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Abstract

Background Weight loss (WL) has been associated with shorter survival in patients with advanced cancer, while obe-
sity has been associated with longer survival. Integrating body mass index (BMI) and WL provides a powerful prognos-
tic tool but has not been well-studied in lung cancer patients, particularly in the setting of clinical trials.

Methods We analysed patient data (n = 10 128) from 63 National Cancer Institute sponsored advanced non-small cell
lung cancer (NSCLC) and small cell lung cancer (SCLC) trials. Risk matrices were created using BMI and WL percent-
age, which were divided into ‘grades’ based on median survival. Relationships between survival, BMI and WL percent-
age were examined using Kaplan—Meier estimators and Cox proportional hazards (PH) models with restricted cubic
splines.

Results For NSCLC, a twofold difference was noted in median survival between the BMI > 28 and WL < 5% group
(13.5 months) compared with the BMI < 20 and WL > 5% group (6.6 months). These associations were less pro-
nounced in SCLC. Kaplan—Meier curves showed significant survival differences between grades for both NSCLC and
SCLC (log-rank, P < 0.0001). In Stage IV NSCLC, Cox PH analyses with restricted cubic splines demonstrated signifi-
cant associations between BMI and survival in both WL < 5% (P = 0.0004) and >5% (P = 0.0129) groups, as well
as in WL > 5% in Stage III (P = 0.0306). In SCLC, these relationships were more complex.

Conclusions BMI and WL have strong associations with overall survival in patients with advanced lung cancer, with a
greater impact seen in NSCLC compared with SCLC. The integration of a BMI/WL grading scale may provide additional
prognostic information and should be included in the evaluation of therapeutic interventions in future clinical trials in
advanced lung cancer.
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Introduction mortality internationally.? In fact, studies show that mortality

among obese individuals is increased in many chronic medical
Population trends for weight and body mass index (BMI) conditions, including cardiovascular disease, diabetes, liver
throughout the globe are increasing. Estimates show that disease and depression. The risk of death increases by 20%
nearly 1 in 2 adults in the United States will be obese by to 40% in overweight individuals and by two to three times
2030.* Being overweight is associated with higher all-cause in obese individuals.* However, in individuals with acute ill-
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ness, a BMI below the 15th percentile has also been shown to
be an independent predictor of worse overall mortality.® In-
voluntary weight loss (WL) correlates with high morbidity
and mortality, regardless of aetiology,® and is well described
as a poor prognostic factor for survival in lung cancer.”

The ‘obesity paradox’ refers to individuals with obesity and
other comorbidities who actually have improved outcomes as
a result of their body composition.® Although obesity is typi-
cally associated with increased all-cause mortality at the pop-
ulation level, there is actually an associated survival advan-
tage in some chronic conditions that are typically associated
with WL and muscle wasting.”*° For example, in contrast to
some chronic diseases like coronary artery disease and diabe-
tes mellitus, where obesity has a negative impact on
long-term survival, obesity has been associated with longer
overall survival (OS) in chronic diseases that are associated
with wasting, like chronic heart failure, cancer, AIDS and
rheumatoid arthritis. In these situations, the survival paradox
is thought to be related to competition between the
short-term protective nature of the obesity in the setting of
diseases where wasting carries a significant morbidity and
the overall course of the disease itself.'*

This obesity paradox has been described in the oncologic
population as well. Studies show that overweight and
early-obese states are associated with improved survival;
however, some groups argue that this may be the result of
confounding, bias and the imprecise nature of BMI as a
measure.™ In a study conducted by Dahlberg et al. in ad-
vanced non-small cell lung cancer (NSCLC), obese patients
were found to have significantly different OS compared with
normal and overweight patients.'® They described an inverse
association between BMI and mortality, as well as an initial
protective effect of obesity.

Martin et al. studied BMI and WL percentage prior to che-
motherapy prospectively while following patients with a vari-
ety of malignancies until death.** They cited a history of in-
voluntary WL as the primary diagnostic criterion for cancer
cachexia, which is associated with a poorer prognosis. Indi-
viduals with stable weight and BMI > 25 had longer OS,
whereas individuals in lower BMI groups and concurrent WL
had shorter OS. Martin’s study developed a novel way to
combine BMI and WL trends by creating matrices for BMI
and %WL, dividing the cohort into grades (0—4), and then re-
cording median survival for each group. Grade 0 included in-
dividuals with the highest BMI and lowest %WL, while Grade
4 included individuals with the lowest BMI and greatest %WL.
Martin’s study included different malignancies with varied
prognoses, with OS in the groups ranging anywhere from
4.2 to 77.9 months. Not only was there a wide overall range
in OS, but there was also a wide range in OS between differ-
ent malignancies.

