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Abstract

In the Women’s Health Initiative randomized trial evaluating estrogen plus progestin after 5.6 

years’ intervention and 8 years’ cumulative median follow-up, there were more lung cancer deaths 

in the hormone-treated group (P = .01). Now, after 6 years’ additional postintervention follow-up, 

the increase in lung cancer deaths was found to be attenuated (linear trend for difference over time, 

P = .042).

Introduction: In the Women’s Health Initiative (WHI) estrogen plus progestin trial, after 5.6 

years’ intervention and 8 years’ median follow-up, more women died from lung cancer in the 

hormone therapy group (hazard ratio [HR], 1.71; 95% confidence interval [CI], 1.16–2.52; P = .

01). Now after 14 years’ median follow-up, we reexamined combined hormone therapy effects on 

lung cancer mortality.
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Patients and Methods: In the WHI placebo-controlled trial, 16,608 postmenopausal women 

aged 50 to 79 years and with an intact uterus were randomly assigned to once-daily 0.625 mg 

conjugated equine estrogen plus 2.5 mg medroxyprogesterone acetate (n = 8506) or placebo (n = 

8102). Incidence and mortality rates for lung cancer were assessed from multivariant proportional 

hazard models.

Results: After 14 years’ cumulative follow-up, there were 219 lung cancers (0.19% per year) in 

the estrogen plus progestin group and 184 (0.17%) in the placebo group (HR, 1.12; 95% CI, 0.92–

1.37; P = .24). While there were more deaths from lung cancer with combined hormone therapy 

(153 [0.13%] vs. 132 [0.12%], respectively), the difference was not statistically significant (HR, 

1.09; 95% CI, 0.87–1.38; P = .45). The statistically significant increase in deaths from lung cancer 

observed during intervention in women assigned to estrogen plus progestin was attenuated after 

discontinuation of study pills (linear trend over time, P = .042).

Conclusion: The increased risk of death from lung cancer observed during estrogen plus 

progestin use was attenuated after discontinuation of combined hormone therapy.
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Introduction

In the Women’s Health Initiative (WHI) clinical trial evaluating estrogen plus progestin in 

postmenopausal women, after a median 5.6 years’ intervention and 8.0 years’ cumulative 

follow-up, there were 23% more lung cancers in the combined hormone therapy group, a 

nonsignificant difference (P = .16). However, more women died from lung cancer in the 

combined hormone therapy group (73 [yearly incidence 0.11%] vs. 40 [0.06%]; hazard ratio 

[HR], 1.71; 95% confidence interval [CI], 1.16–2.52; P = .01).1 In the WHI trial evaluating 

estrogen alone in postmenopausal women with prior hysterectomy, no effect on lung cancer 

incidence or outcome was observed.2 Findings from these trials led to the hypothesis that 

estrogen plus progestin adversely influences lung cancer outcome.

Results from observational studies of menopausal hormone therapy and lung cancer 

incidence have been mixed, with lower risk,3–5 no effect,6,7 and increased risk8,9 reported. 

However, 2 recent meta-analyses have associated hormone therapy use with significantly 

lower lung cancer incidence.10,11

Against this background, when the WHI clinical trial was updated after a median cumulative 

follow-up of 13 years, estrogen plus progestin did not influence lung cancer incidence (HR, 

1.10; 95% CI, 0.89–1.35).12 In that report, deaths from and after lung cancer and findings by 

histology and smoking status were not reported. Therefore, we conducted analyses to 

determine whether the adverse effect of estrogen plus progestin on deaths from lung cancer 

observed during the intervention1 persisted during long-term postintervention follow-up.
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Materials and Methods

Participants and Outcomes

The design of the WHI hormone therapy trial evaluating estrogen plus progestin has been 

described elsewhere.13,14 Post-menopausal women aged 50 to 79 years with an intact uterus 

were entered from 40 clinical centers in the United States from 1993 to 1998. Not eligible 

were women with previous breast cancer, any other cancer within 10 years except for 

nonmelanoma skin cancer, or women with an anticipated survival of less than 3 years. 

