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IMPORTANCE High bodymass index (BMI) is independently associated with overall survival
benefit from immune checkpoint inhibitor therapy in patients with melanoma, yet whether
BMI is associated with outcomes in patients with advanced non–small cell lung cancer treated
with atezolizumab remains unknown.

OBJECTIVE To examine whether BMI is associated with survival outcomes and adverse events
in patients with non–small cell lung cancer (NSCLC) treated with atezolizumab.

DESIGN, SETTING, AND PARTICIPANTS A pooled analysis of individual patient-level data from 4
international, multicenter clinical trials was performed. Twowere single-arm phase 2 trials
(BIRCH [data cutoff of May 28, 2015] and FIR [data cutoff of January 7, 2015]), and 2 were
2-arm randomized clinical trials (POPLAR [phase 2; data cutoff of May 8, 2015] and OAK
[phase 3; data cutoff of July 7, 2016]). Patients with advanced NSCLC previously untreated or
treated with at least 1 line of systemic therapy, with measurable disease and good organ
function and without contraindications for chemotherapy or immune checkpoint inhibitor
therapy, were included in these trials. Data analyses were performed from February 28, 2019,
to September 30, 2019.

INTERVENTIONS The control group was treated with docetaxel once every 3 weeks until
disease progression or unacceptable toxic effects occurred in POPLAR and OAK. The
experimental group was treated with atezolizumab once every 3 weeks until disease
progression or unacceptable toxic effects occurred in all available trials.

MAIN OUTCOMES ANDMEASURES Association between BMI and overall survival (OS),
progression-free survival (PFS), and treatment-related adverse events. Intention-to-treat
analysis was conducted.

RESULTS Adequate data were available for 2110 patients from a total pool of 2261 across 4
trials. Of those 2110, 1434 patients (median age, 64 years [range, 57-70 years]; 890men
[62%]) received atezolizumab and 676 patients (median age, 63 years[range, 57-69 years];
419men [62%]) received docetaxel. There was a linear association between increasing BMI
and OS in patients treated with atezolizumab. Obesity (BMI �30 [calculated as weight in
kilograms divided by height in meters squared]) was associated with significantly improved
OS in patients treated with atezolizumab, but not in those who received docetaxel after
adjusting for confounding variables. The association between BMI and OS/PFS was the
strongest in the high PD-L1 expression subgroup. Overall survival for patients with the highest
category of PD-L1 expression (�50% of tumor cells or �10% of tumor-infiltrating immune
cells; n = 436) had hazard ratios of 0.36 (95% CI, 0.21-0.62) for the group with obesity and
0.69 (95% CI, 0.48-0.98) for the group with overweight. Patients with the highest category
of PD-L1 expression had PFS hazard ratios of 0.68 (95% CI, 0.49-0.94) for the group with
obesity and 0.72 (95% CI, 0.56-0.92) for the group with overweight. Treatment-related
adverse events were not associated with BMI.

CONCLUSIONS AND RELEVANCE High BMI appears to be independently associated with
improved survival with atezolizumab in patients with NSCLC, raising the possibility that
baseline BMI should be considered as a stratification factor in future immune checkpoint
inhibitor therapy trials.
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T he treatment options for non–small cell lung cancer

(NSCLC) have rapidly evolved over the past 2 decades

with the availability of chemotherapy,molecularly tar-

geted drugs, and immune checkpoint inhibitors. Immune

checkpoint inhibitors that targetprogrammedcelldeath1 (PD-1)

or its ligand 1 (PD-L1)monoclonal antibodies, such as atezoli-

zumab, durvalumab, nivolumab, andpembrolizumab, are in-

creasingly used for the treatment of both early and advanced

NSCLC.1 Although durable responses were noted in ad-

vanced cancers, only a limited proportion of patients benefit

from immunecheckpoint inhibitors.Moreover, attempts to in-

crease response using combination strategies incorporating

multiple immune checkpoint inhibitors have a high inci-

dence of immune-mediated adverse events (irAEs) resulting

in early discontinuation. Predictive biomarkers for immune

checkpoint inhibitor therapy response are required to iden-

tify patients who benefit from or have adverse events associ-

ated with immune checkpoint inhibitors.