Our study developed a similar grading system, with the
purpose of applying it to a more homogeneous population
of lung cancer patients. We were curious to determine new

findings in individuals with advanced stage lung cancer and
overall good performance status undergoing clinical trials re-
ceiving chemotherapy or combined modality treatments. Our
ultimate goal was to improve our understanding of risk fac-
tors and outcomes within both NSCLC and SCLC, at the time
of initial treatment.

Methods

Data were obtained from six US national cancer cooperative
groups (American College of Surgeons Oncology Group, Can-
cer and Leukemia Group B, Eastern Cooperative Oncology
Group [ECOG], North Central Cancer Treatment Group, Radi-
ation Therapy Oncology Group and Southwest Oncology
Group) with patient enrolment data spanning the years
1991 through 2008 and patient follow up through 2012. Indi-
viduals with NSCLC and SCLC were included in the study. The
dataset initially included 27 007 individuals that were partic-
ipants in a total of 135 clinical trials, and ECOG performance
status was included. More specifics about the assembled data
set can be found in the article by Pang et al.* Inclusion and
exclusion criteria for trials and individual patients are in-
cluded in Figure 1.

BMI was defined as weight in kilograms divided by the
square of height in meters. Missing data for either weight
or height rendered BMI missing. Missing data for race were
imputed as ‘unknown’. WL was defined as a binary variable
for whether or not greater than 5% WL occurred (over the
prior 3 or 6 months, depending on the specific trial). Missing
data for survival time were calculated by the date of the pa-
tient’s status record and the date of the registration. Four
subgroups, including Stages Il and IV NSCLC, as well as lim-
ited and extensive stage SCLC, were selected by filtering the
trials. Missing data for initial stage were imputed from the
frequency of Stage IIl versus Stage IV NSCLC and limited ver-
sus extensive stage SCLC.

Trials were excluded if they were surgical trials, second line
therapy trials, maintenance trials, included stage | or stage Il
malignancies, or had missing data for BMI, WL or survival
time. After application of initial exclusion and inclusion
criteria, the data set included 11 030 individuals in 63 clinical
trials. This group included individuals with Stage Il or IV
NSCLC and individuals with limited or extensive stage SCLC.
Trials and individual patients were further excluded if they
had missing age, sex or survival time; if ECOG was 3 or higher;
or if an individual’s BMI was greater than 50, corresponding
to the 99.67th percentile of the available data. Ultimately,
our study population consisted of both NSCLC and SCLC pa-
tients who received first-line chemotherapy with or without
chest radiation. The final data set included 10 128 individuals
spanning 63 clinical trials.
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Individual patient data (IPD) in the period 1991-2012 for non-small cell and small cell lung cancer from 6 national
cancer cooperative groups (ECOG, CALGB, NCCTG, ACOSOG, RTOG, SWOG)

27,007 (135 trials)

Surgery trials, NSCLC IV second line, or

maintenance trials (31 trials, 8807
observations removed)

NOT Stage III/IV Frontline NSCLC OR
NOT limited/extensive SCLC (486

Missing values for BMI (13 trials) or Weight

A

Loss (30 trials) or both (2 trials) ! (6684
observations removed)

A

A

observations removed)

Stage II/IV Frontline NSCLC and limited/extensive SCLC
11,030 (63 trials)

Exclude = Yes? or Eligible = No? (775

observations removed)

NOT Fully active OR NOT Ambulatory,
capable of light work OR NOT In bed <

Missing values for Age or Sex or survival

time (12 observations removed)

v

50% of time, capable of self-care but not of
work activities (25 observations removed)

BMI> 50 (33 observations removed)

Histology and Subgroup Conflict* (57

observations removed)

A

Stage II/IV front NSCLC and limited/extensive SCLC
10,128 (63 trials)

Figure 1 Inclusion and exclusion criteria for the validation cohort.

The primary outcome for the study was OS, which was de-
fined as the time interval in months from registration or ran-
domization to death from any cause. Individuals were
followed from point of inception until death or last visit/con-
tact. The primary variables of investigation were BMI and WL.
OS was summarized using the Kaplan—Meier estimator and
modelled using Cox proportional hazards (PH) models with
and without restricted cubic splines (RCS), with BMI as a con-
tinuous variable and WL as a binary variable, respectively.

