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Abstract

Introduction: The relationships between morbid obesity, changes in body mass index (BMI) 

before cancer diagnosis, and lung cancer outcomes by histology (SCLC and NSCLC) have not 

been well studied.

Methods: Individual level data analysis was performed on 25,430 patients with NSCLC and 

2787 patients with SCLC from 16 studies of the International Lung Cancer Consortium evaluating 

the association between various BMI variables and lung cancer overall survival, reported as 

adjusted hazard ratios (aHRs) from Cox proportional hazards models and adjusted penalized 

smoothing spline plots.

Results: Overall survival of NSCLC had putative U-shaped hazard ratio relationships with BMI 

based on spline plots: being underweight (BMI < 18.5 kg/m2; aHR = 1.56; 95% confidence 

interval [CI]:1.43–1.70) or morbidly overweight (BMI > 40 kg/m2; aHR = 1.09; 95% CI: 0.95–

1.26) at the time of diagnosis was associated with worse stage-specific prognosis, whereas being 

overweight (25 kg/m2 ≤ BMI < 30 kg/m2; aHR= 0.89; 95% CI: 0.85–0.95) or obese (30 kg/m2 ≤ 

BMI ≤ 40 kg/m2; aHR = 0.86; 95% CI: 0.82–0.91) was associated with improved survival. 

Although not significant, a similar pattern was seen with SCLC. Compared with an increased or 

stable BMI from the period between young adulthood until date of diagnosis, a decreased BMI 

was associated with worse outcomes in NSCLC (aHR = 1.24; 95% CI: 1.2–1.3) and SCLC 

patients (aHR=1.26 (95% CI: 1.0–1.6). Decreased BMI was consistently associated with worse 

outcome, across clinicodemographic subsets.

Conclusions: Both being underweight or morbidly obese at time of diagnosis is associated with 

lower stage-specific survival in independent assessments of NSCLC and SCLC patients. In 

addition, a decrease in BMI at lung cancer diagnosis relative to early adulthood is a consistent 

marker of poor survival.
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Introduction

The relationship between weight and cancer survival is complex. Being significantly obese 

or underweight may impair the efficacy of and tolerance to treatment. Examples include the 

impact of such extreme weight on surgical comorbidities and when dosing chemotherapeutic 

agents.1–5

Obesity has long been associated with worse cancer outcomes. In the United States, being 

overweight was estimated to account for 14% of all cancer deaths in men and 20% in 

women, but this was studied in a cohort that was initially cancer-free, as opposed to a cohort 

of incident cancer patients; therefore, the reported mortality rates combined the effect of 

obesity on both cancer incidence and cancer outcomes.6 Obesity can cause systemic 

physiologic alterations, such as higher insulin resistance, which has been linked to poor 

cancer outcomes, chronic inflammation, and abnormal nutrient homeostasis, which may 

lower the barrier for oncogenic transformation by driving cellular proliferation and resisting 

apoptosis.7–9 The American Society of Clinical Oncology has investigated the association of 

obesity with cancer in one of its core initiatives in 2014, aiming to raise awareness of this 

relationship.10,11 Lung cancer stands apart from other solid tumors. In previous studies, an 

excess mortality due to obesity was not described for lung cancer; instead, overweight and 

obese patients had improved outcomes.6,12–19

In studies covering both resectable and metastatic lung cancers, the worst outcomes were 

observed in underweight patients as defined by having a body mass index (BMI) less than 

18.5 kg/m2.6,12–15,20–29 Being severely underweight may be an indicator of cancer cachexia, 

which is a well-described marker of poor outcome on cancer mortality.30–35 Weight in the 

years before lung cancer diagnosis has also been assessed. For example, a prior case control 

study of 2285 patients reported no significant association between BMI at 2 years before 

lung cancer diagnosis and mortality, whereas a strong association was reported between 

BMI less than 18.5 kg/m2 at diagnosis and death.16 Associations with temporal changes in 

BMI before diagnosis were not reported.

