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ABSTRACT

Positivity for hormonal receptors (HR) in breast cancer patients is associated both with a
better prognosis, and with variables predictive of favorable prognosis. A study was designed to
assess predictors of positivity of estrogen (ER) and progesterone receptors (PR). Data from
306 patientes with infiltrating ductal carcinomas who were consecutively diagnosed and treated
over a period of 20 months were included. Selected variables related to patients and tumors
(micro and macroscopic characteristics as well as immunohistochemically-determined tumor
markers) were studied. Bivariate analysis showed that some of variables were associated (p <
0.05) with the HR positivity: age > 60 years, post-menopause, age at menarche (> 11 years),
tumor size (< 4,0 cm), histological grade (low), nuclear pleomorphism (low), number of mitoses
(low), MIB-1 (negative) and p53 (negative). Unconditional logistic regression revealed that the
following variables were independent predictive factors of positivity of ER: age > 60 years (p
< 0,001), histological grade I (p < 0,05), positive PR (p < 0,001) and negative p53 (p < 0,05).
For PR, two models were evaluated: a) age > 60 years (p < 0,05), age at menarche > 11 years
(p < 0,05) and histological grades I and 11 (p < 0,05); b) histological grades I and 11 (p<0,05)
and positive ER (p< 0,001). In this study, only age at diagnosis, histological grade, PR and p53
were independents predictors of positivity of ER. Age at diagnosis, age at menarche and
histological grade (or histological grade and ER) predicted a positive PR.
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RESUMO

Os tumores de mama positivos para receptores de estrogénio (RE) e/ou de progesterona (RP),
além de apresentarem um prognostico mais favoravel, mostram associagdes com outras variaveis de
bom progndstico. A partir de um estudo com 306 carcinomas ductais infiltrantes de mama, foram
construidos modelos preditivos para a positividade dos RE e dos RP. Foram estudadas variaveis
relacionadas as pacientes e ao tumor (caracteristicas macro e microscopicas e marcadores tumorais
processados por imuno-histoquimica). Na andlise bivariada, algumas variaveis se associaram
estatisticamente com a positividade dos RE e RP, porém, na regressdo logistica ndo condicional
somente as seguintes varidveis foram fatores preditivos independentes; idade da paciente (RE e RP),
idade da menarca (RP), grau histolégico (RE e RP), RP (RE) e p53 (RE). De acordo com 0s
resultados deste estudo as variaveis idade da paciente ao diagndstico, grau histolégico, RP e p53
foram fatores preditivos para a positividade dos RE, enquanto que a idade da paciente, a idade da
menarca e o grau histolégico o foram para os RP.

Palavras-chave: neoplasias mamarias; carcinoma de ductos infiltrante; grau histoldgico; grau
nuclear ou pleomorfismo nuclear; receptores hormonais; marcadores bioldgicos de tumor; regressao

logistica.

INTRODUCAO

According to Rosen (1997), hormonal re-
ceptors (HR) are proteins that bind to circu-
lating hormones, mediating their cellular
effects. The most extensively studied receptors
in breast cancer are estrogen receptors (ER)
and progesterone receptors (PR)?.

According to Patino et al. (1988), some
two-thirds of breast cancers are HR-positive?,
but this figure varies from one author to
another. For example, while Zeng & Xu
(1991)2 found positive rates of 72% for ER
and 54% for PR, Elliott et al. (1994) found
60% and 44%, respectively*.

Most authors show a positive association
between the presence of a HR (ER and/or
PR) and a favorable prognosis, for both
disease-free and overall survival?®,

The literature also includes several studies
showing associations between the presence of
a HR (ER and/or PR) and other indicators of
good prognosis: white patients’; post-
menopausal patientst>71114 small tumor
size*>15; low histological grade®*315; low nuclear
grade®415; and low mitotic activity.

The findings are conflicting with regard
to tumor markers. While some studies show
associations between positive HR (ER and/
or PR) and absence of markers'®°, others have
failed to find such associations®-%,
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All these findings have important treatment
implications, since the value of HR (ER and
PR) studies in predicting response to
hormonal treatment for advanced breast
cancer is well-founded: positive response rate
is 77% for ER/PR-positive tumors; 46% for
ER-negative PR-positive tumors; 27% for ER-
positive PR-negative tumors; and 11% for ER/
PR-negative tumors.

Considering the relative scarcity of re-
search in Brazil on HR patterns in women
with breast cancer, this study focused on the
construction of predictive models for HR in
hospitalized patients with breast cancer and
their association with selected variables.