In order to determine the impacts of BMI and WL on sur-
vival, similar to the methods described by Martin et al., a
5 x 2 matrix was created that included the primary variables,
BMI and WL. BMI was separated into 5 groups (>28, 25-28,
22-25, 20-22 and <20), and WL was a binary variable with 2
groups (>5% and <5%), creating 10 subgroups. A separate
matrix with corresponding subgroups was created for both
NSCLC and SCLC. After calculating median survival time (in
months) and plotting the Kaplan—Meier curves for each of
the 10 subgroups, the subgroups with adjacent Kaplan—Meier
curves were then grouped into different ‘grades.” Grade 1
represented matrix subgroups with the longest median sur-
vival. Higher grades (2—4) corresponded to decreased median
survival, with Grade 4 representing the group with the lowest

median survival. Grades 1-4 were used for NSCLC, and
Grades 1-3 were used for SCLC. Survival distribution by
grades was then estimated using the Kaplan—Meier method,
and log-rank tests were used to compare the survival distri-
bution between grades.

RCS were utilized to examine the nonlinear effects of BMI
on survival in different WL subgroups: Stage Il NSCLC, Stage
IV NSCLC, Limited Stage SCLC and Extensive Stage SCLC.*® RCS
transform the range of an independent variable (BMI) into
four different ‘knots,” which each represent a segment of
data. In our sample, four knots were used at the 5th, 35th,
65th and 95th percentiles of BMI. Four knots were chosen
to allow data flexibility and avoid loss of precision that can
arise when overfitting a sample with too many knots.”*®
Separate curves (or ‘splines’) were then applied to each seg-
ment to create a continuous and smooth curve. To adjust for
the effects of other risk factors, including age, disease, per-
formance status, race, gender and histology, multivariable
Cox PH models were developed, and the PH assumptions
were examined using Schoenfeld residuals. A nomogram
based on the coefficients of the fitted Cox model was then
used to visualize the impact of each covariate on OS. All P
values were two-sided without multiplicity adjustments. Un-
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less specified otherwise, P values were from the Wald test on
the regression coefficients of Cox PH models. All confidence
intervals (Cls) were two-sided 95% Cls. Statistical analyses
were conducted using SAS (9.4) and R (4.0.4).

Results

As outlined in Figure 1, the original data set was narrowed to
63 chemotherapy trials, encompassing 10 128 lung cancer
patients.

Table 1 shows a breakdown of the sample population by
age, race, gender, performance status, histology, disease sub-
group, BMI and WL. Approximately 88% of the study popula-
tion was composed of White individuals; African Americans
represented 9% of the group. Additionally, the population
had a very high functional status; 37% of the individuals
had an ECOG score of 0, 55% had an ECOG score of 1, and
only 8% had an ECOG score of 2. As noted earlier, patients
with ECOG scores of 3 or higher (n = 25) were excluded. Of

Table 1 Baseline characteristics of the cohort of lung cancer patients

particular interest is the fact that 56% of the sample had a
BMI greater than 25, corresponding with overweight or
obese. It should be noted that 28% of the study population
had WL greater than 5%.

The 5 x 2 matrices with corresponding median survival
times (in months) and subsequent grading schema for NSCLC
and SCLC are shown in Figure 2A-D. Sample sizes of each
group are included in Figures SIA,B. Based on OS outcomes,
Grades 1-4 were assigned to the NSCLC group, and Grades
1-3 were assigned to the SCLC group. Within the NSCLC
group, median survival in Grade 1 was nearly double that of
Grade 4. Additionally, there was a clear demarcation between
median survival in the WL < 5% group (median survival rang-
ing from 11.5 to 13.6 months) and the WL > 5% group (me-
dian survival ranging from 6.7 to 8.4 months). There was also
a difference in median survival between BMI groups when
comparing within specific WL categories, but this was not as
pronounced. With respect to the SCLC group, the differences
between median survivals were not as great. Median survival
in the WL < 5% group (range 11.3 to 12.9 months) was only
slightly increased compared with the WL > 5% group (range

NSCLC (N = 7321)

SCLC (N = 2807) Overall (N = 10 128)