There remain multiple key knowledge gaps in this research field, most commonly due to 

limited sample size and the single-site nature of many published series. Firstly, as most 

published reports focused on NSCLC, separate analyses of SCLC are scarce, whereas none 

have evaluated NSCLC and SCLC in parallel.36–39 Secondly, past studies have not assessed 

the role of morbid obesity (defined as BMI > 40 kg/m2) on survival, but have focused on 

complication rates in both obese and morbidly obese patients.17,40,41 This is an important 

knowledge gap, as the only available data suggest that all overweight and obese patients 

have improved survival regardless of the magnitude of the BMI value. Thirdly, prior 

analyses have mostly assessed the prognostic role of BMI captured at the time of diagnosis, 

but have not evaluated BMI in a patients’ prior healthy state. Although recent weight loss 

around the time of diagnosis has been associated with poor prognosis, longer-term changes 

in BMI (i.e., from the time of young adulthood until diagnosis) have not been studied 

previously.21,32,35,42, Evaluation of BMI changes over a longer time may reflect metabolic 

or biologic effects that can both impact cancer risk and prognosis.7–9 In a large, multicenter, 

multinational cohort with special consideration of morbid obesity and SCLC patient subsets, 
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we describe the prognostic association of three main BMI measurements: BMI at diagnosis, 

BMI at young adulthood (a surrogate for BMI when healthy), and change in BMI (ΔBMI) 

from a young adulthood to the time of diagnosis.

Methods

Study Population

The International Lung Cancer Consortium was established in 2004 with the aims to share 

compatible data and maximize resource sharing for lung cancer epidemiology research. Full 

details have been provided previously and are available at http://ilcco.iarc.fr.43–48 To be 

included in the present pooled analysis, studies had to have data on BMI at lung cancer 

diagnosis, lung cancer type (SCLC versus NSCLC), date of diagnosis, stage at diagnosis, 

vital status at last follow-up, and date of death. Optional variables included BMI at periods 

other than at diagnosis. The individual-level data across studies were then pooled and 

checked for inconsistency, inadmissible values, aberrant distributions, and outliers before 

being harmonized into a common data set. Written informed consents were obtained from 

all study participants, and each study was approved by its respective local institutional 

human subject review board.

Statistical Analysis

Harmonization of epidemiologic data elements has been previously described.44 

Harmonization of outcomes-related variables is described in the Supplemental Data. 

Separate analyses were performed for NSCLC and SCLC. Overall survival (OS) was 

assessed using Kaplan-Meier curves and log-rank tests in univariable analyses. OS was 

assessed using penalized smoothing spline (PSS) curves (continuous BMI variable) and Cox 

proportional hazards models (continuous and categorical variables) in multivariable 

analyses, adjusting for clinically relevant factors identified in the univariable analyses.49,50 

A detailed description of the PSS models is provided in the Supplemental Data. Spline 

curves are functions that are defined piecewise by a polynomial, allowing complex shapes of 

relationships with continuous variables to be modeled. In addition to treating each BMI 

variable as a continuous variable, BMI at diagnosis and BMI during young adulthood 

(defined as ages 18 to 25 years) were also categorized into standard clinical groupings of 

less than 18 kg/m2 (underweight), 18 to less than 25 kg/m2 (normal weight), 25 to less than 

30 kg/m2 (overweight), and 30 to less than 40 kg/m2 (obese) with the morbidly obese 

defined as greater than 40 kg/m2. Analyses were performed based on the pooled data, but 

subset analyses within individual studies were performed to evaluate consistency across 

studies. The clinical multivariable survival analysis that generated the base models included 

all variables with p values less than 0.05 on univariable analysis. To this base model, various 

definitions of BMI (BMI at diagnosis, BMI at young adulthood, ΔBMI), were added to the 

clinical multivariable model individually, as these variables were partially correlated. The 

association between BMI variables was tested using Pearson’s correlation test. Change in 

BMI (ΔBMI) from young adulthood to the time of diagnosis was used to correct partially for 

Supplementary Data
Note: To access the supplementary material accompanying this article, visit the online version of the Journal of Thoracic Oncology at 
www.jto.org and at https://doi.org/10.1016/j.jtho.2019.05.031.
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heterogeneity of baseline (pre-illness) BMI across the population because it uses the same 

person’s BMI at a prior, presumed healthy state (young adulthood) as a self-control. This 

study focuses on the primary relationships between BMI and survival; interaction analyses 

between BMI and other variables on survival will be reported in separate articles.

