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Background—In the post intervention period of the Women’s Health Initiative (WHI) clinical
trial, estrogen plus progestin increased total cancer incidence and an adverse influence on lung
cancer mortality was suggested.

Methods—We conducted post hoc analyses over the full follow-up period of the WHI
randomized, placebo-controlled clinical trial evaluating daily conjugated equine estrogen (CEE,
0.625 mg) plus medroxyprogesterone acetate (MPA, 2.5 mg) influence on lung cancer incidence
and mortality in 16,608 postmenopausal women.

Findings—After 5.6 years intervention and 2.4 years additional follow-up (mean), there were
109 lung cancers in the hormone group and 85 in the placebo group (hazard ratio (HR) 1.23, 95%
confidence interval (Cl), 0.92, 1.63, P=0.16). While the difference was not statistically significant,
for non-small cell lung cancer a possible divergence emerged over time, with more diagnoses in
the CEE plus MPA group (96 vs 72 cases, respectively, HR 1.28, 95% CI1 0.94, 1.73, P=0.12) and
these cancers were more commonly poorly differentiated and more commonly had distant
metastasis. Deaths from lung cancer were significantly increased in the CEE plus MPA group (73
vs 40 deaths, respectively, HR 1.71, 95% CI 1.16, 2.52, P=0.01) as were deaths from non-small
cell lung cancer (62 vs 31 deaths, respectively, HR 1.87, 95% CI 1.22, 2.88, P=0.004). Small cell
lung cancer incidence and mortality was comparable between randomization groups.

Interpretation—Use of estrogen plus progestin did not increase lung cancer incidence but
significantly increased deaths from lung cancer. The effect may primarily be through influence on
non-small cell lung cancer outcome.

Intervention in the Women’s Health Initiative (WHI) clinical trial of estrogen plus progestin
ended when more risks than benefits were identified for hormone use. 1 Through 5.6 years
mean follow-up, women in the combined hormone therapy group had higher risk of
cardiovascular disease, coronary heart disease, stroke, venous thromboembolic, and breast
cancer and lower risk of fractures and colorectal cancers with no adverse mortality
influence. 278 After the intervention ended, during an additional 2.4 years (mean) follow-up,
an apparent excess in mortality in the combined hormone therapy group along with a greater
risk of cancers was seen in the post intervention period. The excess mortality was not
explained by deaths associated with breast, colorectal, endometrial, or ovarian cancers, the
protocol specified cancer outcomes and there were somewhat more lung cancer deaths seen.
9

In this regard, a substantial body of preclinical evidence supports a role for hormonal
influence on lung cancer. 10: 11 Among other factors, estrogen receptors can be expressed in
normal lung, 12 non-small cell lung cancer cell lines and lung cancers 12714 and estradiol
modulates proliferation gene expression and growth of non-small cell lung cancer cell lines.
13,15 Allthough clinical evidence is limited, higher estradiol levels has been associated with
higher mortality in both men and women with advanced non-small cell lung cancer.16: 17

Our clinical findings in the WHI trial and the evidence suggesting estrogen may influence
lung cancer led to the question of whether combined hormone therapy increases lung cancer
mortality. To address this issue, we conducted analyses of the centrally adjudicated lung
cancers diagnosed in the WHI trial of estrogen plus progestin over the entire follow-up
period.

Methods

The WHI combined estrogen plus progestin clinical trial randomized 16,608 predominantly
healthy postmenopausal women aged 50 to 79 years with no prior hysterectomy at 40
clinical centers from 1993 to 1998 as previously described. 1+ 18 Women with prior breast
cancer, anticipated survival less than 3 years or other prior cancer within the last 10 years
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except for non-melanoma skin cancer were excluded. Prior menopausal hormone therapy
users had a 3 month wash out before entry. The trial was approved by institutional review
boards at each clinical center and all participants provided written informed consent.
Baseline characteristics were collected by interview (for hormone use) or by using
standardized questionnaires for other variables including tobacco use.

