity analyses by excluding early deaths (within six months) 

presented negligible changes in associations for post-diagnosis BMI change and mortality (S 

Table 4). After adjusting pre-diagnosis BMI, the elevated risks for patients who had a BMI 

decrease post diagnosis were more evident (S Table 4).

MR analysis

Among 3,495 patients used for MR analysis, 2474 death were observed. We observed a 

significant effect of post-diagnosis BMI change on NSCLC OS (beta = −0.162, P < 0.001; 

Figure 3) via methods of IVW using 3 genetic instruments. No substantial directional 

pleiotropy was detected using the MR-Egger test (MR-Egger intercept 0.196, P > 0.05). We 

did not observe outlying genetic variants from weighted median method results (P = 0.03) 

as well as the leave-one-out analysis. We did not find any significant heterogeneity when 

comparing the effect sizes of IVs on exposure to the effect sizes of IVs on NSCLC survival 

(Pheterogeneity > 0.05). The direction of the MR estimates shows that a decrease in BMI 

increases the risk of mortality, which is consistent with the observation study.

Discussion

Using large-scale data from EMR of 7,547 NSCLC patients, we found a J-shaped 

relationship between post-diagnosis BMI change and mortality. Specifically, a decrease of 

BMI post diagnosis was associated with an increased risk of mortality, a moderate increase 

of BMI was associated with better survival. Similar to our findings, previous studies have 

generally shown that weight loss is associated with poorer lung cancer outcomes.(9,11,12) 

Weight loss has been considered as a part of the eligibility criteria for some NSCLC clinical 

trials where patients with weight loss above a certain threshold (<10%) are excluded.(31) 

To our knowledge, this study is the rst to further explore results by subgroups of patients. 
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We found the negative effect of weight loss is consistent across all subsets but is more 

evident among male and patients who received chemotherapy. The positive effect of weight 

gain on lung cancer outcomes has also been reported in a few previous studies. Two studies 

evaluated the prognostic significance of weight gain during the course of treatments in 54 

and 92 patients.(15,16) Patel et al.’s study analyzed 421 advanced non-squamous NSCLC 

patients with weight gain during treatment.(18) However, they had a limited sample size 

and mainly focus on late-stage patients. Our study found that a moderate weight gain was 

associated with improved OS, but large weight gain may pose an increased risk, especially 

for early-stage patients. When stratified by at-diagnosis BMI, we found that moderate 

weight gain did not reduce the risk for mortality for obese patients. Our results may suggest 

that early-stage or obese patients should not gain an excessive amount of weight post 

diagnosis.

Gaining weight was not associated with reduced survival among early-stage patients, though 

we did see a positive association in late-stage patients. One possible reason is that part of 

the early-stage patients had a chance to recover after surgery and gaining weight or being 

obese after recovery may impose a negative effect on OS, which has been reported in other 

cancers.(32,33) The effect of weight gain might be different for cancer patients and cancer 

survivors, and thus lead to conflicting estimates among early stage patients. Future studies 

are needed to determine whether weight gaining leads to worse OS among survivors of 

lung cancer who have had curative treatment. For late-stage patients, an increase or decrease 

of BMI may be mainly affected by tumor status and treatment-related side effects. Losing 

weight post diagnosis may be an indicator of tumor progression or treatment toxicity that 

increased the risk of overall mortality.(14)

We validated further the relationship between post-diagnosis BMI change and OS using 

causal methods. In MR analysis, we found the potential causal effect of post-diagnosis BMI 

change on OS were similar to what we found in association analysis with multiple genetic 

variants as instrument variables that are less biased by reverse causation or unmeasured 

confounding. In sensitivity analysis, we eliminated early death, which may also indicate that 

our results were not attributable to reverse causality especially cancer-induced cachexia and 

sarcopenia. We conducted a sensitivity analysis that adjusted pre-diagnosis BMI, which has 

been shown to be a strong predictor of lung cancer survival.(34)

One strength of this study is the large sample size with multiple prospectively collected 

post-diagnosis BMI measurements, enabling us to access the impact of longitudinal BMI 

changes on survival. Other strengths include having data on germline genetics, pre-diagnosis 

BMI measurements and treatment.