Sensitivity analyses were pre-planned to deal with potential issues related to study 

heterogeneity, including performing analyses that omitted participants/studies that had the 

following conditions, one at a time: the two Surveillance, Epidemiology, and End Results 

Program-staged studies; one study that used grade as a surrogate for stage, any single large 

studies that had more than 15% of the total population, and individual participants who were 

originally staged before the A/B substages were incorporated into the staging system 

(conservatively estimated to be before the year 2000, as the sixth edition of the American 

Joint Committee on Cancer staging manual was released in 1998). The fixed-effect model 

was used when evaluating the impact of different study groups. Given that BMI norms may 

be different by race, sensitivity analyses by ethnicity were performed that omitted any 

minority ethnicities that contributed more than 15% of the total sample.

Results

Patient and Characteristics

A total of 29,217 patients met the inclusion criteria from the 16 studies and were included in 

the base (clinical) model analysis (Supplementary Table 1). Patient characteristics of the 

pooled population according to lung cancer type are shown in Table 1. Studies were from 

North America, Europe, and Asia; median age was 65 years; 54% were males; the majority 

was ever-smokers; 10% had SCLC and the most common NSCLC subtype was 

adenocarcinoma; overall median follow-up time was 3.9 years; and 71% patients had died 

during follow-up.

BMI at diagnosis was available for 79% of patients, whereas BMI before diagnosis was 

available for 22% of patients. Median BMI at diagnosis and young adulthood was 25 kg/mg2 

and 23 kg/mg2, respectively; the correlation between these two values was 0.46 (p < 0.001). 

Supplementary Table 2 describes the median OS and median follow-up times by stage, 

showing consistency with stage-specific expected median OS.

Patient Characteristics and OS

The results of the univariable analysis for OS are summarized in Table 2. Higher cancer 

stage, being older, being male, and not graduating from high school were each associated 

with lower survival rates for both NSCLC and SCLC. Cumulative smoking exposure, 

squamous cell histology, recent year of diagnosis, and being of African (black) ancestry 

were associated with lower survival rates for NSCLC. Multivariable analysis confirmed 

these variables as independently associated with survival (Table 2). Cumulative smoking was 

not included in the final multivariable model due to missing data for a large number of 

patients (Table 2). However, results remained unchanged in the subgroup of patients with 

available cumulative smoking data (Supplementary Table 3).
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OS and BMI at Diagnosis, BMI in Young Adulthood, and Change in BMI Between These 
Two Timepoints

Univariable and multivariable analyses of the association of BMI at a young adult age, BMI 

at diagnosis, and change in BMI with OS are shown in Table 2.

The association of BMI at diagnosis and OS is depicted in PSS curves adjusted for the 

clinical base model (Figs. 1A and B, Table 2) and the unadjusted KaplanMeier survival 

curves (Figs. 1C and D, Table 2). For patients with NSCLC (Figs. 1A and C), there was a 

strong association with higher risk of death in underweight patients when compared to 

“normal” weight individuals; risk of death was lowest in “normal,” overweight, and obese 

patients, but when the BMI was greater than 40 kg/mg2 (morbid obesity), the risk of death 

increased again (Figs. 1A and C, Table 2). For SCLC (Figs. 1B and D), although there was 

no statistically significant association and the magnitude of hazard ratios (HRs) were 

smaller, the overall shape of HRs across different BMIs was similar to that of NSCLC with 

greater risks in the lowest and highest BMI groups (Fig. 1B versus A, Table 2). Analysis of 

the association between BMI at diagnosis and lung cancer-free survival showed similar 

findings (Supplementary Fig. 1), except for an attenuation of the increased risk of lung 

cancer-specific death in morbidly obese individuals.

