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Abstract Higher circulating prolactin levels have been
associated with higher percent mammographic density among
postmenopausal women in some, but not all studies. However,
few studies have examined associations with dense area and
non-dense breast area breast or considered associations with
prolactin Nb2 lymphoma cell bioassay levels. We conducted a
cross-sectional study among 1,124 premenopausal and 8§90
postmenopausal women who were controls in breast cancer
case—control studies nested in the Nurses’ Health Study
(NHS) and NHSII. Participants provided blood samples in
1989-1990 (NHS) or 1996-1999 (NHSII) and mammograms
were obtained from around the time of blood draw. Multi-
variable linear models were used to assess the associations
between prolactin levels (measured by immunoassay or bio-
assay) with percent density, dense area, and non-dense area.
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Among 1,124 premenopausal women, percent density,
dense area, and non-dense area were not associated with
prolactin immunoassay levels in multivariable models
(p trends = 0.10, 0.18, and 0.69, respectively). Among 890
postmenopausal women, those with prolactin immunoassay
levels in the highest versus lowest quartile had modestly,
though significantly, higher percent density (differ-
ence = 3.01 percentage points, 95 % CI10.22, 5.80) as well as
lower non-dense area (p trend = 0.02). Among women with
both immunoassay and bioassay levels, there were no con-
sistent differences in the associations with percent density
between bioassay and immunoassay levels. Postmenopausal
women with prolactin immunoassay levels in the highest
quartile had significantly higher percent density as well as
lower non-dense area compared to those in the lowest quartile.
Future studies should examine the underlying biologic
mechanisms, particularly for non-dense area.
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NHS Nurses’ Health Study
BMI Body mass index
BBD Benign breast disease

CvV Coefficient of variation
ICC Intraclass correlation coefficient

Introduction
Mammographic density is the radiographic appearance of

the breast on a mammogram and is a strong predictor of
subsequent breast cancer risk [1]. Epithelial and stromal
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tissue in the female breast is radiodense and appears light
on a mammogram, whereas fat is radiolucent and appears
dark. Women with over 75 % dense tissue on a mammo-
gram have 4-6 times the risk of breast cancer compared to
women with little to no dense tissue [1, 2]. Mammographic
density is associated with a number of reproductive factors,
including parity, and is thought to represent cumulative
exposure to hormones.

Prolactin, a hormone involved in the normal differentia-
tion of mammary epithelium, may influence breast cancer
risk through cellular proliferation and survival [3]. Higher
circulating prolactin levels have been associated with higher
mammographic density among postmenopausal women in
some [4, 5], but not all studies [6, 7]. For example, in a
previous analysis of 489 postmenopausal women in the
Nurses’ Health Study (NHS), there was no significant asso-
ciation between prolactin and percent mammographic den-
sity [8]. The few studies in premenopausal women have not
observed an association [4, 7, 9]. In addition, only two
studies examined the association with non-dense area of the
breast [9, 10], with one study reporting an inverse association
with prolactin levels among postmenopausal women [10].
This area is of particular interest as the dense area and non-
dense area of the breast may have independent effects on
breast cancer risk [11, 12].

Prior studies have determined prolactin levels using an
immunoassay that measures multiple forms of circulating
prolactin. However, this immunoassay may not reflect
levels of bioactive prolactin, as prolactin isoforms have
varying biological activities [13, 14]. The Nb2 lymphoma
cell bioassay is a sensitive measure of somatolactogenic
activity of prolactin in plasma [15]; however, data on
prolactin bioassay levels and breast cancer or breast density
are limited [16]. Therefore, the purpose of this cross-sec-
tional study was to examine the association between cir-
culating prolactin levels, as measured by the Nb2
lymphoma cell bioassay, with measures of mammographic
density among both premenopausal and postmenopausal
women in the NHS and NHSII. Further, we updated our
previous analysis of prolactin immunoassay levels and
percent density to include over 1,100 premenopausal
women as well as approximately 400 additional postmen-
opausal women. Further, this updated analysis also exam-
ines the relationship between prolactin levels with dense
area and non-dense area of the breast.

Materials and methods
Study population

The NHS cohort began in 1976 when 121,700 female
registered nurses, 30-55 years of age and residing in 11
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U.S. states completed an initial questionnaire. In 1989,
116,430 female registered nurses, aged 25-42, from 14
U.S. states completed an initial questionnaire forming the
NHSII cohort. Both cohorts are followed by biennially
mailed questionnaires to collect information on exposures
and covariates as well as incident diseases.