Our study also has several limitations. First, there may be selection bias as patients included 

in this study were selected based on the BMI availability in the EMR database. For example, 

BMI data were more likely to be available for patients who received treatments, because 

it was often collected before treatment to help determine the overall health status. Thus, 

the selection bias can arise where treatments influence whether an individual to be a study 

participant and also the survival outcome. Second, the instrument variable approach may 

address confounding issue partially, but residual confounding may still exist. For example, 
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the possibility of residual confounding by smoking intensity and durations cannot be ruled 

out, as smoking was only captured categorically as never and ever. Second, with a small 

number of underweight and morbidly obese patients, the estimates from these groups might 

not be precise and need to be interpreted with caution. Third, the sample size for MR 

analysis was limited, which might cause unstable effect estimates. More powerful genetic 

instruments may be identified to validate the MR results as GWAS become larger. Finally, 

the long period of accrual with the heterogeneity of treatments may introduce variance of the 

effects.

Conclusions

Using observational data from the EMR database with available genetics data, this study 

supports a possible role of BMI change in lung cancer prognosis. Our results reinforce the 

importance of postdiagnosis BMI change surveillance, which inform dietary and exercise 

recommendations for NSCLC patients.
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Figure 1. 
Associations between post-diagnosis BMI change (% per month) and OS based on penalized 

smoothing spline (A) in 7547 NSCLC patients and (B) stratified by at-diagnosis BMI. The 

reference value (HR = 1) was set at change equals to 0. Time-dependent Cox proportional 

model with the change of BMI (% per month) as a time-dependent covariate and adjusted 

the sex, age at diagnosis, race, year of diagnosis, smoking history, stage, and histological 

type, at-diagnosis BMI and treatment status.
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Figure 2. 
Associations between post-diagnosis BMI change and OS in subsets of patients. (A) BMI 

decrease vs. stable (B) BMI increase vs. stable The squares represent the size of each 

subgroup and are centered on the HR. The whiskers represent the 95% CIs.
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Figure 3. 
SNP-exposure (post-diagnosis BMI change) and SNP-outcome (NSCLC survival) 

coefficients used in the MR analysis with 3 SNPs as instrument variables. The line 

represents the inverse-variance-weighted estimate.
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Table 1

Basic characteristics for patients

BMI increase BMI decrease P

No. patients 3040 4507

Age at diagnosis (median [IQR]) 64.97 [57.33, 71.34] 66.30 [59.20, 72.71] <0.001

Sex 0.005

 Female 1727 (56.8) 2410 (53.5)

 Male 1313 (43.2) 2097 (46.5)

Race 0.050

 White 2703 (88.9) 3955 (87.8)

 Non-white 337 (11.1) 552 (12.2)

Diagnosis year (median [IQR]) 2011 [2008, 2013] 2011 [2008, 2013] 0.060

Smoking 1.000

 Ever smokier 2807 (92.3) 4157 (92.2)

 Non-smoker 233 (7.7) 350 (7.8)

Histological type 0.009

 Adenocarcinoma 2277 (74.9) 3233 (71.7)

 Squamous cell 603 (19.8) 980 (21.7)

 Other NSCLC 160 (5.3) 294 (6.5)

Stage <0.001

 1 1130 (37.2) 1292 (28.7)

 2 365 (12.0) 527 (11.7)

 3 643 (21.2) 1114 (24.7)

 4 902 (29.7) 1574 (34.9)

Surgery 1830 (60.2) 2458 (54.5) <0.001

Chemotherapy 1746 (57.4) 2771 (61.5) 0.004

Radiation therapy 1448 (47.6) 2545 (56.5) <0.001

BMI at diagnosis <0.001

 Under weight 133 (4.4) 94 (2.1)

 Normal 1289 (42.4) 1547 (34.3)

 Overweight 1035 (34.0) 1617 (35.9)

 Obese 416 (13.7) 833 (18.5)

 Severe obese 123 (4.0) 293 (6.5)

 Morbid obese 44 (1.4) 123 (2.7)

BMI change (% per month) <0.001

(median [IQR]) 0.36 [0.14, 0.80] −0.61 [−1.49, −0.23]
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Table 2

Associations between post-diagnosis BMI change (% per month) and NSCLC OS

BMI change No. of events HR 95% CI P-value

Binary Increase 1104 ref

Decrease 2854 2.53 [2.36;2.72] < 0.001

Categorical Stable

 Within 0.5 2038 Ref

Decrease

 Large ≥2.0 568 4.65 [4.15;5.20] < 0.001

 Moderate 0.5–2.0 1001 2.45 [2.25;2.67] < 0.001

Increase

 Moderate 0.5–2.0 284 0.78 [0.68;0.89] < 0.001

 Large ≥2.0 67 1.1 [0.86;1.42] 0.439

Cox proportional hazards regression models with the BMI change as time-dependent variable adjusted for sex, age at diagnosis, race, year of 
diagnosis, smoking history, stage, histological type, at-diagnosis BMI, and treatment status.
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