The corresponding associations between BMI in young adulthood and OS are shown in the 

PSS curves (Figs. 2A and B), Kaplan-Meier survival curves (Figs. 2C and D), and 

summarized in Table 2. There was no strong association between BMI in young adulthood 

and OS in NSCLC (Figs. 2A and C, Table 2). However, there was a statistically significant 

relationship between being underweight during young adulthood and having poorer survival 

after diagnosis with SCLC; this relationship is revealed in the multivariable analysis (Fig. 

2B, Table 2) that corrected for confounding prognostic variables than in the univariable 

analysis (Fig. 2D, Table 2).

The association between the change in BMI (ΔBMI) from early adulthood to the time of 

lung cancer diagnosis and OS is depicted in the PSS curves (Figs. 3A and B), the Kaplan-

Meier survival curves (Figs. 3C and D), and summarized in Table 2. Relative to the BMI 

during early adulthood, a decrease in BMI at diagnosis was associated with worse OS when 

compared to patients who had similar or increased BMI at the time of diagnosis for patients 

with NSCLC. The benefit of an increase in BMI was present significantly for increases as 

large as ΔBMI of +12. There was a similar association in SCLC (Table 2, Figs. 3B and D), 

except that the benefit of a stable/increased BMI only occurred up to DBMI of +6 (an 

increase of 6 kg/m2 of BMI). Fewer than 10% of patients had a ΔBMI greater than +6, 

suggesting that the estimates more than ΔBMI greater than +6 may be hard to interpret.

Subset Analyses and Sensitivity Analyses

Subset analyses of the individual studies confirmed that 15 of 16 individual studies reported 

that underweight patients had numerical HRs above unity, consistent with the pooled 

analysis.

When evaluating subset relationships between BMI at diagnosis and OS, BMI at young 

adulthood, and ΔBMI (Supplementary Figs. 2–4) by age, sex, education, smoking status, 
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ethnicity, histology, and stage, the most consistent relationship seen across all subsets was 

observed with ΔBMI. A decrease in BMI was associated with an increase in risk of death in 

all subsets of NSCLC and in most subsets of SCLC (where none of the subsets were 

associated with a decrease in risk). In contrast, both BMI at diagnosis and BMI in young 

adulthood showed much more heterogeneous associations.

The association between OS and BMI at diagnosis, in young adulthood, or changes in BMI 

before diagnosis remained similar across multiple pre-planned sensitivity analyses 

(Supplementary Table 3). These sensitivity analyses removed patients with data variables 

one-by-one and assessed whether the subsequent primary association remained similar after 

removal. Sensitivity studies confirmed consistency of the primary associations reported, 

despite minor variation in the magnitude of associations.

Discussion

This large pooled analysis identified a number of novel findings of the relationship between 

BMI variables measured in young adulthood, changes before diagnosis and at the time of 

diagnosis, and lung cancer survival outcomes. We describe that DBMI, that is, a change in 

BMI between early adulthood and the diagnosis date, was associated with OS in lung cancer. 

Specifically, a decrease in BMI when compared to a remote period at young adulthood is 

consistently associated with poorer lung cancer survival across age groups, sex, smoking 

status, stage, and histology with adjusted HRs of approximately 1.25. Its consistency in 

association across many subgroups suggests its potential utility as a clinically useful global 

marker of lung cancer prognosis.

We also report a potential U-shaped association between BMI at diagnosis and OS with 

greater mortality in the extreme groups of underweight and morbidly obese patients, relative 

to patients who are normal weight, with the best outcomes in those who are overweight or 

obese (but not morbidly obese). These relationships appear to be similar between NSCLC 

and SCLC patients, but more pronounced in the NSCLC patients. Whereas the increase in 

mortality in the underweight lung cancer patients is consistent across all analyses, the 

increase in mortality in the morbidly obese lung cancer patients is not as clear. The number 

of morbidly obese patients is modest, and the relationship is attenuated when evaluating lung 

cancer-specific mortality. Thus, the increase in mortality in the morbidly obese patients may 

be due to non-lung cancer-related causes, especially given the known increase in risk of 

death from all causes associated with morbid obesity. Our results also confirm findings in 