In 1989-1990, 32,826 NHS participants, aged 43-70,
provided blood samples. Between 1996 and 1999, we
obtained blood samples from 29,611 NHSII members, aged
32-45 years. Characteristics of both cohorts and blood
collection details have been described previously [17-20].
Briefly, in the NHSII, premenopausal women who had not
taken any type of hormones, been pregnant, or breastfed in
the previous 6 months (n = 18,521), provided timed blood
samples on the third to fifth day of their menstrual cycle
(follicular sample) and 7-9 days before the anticipated
start of their next cycle (luteal sample). Follicular plasma
was aliquoted by the participant between 8 and 24 h after
collection and frozen. All NHS participants as well as
NHSII women who were ineligible to provide timed sam-
ples (i.e., perimenopausal, postmenopausal, had a simple
hysterectomy, currently used oral contraceptives or other
hormones, or declined to give timed samples; n = 11,090)
provided a single blood sample (referred to as “untimed”
samples). For both timed and untimed samples, women
shipped the blood to our laboratory, with an ice-pack, via
overnight courier, where the samples were processed,
separated into plasma, red blood cell, and white blood cell
components, and aliquoted into labeled cryotubes.

We restricted our analysis to women who were controls
in the NHS or NHSII nested breast cancer case—control
studies and were matched to cases diagnosed between 1990
and 2004 (NHS) or 1999 and 2007 (NHSII) [17, 21]. Breast
cancer cases were matched to one or two controls on age,
menopausal status at blood draw and diagnosis, current
postmenopausal hormone use (PMH), month, time of day,
fasting status at time of blood collection, and luteal day
(NHSII timed samples only). We collected mammograms
conducted as close as possible to the date of blood col-
lection for women in the nested breast cancer case—control
studies. Among controls in the NHS and NHSII case—
control studies, 2,939 had measures of prolactin immuno-
assay levels, mammographic density, and body mass index
(BMI). We next excluded five controls whose prolactin
immunoassay levels were determined to be outliers based
on the generalized extreme studentized deviate many-out-
lier detection approach [22]. We further restricted our study
population to the 1,124 women who were premenopausal at
both blood collection and mammogram as well as 890
women who were postmenopausal at both blood collection
and mammogram and who reported no current PMH use.
The median time between mammography and blood col-
lection was 9 months for premenopausal women and
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13 months for postmenopausal women. As part of another
nested study of prolactin Nb2 bioassay levels and breast
cancer risk, 551 of these women (317 premenopausal and
234 postmenopausal) had prolactin bioassay levels mea-
sured. The study was approved by the Committee on the
Use of Human Subjects in Research at the Brigham and
Women’s Hospital.

Laboratory assays

Prolactin was assayed by microparticle enzyme immuno-
assay in 12 batches for untimed samples in the NHS and in
three batches for luteal, follicular, and untimed samples in
the NHSII. We averaged the prolactin levels in follicular
and luteal samples among women in the NHSII who pro-
vided timed samples. Samples were assayed at the
Reproductive Endocrinology Unit Laboratory at the Mas-
sachusetts General Hospital using the AXSYM immuno-
assay system (Abbott Diagnostics, Chicago, IL) as well as
by Christopher Longcope, MD (University of Massachu-
setts Medical Center, Worcester, MA), using the IMx
System (Abbott Laboratory, Abbott Park, IL). The corre-
lation between the two laboratories was 0.91 and across
different batches within the same dataset was greater than
0.95. The limit of detection was 0.6 ng/mL. Nb2 was
assayed in the NHS in 65 batches and in the NHSII in 39
batches, for a total of 104 batches consisting of approxi-
mately 25-30 women each. The Nb2 bioassay for biolog-
ically active somatolactogen was performed in duplicate as
previously described [15, 23]. To assess prolactin vari-
ability, 10 % blinded replicate quality control (QC) sam-
ples were randomly interspersed across the entire set of
participant samples. All immunoassay batches had QC
samples; however, due to the smaller batch size of the
bioassay, 77 of the 104 bioassay batches included blinded
QC samples. Average within batch coefficients of variation
(CVs) was less than 12 % for the immunoassay. For the
bioassay, within batch CVs were calculated either using
blinded QC samples (n = 77 batches) or using the average
CV of the duplicate participant samples within a batch if
blinded QCs were not available (n = 27 batches). For 97 of
the batches, CVs ranged from 03 to 173 %
(mean = 7.0 %). Seven batches had CVs above 20 %
(range 21.5-26.6). Therefore, we conducted a sensitivity
analysis excluding these seven batches. The between batch
CV for the bioassay was 40 %.

Mammographic density

The craniocaudal views of both breasts were digitized with
a Lumisys 85 laser film scanner. Using the Cumulus soft-
ware for computer-assisted thresholding, we measured
absolute dense area, absolute non-dense area (the total area

minus the dense area), and percent dense area (the dense
area divided by the total area) and averaged the density
parameters of both breasts. Images from NHS participants
were read in two batches by two readers. In NHSII, a single
observer read the mammograms in two batches, 3 years
apart with a small number of mammograms included in
both batches. While there was high reproducibility within
each batch, there was evidence of between batch variability
in the NHSII. Therefore, for the overall NHSII breast
cancer case—control mammography dataset, we used mul-
tivariable linear regression models to estimate the effect of
batch on density measurements, controlling for age, men-
opausal status, BMI, and case—control status [18]. We then
adjusted density measurements in the second NHSII batch
by adding the coefficient for mammogram batch to the raw
value to estimate the measurements that would have been
obtained if the mammogram had been included in the first
batch. For all batches, readers were blinded to case—control
status.