Available predictive biomarkers for response, such as tu-

mormutationburden,PD-L1expression, andmicrosatellite in-

stability, are generally focusedoncancer and its associated tu-

mor-infiltrating lymphocytes.Becausethepatientswhoreceive

immune checkpoint inhibitor therapies are highly heteroge-

neousand tumor-basedbiomarkers are resource intensiveand

not validated, several simple clinical and demographic char-

acteristics are also being evaluated to estimate the probabil-

ity of response.2 One such characteristic is obesity.

The association between obesity and its surrogate nonin-

vasivemeasure of body fat, high bodymass index (BMI), and

cancer is complicated, with increased incidence, rapid dis-

easeprogression, recurrenceafter treatment, andmortality for

some cancers but protection from other cancers (obesity

paradox).3 Previous studies suggested that high BMI was as-

sociatedwith a lower incidenceof lung cancers and lower can-

cer-specific mortality.4-7 Moreover, high BMI is an indepen-

dent positive prognostic factor for survival among patients

treatedwith surgery in early-stageNSCLC, paclitaxel plus car-

boplatin chemotherapy for advanced disease and radio-

therapy forbonemetastases.8-11However, it isunclearwhether

highBMImight also be a factor in the associationbetween im-

mune checkpoint inhibitor treatment and cancer outcomes.

In a recent retrospective study, McQuade et al12 reported

that, in patients with advanced melanoma treated with im-

mune checkpoint inhibitors and targeted therapies, obesity

(BMI ≥30 [calculated asweight in kilogramsdividedbyheight

inmeters squared])wasassociatedwith improvedprogression-

free survival (PFS) and overall survival (OS), but no such as-

sociation was noted in patients treated with chemotherapy.

Cortellini et al13 reported that, for patientswith advanced can-

cers treated with immune checkpoint inhibitors, PFS and OS

were significantly longer for patientswhowere overweight or

obese (BMI ≥25) compared with those who were not over-

weight (BMI <25). Similarly, Richtig et al14 reported a higher

response rate with immune checkpoint inhibitors and longer

survival in patientswith obesity andmelanomabut not in pa-

tients with normal body weight. Although the pathophysi-

ologic factors behind the positive association between

obesity with survival after immune checkpoint inhibitor

therapy is unclear, leptin-mediatedT-cell dysfunctionmaybe

a factor.15

In the present study, we explored the association be-

tweenhighBMIandsurvival inpatientswithadvancedNSCLC

treated with immune checkpoint inhibitors. Themain objec-

tiveswere to investigate the associationbetweenBMIand sur-

vival outcomes of patients initiating atezolizumab or do-

cetaxel and examine the association between BMI and the

incidence of treatment-related adverse events (TRAEs) and

irAEs in the same cohort.

Methods

Patients

Apooledpost hoc analysis of individual participant data from

the clinical trials OAK (NCT02008227; July 7, 2016, data

cutoff),16POPLAR (NCT01903993;May8, 2015, data cutoff),17

BIRCH (NCT02031458; May 28, 2015, data cutoff),18 and FIR

(NCT01846416; January7, 2015, data cutoff)19wasconducted.

Results for the primary analyses of data from all 4 trials were

previouslypublished.16-19Secondary analysis of trial datawas

deemed to be negligible risk and exempt by the Southern

Adelaide Clinical Human Research Ethics Committee.

Deidentified data were accessed according to Roche’s policy

and process for clinical study data sharing.20 Data were

analyzed from February 28, 2019, to September 30, 2019.