METHODOLOGY AND DATA
SOURCES

All malignant breast tumors (incident
cases) submitted to surgery with lymph node
dissection by the Mastology Service of the
Cancer Hospital/Brazilian National Cancer
Institute (HC/INCA), the largest public
reference hospital for cancer in the city of
Rio de Janeiro, Brazil, from January 1, 1995,
through August 31, 1996, were obtained. A
respective slide review was carried out twice
at the Anatomo-Pathology Service by two
pathologists (authors ALAE and LMMCR)



without consulting any other patient data.

Following a review of all available slides,
with a total of 398 tumors diagnosed previ-
ously as malignant, 306 were reclassified as
infiltrating ductal carcinoma (IDC), and only
this histological type was analyzed in this study,
considering both its higher prevalence and
Worse prognosis®#,

Macroscopic and microscopic study char-
acteristics were the following: type of surgical
specimen (quadrantectomy; segmentectomy;
simple mastectomy; Patey mastectomy; radical
mastectomy; other); tumor size (largest
diameter in centimeters); formation of tubules
(> 75%; 10 to 74%; < 10%); nuclear
pleomorphism (mild; moderate; intense);
number of mitoses per ten high-power fields,
hpf (< 10/hpf; 11 to 20/hpf; > 20/hpf);
histological grade as proposed by Bloom &
Richardson (1957)% and later modified by
Elston & Ellis (1991)% (well-differentiated or
grade I; moderately differentiated or grade
I1; poorly differentiated or grade I11); vascular
and or lymphatic invasion; multicentricity;
skin and/or nipple involvement; total number
of lymph nodes examined; total number of
lymph nodes involved by neoplasia; presence
of perinodal fat infiltration; and surgical limits
condition.

Recovery of antigen in the immunohis-
tochemical preparations was performed by
moist heat (pressure cooker). Method of
detection was the peroxidase-antiperoxidase
reaction (PAP), based on Sternberger et al.
(1970)* and adapted by Santos et al. (1995)%.
The preparations were also analyzed at the
same time by the two above-mentioned
pathologists. Assessment of stained neoplastic
cell distribution was performed, and only
those moderately or intensely stained were
considered positive; weakly stained cells were
considered negative. The cut-off used to
separate positive and negative stains was 10%
of stained cells (this criterion is used by vari-
ous authors in the specialized literature®>3s),
Other cut-off points used to quantify cell
staining were: (+) 10 to 25%; (++) 25 to 75%;
(+++) > 75%. The immunoreactivity was
localized in the nucleus for ER, PR, MIB-1,
PCNA, and p53, in the cell membrane for c-
erbB-2, and in intracytoplasmic granules for
catepsina-D.

Data obtained from patient files were the
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following: age at first diagnosis; time between
initial symptoms and first consultation at the
HC/INCA, age at menarche; age at meno-
pause for patients having reached menopause
naturally or by surgery; number of preg-
nancies, number of births and spontaneous
or induced abortions; age at first at-term
delivery for patients having given childbirth;
family history of breast cancer; degree of
affinity for family history of breast cancer
(mother; daughter; sister; grandmother; aunt;
cousin; other); family history of other types
of cancer; anatomical site of family cancer
(ovary; endometrium; colon; other).

Databank organization was performed
with EPI-INFO software version 6.04 (U.S.
Department of Health and Human Services
and Public Health Service and Centers for
Disease Control, USA). Bivariate analysis
included crude odds ratios (OR) with 95%
confidence intervals (CI) aimed to estimate
the degree of association between the study
variables and the HRs; chi-square test (c?) of
linear trend for ordinal variables; chi-square
test of independence (c?) to evaluate null
hypothesis of the observed associations;
Mantel-Haenszel OR (OR,,,) and 95%
confidence intervals, following stratification
of selected variables. Further, unconditional
logistic regression was developed for the
construction of parsimonious models in the
determination of hormonal receptors (ER and
PR) as outcome in patients with breast IDC,
using EGRET software (Epidemiological
GRaphics, Estimation, and Testing, version
0.26.6, 1985-1991, SERC & CYTEL).

Independent variables tested in the multi-
variate analysis (logistic regression) were
chosen following the previous stages (bivariate
and stratified analyses) as well as biological
criteria evaluated by the authors. Potential
confounders and variables showing significant
p-values (at 5%) for presence of interaction
were selected for logistic regression, as well
as variables of biological interest.

RESULTS

In this study the positivity for ER and PR
was, respectively, 55,2% and 41,8%.

The main associations observed between
the selected variables and ER and PR are
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presented, respectively, in Tables 1 and 2.
Firstly, a gradual and linear increase of OR
between ER-positivity and age was observed
(p < 0.0001) in Table 1, where the lower the
level of ER positivity, the higher the observed
OR. The same is shown in Table 2 for PR.