Covariate data

We used the covariate information from the biennial
questionnaire preceding the mammogram date to obtain
data on the following covariates: BMI (kg/m?), history of
benign breast disease (BBD), family history of breast
cancer, age at menarche, age at first birth and parity,
breastfeeding, smoking, alcohol intake, past PMH use, and
age at menopause.

Statistical analysis

Due to batch-to-batch variation over time, we recalibrated
prolactin immunoassay and bioassay levels from all bat-
ches to have a comparable distribution to an average batch
according to methods outlined by Rosner et al. [24]. Using
this method, we assumed that all batches combined rep-
resented an average batch. We then regressed prolactin
immunoassay or bioassay levels on indicator variables for
batch as well as the following covariates: age, BMI, fasting
status, time of blood collection, parity, history of PMH use,
and use of antidepressants at the time of blood collection.
Prolactin immunoassay and bioassay levels were then re-
calibrated based on the coefficients for each batch and the
average of the batch coefficients. We classified the recali-
brated values into quartiles based on the overall
distribution.

We used generalized linear models adjusting for match-
ing factors to evaluate the association of prolactin immu-
noassay and bioassay levels with mammographic density.
These models accounted for any correlation between con-
trols that were matched to the same case. We modeled
square-root-transformed dense area and non-dense area on
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mammogram as outcomes since both distributions were
skewed. We estimated the difference from the lowest
quartile of percent density, square-root dense area, and
square-root non-dense area for each quartile of prolactin
levels. We tested for trend using Wald tests by ordinally
modeling the median of the quartiles. Our primary model
adjusted for age (continuous) and matching factors with
subsequent models additionally adjusting for correlates of
prolactin and breast density including history of BBD,
family history of breast cancer, age at menarche, age at first
birth, parity, breastfeeding, antidepressant use, smoking
status, alcohol use, BMI, as well as past PMH use and age
at menopause (among postmenopausal women). To deter-
mine if the associations between prolactin levels and per-
cent density varied by age (<45, 45+ years for
premenopausal; <60, 60+ for postmenopausal), BMI (<25,
25+ kg/m?), cohort (NHS, NHS2; in premenopausal
women) and sample type (timed, untimed; in premeno-
pausal women), we calculated Wald tests for the interaction
term between the ordinal median variable for the hormone
and the binary age, BMI, cohort, and sample type variables.
In addition, we conducted a secondary analysis restricting
our analysis of prolactin immunoassay levels to the 551
women who also had Nb2 bioassay levels measured to
allow a better comparison between the two assays. Lastly,
in sensitivity analyses, we restricted to parous women,
restricted to NHS women among postmenopausal women,
and excluded seven batches with CVs > 20 % in our ana-
lysis of prolactin Nb2 bioassay levels. We considered a
two-sided p value of less than 0.05 to be statistically sig-
nificant and used SAS 9.2 software (SAS Institute, Cary,
NC, USA) for all analyses.

Results

For both pre- and postmenopausal women, those in the
highest category of percent mammographic density were
younger, had a lower BMI, were more likely to be nul-
liparous, and were more likely to have a history of BBD
compared to women in the lowest quartile of mammo-
graphic density (Table 1).

In multivariable models, we did not observe a statisti-
cally significant association between prolactin immunoas-
say levels and percent mammographic density, dense area,
or non-dense area in the 1,124 premenopausal women
(p trends > 0.10) (Table 2). For example, in our fully
adjusted model, women in the highest quartile of prolactin
levels had 2.24 % points higher percent mammographic
density than women in the lowest quartile (95 % CI —0.79,
527, p trend = 0.10). Among 890 postmenopausal
women, those in the highest quartile of prolactin levels had
significantly higher percent mammographic density
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compared to those in the lowest quartile of levels (differ-
ence = 3.01, 95 % CI 0.22-5.08); however, the trend
across quartiles did not reach statistical significance
(p trend = 0.07). Interestingly, prolactin immunoassay
levels were significantly inversely associated with non-
dense area (p trend = 0.02), but not with dense area
(p trend = 0.40).