Menopausal hormone therapy users required a 3-month washout before entry. The trial was 

approved by institutional review boards at each clinical center, and participants provided 

written informed consent. Information on demographic and other variables, including 

tobacco use, was collected using standard questionnaires. Medication use was collected by 

interview and review of medication containers. Clinical outcome information was collected 

at 6-month intervals through March 2005 and then annually.

The primary study efficacy outcome was coronary heart disease, with a calculated sample 

size of 15,125 based on anticipated 21% risk reduction.13 The primary safety outcome was 

invasive breast cancer. Other primary end points as a component of a monitoring global 

index included stroke, hip fracture, pulmonary emboli, colorectal cancer, endometrial cancer, 

and death from any cause. Although lung cancer was not a predefined study outcome, 

reports of lung cancer were confirmed, initially at the clinical centers by centrally trained 

physician adjudicators after medical record review. Final adjudication was conducted at the 

WHI Clinical Coordinating Center using the Surveillance, Epidemiology and End Results 

coding system.15 Attribution of cause of death was based on medical record and death 

certificate review (Seattle, WA, USA). Linkage to the National Death Index was conducted 

serially.

Randomization and Masking

Women were randomly allocated to daily combined conjugated equine estrogens (0.625 mg/

day) plus medroxyprogesterone acetate (2.5 mg/day) tablets (Prempro; Wyeth-Ayerst, 

Collegeville, PA, USA) or an identical-appearing placebo using a computerized permuted 

block algorithm stratified by age and randomization in the WHI dietary modification trial. 

Double-blind study drug dispensing utilized a secured database system and was 

implemented by the Clinical Coordinating Center (Seattle, WA, USA). Participants and 

clinical center physicians and staff were blinded to the randomization group, with 

unblinding only if needed to manage adverse events. Chest imaging was not protocol 

defined, and medical decisions regarding pulmonary findings were directed by community 

physicians.

Procedures

After 5 to 6 years (median), the intervention was ended when more risks than benefits with 

estrogen plus progestin were identified; participants were instructed to discontinue study 

drugs on July 8, 2002.13 Follow-up per protocol continued through March 31, 2005, the 

original trial termination date. Subsequent follow-up required reconsent, which was obtained 

from 12,788 participants, 83% of those surviving. The participant flow has been described 
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elsewhere12 and is provided as a CONSORT diagram (Supplemental Figure 1 in the online 

version).

Statistical Analyses

Results for lung cancer incidence and deaths from lung cancer (those directly attributed to 

lung cancer) and deaths after lung cancer (regardless of cause) were assessed with time-to-

event methods based on the intention-to-treat principle, which included all 16,608 

randomized participants. Event times were defined relative to the randomization date. 

Cancer incidence rate comparisons are presented as HRs and 95% CIs from Cox 

proportional hazard models stratified by age, history of lung cancer, and randomization 

group in the WHI dietary modification trial.

Time-varying HRs were calculated and plotted, with the use of the same regression model 

adjustments as those listed above. The models fit a smooth, nonparametric HR over the 

entire follow-up period. In addition, the time-varying HRs were estimated separately in the 

intervention and postintervention periods, and a test for a linear trend in each phase 

performed. Analyses were conducted for all lung cancers and lung cancer deaths.

Subgroup analyses (smoking status, age at study entry [decade], and previous hormone use) 

were examined in Cox proportional hazard models with P values from Wald χ2 statistics. 

Because 3 subgroups were examined, less than 1 statistically significant interaction was 

expected by chance alone. Additional sensitivity analysis adjusted for adherence, censoring 

women 6 months after they became nonadherent (defined as consuming < 80% of study pills 

or initiating nonprotocol hormone therapy), incorporating time-varying weights, inversely 

proportional to the estimated probability of remaining adherent.

A level of .05 was used for assessing the statistical significance of P values in all analyses. 