OAK (phase 3) and POPLAR (phase 2) were randomized

clinical trials of atezolizumab, 1200 mg, vs docetaxel,

75mg/m2,withbothadministered intravenouslyevery3weeks

for patients with advanced NSCLC in whom platinum-

containing therapyhad failed.16,17BIRCHandFIRwere single-

arm,phase2 trials inpatientswithPD-L1–positive tumorswho

were either receiving first-line treatment or later lines of

therapy with atezolizumab.18,19 Pooled analyses of OAK,

POPLAR, BIRCH, and FIR were used to demonstrate consis-

tency of identified associationswithin an expanded cohort of

patients treatedwithatezolizumab.Programmeddeath ligand

1–positive tumorswere defined by PD-L1 expression on 5%or

more of tumor cells or tumor-infiltrating cells based on an

PDL-1 immunohistochemistry assay (Ventana PDL-1 SP142;

Ventana Medical Systems Inc).

Key Points

Question Is high bodymass index associated with survival
outcomes with atezolizumab therapy, an immune checkpoint
inhibitor, in patients with non–small cell lung cancer?

Findings In this pooled analysis of 4 clinical trials that included
more than 2261 patients with non–small cell lung cancer, those
who had high bodymass index had a significant reduction in
mortality with atezolizumab, particularly in the presence of high
expression of programmed cell death ligand 1.

Meaning High bodymass index appears to be associated with
improved overall survival in atezolizumab-treated patients with
advanced non–small cell lung cancer.
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Predictor and OutcomeDefinitions

The primary outcome assessed was OS. The secondary out-

comes were PFS and TRAEs and irAEs (any grade and grade 3

or4TRAEs/irAEs,usingNationalCancer InstituteCommonTer-

minologyCriteria for Adverse Events, version 4.0).21Progres-

sion-free survivalwasassessedby the investigator forPOPLAR

andOAKanddefinedbyResponseEvaluationCriteria in Solid

Tumors (RECIST, version 1.1).16,17 An independent review fa-

cilityassessedPFSviaRECIST,version1.1 forBIRCH,18whereas,

in FIR, the PFS was investigator assessed as per modified

RECIST.19Adverseevents reportedasassociatedwith the treat-

ment interventions were considered as TRAEs and those re-

ported as immunemediated were considered irAEs.

BaselineBMIwas calculated and recordedat studyenroll-

ment or on the first day of treatment.22 Bodymass indexwas

categorized by World Health Organization criteria: under-

weight (<18.5), normal weight (18.5-24.9), overweight (25-

29.9), and obese (≥30).22 Patients withmissing height and/or

weight information for thecalculationofBMIand thosewithin

the underweight category of BMI were excluded from the

analysis. As in McQuade et al,12 patients who were under-

weight were excluded from analyses because of low preva-

lence (<5%) and the focus was on comparing overweight and

obese BMI categories with the normal-weight BMI category.

Clinically relevant confounding factors evaluated in-

cludedpatient’s age, sex, race (white/Asian/other), EasternCo-

operative Oncology Group performance status (scale ranges

from 0 to 4, with 0 being fully functional and asymptomatic,

and 4 being bedridden), smoker status (current, previous, or

never), tumor histologic type (squamous or nonsquamous),

number of tumor sites (<3 or ≥3), number of prior treatments

in the advanced setting, PD-L1 expression (positive or nega-

tive), serum lactate dehydrogenase level (less than or greater

than or equal to the upper limit of normal), blood C-reactive

protein level, and blood neutrophil to lymphocyte ratio

(<3 or ≥3).

Statistical Analysis

AssociationsbetweenBMIandOSandPFSweremodeledusing

Coxproportional hazards regressionmodels and are reported

ashazard ratios (HRs)with95%CIs.AssociationsbetweenBMI

andTRAEsweremodeledusing logistic regression and are re-

ported as HRs (95% CIs). All regression analyses were strati-

fied by study. Survival curves for each category of BMI were

estimated using the Kaplan-Meier method.

Adjustment for potential confounding variables was un-

dertakenbymultivariable regressionadjustment.Whether the

association between BMI group and survival differed be-

tween men and women and between PD-L1–positive and

PD-L1–negative tumorswasassessedusingan interaction term

in the Cox proportional hazards regression model. Differ-

encesbetweenBMIgroups for the incidenceof adverse events

(both TRAEs and irAEs) were also evaluated using Cox pro-

portional hazards regression.