Next, we examined the association between prolactin
and mammographic density among the 551 women with
prolactin measured by both the immunoassay and Nb2
bioassay. Among 317 premenopausal women, both pro-
lactin immunoassay and bioassay levels were positively
associated with percent density, though the difference
between extreme quartiles of prolactin was significant only
for immunoassay levels. Women in the highest quartiles of
prolactin levels had 6.51 (95 % CI 0.19, 12.82,
p trend = 0.05) and 3.85 (—2.23, 9.93, p trend = 0.22)
percentage point higher density compared to women in the
lowest quartiles, for the immunoassay and bioassay,
respectively (Table 3). The association between bioassay
levels and percent density in premenopausal women
was somewhat stronger when we restricted to bioassay
batches with CVs <20 % (N =296; comparable
difference = 5.79 % points, 95 % CI —-0.56, 12.15;
p trend = 0.08). There was no significant association
between prolactin immunoassay or Nb2 bioassay levels and
dense or non-dense area (p trends > 0.09, respectively).
Among 234 postmenopausal women, there was no associ-
ation between prolactin immunoassay levels and percent
density, dense area, or non-dense area (p trend = 0.89,
0.70, and 0.79, respectively) (Table 4). In contrast, there
was a significant inverse association with non-dense area
(p trend = 0.01) as well as a non-significant positive
association between prolactin Nb2 bioassay levels and
percent density (p trend = 0.06) among these same
women. Women in the highest quartile of prolactin Nb2
bioassay levels had 4.80 % points higher mammographic
density compared to women in the lowest quartile (95 %
CI —1.81, 11.42). However, the association between bio-
assay levels and percent density in postmenopausal was
stronger when we restricted to the batches with
CVs <20 % (N = 220; comparable difference = 5.60,
95 % CI —0.96, 12.16; p trend = 0.03). The association
between prolactin immunoassay levels and percent density
did not vary by age for either premenopausal (p-interac-
tion = 0.22) or postmenopausal women (p-interac-
tion = 0.61) nor by BMI for either premenopausal (p-
interaction = 0.29) or postmenopausal women (p-interac-
tion = 0.45). Further, the association did not differ by
cohort (p-interaction = 0.23) or sample type (p-interac-
tion = 0.35) among premenopausal women. Lastly, the
association among postmenopausal women was similar
when we excluded NHS2 postmenopausal women (e.g.,
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Table 1 Characteristics of 1,124 premenopausal and 890 postmenopausal women by quartile of percent mammographic density, NHS and

NHSII, mean (SD) or N (%)

Premenopausal

Postmenopausal

Percent Mammographic Density

Percent Mammographic Density

01 (<24 %) Q2 03 04 57+ %) 01 (<9 %) 02(9-18 %) QO3 04 31+ %)
N = 281 (2440 %) (40-57 %) N = 281 N =222 N =223 (18-31 %) N =224
N =281 N =281 N =221
Mean (SD)
Age (years) 47.5 (4.3) 46.8 (4.5) 45.8 4.3) 454 (4.3) 62.4 (6.1) 61.9 (6.7) 61.0 (7.8) 58.1 (7.8)
BMI (kg/m?) 29.8 (6.1) 25.6 (4.2) 24.0 (4.0) 22.2 (2.9) 30.0 (5.8) 26.9 (4.9) 25.5 (4.5) 23.5 (3.6)
Age at menarche 12.1 (1.4) 12.4 (1.4) 12.6 (1.4) 12.7 (1.4) 12.6 (1.6) 12.4 (1.3) 12.6 (1.4) 12.6 (1.5)
Parity (among 2.7 (1.1) 2.6 (1.0) 2.5 (1.0) 2.3 (0.8) 3.6 (1.7) 3.7 (1.8) 3.4 (1.5) 3.0 (1.5)
parous)
Age at first birth 25.3 (4.2) 26.1 (4.1) 26.3 (4.2) 26.2 (3.9) 253 (3.2) 25.0 3.2) 25.6 (3.5) 25.7 (3.5)
(among parous)
Alcohol (gm/day) 4.3 (7.8) 4.1 (6.5) 5.3 (8.7) 4.9 (8.5) 5409.2) 53 8.7 4.7 (8.3) 6.6 (9.9)
Age at menopause — - - - 50.0 (4.0) 49.5 (4.7) 49.2 (4.7) 47.9 (6.0)
(years)
N (Percent)
Nulliparous 29 (10.3) 23 (8.2) 40 (14.2) 49 (17.4) 9 4.1) 7 (3.1) 18 (8.1) 29 (13.0)
Breastfeeding (among parous)
Never 81 (32.1) 58 (22.5) 48 (19.9) 60 (25.9) 99 (46.5) 96 (44.4) 82 (40.4) 81 (41.5)
1-18 months 100 (39.7) 119 (46.1) 105 (43.6) 114 (49.1) 96 (45.1) 96 (44.4) 99 (48.8) 91 (46.7)
184 months 71 (28.2) 81 (31.4) 88 (36.5) 58 (25.0) 18 (8.5) 24 (11.1) 22 (10.8) 23 (11.8)
History of BBD 114 (40.6) 119 (42.4) 140 (49.8) 176 (62.6) 74 (33.3) 90 (40.4) 93 (42.1) 116 (51.8)
Family history of 18 (6.4) 34 (12.1) 26 (9.3) 26 (9.3) 31 (14.0) 34 (15.3) 36 (16.3) 31 (13.8)
breast cancer
Smoking
Never 158 (56.2) 158 (56.2) 184 (65.5) 189 (67.3) 95 (42.8) 95 (42.6) 126 (57.0) 120 (53.6)
Past 94 (33.5) 100 (35.6) 77 (27.4) 76 (27.1) 101 (45.5) 97 (43.5) 79 (35.8) 77 (34.4)
Current 29 (10.3) 23 (8.2) 20 (7.1) 16 (5.7) 26 (11.7) 31 (13.9) 16 (7.2) 27 (12.1)
Past PMH Use - - - - 72 (32.4) 78 (35.0) 87 (39.4) 73 (32.6)
Cohort
NHS 146 (52.0) 120 (42.7) 89 (31.7) 105 (37.4) 217 (97.8) 215 (96.4) 209 (94.6) 197 (88.0)
NHSII 135 (48.0) 161 (57.3) 192 (68.3) 176 (62.6) 5(2.3) 8 (3.6) 12 (5.4) 27 (12.1)
Timing of blood sample
Untimed 199 (70.8) 180 (64.1) 139 (49.5) 151 (53.7) 222 (100.0) 223 (100.0) 221 (100.0) 224 (100.0)
Timed 82 (29.2) 101 (35.9) 142 (50.5) 130 (46.3) - - - -