SAS 9.3 1 for Windows (SAS Institute, Cary, NC, USA), and R 2.15 (R Development Core 

Team, http://www.R-project.org/), were used for all analyses. All statistical tests were 2-

sided. This study was registered with ClinicalTrials.gov ().

The study sponsor had input into the design and conduct of the study and participated in the 

review but not in the preparation of the report. The corresponding author had full access to 

all the study data and had final responsibility to submit the document for publication.

Results

Baseline demographic characteristics and disease risk factors, including age, race/ethnicity, 

and tobacco exposure, were balanced between randomization groups (Table 1). After 5.6 

years’ (median) intervention and 14 years’ (median) cumulative follow-up, there were 219 

lung cancers in the estrogen plus progestin group compared to 184 in the placebo group 

(yearly incidence 0.19% vs. 0.17%; HR, 1.12; 95% CI, 0.92–1.37; P = .24; Table 2).

One hundred seventy women in the combined hormone therapy group died after being 

diagnosed with lung cancer compared to 149 in the placebo group (0.15% vs. 0.14%, 

respectively; HR, 1.08; 95% CI, 0.87–1.34; P = .50). Of these deaths, 153 (0.13%) in the 

combined hormone therapy group and 132 (0.12%) in the placebo group were from lung 
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cancer (HR, 1.09; 95% CI, 0.87–1.38; P = .45). None of the differences was statistically 

significant (Table 2).

Sensitivity analyses, adjusting for nonadherence, provided similar results for lung cancer 

incidence (HR, 1.20; 95% CI, 0.90–1.16) and deaths from lung cancer (HR, 1.20; 95% CI, 

0.81–1.77).

In the prior analysis, after 8 years’ follow-up, there were more deaths from lung cancer in 

the combined hormone therapy group (73 deaths vs. 40 deaths in the hormone therapy and 

placebo groups, respectively, P = .01).1 In marked contrast, in the current analysis, during 

the 6 years’ (median) additional postintervention follow-up, the findings were reversed in 

that there were somewhat fewer deaths from lung cancer in the combined hormone therapy 

group (80 deaths vs. 92 deaths, respectively).

To address this apparent change in the risk pattern, we examined whether there was a 

difference in rate of deaths from lung cancer over time. Comparison of the death rates 

between the estrogen plus progestin and placebo groups from randomization date finds HRs 

consistently above 1 through year 9 beginning in the third year (Table 3).

Subsequently, the combined hormone therapy effect on death from lung cancer was 

attenuated. The test for linear trend over time was statistically significant (P = .042), 

suggesting the increased risk of death from lung cancer in the estrogen plus progestin users 

decreased after both randomization groups stopped taking study pills after 5.6 years’ 

(median) active intervention (Table 3, Figure 1).

Considering lung cancer histology subgroups, somewhat more women were diagnosed with 

non–small-cell lung cancer in the estrogen plus progestin group (160 [0.14%] vs. 125 

[0.11%], respectively; HR, 1.23; 95% CI, 0.97–1.55; P = .09). The non–small-cell cancers 

were more likely to be poorly differentiated (HR, 1.72; 95% CI, 1.04–2.83; P = .03) and 

somewhat more likely to be diagnosed with distant metastases (HR, 1.35; 95% CI, 0.93–

1.97; P = .11; Table 4). Although there were more deaths from non–small-cell lung cancer in 

the combined hormone therapy group, the difference was not statistically significant (109 

deaths [0.09%] vs. 85 [0.08%], respectively; HR, 1.23; 95% CI, 0.92–1.63; P = .16) (Table 

2). The effect of combined hormone therapy on death from lung cancer was not modified by 

age at screening, pervious hormone treatment, or smoking status (Figure 2). The number of 

small-cell lung cancers was limited, and no significant differences emerged among 

randomization groups for either incidence or deaths from or after lung cancer.

In exploratory analyses to allow comparison to observational studies, median survival for 

women diagnosed with non–small-cell lung cancer, measured from diagnosis date, was 13.8 

months (interquartile range 3.3–39.0) in the combined hormone therapy group compared to 

17.6 months (interquartile range 4.5–47.8) in the placebo group. After 5 years from 

diagnosis, mortality was 78% in the combined hormone therapy group and 71% in the 

placebo group (HR, 1.19; 95% CI, 0.89–1.59; P = .24).