Subgroup
Stage Il NSCLC
Stage IV NSCLC

3248, 44.37%
4073, 55.63%

Limited SCLC 0, 0.00%
Extensive SCLC 0, 0.00%
Weight loss

Weight loss < 5%
Weight loss > 5%

5399, 73.75%
1922, 26.25%

Race
Black 704, 9.62%
Other 332, 4.53%
White 6285, 85.85%
Histology

Adenocarcinoma
Other NSCLC

3005, 41.05%
2663, 36.37%

SCLC 0, 0.00%

Squamous 1653, 22.58%
Performance status

Ambulatory 4203, 57.41%

Fully active 2734, 37.34%

In bed less than half of time 384, 5.25%
Age

Age < 60 2970, 40.57%

60 < Age < 70 2558, 34.94%

Age >70 1793, 24.49%
Gender

Female 2702, 36.91%

Male 4619, 63.09%
BMI

BMI < 20 703, 9.60%

20 <BMI < 22 847, 11.57%

22 <BMI < 25 1755, 23.97%

25 <BMI < 28 1789, 24.44%

BMI > 28 2227, 30.42%
Disease

Advanced 4073, 55.63%

Early 3248, 44.37%

0, 0.00%
0, 0.00%
1095, 39.01%
1712, 60.99%

1940, 69.11%
867, 30.89%

163, 5.81%
64, 2.28%
2580, 91.91%

0, 0.00%
0, 0.00%
2807, 100.00%
0, 0.00%

1415, 50.41%
987, 35.16%
405, 14.43%

1100, 39.19%
1091, 38.87%
616, 21.95%

1188, 42.32%
1619, 57.68%

255, 9.08%

286, 10.19%
612, 21.80%
696, 24.80%
958, 34.13%

1712, 60.99%
1095, 39.01%

3248, 32.07%
4073, 40.22%
1095, 10.81%
1712, 16.90%

7339, 72.46%
2789, 27.54%

867, 8.56%
396, 3.91%
8865, 87.53%

3005, 29.67%
2663, 26.29%
2807, 27.72%
1653, 16.32%

5618, 55.47%
3721, 36.74%
789, 7.79%

4070, 40.19%
3649, 36.03%
2409, 23.79%

3890, 38.41%
6238, 61.59%

958, 9.46%

1133, 11.19%
2367, 23.37%
2485, 24.54%
3185, 31.45%

5785, 57.12%
4343, 42.88%

Note: Categorical variables by N (%).
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BMI
>28 (25, 28) 22, 25) 20, 22) <20
13.54 13.57 272
Weight Loss < 5% (12.85, 27, (11.93,
14.36) 14.42) 13.54)
. 8.38(7.39, | 7.80 (6.80, | 7.59 (6.80,
Weight Loss > 5%
Weight Loss > 5% 10.28) 8.67) 8.81)

(A) — Median Survival with 95% CI in Months by BMI/Weight Loss for NSCLC Cohort

BMI
>28 [25, 28) 22, 25) [20, 22)
Weight Loss < 5% 1 1 1
Weight Loss > 5% 3 3 3

(B) — Grades for BMI/Weight Loss for NSCLC Cohort

BMI

>28

25, 28) [22,25) 20, 22)

Weight Loss < 5%

Weight Loss >5%

(C) — Median Survival with 95% CT in Months by BMI/Weight Loss for SCLC Cohort

12.68
(11.40,
13.54)

9.51 (8.74,
11.70)

BMI

>28

25, 28) [22,25) 20, 22)

Weight Loss < 5%

Weight Loss > 5%

(D) — Grades for BMI/Weight Loss for SCLC Cohort

1

Figure 2 (A) Median survival with 95% confidence intervals (Cls) in months by body mass index (BMI)/weight loss for non-small cell lung cancer
(NSCLC) cohort. (B). Grades for BMI/weight loss for NSCLC cohort. (C) Median survival with 95% CI in months by BMI/weight loss for SCLC cohort.

(D) Grades for BMI/weight loss for small cell lung cancer (SCLC) cohort.

9.5 to 12 months). The most notable difference was in ex-
treme values where WL < 5% and BMI > 25 (median survival
12.7 to 12.9 months) compared with WL > 5% and BMI < 20
(median survival 9.5 months).