difference between extreme quartiles = 3.02, 95 % CI
0.21, 5.84, p trend = 0.06). Overall, the observed associ-
ations were similar when we restricted to parous women
(data not shown).

Discussion

In our analysis of over 1,100 premenopausal women, there
was no association between prolactin immunoassay levels
and mammographic density. Among 890 postmenopausal
women, we observed higher percent density among women
in the highest quartile of prolactin immunoassay levels as

well as an inverse association between immunoassay levels
and non-dense area. In a subset of 234 postmenopausal
women, there was a non-significant positive association
between percent density and prolactin levels measured by
the Nb2 lymphoma cell bioassay, but not for prolactin
levels measured by the immunoassay. Our results are
consistent with several studies that have observed no
association between prolactin immunoassay levels and
percent density, dense area, or non-dense area among
premenopausal women [4, 7, 9]. In our previous analysis of
489 postmenopausal women in the NHS, we observed that
women in the highest quartile of prolactin levels had a non-
significant 3.7 % point higher percent density [25]. In our

@ Springer



Breast Cancer Res Treat (2015) 149:245-253

250

(snonunuod) [INF PUe g [OPOJN Ul SABLIEAOD SOpN[ou]

(A1uo Tesnedousunsod) asnedousw je o3e

pue ‘(Auo Tesnedousunsod) asn HIAJ Ised ‘(uarmo ‘ised ‘roasu) smyeys Jurjows (Surssta ‘p/3 GT< ‘ST> -GS ‘6> ‘) uonduwmnsuod [oyoore ‘(sypuonr 487 ‘Syjuour §T—] ‘yyuow [>) Jurpasjisealq
(189K 4-G7 YMIIq ISIY JB 938 UIP[IYD +¢ TedA 7> YMIq IsIY T8 9Fe UIP[IYD +¢ ‘TedA )¢ < YMIq ISIY Je 988 UIP[IYD 7—] ‘TBdA 7—GT YMIq ISI Je oFe UdIp[Iyo ¢—[ ‘Jeak Gz> YiIq ISy Je o3e
URIP[IYO g—T “snoxedr[inu) yuriq 181y Je d8e pue Ayired ‘(+4[ ‘€T ‘7T ‘C1>) dyoreuaur je o3k ‘(ou/sak) 100ued 1searq Jo A1oisty A[rurey (ouysok) pqq jo LI03SIY pue [ [OPOJA UT SOJRLIZAOD sopnpou]

110400 pue ‘(wd gg:]1—we

00:8 ‘We 6G:/—We ()0:9 ‘We 6G:G—We 7[) ABp JO SwN ‘(JBaW ISB[ d0UIS [ < ‘Umoujun Io 4 ¢>) snjels Junsej {(Snonunuod) merp poojq Jo yiuour ‘(snonunuod) AyderSowwrew je a3e ;| [9pON