With respect to smoking status, the yearly cancer incidence in the placebo group current 

smokers (0.70% per year) was substantially higher than in placebo group former smokers 
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(0.19%) and especially never smokers (0.05%). Deaths from lung cancer were also 

substantially higher in placebo group participants who were current smokers at entry 

(0.49%) than in former smokers (0.14%) and never smokers (0.03%). However, the lung 

cancer outcomes were not higher in any estrogen plus progestin smoking status subgroup. 

When subgroups (smoking status, age at study entry [decade], prior hormone use) were 

examined for potential interaction, none was significant at the .05 level (Figure 2).

Discussion

With additional postintervention follow-up of the WHI randomized, placebo-controlled trial, 

the statistically significant increase in deaths from lung cancer observed during intervention 

in the estrogen plus progestin group was attenuated. The prior report on lung cancer findings 

included 8 years’ cumulative follow-up with 113 deaths from lung cancer.1 Now, with an 

additional 6 years’ (median) postintervention follow-up and 285 deaths from lung cancer, 

significant differences between randomization groups were no longer observed (153 deaths 

vs. 132 deaths, respectively; P = .55). Although the early findings could have been due to the 

play of chance, the statistically significant change in the year-to-year death rate over time 

suggests that the early adverse effect of estrogen plus progestin use on lung cancer mortality 

dissipated with termination of combined hormone therapy use.

An increase in deaths from lung cancer for women receiving estrogen and progestin therapy 

is biologically plausible. The non–small-cell lung cancers in the combined hormone therapy 

group were more likely to be poorly differentiated (P = .03), a potential clinical 

manifestation of estrogen’s ability to stimulate angiogenesis.16,17 In an earlier report from 

this trial, the non–small-cell lung cancers in the estrogen plus progestin group were also 

significantly more likely to be diagnosed with distant metastasis (40 cases [0.06%] vs. 22 

cases [0.03%]; HR, 1.71; 95% CI, 1.02–2.88; P = .04).1 The change in clinical stage after 

intervention, where lung cancers with distant metastasis were no longer significantly higher 

in the combined hormone therapy group after intervention ended, suggests lung cancer 

mortality risk may be limited to some period around the time of estrogen and progestin 

exposure.

Preclinical findings and gender differences in lung cancer outcome are suggestive of 

hormonal influence.18,19 Lung cancer survival rates are higher in women than in men,20–22 

older women have longer survival compared to younger women while no age effect is 

observed in men,23 and high estradiol concentrations have been associated with higher risk 

of deaths from lung cancer.24 Preclinical evidence supports a role of aromatase and estrogen 

signaling in the development and progression of lung cancer.18,19 Our randomized trial 

findings are also suggestive of an influence of exogenous estrogen plus progestin use on 

lung cancer outcome, at least around the time of active use.

Six observational studies have examined hormone therapy and survival after a lung cancer 

diagnosis. In one report of 489 women with lung cancer, significantly higher risk of death 

after lung cancer was described in the 86 hormone therapy users in analyses combining all 

hormone therapy regimens.25 In 2 reports, no association between hormone use and lung 

cancer outcome was observed.26,27 In an older report, nonspecified hormone therapy was 
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associated with a lower risk of death from lung cancer.28 In 2 recent reports, a lower risk of 

death after lung cancer was associated with estrogen plus progestin29 as well as with 

estrogen alone30 use. We could identify no reports of lung cancer mortality relating survival 

to the date of hormone therapy initiation, as we report here.