Women were randomly assigned to receive daily conjugated equine estrogen (CEE, 0.625
mg) and medroxyprogesterone acetate (MPA, 2.5 mg) (Prempro ®, Wyeth Ayerst,
Philadelphia, PA) or an identical appearing placebo. Study medications were discontinued
after a breast cancer diagnosis, certain endometrial pathologies, venous thromboembolic
events, malignant melanoma, substantially elevated triglycerides, or use of non-study
estrogens or progestins or any use of androgen, tamoxifen or raloxifene. 18

Participants were contacted for clinical outcomes at 6 month intervals and had yearly clinic
visits. The main study outcomes used for trial monitoring included coronary heart disease,
invasive breast cancer, stroke, pulmonary embolism, colorectal cancer, endometrial cancer,
hip fracture, and death. Initial self reports of outcomes (including lung cancers) were
confirmed by physician adjudicators at the local clinic. All cases were subsequently
adjudicated centrally using the Surveillance, Epidemiology and End Results coding system.
Attribution of cause of death was also based on medical record review. All reviewers were
blinded to randomization allocation.

The intervention was stopped after 5.6 years (mean, SD 1.3 years) when overall risks
exceeded benefits for the main study outcomes. All participants were instructed to stop
study pills on July 8, 2002 simultaneously with the publication of the initial results. 1 After
the intervention ended participants continued to be followed for limited data collection and
health outcomes on the same schedule in the post-intervention phase. The originally
specified trial completion date of March 31, 2005 was the end date for outcomes included in
this report. The flow of participants in this trial throughout the study period has been
previously described in detail. 2

The described analyses were not protocol pre-specified as lung cancer was not a predefined
study outcome of the WHI estrogen plus progestin clinical trial. Chest radiology or other
chest imaging was not protocol mandated either at entry or serially. Medical decisions
regarding workup of chest findings were directed by community physicians. Detailed lung
cancer analyses on centrally adjudicated cases have not been previously reported. Based on
literature review and emerging information from this trial a prospective, written analyses
plan was developed and reviewed and approved by the WHI Publications and Presentations
Committee on September 4, 2008. The major objective of the analysis plan was to determine
the influence of combined hormone therapy use on lung cancer mortality.

Role of the Funding Source

The National Institutes of Health had input into the design and conduct of the study and
participated in the review of this article but did not participate in the manuscript’s
preparation. The corresponding author (RTC) has full access to the data and made the final
decision where to submit the paper for publication.

Statistical Analysis

Baseline characteristics of participants were compared between randomization groups using
chi square tests of association. Age at menopause was defined as previously described; in
most cases by the last age of any menstrual bleeding, date of bilateral oophorectomy or
when menopausal hormone therapy began. 19 At baseline, participants were classified as
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“never”, “past”, or “current’ smokers based on whether they had ever smoked more than 100
cigarettes in their lifetime and if they were smoking at the present time.

Results of CEE plus MPA influence on overall, small cell lung cancer and non-small lung
cancer incidence and mortality were assessed using time-to-event methods, based on the
intent-to-treat principle. Hazard ratios (HRs) and 95% confidence intervals (Cls) are
reported from Cox proportional hazards regression analyses stratified by age, prior lung
cancer and dietary modification trial randomization assignment. Event times are defined
relative to date of randomization. 20 P values from Wald Z statistics are reported from Cox
proportional hazards regression analyses stratified by age and randomization status in the
dietary modification trial of the WHI. Kaplan-Meier method plots describe lung cancer
event rates by time from randomization for incidence and mortality and lung cancer survival
by time since diagnosis. Parallel analyses were performed on the influence of CEE plus
MPA on incidence and mortality of small cell lung cancer and non-small cell lung cancer
separately.

Subgroup analyses: based on the strong relationship between smoking and lung cancer,
analyses were conducted separately for women based on smoking status (never smoker, past
smoker, current smoker) at study entry. Four other subgroup comparisons were examined,
less than one would be expected to be significant at the 0.05 level by chance alone. Potential
interactions between baseline characteristics and randomization group were assessed in Cox
proportional hazards regression models that included the risk factor in question and
randomization group as main effects. P-values for assessing interactions are from Wald chi-
square tests. SAS for Windows, version 9.1.3 (SAS Institute Inc., Cary, NC) and S-Plus for
Windows, version 8.0 (Insightful Corp.) were used for all analyses.

Baseline clinical and demographic characteristics were comparable in the two randomization
groups including prior hormonal exposure, age, education, self-reported health and race/
ethnicity. Tobacco exposure was also closely comparable with about 50% never smokers,
40% past smokers and 10% current smokers in each group. Also balanced were cigarettes
per day and years smoked (Table 1).