Survival probability by grade was plotted using the Kaplan—
Meier method (Figure 3A for NSCLC, Figure 3B for SCLC).
Log-rank tests were applied and showed a statistically signif-
icant difference (P < 0.0001) in median survival between
grades for both NSCLC and SCLC. The curves suggested that
survival decreases as BMI decreases and that survival also de-
creases as WL increases. As noted above, in the NSCLC group,
the magnitude of impact on median survival in the WL groups
was stronger than the magnitude of impact on median sur-
vival in the BMI groups. This trend did not hold true in the
SCLC group, where BMI and WL appeared to have similar

magnitudes of impact on median survival. More detailed in-
formation about survival in specific subgroups is included in
the Supporting information figures. Figure S2 identifies 10
separate subgroups identified by combining different BMI
values and WL above or below 5%. Figure S3A shows
Kaplan—Meier curves for the 10 unique subgroups within
the NSCLC cohort, while Figure S3B shows similar curves for
the SCLC cohort.

Figure 4A-D show RCS comparing the effects of BMI on
survival in WL < 5% versus WL > 5% subgroups manifested
by the log (hazard ratio) on the y-axis, without adjusting for
other risk factors such as age.

Figure 4A,B represents Stage Il NSCLC, and Figure 4C,D
represents Stage IV NSCLC. A monotonic inverse relationship
between BMI and survival can be observed in both Stage Il
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(A) — Kaplan-Meier Survival Curve for NSCLC Cohort
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(B) — Kaplan-Meier Survival Curve for SCLC Cohort
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Figure 3 (A) Kaplan—Meier survival curve for non-small cell lung cancer (NSCLC) cohort. (B) Kaplan—Meier survival curve for small cell lung cancer

(SCLC) cohort.

and Stage IV NSCLC groups, regardless of WL. In Stage Il
NSCLC group, the only statistically significant overall
association was between BMI and OS in patients with
WL > 5% (P = 0.0306). However, in the Stage IV NSCLC group,
the statistically significant overall association was seen both
in patients with WL > 5% (P = 0.0129) and in patients with
WL < 5% (P = 0.0004). The nonlinear association between
BMI and OS were statistically significant (P = 0.0455) in the
WL < 5% group and not statistically significant (P = 0.1035)
in the WL > 5% group. Consequently, regardless of WL status,
there was a statistically significant relationship between

increasing BMI and decreasing log (HR), suggesting that
increased BMI correlates with improved OS (Table SI).

Figure S4A,B represents limited stage SCLC, and Figure S4C,
D represents extensive stage SCLC. From the trends in the es-
timation of log (HR) at different BMIs, no monotonic inverse
associations between BMI and survival were seen in either
the limited or extensive stage SCLC groups, regardless of
WL, with no statistically significant nonlinear or overall asso-
ciations observed (P > 0.05).

Table S2 shows overall sample size for each malignancy
subgroup and percentage of individuals in each WL category.

Journal of Cachexia, Sarcopenia and Muscle 2022; 13: 2650-2660
DOI: 10.1002/jcsm.13095



2656

C. Oswalt et al.

(A) — Ln(HR) for BMI fitted with RCS for Stage III NSCLC with WL <5%

0.50
0.35
0.20
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040] 7

-0.55

Ln(HR) where the ref value for BMI is 26.44

-0.70

10 15 20 25 30 35 40 45 50
BMI
= Upper_ CL ***Knots

— Estimate - Lower CL

(C) — Ln(HR) for BMI fitted with RCS for Stage IV NSCLC with WL <5%

0.9

0.7

0.5

0.3

Ln(HR) where the ref value for BMI is 25.89
(=}

-0.1
-0.3
-0.5
0.74 ‘ ‘ ‘ ‘ ‘
10 15 20 25 30 35 40 45 50
BMI
— Estimate Lower CL Upper CL  ***Knots

(B) — Ln(HR) for BMI fitted with RCS for Stage III NSCLC with WL >5%

1.004

0.631

0.251

-0.134

-0.50

-0.88

-1.251

-1.63

Ln(HR) where the ref value for BMI is 24.27

-2.00-, . . . . . . .

10 15 20 25 30 35 40 45 50
BMI

= Lower CL - Upper_CL

— Estimate *** Knots

(D) — Ln(HR) for BMI fitted with RCS for Stage IV NSCLC with WL >5%

-0.13

-0.50

-0.88

-1.25

-1.63

Ln(HR) where the ref value for BMI is 23.50

-2.00

10 15 20 25 30 35 40 45 50
BMI
== Upper_CL

— Estimate Lower CL *** Knots

Figure 4 (A) Ln(HR) for body mass index (BMI) fitted with restricted cubic splines (RCS) for Stage Ill non-small cell lung cancer (NSCLC) with WL <5%.
(B) Ln(HR) for BMI fitted with RCS for Stage 11l NSCLC with weight loss (WL) >5%. (C) Ln(HR) for BMI fitted with RCS for Stage IV NSCLC with WL < 5%.