Hormone therapy effects on lung cancer in the WHI randomization clinical trials for both 

estrogen plus progestin (no incidence increase but suggestive of an increase in deaths from 

lung cancer)1 in the current report and for estrogen alone (null effect)2 are in contrast to 2 

recent meta-analyses of observational studies.10,11 In those reports, a statistically significant, 

lower lung cancer incidence was associated with hormone therapy,11 with one analysis 

finding lower lung cancer incidence with both estrogen alone and with estrogen plus 

progestin use.10 We cannot reconcile the WHI randomized trial findings with observational 

study meta-analysis results. However, cohort studies entering participants on menopausal 

hormone therapy may reflect time-related bias. For example, a woman who has been 

receiving hormone therapy for 8 years before entering the cohort has a “guarantee time,”31 

because during that period she could not have been diagnosed with lung cancer (as she 

would not be eligible for the cohort). This problem could be overcome by including in 

analyses only women who initiated hormone therapy after entering a cohort.

Study strengths include the randomized double-blind, placebo-controlled design; the large 

study size; detailed and balanced tobacco exposure information; long follow-up; and 

adjudicated lung cancer outcomes. Information on treatment after diagnosis was not 

available, and the limitations of post hoc analyses are recognized. This WHI trial evaluated 

one specific hormone therapy regimen, and the findings may not apply to use of other agents 

or schedules.

In summary, the statistically significant increase in deaths from lung cancer observed during 

estrogen plus progestin intervention was attenuated after discontinuation of combined 

hormone therapy. Our lung cancer findings reinforce the value of long-term follow-up of 

randomized clinical trials. Differences between these findings and those from the 

preponderance of observational studies cannot be reconciled.

Clinical Practice Points

• Preclinical evidence and gender differences in lung cancer clinical outcome 

suggest that estrogen signaling may be involved in lung cancer incidence and 

outcome. Against this background, the WHI conducted 2 full-scale, randomized, 

placebo-controlled trials evaluating estrogen plus progestin (in women with an 

intact uterus) and estrogen alone (in women with prior hysterectomy) to 

determine their relative benefits and risks.

• A significantly increased risk of all cancers observed after stopping the estrogen 

plus progestin trial prompted an examination of lung cancers in both trials. 

Estrogen alone had no influence on lung cancer. In contrast, estrogen plus 

progestin significantly increased deaths from lung cancer by 71% (P = .01). 

Current smokers had their already high risk of lung cancer death increased by an 

additional 46%.
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• Now, after 14 years’ cumulative follow-up, a difference between randomization 

groups for deaths from lung cancer is no longer observed; a statistically 

significant change in the year-to-year death rate occurred with termination of 

combined hormone therapy use (linear trend over time, P = .042).

• An increase in poorly differentiated cancers provides a likely mediator of the 

adverse lung cancer outcome. Postmenopausal women considering estrogen plus 

progestin use, especially those with a smoking history, should be made aware 

that this additional risk exists and that it begins to abate upon stopping combined 

hormone therapy use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Time-Varying Effects of Estrogen Plus Progestin on Lung Cancer Death. Smoothed Time-

Varying Hazard Ratios and Their 95% Confidence Intervals (Dashed Line) Comparing 

Estrogen Plus Progestin Users and Nonhormone Users From Study Entry. Models Are 

Stratified by Age Group at Randomization, Prior Lung Cancer, and Dietary Modification 

Trial Randomization Arm
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Figure 2. 
Cumulative Risk of Death From Lung Cancer by Study Group and Selected Baseline 

Characteristics. Cumulative Risk for Death From Lung Cancer Over Entire 14-Year 

(Median) Study Period. HRs, 95% CIs, and P Values Are From Cox Proportional Hazard 

models Stratified according to Age, Previous Lung Cancer, and Randomization Assignment 

in Dietary Modification Trial. Dotted Line Represents Overall HR for Deaths Attributed to 

Lung Cancer. *P Value is From Wald χ2 Test for Interaction Between Given Characteristic 

and Treatment Group. †Data for Smoking Status Were Not Available for 2 Women in 

Combined Hormone Therapy Group

Abbreviations: CI = confidence interval; HR = hazard ratio.
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Table 1

Descriptive Characteristics of Participants at Baseline by Randomization Group

Characteristic Estrogen Plus Progestin (n = 8506) Placebo (n = 8102)