other patient cohorts that being overweight or obese at lung cancer diagnosis was associated 

with improved OS when compared to patients with normal BMI.6,12–19 The association 

between low BMI and lower OS rates have been described for several malignancies, 

including lung cancer, with similar effect size.6,12–15,20–29 However, the positive association 

between high BMIs between 25 and 40 kg/mg2 and OS for NSCLC patients is contrary to 

the inverse association described for most other malignancies.6,10,51–53 The reasons for such 

findings in lung cancer remain unclear, but several biologic explanations have been 

postulated.
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In a meta-analysis of more than 10,000 patients, Zhu et al.54 reported that increasing BMI is 

associated with lower lung cancer risk in never-smokers, especially in women, raising 

questions whether estrogens play a protective role in lung cancer carcinogenesis. Effects on 

prognosis were not studied. A sex difference in outcomes is suggested by our results. Both 

low BMI at diagnosis and a decrease in ΔBMI appear to adversely affect OS to a greater 

extent in women than in men (Supplementary Figs. 2 and 4), indirectly suggesting a 

potential hormonal influence on survival. In exploratory analyses, these sex differences were 

not found to be ethnically driven (data not reported), and are thus unlikely to be driven 

solely by molecular profiles (as Asian women have a much higher chance of carrying an 

EGFR-activating mutation).

Biologically, the finding of similar prognostic relationships between BMI at diagnosis and 

ΔBMI in Asians is important (Supplementary Figs. 2–4), as Asians diagnosed with NSCLC 

have different molecular profiles and outcomes compared to other ethnicities.55 Thus, our 

results suggest that these BMI-survival relationships transcend histomolecular subtype 

differences, although conclusive evidence would need to be based on molecular profiling 

data, which we do not have access to for this project.

Dahlberg et al.13 found a time-dependent relationship whereby obesity initially led to 

improved outcomes in stage IV patients treated with chemotherapy early in follow-up, but 

that the risk of death increased in obese patients after 16 months. A time-dependent analysis 

of our stage IV patients did not confirm such an association in our sample (data not 

reported).

In our pooled analysis, the relationships in both BMI at diagnosis and ΔBMI were consistent 

across different disease stages, including stage IA patients who typically undergo only 

surgical resection, and stage IV patients, who typically undergo only systemic therapy. Such 

consistency suggests that either the effects of BMI on survival are treatment-independent, or 

that multiple treatments interact with BMI in a similar manner on survival outcomes.

Compared to normal BMI during early adulthood, a significantly worse prognosis in patients 

with SCLC who were underweight during early adulthood was an unexpected finding, but 

must be interpreted with caution given the small numbers of patients. Further, because of 

missing data, we were not able to account for cumulative smoking exposure or comorbidities 

in this specific analysis. Where data were available, adjustment for smoking did not 

influence most results; the exception was a larger HR when comparing the underweight 

versus normal BMI patients at both diagnosis and in young adulthood, which was observed 

in both NSCLC and SCLC. These data suggest that it is possible that being underweight 

during early adulthood was also associated with heavier tobacco consumptions, which led to 

greater comorbidities at the time of diagnosis, and thus a worse prognosis. Future analyses 

could attempt to quantify directly cumulative smoking exposure, and particularly intensity of 

smoking in early adulthood, and compare it OS after lung cancer diagnosis.

The relatively better OS in patients with BMI from 18.5 kg/mg2 to 40 kg/mg2, specifically in 

stage II-IV patients, is reassuring from a chemotherapy dosing perspective, as the vast 

majority of patients will fall in this range of BMIs. Although there are data regarding the 
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importance and safety of full dosing based on true body weight, some overweight/obese 

patients are still under-dosed based on an assumed ideal body weight, or a capped body 

surface area of 2 m2.56 Although we had no dosing data for the patients included in this 

analysis, it is reassuring that OS for overweight patients is actually better than for those with 

BMI values within normal limits in patients with disease stages that are generally treated 

with chemotherapy. OS for patients with BMI greater than or equal to 40 kg/mg2 were found 

to be worse comparable to patients with normal BMI. Whether this loss of the protective 

effect of high BMI represents the OS effect of comorbidities associated with higher BMI, 

suboptimal dosing, or other factors is unknown.