w0 (S0°0— *96'0—) 15°0— (10°0 °L8°0—) €70~ (9€°0 ‘0S°0—) LO'0O— P 69°0 (€€°0 '96°0—) TI'0— (L0°0 *8L°0—) 9€°0— (LT0 '95°0—) S1°0— o qC [PPON
1000°0> (0¥'0— 65" 1—) 66'0— (1§°0— "99'1—) 80°'1— (01°0 *€0'T—) 9¥'0— P €ro (170 '¥6'0—) 9€°0— (S0°0 '90'T—) 050~ (LS0 *€5°0—) TO'0 o el [OPOIN
(;wo) eare dsusp-uou j001-21enbg
0v'0 (0L0 ‘'¥1°0—) 8T0 (F¥°0 ‘8€°0—) €00 (9L°0 *€0°0—) LEO R 81°0 (89°0 91'0—) 90 (€50 '8T°0—) €10 (Tr0 °L€0-) €00 o qC [PPOIN
100 (60°T “1Z°0) §9°0 (¥8°0 ‘10°0—) 1+°0 (€6°0 ‘60°0) 1670 R €00 (S8°0 '20°0—) 1+0 (L9°0 *'91°0—) 90 (I¥°0 ‘1+°0—) 000 o el [9PON
(;uo) eaIe dsuap j001-d1enbg
LO0 (08'S ‘TT’0) 10°€ (867 ‘S¥'0—) LTT (9T°S '80°0) L9'CT P oro (LT '6L0—-) vTT 91°5 *99'0—) STT (¥0°€ *99'C—) 61°0 o qC [PPOIN
1000°0> (IT°6 '9L°7) 66'S (606 ‘06T) 66'S WILETD €1 d 100 (LTL0T0) €L°E (L99 ¥1°0—) 9T'€ F9T *LOY—) TL0— o el [PPOIN
(%) Aysuap Ju2dIog
(2T =N) (Tt =N) Wee=N) (=N (8T =N) (08T =N) (sc=nN) (U8T=N)
puon d +6°T1 ¥O STI-¥'6 €0 v'6-1'L 2O I'L>10 puwnd €L1 <¥0 €'L1-6C1 €0 $TI-€6 O €6> 10

(068 = N) [esnedouaunsod

($Z11 = N) [esnedouswalg

IISHN pue SHN 2y

ur uowom [esnedousunsod (8 pue uowom [esnedouswald 47 1] Suowe (Tuy/Su) s]PAJ Aesseounuwuul unoejoid ewseld jo saynrenb £q saseow Ajsuop orydesSowwuewr ur sAOUAISHIJ T dqeL

pringer

A's



251

Breast Cancer Res Treat (2015) 149:245-253

asn HIAJ 1sed pue‘(snonunuod) NG ‘(Quormnd ‘sed ‘10aou) sneys Jupjouwss ‘(Surssiu ‘p/3 G1< ‘61 > § ‘6> ‘0) uondwinsuod [oyodre ‘(sypuowt +8] ‘Sypuow §J—] ‘Yuow [>) SuIpasjIsealq
‘(1eak 467 yuIq 181y 18 938 USIP[IYD +¢ “IBIA G7>> YMIQ ISIY JB 938 UIP[IYD +¢ “IBOA ()¢ < UMIQ ISIY JB 988 UIP[IYD 7—] ‘IaK 67—G7 UYMIq ISIY JB 9. UIP[IYd 7—] ‘Ieak G7> YuIq Is1y Je o3e
UAIP[IYd 7 ‘snorediynu) yaiq is1y Je 95e pue Ayred ‘(+41 ‘€T ‘T “C1>) dydTeuaw Je 93k (ou ‘sak) 10oued JseaIq Jo A101sty A[rurey ‘(ou ‘sak) pqq Jo AI0IST( pue [ [9POJA UT SAIELIZAOD SOPN[IU]

(wd gG:11—we
00:8 ‘We 6G:/—WE ()):9 ‘We §G:G—We Z[) ABp JO SWN) ‘([BIW ISL] AIUIS § §< ‘UMOUNUN IO [ §>) SNIBIS Sunse] ‘(snonunuod) merp poojq Jo yiuow ‘(snonunuod)AyderSowwew je a3e ;| [OpON
10°0 (010 ‘8'1-) ¥L'0— (I1°0— 69'1—) 06'0— (0€'T “67°0—) 050 REN | 6L°0 (00T “€L'0—) ¥1°0 (89°0 ‘66'0—) S1'0— (98°0 “6L°0—) ¥0°0 REN | qC [PPOIN
1000°0> (PE0— SST—) vr'1— (000 “L1'T—) 60'1— (r¥'1 “TL'0—) 9€°0 R 96'0 @1 11'1-) 900 (P€°0 “L8'1—) LL'O— (S6'0 ‘9T 1) S1°0— RE ! ol [OPOIN
ANES BAIE SUIP-UOU J00I-a1enbg
8¢0 (€€T ‘6¥'0—) TF'0 (¥9°0 “60'1—) TT0— (L8'0 ‘¥8'0—) 200 REN | oLo (0T'1 ‘09'0—) 0£°0 (8L°0 ‘96'0—) 60°0— 9T'1 “L¥'0—) 0¥'0 Jd qC [PPOIN
100 (86'T 91°0) LO'T (01°T '89'0—) 120 (060 °L8'0—) 10°0 RS wo @r'1 *Ly'0-) LY0 (€0°'T '9L°0—) ¥1°0 (9T°T '€5°0-) LEO o oI [OPOIN
(;u0) eare Asudp joor-arenbg
900 @y 11 “18°1—) 08'¥ (¥6'6 '€L'T—) 09°€ (86 '89'L—) SE'T— REN| 680 (8F°L 'SE'S—) LO'T 9L vLY—) ST OTTT ‘S0°T—) LO'S RN | qC [PPOIN
1000°0> (5091 ‘08'1) T6'8 (ETET *8L°0—) TT9 (WI°L *L9'9—) €T0 REN| €L°0 (656 91'S—) 17T (8E'TT “LST—) T¥'Y (€11 “€ST—) Sv'v P el [PPOIN
(%) Ansuap uao19d
8s=N) (6 =N) 8s=nN) (65 =N) 09 =N) Ls=nN) Ls=n 09 =N)
puan d +9'6 ¥O 9'6-99 €0 99-8v70 Sv>10 puwnd +$C1 ¥O STI-1'6 €0 1'6-0LT0 O0L>10