In intent-to-treat analyses considering all 16,608 participants over the entire study period,
there were somewhat more lung cancers diagnosed in the combined hormone therapy group
but the difference was not statistically significant (109 vs 85 cases, respectively (HR) 1.23
95% C1 0.92, 1.63, P=0.16) (Table 2, Figure 1). The influence of CEE plus MPA on non-
small cell lung cancer incidence also was not statistically significant. However, a possible
divergence emerged after about five years of intervention with more diagnoses in the CEE
plus MPA group (96 vs 72 cases, respectively, HR 1.28 95% CI 0.94, 1.73, P=0.12) (Figure
1). The non-small cell lung cancer cases were generally of similar histology in the two
randomization groups. Use of CEE plus MPA was associated with higher incidence rates for
non-small cell lung cancers with distant metastases (HR 1.71; 95% CI: 1.02-2.88) and for
poorly differentiated tumors (HR 2.01, 95% CI: 1.06-3.81) (Table 2). Only 26 small cell
lung cancers were diagnosed in this trial. Combined hormone therapy had no effect on small
cell lung cancer incidence (Table 2, Figure 1).

For women in the combined hormone therapy group there was a statistically significant,
adverse influence of CEE plus MPA use on deaths from lung cancer (deaths attributed to
lung cancer) (73 vs 40 deaths, respectively, HR 1.71, 95% ClI 1.16, 2.52, P=0.01) (Table 3,
Figure 2). Considering all deaths which occurred following a lung cancer diagnosis, the
cause of death was directly attributed to lung cancer by chart review in 73 of 78 cases (94%)
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in the CEE plus MPA group and 40 of 49 cases (82%) in the placebo group. Other deaths
were attributed to cardiovascular disease (2 placebo, 2 hormone), unknown other causes (4
placebo, 1 hormone), cerebrovascular events (2 hormone) and colon cancer (1 placebo). A
similar pattern regarding hormonal influence on lung cancer deaths was seen when all deaths
following a lung cancer diagnosis are considered (78 vs 49 deaths in hormone group vs
placebo, respectively, HR 1.50, 95% CI 1.05, 2.14, P=0.03). Deaths from lung cancer could
account for 43% of the excess in total deaths seen in the post intervention period for women
in the combined hormone therapy group (37 excess total deaths and 16 excess deaths from
lung cancer).

Use of CEE plus MPA significantly increased deaths from non-small cell lung cancer
(deaths attributed to non-small cell lung cancer) with 62 vs 31 deaths, respectively HR 1.87,
95% ClI 1.22, 2.88, P=0.004 (Table 3, Figure 2). Results were similar when all deaths after a
non-small cell lung diagnosis are considered (67 vs 39 deaths, respectively for CEE plus
MPA vs placebo, HR 1.59, 95% CI 1.03, 2.46, P=0.04). In an exploratory analysis, mortality
after a non-small cell lung cancer diagnosis was significantly higher for women in the
combined hormone therapy group (9.4 vs 16.1 months median survival and 70% vs 54%
mortality after 4 years from diagnosis for CEE plus MPA vs placebo groups, respectively,
HR 1.59, 95% CI 1.03, 2.46, P=0.04). There was no effect of combined hormone therapy on
deaths from small cell lung cancer (Table 3, Figure 2).

Of subgroup comparisons, no significant interaction was seen among randomization group,
death from lung cancer and the variables: age at screening, years since menopause, prior
hormone therapy use, prior estrogen plus progestin use or smoking status (Table 4). The
absolute increase in risk of death from lung cancer for never smokers in the CEE plus MPA
compared to placebo groups was extremely low (9 deaths, cumulative risk 0.2% vs 4 deaths,
cumulative risk, 0.1%, respectively, HR 2.11 95% CI 0.65-6.84). However, the absolute risk
of lung cancer death was substantially higher in women who entered as current smokers (30
deaths, cumulative risk 3.4% vs 20 deaths, cumulative risk 2.4% for CEE plus MPA vs
placebo groups, respectively, HR 1.46 95% CI 0.83,2.57) (Table 4). Past smokers had an
intermediate increase in risk with combined hormone use (32 deaths, cumulative risk 1.0%
vs 16 deaths, cumulative risk 0.5%, respectively, HR 1.81 95% CI 0.99, 3.30). The relative
hazards were all elevated regardless of smoking category, although none were individually
statistically significant (Table 4).