A statistically significant positive associa-
tion was also found between ER and meno-
pausal status (pre- vs. post-menopause), [OR
= 2.39 (95% CI = 1.38-4.16); p = 0.0008].
The association observed between PR and this
same variable was small and not statistically
significant (p = 0.37).

Using patient’s age as the main predictive
factor for the study outcomes, ER and PR,
[ER vs. patient’s age: OR_,. = 2.78 (95% ClI
= 1.67-4.64); PR vs. patient’s age: OR e =
1.75 (95% CI =1.06-2.87)], stratification was
performed for associations between ER and
patient’s age (Table 3) and PR and patient’s
age (Table 4) with the other variables described
above.

Candidate variables for inclusion in the
model were those which the stratified analysis
suggested to be potential confounders and/or
interaction variables (menarche, tumor size,
histological grade, number of mitoses, PR,
and p53 for ER outcome; and menarche, ER,
and number of mitoses for PR outcome). For
PR outcome, histological grade was also
included, since according to the literature,
high histological grade tumors tend to be PR-
negative®314,

Since interaction between age and number
of mitoses is biologically implausible, we
opted not to include an interaction term
between these variables.

The test models contained only the
following variables: (a) for the ER outcome:
patient’s age, tumor size, number of mitoses,
histological grade, menarche, PR (negative vs.
positive), p53 (positive vs. negative); (b) for
the PR outcome: patient’s age, menarche,
number of mitoses, histological grade, and
ER (negative vs. positive).

For modeling ER outcome, after several
attempts including and excluding variables
according to their isolated and model’s
statistical significance, we opted for that
containing the following variables: PR
(negative vs. positive), patient’s age (< 60 years
vs. > 60 years), p53 (positive vs. negative),
and histological grade (I vs. 11 vs. 1) (p <
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0.001) (Chart 1.1).

After similar procedures for modeling the
PR outcome, we opted for two models that
were considered acceptable: a) one containing
the variables histological grade (I vs. Il vs.
111), patient’s age (< 60 years vs. > 60 years),
and menarche (< 11 years vs. > 11 years) (p-
value < 0.001); the variable ER (negative vs.
positive) did not reach statistical significance
in this model (Chart 1.2.1); b) and a smaller
model, containing only the variables ER
(negative vs. positive) and histological grade
(1 vs. 11 vs. 1) (p-value < 0.001), which did
not accept any other variable with a significant
p-value (Chart 1.2.2).

DISCUSSION

According to the literature, both ER and
PR positivity are highly associated with
patient’s age at diagnosis: tumor HR-positivity
increases significantly with age, that is,
positivity is greater in women 60 aged years
or older, as well as in post-menopause®. In
this study, both ER and PR were significantly
associated (p < 0.05) with patient’s age (< 60
years vs. > 60 years). When the association
was studied between different levels of
positivity for HR (+++ vs. ++ vs. + vs, negative)
and patient’s age (< 60 years vs. > 60 years),
we observed a chi-square with a high linear
trend and significant p-value (p < 0.01), for
both ER and PR. Estrogen receptors was also
significantly associated with menopausal status
(p < 0.001), but PR was not.

The current study also found a statistically
significant association between PR (negative)
and early menarche (< 11 years) (p < 0.05), a
result which disagreed with Rosen (1997)%,
who failed to find this association. The
association found for this study between ER
(negative) and early menarche was statistically
borderline (p = 0.09).

In agreement with the literature, our
bivariate analysis showed statistically signifi-
cant associations between ER- and PR-positive
tumors and other good prognostic indicators,
such as: tumor size shorter than 4.0 cm (p <
0.005)=; low histological grade (p = 0.01);
low nuclear grade (p < 0.01)%¢1314: and
reduced mitotic activity (p < 0.001)%.

Stierer et al. (1993)* and MacGrogan et



Hormone Receptors: Association with Prognostic Factors for Breast Cancer

Table 1 - Associations between selected variables and estrogen receptors (bivariate analysis),
among breast cancer patients, Rio de Janeiro, 1995-1996.