(D) Ln(HR) for BMI fitted with RCS for Stage IV NSCLC with WL >5%

Additionally, for each malignancy subgroup, P values were
calculated for both nonlinear association and for overall asso-
ciation and are listed in Table S2.

A multivariable piecewise Cox PH model is shown in Ta-
ble 2. Histology was the only variable that did not show a
statistically significant association with OS. It is important
to note that many covariates had statistically significant
hazard ratios (HRs). For instance, the overall mortality haz-
ard was lower in female patients compared with that in
male patients (HR = 0.81, Cl [0.77, 0.84], P < 0.0001). Ad-
ditionally, the overall mortality hazard difference was not
significant in African Americans compared with that in
White individuals (HR = 0.98, CI [0.91, 1.05], P = 0.57),
but the overall mortality hazard was lower in ‘Other’ races
compared with that in White individuals (HR = 0.87, Cl
[0.78, 0.97], P = 0.05). As expected, ECOG statuses of 1
and 2 were associated with increased HR of 1.32 (Cl

[1.26, 1.38], P < 0.0001) and 1.86 (CI [1.71, 2.03],
P < 0.0001), respectively, suggesting decreased OS com-
pared to ECOG status of 0. Additionally, age >70 years
had a HR of 1.17 (CI [1.11, 1.23], P < 0.0001), correspond-
ing to a decreased OS than younger individuals.

The HRs of the BMI and WL groups were most notable with
respect to our initial hypotheses. Compared with a BMI < 20,
all groups except BMI 20-22 had statistically significantly de-
creased HRs with HR for BMI 22-25 of 0.90 (CI [0.84, 0.98],
P =0.01), for BMI 25-28 of 0.87 (ClI [0.80, 0.94], P = 0.001),
and BMI > 28 of 0.85 (Cl [0.79, 0.92], P < 0.0001). As
discussed above, this demonstrates that increased BMI was
associated with a lower HR and consequently increased OS.
Additionally, WL > 5% had a HR of 1.20 (CI [1.14, 1.26],
P < 0.0001) when compared with WL < 5%, suggesting that
an increased amount of WL was associated with worse out-
comes and decreased OS.
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Table 2 Multivariable piecewise cox proportional hazards model for lung cancer patient cohort

Estimate P value Overall P value Hazard ratio (95% Cl)

Gender Female -0.22 <0.0001 <0.0001 0.81[0.77, 0.84]
Male

Race Black or African American -0.02 0.57 0.0377 0.98 [0.91, 1.05]
Other -0.14 0.05 0.87 [0.78, 0.97]
White

Performance status Ambulatory 0.28 <0.0001 <0.0001 1.32[1.26, 1.38]
In bed < 50% of time 0.62 <0.0001 1.86 [1.71, 2.03]
Fully active

Weight loss Weight loss > 5% 0.18 <0.0001 <0.0001 1.20 [1.14, 1.26]
Weight loss < 5%

Disease Advanced 0.77 <0.0001 <0.0001 2.16 [1.94, 2.42]
Early

Histology Small cell lung cancer —0.02 0.80 0.1293 0.98 [0.87, 1.11]
Adenocarcinoma 0.016 0.66 1.02 [0.95, 1.09]
Other NSCLC 0.065 0.08 1.07 [0.99, 1.15]
Squamous

Age 60 < Age < 70 0.04 0.06 <0.0001 1.05 [1.00, 1.10]
Age >70 0.15 <0.0001 1.17 [1.11, 1.23]
Age < 60

BMI BMI > 28 -0.16 <0.0001 <0.0001 0.85[0.79, 0.92]
25 <BMI < 28 -0.14 0.00 0.87 [0.80, 0.94]
22 <BMI < 25 -0.10 0.01 0.90 [0.84, 0.98]
20 <BMI < 22 -0.04 0.41 0.96 [0.88, 1.05]
BMI < 20

Abbreviations: BMI, body mass index; Cl, confidence interval.

This information was used to plot a nomogram of the coef-
ficients of the fitted Cox model to compare the corresponding
impact that each covariate had on 0S5.'° These results are
shown in Figure S5. Interestingly, disease severity and func-
tional status had the largest magnitude of impact on OS.
BMI and WL had similar magnitudes of impact on OS with
low BMI and WL > 5% both corresponding to decreased OS
rates.