Our study has several limitations. First, the harmonization of different datasets collected in 

different countries and periods, with lack of treatment data, might have introduced external 

bias, although multiple sensitivity analyses showed similar results. Secondly, BMI data was 

derived from self-reported data, a method known to be highly correlated with measured 

height and weight, with slight overestimation of height and underestimation of weight.57–59 

Thus, reported BMI probably slightly underestimates true BMI values. Thirdly, BMI during 

early adulthood is also prone to recall bias and the reported changes may well have occurred 

recently, rendering ΔBMI a surrogate for recent weight loss. However, BMI at additional 

timepoints between young adulthood and at diagnosis was unavailable for this analysis. That 

the association between DBMI and OS was observed consistently across stages, including 

stages I and II NSCLCs where patients are least likely to be symptomatic from their cancer, 

suggests that the ΔBMI relationship is not completely attributable to recent weight loss as a 

symptom of the lung cancer. Fourthly, the strength of the association between BMI and OS 

in the morbidly obese group is not as strong as the associations with underweight patients. 

Thus, the finding of adverse outcomes associated with morbid obesity is more preliminary in 

nature. Fifthly, the analysis did not include data on different lung cancer treatments, a 

potential confounding factor. Some individual studies did provide treatment data, but when 

treatment and stage were included in the same model, there was significant collinearity such 

that either stage or treatment needed to be removed. Because data for stage was complete 

whereas treatment data was limited, stage was ultimately left in the final models. Finally, 

some patients were excluded from the analysis due to missing data, potentially introducing 

additional selection bias.

Recent data indicate that measures of body composition, capable of distinguishing muscle 

and fat, and a diagnosis of sarcopenia may be a better predictor for mortality in cancer.60–64 

However, in the absence of data from these markers, as our results suggest, changes in BMI 

from a healthy pre-morbid state may be a better prognosis surrogate than BMI at diagnosis.

In summary, we identified a U-shaped relationship between BMI at diagnosis and OS in 

patients with NSCLC, with the worst prognosis in underweight and morbidly obese patients. 

However, we also reported sex, ethnicity, and smoking heterogeneity in the prognostic 

relationship with BMI at diagnosis in our study. Thus, there should be caution regarding 

generalizing this relationship, given that each of these demographic variables can also 

influence baseline pre-morbid BMI. Instead, ΔBMI generated a more consistent prognostic 

relationship with OS across clinicodemographic groups. A decrease in ΔBMI from early 

Shepshelovich et al. Page 9

J Thorac Oncol. Author manuscript; available in PMC 2020 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adulthood to the time of diagnosis was associated with a modest, but significant 20% to 30% 

increase in risk of dying.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The hazard ratio of overall survival based on penalized smoothing spline by body mass 

index (BMI [kg/m2]) at diagnosis for (A) NSCLC and (B) SCLC, and Kaplan Meier survival 

curves for (C) NSCLC and (D) SCLC patients. BMI data points above 60 kg/m2 are sparse, 

explaining the wide confidence intervals in A and B. Data are sparse when BMI is greater 

than 60 kg/m2, and interpretation should be made with caution.
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Figure 2. 
The hazard ratio of overall survival based on penalized smoothing spline by body mass 

index at young adulthood (BMI, kg/m2) for (A) NSCLC and (B) SCLC, and Kaplan Meier 

survival curves for (C) NSCLC patients and (D) SCLC patients. Young adulthood is defined 

as an age between 18 and 25 years, or approximately 20 years.
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Figure 3. 
The hazard ratio of overall survival based on penalized smoothing spline by change in body 

mass index at diagnosis (ΔBMI, kg/m2) for (A) NSCLC and (B) SCLC, and Kaplan Meier 

survival curves for (C) NSCLC patients and (D) SCLC patients. The change compares the 

relationship between BMI at young adulthood (around 20 years of age) to the BMI at the 

time of the diagnosis as a means of correcting for heterogeneity of BMI in a healthy 

population.
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