(+€¢ = N) (1w/Su) Kesseorq unoeoiq

(€2 = N) (Juy/3u) Aesseounuwiwi] unoe[OId

IISHN Pue SHN 2y ur uswom [esnedousunisod ¢ Suowre (Tu/3u) S[9AJ] Aesseolq pue Aesseounurur unoejoid ewsed jo somaenb £q sarmseow Kjsuop omyderSowwew ur sooUAIJIJ H dqeL

(snonunuod) JINg pue 7 [SPOJAl Ul S9IBLIBAOD SIpNou]

(quonmno ‘sed ‘10A0u) snjeys Jupjowss pue ‘(Suissiut ‘p/3 GI< ‘6] > G ‘6> Q) uondwnsuod [oyode ‘(sypuow +§J ‘syjuow 1—| ‘Yruowr [>) JuIpadJIsealq
‘(18ak 467 yaaq 181y 18 988 UAIP[IYD +¢ ‘TBIA G7> UMIQ ISIY JB 938 UIP[IYD +¢ oA ()< YMIq Is1Y Je 93k UdIp[IYd ¢—] ‘TBdA 67—GT YMIq IS1Y I8 988 UAIp[IYd 7—] ‘IBdA ¢7> UMIq IsIy Je o3e
uIp[Iyo g—1 ‘snoxedifnu) yuaiq isiy je oe pue Ared ‘(441 ‘€ ‘71 ‘C1>) dyoreusur Je a3e ‘(ou/sak) Iooued Isealq Jo K103s1y Afrwe] ‘(ou/sok) pqq Jo AI0ISIy pue | [OPOJA Ul SOJBLIBAOD SIpN[ou] q

110400 pue ‘(wd gg:1]-we

00:8 ‘WE 6G:/—UWE )0:9 ‘WE GG:G—We g[) Aep JO W) ‘(e ISe] dUIS ] §< ‘UMOUUN IO [ §>) snjels Sunsey ‘(Snonunuod) merp pooiq Jo yuow ‘(snonunuod) AyderSowwrew je oSe 1] [OPOIN ,

18°0 (¥9°0 ‘01'1—) €20~ (8€°0 ‘0€'1—) 9'0— (80°0 ‘09'T—) 9L°0— d ¥9°0 (6,0 ‘00'T—) 01°0— (LT0 ‘1S T—) L90— (080 ‘$8°0—) €0°0— d qC [PPOIN
6€°0 (29°0 ‘¥S'1—) 9¥'0— (€1°0 ‘S6'1—) 16'0— (S'0 “¥9'1—) 650~ Jod 86'0 (621 “06'0—) 020 (6T°0 “08'1—) 9L'0— (I€°T *8L°0—) 920 3d el [PPON
(;wo) eare dsudp-uou jooI-arenbg
8C°0 61°T 1S0-) €0 (ST'1 °6€°0—) €¥'0 (89°0 '$60—) ¥1°0— 3o 600 (SL'T '¥0°0) 060 (FO'T *65°0—) €20 WF'1°$1°0-) 90 Jod qC [PPON
S 8I'T IS0 ¥€°0 Op'1 °L1'0—) $9°0 (€L°0 '06'0—) 60°0— 3o 81°0 (SS'T °L1°0—) 690 (6€°71 °LT0-) 9570 (S¥'1 °61°0—) €90 Y el [PPON
(;u0) vare dsuop joo1-21enbg
o (€66 ‘€TT—) S8°€ (€86 'S6'T—) ¥6'€ (26'8 '08'C—) 90°€ Jod 00 (T821 “61°0) 1S9 (LSOT “LET—) 09'F (016 '€9C—) €TE 3 qC [PPOIN
01°0 (8LTT ‘OLT—) +0'S (0€°€T *8T°0) 6L°9 (6£6 '89°€—) S8'C Jod 8C°0 (TTOl “LS€—) TE€E (8611 ‘TTT—) 8€'S (8LL *€€'s—) €T'1 3 el [PPON
(%) Aysuap Ju2dIog
08 =N) 8L=N) (6L =N) 08 =N) 08 =N (6L =N) (6L =N) (6L =N)
puan d 611 <0 6'11-8'8 €0 8'8—+'9 2O ¥9>10 puend v'LT <¥0 ¥'LI-0°€T €0 0°€1-CT'6 CO T6>10