Discussion

In this retrospective analysis of 10 128 patients with either
advanced NSCLC or SCLC enrolled in 63 clinical trials spanning
six cooperative oncology groups in the United States, of first
line treatment with chemotherapy or chemotherapy and ra-
diation treatment, we examined the association between
BMI, WL and OS. Our results support the importance of both
BMI and WL as composite measures on survival outcomes as
initially proposed by Martin et al. and offer new findings in
good performance status patients with advanced lung cancer.

Using BMI and %WL, individuals can be placed into differ-
ent groups for prognosticating approximate OS. Each group
had a statistically significant difference in median survival
time, suggesting that these two variables, in combination,
have utility in evaluating treatment outcomes for patients
with advanced lung cancer. Differences were more pro-
nounced in the NSCLC group compared with SCLC. It is also
worth noting that WL had a more substantial impact on sur-
vival than BMI did, especially in the NSCLC group, as median
survival ranged from 6.7 to 8.4 months in the WL > 5% group

but ranged from 11.5 to 13.6 months in the WL < 5% group.
Notably, groups with both low BMI and increased %WL had
significantly decreased OS. This aligns with the ‘obesity para-
dox’, suggesting that individuals with low energy reserves
who lose a significant amount of weight have a significant nu-
tritional deficit and inability to sustain muscle mass. While
this decrease in muscle mass is one of the mechanisms for
shortened survival, there are multiple other factors that can
explain this trend, including proportion of adipose tissue,
overall nutritional stores and activity level. Both low energy
reserves and changes in body composition, as well as some
additional factors for which there is ongoing investigation,
are the mechanisms by which low BMI and WL are associated
with significantly shorter survival.

Multiple proposed mechanisms exist to explain improved
outcomes in obese patients. The most obvious is the advan-
tage of larger energy and protein reserves with relation to
improved functional and mobility status, which correlate with
lower complication rates, including venous thromboembo-
lism and pneumonia. Other proposed explanations include
synergy between peroxisome proliferator-activated receptor
(PPAR) ligands and platinum-based chemotherapy agents, as
well as induction of apoptosis in LKB1-deficient NSCLC by
metabolic drugs like metformin and phenformin.2%?* The
Dahlberg study emphasizes using serial weight measure-
ments after randomization to better characterize survival
trends, citing weight gain as an independent factor in out-
comes in locally advanced NSCLC.*® Based on our findings,
we believe that both WL and BMI should be incorporated
into baseline data for all clinical trials, as this information al-
lows clinicians to incorporate objective evidence into treat-
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ment decisions, including additional therapies, palliative care,
nutritional interventions and discussing prognosis.

Our study was unique in its use of RCS to create fluid sta-
tistical models for the impact of WL on outcomes in different
BMI groups stratified by type and stage of malignancy. Al-
though there were no statistically significant results in either
limited stage or extensive stage SCLC, both Stage Ill and Stage
IV NSCLC models showed statistically significant differences.
There are several possible explanations for these trends,
including the smaller sample size of the SCLC group, the
role of treatment as a primary determinant in overall out-
comes in SCLC, and the overall poorer outcome for patients
with SCLC.

In our models, WL > 5% consistently showed a significant
impact on overall outcomes in both Stage Ill and Stage IV
NSCLC. This trend was similarly demonstrated in a study by
Mytelka et al. evaluating WL during treatment. Their analysis
was modelled after Martin’s initial framework, but they
limited their patient population to individuals with NSCLC.
They found that cachexia was a stronger predictor of survival
than even disease stage, performance status or age. Addi-
tionally, they noted that WL was the primary driver of
poorer prognosis, independent of other variables and even
more so than BMI.?> Our study is unique in its complex
statistical analysis and comparison between NSCLC and
SCLC, with the advantage of using pretreatment baseline
characteristics.

There was also a significant difference in nonlinear and
overall association outcomes in Stage IV NSCLC in groups with
WL < 5%. What is most striking about this information is the
fact that outcomes predicted by BMI and WL are most
notable in Stage IV groups, suggesting that the role of initial
BMI and %WL in determining clinical outcomes is of most
utility in advanced stage disease in patients who have less
energy stores. As BMI increased, HRs decreased across
groups. On the other hand, HRs increased in the WL > 5%
group. These findings support the direct relationship
between BMI and OS, as well as the inverse relationship
between WL and OS.