Evaluation of treatment benefit (atezolizumab vs do-

cetaxel) by BMI subgroups was undertaken based on the in-

tention-to-treat (ITT) populations of the 2 randomized trials:

OAK and POPLAR. A treatment-by-BMI statistical interaction

was evaluated in aCoxproportional hazards regressionmodel

stratified by study.

All analyses were conducted in R, version 3.4.3 (R Foun-

dation forStatisticalComputing),using thesurvivalpackage.23

Statistical tests were 2-sided and a P value <.05 was consid-

ered statistically significant.

Results

BMI andOutcomes in Atezolizumab-Treated Patients

A total of 2261 patientswere treatedwith atezolizumabor do-

cetaxel across 4 trials. Of the 1548 participants who received

atezolizumab, 114 (BMI unavailable in 40 participants and 74

underweight [BMI <18.5] were excluded from further analy-

sis, leaving 1434 participants (median age, 64 years [range,

57-70years]; 890men[62%]).Of these, 705participants (49%)

were normal weight, 490 participants (34%) were over-

weight, and 239 participants (7%) were obese (eTable 1 in the

Supplement). Comparedwith patientswhowere not obese, a

larger proportion of patients with obesity were white, male,

previous smokers, had a neutrophil to lymphocyte ratio less

than 3, and lower C-reactive protein concentrations (eTable 1

in the Supplement).

Overall survivaldiffered significantlybetween thepatients

with normal weight, overweight, and obesity treated with

atezolizumab (P < .001), with improved OS for patients with

obesity (HR,0.64;95%CI,0.51-0.81) andoverweight (HR,0.81;

95% CI, 0.68-0.95) compared with patients with normal BMI

(Table andFigure 1A). This association remained significant af-

teradjustmentforpotentiallyconfoundingvariables (eg, forobe-

sity,HR,0.69;95%CI,0.54-0.87) (eTable2 in theSupplement).

The associationbetweenBMIgroups andOSwas consistent for

men andwomen (P value for interaction = .76) (eTable 3 in the

Supplement) but was significantly different between PD-L1–

positive and PD-L–negative tumors (P value for interac-

tion = .02). Specifically, thesurvival advantageassociatedwith

thegroupswithBMIclassifiedasoverweightandobesewaslarger

for PD-L1–positive tumors (overweight:HR,0.73; 95%CI, 0.58-

0.91 vs obese: HR, 0.48; 95% CI, 0.34-0.66) than PD-L1–

negative tumors (Table and Figure 1B, C). Furthermore, OS for

patientswith thehighestPD-L1expression (≥50%of tumorcells

or ≥10% of tumor-infiltrating immune cells; n = 436) had HRs

of 0.36 (95% CI, 0.21-0.62) for patients with obesity and 0.69

(95%CI,0.48-0.98)forthosewhowereoverweight.Non–cancer-

related deathswere similar across the trials andBMI categories

(eTable 4 and eTable 5 in the Supplement).

ThePFS for the obese andoverweight groupsdidnot reach

statistical significancewhenanalyzedas separategroups (over-

weight:HR,0.89; 95%CI,0.78-1.01 vsobese:HR,0.86; 95%CI,

0.73-1.01;P = .09) (Table).Thegroupswithoverweightandobe-

sityhadsimilarPFSoutcomesandinanexploratoryanalysis the

group with combined BMI classified as overweight or obesity

demonstratedimprovedPFScomparedwiththegroupwithnor-

mal BMI (HR, 0.88; 95% CI, 0.78-0.99; P = .03). The associa-

tion between BMI and PFS was most apparent for

the PD-L1–positive tumors (overweight: HR, 0.86; 95% CI,

0.72-1.01 vs obese:HR,0.78; 95%CI, 0.62-0.96;P = .03) (PD-L1
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Table. Association Between BMI andOverall Survival and Progression-Free Survival for Atezolizumab- and

Docetaxel-Treated Patients

BMI Group

HR (95% CI)

All Patients

PD-L1

Positive Negative

Atezolizumab-Treated Patients

Overall survival

18.5-24.9 1 [Reference] 1 [Reference] 1 [Reference]