Discussion

In secondary analyses of a randomized, placebo-controlled clinical trial, use of CEE plus
MPA did not increase lung cancer incidence but significantly increased deaths from lung
cancer, the most common cause of cancer death in women. 2 The evidence was most
consistent with combined hormone therapy influencing primarily non-small cell lung cancer
with the absolute increase in risk of death from this disease of special relevance to women
already at elevated risk due to smoking.

In the initial report from the trial, no effect of combined hormone therapy on lung cancer
incidence was seen during the intervention phase based on the distribution of 104 lung
cancer cases. 1 Now with additional follow-up and central coding, a total of 194 incident
lung cancer cases have been identified and hormonal influences on lung cancer mortality
and separate influence on non-small cell lung cancer and small cell lung cancer incidence
and mortality can be described.

Considering the entire study duration, no effect of CEE plus MPA on small cell lung cancer
incidence or mortality was seen. Given the few cases seen, this result should be cautiously
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interpreted. For non-small cell lung cancer, a possible divergence in the incidence curve
emerged after several years on trial with non-small cell lung cancers diagnosed more
frequently in the CEE plus MPA group. In addition, there were significantly more poorly
differentiated cancers and cancers with metastatic spread diagnosed in the CEE plus MPA
group. These findings, together with the significant increase in deaths after a non-small cell
lung cancer diagnosis, suggest combined hormone therapy’s major influence may be on
stimulating growth of already established non-small cell lung cancers.

Considering all participants, risk of death from lung cancer was significantly higher for
women in the CEE plus MPA group. The estimated effect of CEE plus MPA use on death
from lung cancer was not modified by smoking status (P for interaction = 0.78). Hence,
among never smokers, where the absolute risk is very low, the attributable risk for CEE plus
MPA was similarly small. However, among women with elevated risk associated with
smoking, the number of lung cancer deaths attributable to CEE plus MPA rises substantially.
Based on these findings, women at elevated risk for lung cancer from smoking should be
made aware of this additional hazard if considering beginning or continuing combined
hormone therapy.

Precise allocation of the cause of death following a lung cancer diagnosis by medical record
review is challenging given the common underlying co-morbidities and potential for
interaction with cancer therapies. Nonetheless, the vast majority of deaths after lung cancer
in this trial were attributed to lung cancer. In addition, we report comparable findings
regarding total lung cancer mortality and non-small cell lung cancer mortality regardless of
attributed cause of death. The current findings provide a plausible explanation for at least
part of the trend for an increase in overall cancer mortality seen in the combined hormone
therapy gr%up during the postintervention period of the WHI clinical trial of estrogen plus
progestin.

Strong evidence suggests estrogen simulates angiogenesis 22: 23 and increased angiogenesis
is linked to tumor metastatic potential in both breast and lung cancer. 24: 25: 26 |n addition,
angiogenesis inhibition has proven an effective intervention strategy in both diseases. 27+ 28
Thus, the stimulatory influence of estrogen on angiogenesis provides one potential
mechanism for a differential mortality effect on lung cancer by facilitating early metastatic
spread of established lung cancers. As combined hormone therapy had been shown to
interfere with mammographic breast imaging, 2 29 alternatively, a delay in lung cancer
diagnosis through interference with imaging detection of lesions limited to the lung could be
considered. The significant increase in lung cancers diagnosed with distant metastases in the
combined hormone group in this report is consistent with either potential mechanism.