Age at Screening

 50–59 years 2837/8506 (33.4) 2383/8102 (33.1)

 60–69 years 3854/8506 (45.3) 3655/8102 (45.1)

 70–79 years 1815/8506 (21.3) 1764/8102 (21.8)

Race/Ethnicity

 White 7141/8506 (84.0) 6805/8102 (84.0)

 Black 548/8506 (6.4) 574/8102 (7.1)

 Hispanic 471/8506 (5.5) 415/8102 (5.1)

 American Indian 25/8506 (3.3) 30/8102 (0.4)

 Asian/Pacific Islander 194/8506 (2.3) 169/8102 (2.1)

 Unknown 127/8506 (1.5) 109/8102 (1.3)

Body Mass Index

 <25 kg/m2 1110/8506 (21.0) 1096/8102 (20.3)

 25 to <30 kg/m2 1798/8506 (34.0) 1915/8102 (35.5)

 30 kg/m2 2375/8506 (45.0) 2385/8102 (44.2)

Prior Estrogen-Only Use

 No 7603/8506 (89.4) 7237/8102 (89.3)

 Yes 903/8506 (10.6) 864/8102 (10.7)

 <5 years 677/8506 (8.0) 659/8102 (8.1)

 5 to <10 years 134/8506 (1.6) 109/8102 (1.3)

 >10 years 92/8506 (1.1) 96/8102 (1.2)

Prior Estrogen Plus Progestin Use

 No 6990/8506 (82.2) 6706/8102 (82.8)

 Yes 1516/8506 (17.8) 1396/8102 (17.2)

 <5 years 1050/8506 (12.3) 997/8102 (12.3)

 5 to <10 years 315/8506 (3.7) 258/8102 (3.2)

 >10 years 151/8506 (1.8) 141/8102 (1.7)

Recent Hormone Use

 No 6277/8506 (73.8) 6020/8102 (74.3)

 Past <5 years 727/8506 (8.6) 679/8102 (8.4)

 Past 5 to <10 years 335/8506 (3.9) 310/8102 (3.8)

 Past >10 years 609/8506 (7.2) 599/8102 (7.4)

 Current (3-month washout) 554/8506 (6.5) 491/8102 (6.1)

Oral Contraceptive Use (Ever) 3695/8506 (43.3) 3447/8102 (42.5)

Years Since Menopause

 <10 years 827/8506 (19.0) 817/8102 (18.3)
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Characteristic Estrogen Plus Progestin (n = 8506) Placebo (n = 8102)

 10–19 years 1292/8506 (29.7) 1333/8102 (29.8)

 >20 years 2230/8506 (51.3) 2319/8102 (51.9)

Tobacco Exposure

Smoking Status

 Never 4178/8420 (49.6) 3999/7994 (50.0)

 Past 3362/8420 (39.9) 3157/7994 (39.5)

 Current 880/8420 (10.5) 838/7994 (10.5)

No. of Cigarettes per Day

 <25 3345/4097 (81.6) 3175/3873 (82.0)

 >25 752/4097 (18.4) 698/3873 (18.0)

Years Smoked

 <30 2563/4109 (62.4) 2422/3912 (61.9)

 >30 1546/4109 (37.6) 1490/3912 (38.1)

Pack-Years of Smoking

 Never smoker 4178/8228 (50.8) 3999/7822 (51.1)

 <5 1119/8228 (13.6) 1004/7822 (12.8)

 5 to <20 1168/8228 (14.2) 1140/7822 (14.6)

 >20 1763/8228 (21.4) 1679/7822 (21.5)

 Lung cancer (>10 years prior) 3/8435 (<0.1) 2/8036 (<0.1)

Because of rounding, percentages might not all total 100. Includes 331 women previously randomized to estrogen-alone group who were 
reassigned to estrogen plus progestin group after protocol change, as previously described. For current users, 3-month washout period required 
before entry. Current and previous smokers were combined when estimating total number of cigarettes per day, years smoked, and past years of 
smoking.
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