25.0-29.9 0.81 (0.68-0.95) 0.73 (0.58-0.91) 0.91 (0.71-1.16)

≥30.0 0.64 (0.51-0.81) 0.48 (0.34-0.66) 0.90 (0.66-1.22)

P value <.001 <.001 .68

Progression-free survival

18.5-24.9 1 [Reference] 1 [Reference] 1 [Reference]

25.0-29.9 0.89 (0.78-1.01) 0.86 (0.72-1.01) 0.93 (0.75-1.14)

≥30.0 0.86 (0.73-1.01) 0.78 (0.62-0.96) 1.01 (0.78-1.31)

P value .09 .04 .73

Docetaxel-Treated Patients

Overall survival

18.5-24.9 1 [Reference] 1 [Reference] 1 [Reference]

25.0-29.9 0.96 (0.78-1.18) 1.18 (0.83-1.69) 0.89 (0.72-1.11)

≥30.0 0.92 (0.70-1.21) 0.90 (0.55-1.45) 1.03 (0.77-1.37)

P value .82 .48 .51

Abbreviations: BMI, bodymass index
(calculated as weight in kilograms
divided by height in meters squared);
HR, hazard ratio; PD-L1, programmed
cell death ligand 1.

Figure 1. Overall Survival for Patients TreatedWith Atezolizumab and Docetaxel

0

No. at risk

0 10 15 20 25 30

100

80

O
v

e
ra

ll
 S

u
rv

iv
a

l,
 %

Time, mo

60

40

20

5

BMI 18.5-24.9

BMI 25.0-29.9

BMI ≥30.0

Total populationA

0

No. at risk

0 10 15 20 25 30

100

80

O
v

e
ra

ll
 S

u
rv

iv
a

l,
 %

Time, mo

60

40

20

5

BMI 18.5-24.9

BMI 25.0-29.9

BMI ≥30.0

PD-L1–positiveB

BMI

18.5-24.9

25.0-29.9

≥30.0

0

No. at risk

0 10 15 20 25 30

100

80

O
v

e
ra

ll
 S

u
rv

iv
a

l,
 %

Time, mo

60

40

20

5

BMI 18.5-24.9

BMI 25.0-29.9

BMI ≥30.0

PD-L1–negativeC

0

No. at risk

0 10 15 20 25 30

100

80

O
v

e
ra

ll
 S

u
rv

iv
a

l,
 %

Time, mo

60

40

20

5

BMI 18.5-24.9

BMI 25.0-29.9

BMI ≥30.0

Docetaxel treatmentD

705 502 228 121 49

490 371 191 89 32

239 202 111 60 25

4

4

5

462 329 111 40 16 2

322 241 97 30 10 1

154 133 60 27 13 3

240 171 116 80 33 2

166 128 93 59 22 3

85 69 51 33 12 2

353 245 162 101 37 3

221 159 100 60 23 2

102 76 50 30 9 1

BMI indicates bodymass index (calculated as weight in kilograms divided by height in meters squared).
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expressionon≥5%of tumor cells or tumor-infiltrating immune

cells), and there was little indication of association for PD-L1–

negative tumors (overweight: HR, 0.93; 95% CI, 0.75-1.14 vs

obese:HR, 1.01;95%CI,0.78-1.31;P = .73) (Table). Patientswith

thehighestcategoryofPD-L1expression(on≥50%oftumorcells

or≥10%oftumor-infiltratingimmunecells;n = 436)hadPFSHRs

of 0.68 (95%CI, 0.49-0.94) for the groupwith obesity and0.72

(95%CI, 0.56-0.92) for the groupwith overweight.

The incidence of TRAEswas not significantly different be-

tween theBMI categories (all grades: 65%[normal], 64%[over-

weight], and65%[obese];P = .92, andgrade3-5: 12%[normal],

14%[overweight],and12%[obese];P = .66).Similarly,nosignifi-

cantdifferenceswere seen in the frequencyof irAEsacrossBMI

categoriesexcept forskin-related irAEs(eg,HR,1.47;95%CI, 1.2-

2.0 for overweight) (eTable 6 andeFigure 1 in the Supplement).