Patel et al. expanded on some of these findings by noting
that individuals with NSCLC who gained weight during treat-
ment with chemotherapy had improved outcomes, including
statistically significant increases in OS, progression-free
survival (PFS), and tumour response.?* A higher BMI was
also associated with longer OS and PFS, particularly in the
group with both BMI > 25 and a weight gain of >5%. They
call for prospective studies to confirm these findings with
the ultimate goal of developing therapeutic strategies to tar-
get mechanisms of cachexia and ultimately improve survival
outcomes. Similar findings were noted in a pooled analysis
of patients with NSCLC performed by Le-Rademacher et al.?*
They found that a WL of 2% or more was associated
with poorer OS compared to weight gain and even
WL < 2%.

There are limitations to our study. The clinical trials used in
this data set spanned the years 1991-2012, with treatment
regimens of chemotherapy or chemotherapy and radiation.
Given recent advances in treatment with targeted therapies
and immunotherapy, the range of OS may be greater than
what exists in our study, as these treatment options have rad-
ically changed the landscape of lung cancer treatment. How
these therapies, BMI and weight changes interact is still
somewhat unknown. A recent study of 2110 patients with ad-
vanced NSCLC receiving an immune checkpoint inhibitor
demonstrated an association between BMI and 0S.*° This
study used data only from patients with an ECOG score of 2
or better, which would be similar to the good performance
status of the individuals in our study. It is unclear how the in-
corporation of patients with limited mobility would affect our
results. Finally, BMI and %WL are general measurements that
do not specifically define lean body or fat mass. They can be
impacted by various factors, including oedema, ascites, organ
volume and even tumour mass. These variables, however,
should have been overcome given the large, diverse sample
size of our study population.

It is worth noting that BMI and %WL are not perfect mea-
sures of true adiposity or muscle mass. There are many other
methods that can be used to define degree of adiposity, in-
cluding waist circumference and weight to height ratio. Addi-
tionally, more sophisticated mechanisms like computed to-
mography (CT) imaging to determine lean body mass and
fat mass along with functional assessments (6-min walk test,
hand grip strength, etc.) can be used to more precisely define
body composition. Given the frequency of CT imaging to as-
sess tumour response, using software to characterize skeletal
muscle and fat mass on staging scans is a promising area of
development to further assess how nutritional deficiencies
may impact 0S.2° By screening for early muscle mass loss, in-
terventions, like resistance training, dietary supplementation
and pharmacotherapy, could be used to slow the net
negative energy balance and show promise in improving
outcomes in patients with malignancy.*’

Cancer cachexia is a multifactorial syndrome defined by an
ongoing loss of skeletal muscle mass that cannot be fully
reversed by conventional nutritional support and leads to
progressive functional impairment.?® There are three major
components of this syndrome: altered body composition via
skeletal muscle mass loss, negative protein/energy balance
due to poor intake and altered metabolism, and ultimate pro-
gressive functional impairment. Altered body composition
clearly has clinical implications in ultimate functional status,
survival, metabolism, immunity and even chemotherapy
toxicities.?® Specifically, it is the loss of muscle mass, or sarco-
penia, that has been shown to impact these variables. The
differences in outcomes in the two WL groups in our study
could certainly be due to this sarcopenia. If we are able to
detect sarcopenia early, treatment approaches like nutritional
counselling, physical therapy and even pharmacologic
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interventions could be used to improve outcomes in these
patients and continue to shape the future of lung
cancer care.

Conclusion

In summary, BMI and WL are both important variables to
consider when assessing prognosis or expected survival in in-
dividuals with both NSCLC and SCLC. In these specific popula-
tions, there appears to be a direct relationship between BMI
and OS and an inverse relationship between WL percentage
and OS. Using these two variables in combination with one
another can provide additional information about OS and
can be used to guide clinical decision making. These findings
are more pronounced in NSCLC groups compared with SCLC
groups, which is one of the new findings from our study. This
information supports the ‘obesity paradox’. There is clearly a
great need for additional investigation in these areas and for
the development and implementation of methods to accu-
rately assess body composition and muscle mass in patients
with cancer and other wasting disorders. BMI and WL should

be the baseline data that are incorporated into future clinical
trials in individuals with lung cancer, as we evaluate the im-
pact of newer treatment options on outcomes for our
patients.
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