Gender differences in lung cancer outcome suggest a role for hormonal influences. Women
have higher survival rates then men following lung cancer diagnoses 39-32 with most reports
focusing on non-small cell lung cancer outcomes. While only providing indirect evidence of
a role of estrogen based on the assumption that age can be a surrogate for menopausal status,
multivariate analyses of pooled data from two large non-small cell lung cancer clinical trial
databases have reported that older women (> 60 years old) had a survival advantage
compared to younger women, but a similar age effect was not seen in men. 16: 33 More
direct evidence comes from studies in men and women being treated for advanced non-small
cell lung cancer where high estradiol levels were associated with higher mortality risk. 16:17
Based on such results, non-small cell lung cancer treatment strategies targeting estrogen
receptor expression have been proposed. 11 The current clinical findings provide support for
such efforts.
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Prior observational studies on postmenopausal hormone therapy and lung cancer incidence
have been mixed with some showing lower risk, 14: 34: 35 and others no influence 36: 37 and
higher risk 38 39 associated with hormone use. For influence on lung cancer mortality, only
two retrospective studies have been reported. In one, women diagnosed while using
unspecified menopausal hormone therapy had significantly shorter survival than non-users.
40 |_ung cancer survival was not associated with menopausal hormone therapy use in a
second report. 41 Such observational studies have not provided details of the hormone
therapy regimen and do not commonly separate findings for small cell lung cancer and non-
small cell lung cancer. Future studies should specify category of therapy used (combined
estrogen plus progestin vs estrogen alone), duration of use and category of impacted disease
(non-small cell lung cancer vs small cell lung cancer).

The Heart and Estrogen/Progestin Replacement Study (HERS) is a randomized clinical trial
that entered women at risk for or with prior coronary heart disease and evaluated the same
hormone therapy used in the WHI trial of estrogen plus progestin. In HERS, with fewer
participants and somewhat shorter follow-up, more lung cancers were seen in the hormone
group (37 vs 27 cases, respectively HR 1.39 95% CI 0.84, 2.28) but the difference was not
statistically significant. 42

Strengths of the study include the randomized double-blind study design, the large ethnically
diverse study population, the balanced tobacco exposure, and the central adjudication of the
lung cancer outcomes. Limitations include the modest number of lung cancers, the absence
of information on therapy after diagnosis and the increased possibility of a chance finding
based on the nature of post hoc analyses. This trial evaluated one regimen given for about
five and a half-years and cannot provide information on other oral or topical hormone
therapies or other durations of use. Similar analyses on lung cancer will be conducted in a
parallel Women’s Health Initiative trial evaluating CEE alone in women with prior
hysterectomy.

In summary, in a post hoc analysis in a randomized clinical trial, use of CEE plus MPA did
not significantly increase the incidence of lung cancer but was associated with a
significantly increased risk of death from lung cancer in postmenopausal women. The effect
may primarily be through influence on non-small cell lung cancer outcome. Postmenopausal
women, especially those at elevated baseline risk of lung cancer, such as current smokers or
long term past smokers, should consider this additional hazard before beginning, or
continuing, combined menopausal hormone therapy.
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Alan Kristal, Janet Stanford, Nicole Urban, Noel Weiss, Emily White; (Medical Research
Laboratories, Highland Heights, KY) Evan Stein, Peter Laskarzewski; (San Francisco
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LaJolla/Chula Vista, CA) Robert D. Langer, Michael H. Criqui, Gregory T. Talavera, Cedric
F. Garland, Matthew A. Allison; (University of Cincinnati, Cincinnati, OH) Margery Gass,
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Aronson; (University of Medicine and Dentistry of New Jersey, Newark, NJ) Norman
Lasser, Baljinder Singh, Vera Lasser, John Kostis, Peter McGovern; (University of Miami,
Miami, FL) Mary Jo O’Sullivan, Linda Parker, JoNell Potter, Diann Fernandez, Pat Caralis;
(University of Minnesota, Minneapolis, MN) Karen L. Margolis, Richard H. Grimm, Mary
F. Perron, Cynthia Bjerk, Sarah Kempainen; (University of Nevada, Reno, NV) Robert
Brunner, William Graettinger, Vicki Oujevolk, Michael Bloch; (University of North
Carolina, Chapel Hill, NC) Gerardo Heiss, Pamela Haines, David Ontjes, Carla Sueta, Ellen
Wells; (University of Pittsburgh, Pittsburgh, PA) Lewis Kuller, Jane Cauley, N. Carole
Milas; (University of Tennessee Health Science Center, Memphis, TN) Karen C. Johnson,
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Washington University, Washington, DC) Valery Miller; (Kaiser Permanente Center for
Health Research, Portland, OR) Barbara Valanis; (Kaiser Permanente Division of Research,
Oakland, CA) Robert Hiatt; (National Cancer Institute, Bethesda, MD) Carolyn Clifford?;
(National Heart, Lung, and Blood Institute, Bethesda, Maryland) Linda Pottern; (University
of California at Irvine, CA) Frank Meyskens, Jr.; (University of California at Los Angeles,
CA) Howard Judd®; (University of Cincinnati, Cincinnati, OH) James Liu, Nelson Watts;
(University of Miami, Miami, FL) Marianna Baum, (University of Minnesota, Minneapolis,
MN) Richard Grimm; (University of Nevada, Reno, NV) Sandra Daughertyl; (University of
North Carolina, Chapel Hill, NC) David Sheps, Barbara Hulka; (University of Tennessee
Health Science Center, Memphis, TN) William Applegate; (University of Wisconsin,
Madison, WI) Catherine Allenl; (Wake Forest University School of Medicine, Winston-
Salem, NC) Denise Bonds.