BMI andOutcomes for Docetaxel-Treated Patients

Of the 713 participants treatedwith docetaxel in the OAK and

POPLAR trials, 676 individuals (median age, 63 years [range,

57-69years]; 419men [62%])were included for further analy-

sis. Of those 676 individuals, BMI was unavailable in 9, and

28wereunderweight.Characteristicsof this cohortbyBMIcat-

egory are summarized in eTable 7 in the Supplement.

For patients treated with docetaxel, there was no signifi-

cant association between BMI and OS (overweight: HR, 0.96;

95%CI,0.78-1.18vsobese:HR,0.92;95%CI,0.70-1.21;P = .82)

(Table and Figure 1D) or PFS (P = .36). In addition, the asso-

ciation between BMI and OS did not differ significantly be-

tweenPD-L1–positive andPD-L1–negative tumors (Pvalue for

interaction = .41) (Table).

BMI and Atezolizumab Efficacy

Prior analyses evaluated BMI as a prognostic marker of sur-

vival: the association between BMI and survival for patients

treatedwith a specific treatment. Hereinwe report the evalu-

ation of treatment effect modification in randomized clinical

trials. In contrast to evaluating whether BMI is a prognostic

marker of survival, we evaluate whether BMI is a predictive

marker of treatment benefit, which indicates the degree to

which atezolizumab improves survival over docetaxel.

Exploratory analysis of atezolizumab treatment benefit vs

docetaxel for BMI subgroups was restricted to the ITT popula-

tions of theOAKandPOPLAR randomized clinical trials (ie, ex-

cluding the single-armstudiesBIRCHandFIR). Thepooled ITT

populations of OAK and POPLAR included 1512 patients. How-

ever, because BMIwas unavailable for 24 patients and 69were

underweight, 93 individuals were excluded, leaving 1419 par-

ticipants(707randomlyallocatedtoatezolizumabtreatmentand

712randomlyallocatedtodocetaxel treatment) in the ITTanaly-

sis population. Baseline characteristics were well balanced be-

tween the 2 treatment arms in the ITT analysis population

(eTable 8 in the Supplement). The median OS value was 13.2

months for atezolizumab and 9.8 months for docetaxel with a

treatment efficacy HR of 0.79 (95%CI, 0.69-0.90, P < .001).

The estimated OS benefit of atezolizumab treatment com-

paredwithdocetaxeltreatmentdifferednumericallybetweenBMI

groups (Figure 2; eFigure 2 in the Supplement),withHRvalues

of0.86(95%CI,0.72-1.03) fornormalweight,0.79(95%CI,0.63-

0.99) for overweight, and 0.68 (95%CI, 0.49-0.95) for obesity.

Atezolizumab survival benefit differences between BMI sub-

groupswasmostpronouncedforparticipantswithPD-L1–positive

tumors (n = 432),with treatmentefficacyHRof0.83 fornormal

weight,0.59 foroverweight, and0.46forobesity, andnoOSdif-

ferenceswerenoted for thePD-L1–negative subgroup (n = 978)

(Figure 2). However, the test for statistical interaction between

BMIsubgroupsandatezolizumabOSbenefit overdocetaxeldid

not reachstatistical significance for the ITTanalysispopulation

(P for interaction = .10) or the subset of PD-L1–positive tumors

(P for interaction = .10). The HR values numerically favored

atezolizumab in all BMI subgroups (Figure 2).