(L1€ = N) (Tw/3u) Kesseorg unode[oid

(L1€ = N) (quy3u) Aesseounuwrwa] uroR[0IJ

IISHN Pue SHN 2y ur uowom [esnedouswaid 7 1¢ Suowre (ui/3u) sjoaa] Aesseolq pue Aesseounwwut unoeoid ewsed jo sanrenb Aq saiseow Kjisuop oryderSowurewr ur SOUIRYI € dqe L,

pringer

A



252

Breast Cancer Res Treat (2015) 149:245-253

updated analysis, the association between prolactin
immunoassay levels and percent density was similar (dif-
ference of 3.0), but statistically significant due to the
increased sample size. These results are consistent with two
studies that observed a positive association between pro-
lactin immunoassay levels and percent mammographic
density among postmenopausal women [4, 5]. However,
two other large studies (N = 712 and 802) reported no
association [6, 7]. Differences between studies may be in
part be related to the use of different assays, different
sample types (e.g., serum vs plasma), and inclusion of
women on PMH at blood collection and/or mammogram in
some prior studies.

To our knowledge, only one study has examined the
association between prolactin levels and non-dense area
among postmenopausal women. Consistent with our study,
McCormack et al. observed that higher prolactin levels
were significantly associated with lower non-dense area,
but not with dense area [10]. These findings are contrary to
our hypothesis that higher prolactin levels would be asso-
ciated with an increase in dense area due to the prolifera-
tive effects of prolactin on epithelial cells. Further research
is necessary to confirm the potential inverse association
with non-dense area as well as to understand the mecha-
nism by which prolactin may affect the amount of fat in the
breast.

There was no consistent difference in the association
with percent density between prolactin immunoassay and
bioassay levels. In premenopausal women, the difference
between extreme quartiles was similar between the
immunoassay and the bioassay after we restricted to bio-
assay batches with CVs below 20 %. In postmenopausal
women, the association with percent density was somewhat
stronger for the bioassay compared to the immunoassay,
especially after excluding bioassay levels from batches
with high CVs. In two small breast cancer case—control
studies, the difference in prolactin levels between cases and
controls was greater for the bioassay than for the immu-
noassay [26, 27]. While these prior studies suggest that the
Nb2 lymphoma cell bioassay may measure the more bio-
logically relevant portion of circulating prolactin, we did
not observe consistent differences between the immuno-
assay and the bioassay with mammographic density or with
breast cancer risk in the full nested case—control study [16],
highlighting the need for additional research.

Our study has several limitations. While the CVs for the
prolactin immunoassay are low, there is likely some mea-
surement error. This measurement error should be non-
differential as the laboratory is blinded to density mea-
surements. Although the CVs for some bioassay batches
were high, we conducted a sensitivity analysis excluding
batches with higher or unknown CVs. We only have a
single measurement of prolactin levels, which may not be

@ Springer

representative of long-term levels. However, the 3-year
intraclass correlation coefficient (ICC) for the average of
prolactin levels for follicular and luteal samples for both
the immunoassay and bioassay was 0.64 among premeno-
pausal NHSII women. [16, 28] Among 79 postmenopausal
women in the NHS, the 3-year ICC was 0.53 for prolactin
immunoassay levels [29] and among 68 postmenopausal
women the NHS the ICC was 0.63 for the bioassay over
3 years [16]. These data suggest that a single measurement
of prolactin is representative of levels over at least a 3-year
period. Mammographic density measurements are highly
reproducible though there is the potential for some random
error. Since the mammogram reader was blinded to pro-
lactin levels any measurement error should be non-differ-
ential. The strengths of our study include the centralized
collection and reading of mammograms, high quality pro-
lactin assays, and detailed adjustment for correlates of
mammographic density.

Conclusion

Overall, this study suggests that prolactin levels are asso-
ciated with modestly higher percent mammographic den-
sity and lower non-dense area among postmenopausal
women. Additional research into the association between
prolactin and non-dense area of the breast may help elu-
cidate the role of prolactin in breast carcinogenesis.
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