1Deceased.
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Figure 1.

Kaplan-Meier cumulative hazards for incidence from lung cancer by category,
randomization group and by time in the trial. Hazard ratios (HR), 95% confidence interval
(CI), and P-values are from Cox proportional hazards regression models, stratified by age
and dietary modification randomization group.
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Figure 2.

Kaplan-Meier cumulative hazard for death from lung cancer by category, randomization
group and time in the trial. Hazard ratios (HR), 95% confidence interval (CI), and P-values
are from Cox proportional hazards regression models, stratified by age and dietary
modification randomization group.
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Table 1

Descriptive Characteristics by Randomization Group

CEE+MPA Placebo
N % N %
Number participants randomized 85061 1000 8102 100.0
Age at screening, y
50-59 2837 334 2683 331
60-69 3854 453 3655 451
70-79 1815 21.3 1764 21.8
Race/ethnicity
White 7141 840 6805 84.0
Black 548 6.4 574 7.1
Hispanic 471 55 415 5.1
American Indian 25 0.3 30 0.4
Asian/Pacific Islander 194 23 169 2.1
Unknown 127 15 109 1.3
Hormone use
Never 6277 73.8 6022 74.4
Past 1671 19.7 1587 19.6
Current2 554 65 490 6.1
Duration of prior hormone use, y
No prior use 6277 73.8 6022 74.4
<5 1534 18.0 1467 18.1
5-10 427 5.0 355 4.4
+10 263 31 255 31
Oral contraceptive use ever 3695 43.4 3447 425
Tobacco exposure
Smoking Status
Never 4178 49.6 3999 50.0
Past 3362 39.9 3157 39.5
Current 880 105 838 105
Cigarettes/day3
<25 3345 81.6 3175 82.0
25+ 752 18.4 698 18.0
Years Smoked, y
<30 2563 62.4 2422 61.9
30+ 1546 37.6 1490 38.1
Pack years of smoking
Never-smoker 4178 50.8 3999 51.1
<5 1119 13.6 1004 12.8
5-<20 1168 142 1140 14.6
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CEE+MPA Placebo
N % N %

>20 1763 21.4 1679 215

General health status

Excellent 1593 18.8 1513 18.8
Very good 3678 435 3539 440
Good 2656 314 2441 30.3
Fair 497 5.9 528 6.6

Historyoflungcancer4 3 <01 2 <01

Prior breast biopsy

No 6340 83.6 6278 83.3
Yes, 1 biopsy 956 12.6 972 12.9
Yes, > 2 biopsies 290 3.8 288 3.8
Physical activity, metabolic equivalents (METS), wk
None 1427 18.6 1356 17.9
>0-3.75 1501 19.6 1519 20.0
> 3.75-8.75 1356 17.7 1352 17.8
>8.75-17.5 1648 215 1634 215
>175 1739 227 1735 22.8

P-values from chi-squared tests of association demonstrated no significant differences for descriptive characteristics between randomization group.

Because of rounding, percentages may not all total 100.

1 . . . . .
Includes 331 women previously randomized to an estrogen alone group who were reassigned to the estrogen plus progestin group following a
protocol change as previously described.

2 .
Three months “wash out” required before entry

3 . . S . .
Current and previous smokers were combined when estimating the total number of cigarettes/day, years smoked, and past years of smoking.
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4Lung cancer diagnosed > 10 years previously.
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