Discussion

Toourknowledge, thepresentanalyses,whichpooleddatafrom

multiple prospectively conducted clinical trials of atezoli-

zumab, is the largest study to evaluate the associationbetween

obesityandimmunecheckpointinhibitortherapyoutcomes.The

findingssuggest thathighBMIwasassociatedwith improvedOS

in patients with advanced NSCLC. We believe we have identi-

fied for the first time that theremay be a nearly linear relation-

shipbetweenBMIandOSwithatezolizumabtherapywhennor-

mal, overweight, and obese categories were compared. The

association betweenBMI andOS remained significant after ad-

justment for trial-specific stratification factorsandseveral clini-

cally relevant confounders.Thestrengthof theassociationwas

further increasedby thepresenceofPD-L1 in the tumorand im-

munecells. Although thepresent study is aposthoc analysis of

data fromclinical trials, the results are consistentwith those of

prior studies suggesting that high BMI is associated with im-

proved survival outcomeswith immune checkpoint inhibitors

across cancer types, such asmelanoma.12,13,15

Figure 2. Overall Survival per BodyMass Index (BMI) Category

for Atezolizumab- and Docetaxel-Treated Patients

Favors

Atezolizumab

Favors

Docetaxel

No. of

PatientsBMI Category

ITT

18.5-24.9

25.0-29.9

720

467

≥30.0 232

PD-L1–negative

18.5-24.9

25.0-29.9

503

323

≥30.0 152

PD-L1–positive

18.5-24.9

25.0-29.9

213

141

≥30.0 78

Total 1419

HR

(95% CI)

0.86 (0.72-1.03)

0.79 (0.63-0.99)

0.68 (0.49-0.95)

0.87 (0.70-1.08)

0.88 (0.67-1.16)

0.83 (0.56-1.24)

0.83 (0.60-1.17)

0.59 (0.38-0.90)

0.46 (0.24-0.88)

0.79 (0.69-0.90)

HR (95% CI)

0.2 210.5

HR indicates hazard ratio; ITT, intention-to-treat; and PD-L1, programmed cell
death ligand 1. BMI calculated as weight in kilograms divided by height
in meters squared.

Research Original Investigation Association Between BMI and Overall Survival in Advanced Non–Small Cell Lung Cancer

516 JAMAOncology April 2020 Volume 6, Number 4 (Reprinted) jamaoncology.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2019.5241?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2019.5241
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2019.5241?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2019.5241
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2019.5241?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2019.5241
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2019.5241?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2019.5241
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2019.5241


Thepresent studyadds to theemergingevidence thathigh

BMImay be associatedwith cancer survival following immu-

notherapy. However, the biological basis of the association is

just beginning tobeunderstood. It is possible that obesitymay

induce a low-grade systemic meta-inflammation and im-

paired immuneresponse.Moreover,obesity inducesT-celldys-

functionand increases theexhaustedPD-1–positiveT-cell phe-

notype in fat and tumor microenvironment through leptin

production, which may be the link between obesity and im-

mune response.15,24 The identified association between high

BMI and OS with atezolizumab appeared to be particularly

strong in the PD-L1–positive population, lending further sup-

port to the presence of a T-cell dysfunction state in patients

with obesity. Atezolizumab, through itsmechanism of action

of PD-1/PD-L1 axis inhibition onT-cells,might induce a favor-

able response in patients with obesity with an established

T-cell exhausted state.

The association between obesity and cancer prognosis is

complicated. Although obesity increases the risks of develop-

ment of certain types of cancers, such as breast cancers, obe-

sity protects against worse outcomes in patients with ad-

vanced cancers, such as lung cancers that are associated with

wasting.25 Obesity’s association with improved survival in pa-

tients with lung cancer may not be specific to immune check-

point inhibitor therapy. Previous observations suggested that

high BMI is associated with better outcomes with surgery, ra-

diotherapy, and some types of chemotherapy in patients with

earlyandadvancedNSCLC.8-11 Incontrast,highBMIwasnotas-

sociated with survival benefit from chemotherapy with do-

cetaxel. It appears that obesity may have a varying influence

across thespectrumof treatment interventions for lungcancer.

The ITT comparisonof atezolizumabvsdocetaxel for BMI

subgroups is novel. The observed signal of atezolizumab OS

benefit between BMI subgroups in PD-L1–positive tumors

should be reevaluated in future studies with larger data sets

of immune checkpoint inhibitor–treated patients. Moreover,

it is unclear based on our analyseswhether BMI could be con-

sidered as a treatment effect modifier owing to lack of ad-

equate power. Future research on the effect of BMI sub-

groups across all immune checkpoint inhibitor therapy trials

may provide adequate power to evaluate this question.

It is well recognized that men and women have different

body composition and adiposity with varying prevalence of

obesity. However, the interaction between sex and immune

checkpoint inhibitor therapy outcomes is inconsistent. A re-

cent report identified that sexmay be a predictor of response

to ipilimumab, a CTLA4 antibody, but not to PD-1/PD-L1 in-

hibitors,withmenhavingbetterOScomparedwithwomenow-

ing to sexual dimorphism in immune response.26Anupdated

meta-analysis reported that both men and women had simi-

lar OS benefit with immune checkpoint inhibitor therapies.27

However, women with NSCLC have better overall outcomes

thanmen, even after adjusting for smoking, cancer histologic

characteristics, andoncogenemutations.28,29Contrary toapre-

vious report inwhichmenwith obesity had a better outcome

with immunotherapy inmelanoma,12our data suggested that

sexhadnosignificanteffectonthe improvedsurvival seenwith

men and women with obesity.

The association betweenBMI andTRAEs and irAEs associ-

ated with immune checkpoint inhibitors has been variably re-

ported. Inourdataset,wedidnot findthatpatientswithobesity

hadanincreasedincidenceofanygradeofTRAEscomparedwith

thosewhoseBMIwas normal; these results are similar to those

ofMcQuadeetal.12However, a retrospectiveseriesbyCortellini

et al13 that included various cancer types, such as lung, kidney,

melanoma, andothers, aswell as thosewith poor performance

status,reportedahigherincidenceofanygradeofirAEsinpatients

whowereoverweightorobese.Giventheexpectedimprovedac-

curacyofdatacollectedthroughprospectiveclinical trials inour

analysis, it is unlikely that obesity is associated with increased

TRAEs.Among the irAEs, thoseaffecting theskinwere theonly

onesconsistentlyassociatedwithhighBMI.Futureresearchusing

largedatasets fromall immunecheckpoint inhibitor trialscould

robustly evaluate theassociationbetweenobesity and the inci-

dence of irAEs.

In thepresentposthocexploratoryanalysis,poolingofpro-

spectively collected clinical trial data provided, to our knowl-

edge, one of the largest cohorts of patients who received uni-

form treatment with atezolizumab. The data were of high

quality and allowed analysis with adjustments for key clini-

cal confounders. Furthermore, thedata containedonlya small

amountofmissing information, improving theaccuracyofour

analyses. The ITT analysis that compared atezolizumab and

docetaxel arms for BMI subgroups is unique in our study.

Limitations and Strengths

There are several limitations in our study. The results from this

analysis shouldbeconsideredasexploratory—notpreplanned—

andneedtobeconfirmedinsubsequentclinical trials.Moreover,

BMI alone as ameasure of obesity is problematic because of its

inabilitytodifferentiatefatandleanmusclemassandtodiagnose

sarcopenia; in addition, BMI is a poor reflection of body fat dis-

tribution.It is likelythatacombinationofclinicalandbiochemical

markersmayberequiredtomoreaccuratelycharacterizeobesity.

Another known prognostic factor associated with survival

in patients with NSCLC is pretreatment weight loss, which is a

measure of cachexia.4,30,31Weight loss, either before or during

treatment, may have variable consequences in treatment re-

sponse. In thepresent analysis,weused 1-time recordedheight

andweight at screeningor day 1 of trial treatment for the calcu-

lationofBMI.Becausepretreatmentweight losswasvariably re-

corded in the data set provided, the role of this prognostic fac-

tor could not be assessed. It would be relevant to analyze data

fromother trials that have prospectively collected information

on pretreatment weight loss. Despite these limitations, the as-

sociationbetweenBMIandOSfromatezolizumab,especially in

patients with PD-L1–positive cancer, appears to be strong.

Conclusions

Baseline high BMImay be independently associatedwith im-

proved survivalwith atezolizumab inpatientswith advanced

NSCLC.BaselineBMIshould thereforebeconsideredasastrati-

fication factor in future immune checkpoint inhibitor therapy

trials.
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