ER age < 60 years % age > 60 years % OR 95% ClI
+4++ 7 4.1% 20 15.4% 1.00 (reference)
++ 33 19.3% 45 34.6% 2.10 0.79-5.53
+ 35 20.5% 24 18.5% 4.17 1.52-11.39
Negative 96 56.1% 41 31.5% 6.69 2.63-17.04
Total 171 100% 130 100%
c?=27.16 (p<0.0001) c?trend=26.80 (p<0.0001)
ER pre-menopausal % post-menopausal % OR 95% Cl
Negative 52 60.5% 80 39.0% 2.39 1.38-4.16
Positive 34 39.5% 125 61.0%
Total 86 100% 205 100%
c?=11.24 (p=0.0008)
ER menarche <11 years % menarche >11 years % OR 95% Cl
Negative 18 34.6% 115 47.7% 0.58 0.29-1.14
Positive 34 65.4% 126 52.3%
Total 52 100% 241 100%
c?=2.96 (p=0.09)
ER tumor >4.0 cm % tumor < 4.0 cm % OR 95% Cl
Negative 78 53.4% 49 34.0% 2.22 1.34-3.69
Positive 68 46.6% 95 66.0%
Total 146 100% 144 100%
c?=11.08 (p=0.0009)
Histological grade ER- % ER+ % OR 95% Cl
Grade | 20 14.6% 51 30.2% 1.00 (reference)
Grade |I 60 43.8% 100 59.2% 1.53 0.83-2.81
Grade I 57 41.6% 18 10.7% 8.08 3.85-16.93
Total 137 100% 169 100%
c2=40.92 (p<0.0001) c%rend=34.24 (p<0.0001)
Tubular formation ER- % ER+ % OR 95% Cl
>75% 7 5.1% 12 7.1% 1.00 (reference)
10 a 74% 33 24.1% 61 36.1% 0.93 0.33-2.58
<10% 97 70.8% 96 56.8% 1.73 0.65-4.59
Total 137 100% 169 100%
c?=6.38 (p=0.04) c%rend=5.22 (p=0.02)
Nuclear pleomorfism ER- % ER+ % OR 95% Cl
Mild 4 2.9% 8 4.7% 1.00 (reference)
Moderate 71 51.8% 134 79.3% 1.06 0.31-3.64
Intense 62 45.3% 27 16.0% 4.59 1.27-16.56
Total 137 100% 169 100%
c?=31.46 (p<0.0001) ctrend=27.33 (p<0.0001)
Mitoses number ER- % ER+ % OR 95% ClI
<10/hpf 50 36.5% 11 65.7% 1.00 (reference)
11-20/hpt 51 37.2% 48 28.4% 2.36 1.41-3.95
>20/hpf 36 26.3% 10 5.9% 7.99 3.68-17.37
Total 137 100% 169 100%
c?=34.93 (p<0.0001) c%rend=34.59 (p<0.0001)
ER PR - % PR + % OR 95% Cl
Negative 125 70.2% 12 9.4% 22.8 11.1-48.0
Positive 53 29.8% 116 90.6%
Total 178 100% 128 100%
c?=111.50 (p<0.0001)
ER MIB + % MIB - % OR 95% Cl
Negative 90 49.5% 47 37.9% 1.60 0.98-2.63
Positive 92 50.5% 77 62.1%
Total 182 100% 124 100%
c?=3.98 (p=0.05)
ER p53 + % p53 - % OR 95% Cl
Negative 40 74.1% 97 38.5% 4.57 2.25-9.39
Positive 14 25.9% 155 61.5%
Total 54 100% 252 100%
c?=22.77 (p<0.0001)

c?trend: c?of linear trend
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Table 2 - Associations between selected variables and progesterone receptors (bivariate analysis), among breast
cancer patients, Rio de Janeiro, 1995-1996.

PR age <60 years % age 360 years % OR 95% Cl
+++ 5 2.9% 8 6.2% 1.00 (reference)
++ 24 14.0% 27 20.8% 1.42 0.41-4.94
+ 32 18.7% 29 22.3% 1.77 0.52-6.01
negative 110 64.3% 66 50.8% 2.67 0.84-8.49
total 171 100% 130 100%

c?=6.55 (p=0.09) | c?trend=6.43 | (p=0.01)
PR menarche <11 years % menarche >11 years % OR 95% Cl
negative 24 46.2% 149 61.8% 0.53 0.28-1.02
positive 28 53.8% 92 38.2%
total 52 100% 241 100%

c?=4.34 (p=0.04)
PR tumor 34.0 cm % tumor <4.0 cm % OR 95% Cl
negative 95 65.1% 69 47.9% 2.02 1.22-3.36
positive 51 34.9% 75 52.1%
total 146 100% 144 100%

c2=8.68 (p=0.003)
Histological grade ER- % ER+ % OR 95% Cl
Grade | 29 16.3% 42 32.8% 1.00 (reference)
Grade Il 88 49.4% 72 56.3% 1.77 1.00-3.12
Grade |l 61 34.3% 14 10.9% 6.31 2.98-13.35
Total 178 100% 128 100%

c?=25.96 (p<0.0001) |c?trend=24.71 |(p<0.0001)
Tubular formation PR- % PR+ % OR 95% Cl
375% 7 3.9% 12 9.4% 1.00 (reference)
10 a 74% 49 27.5% 45 35.2% 1.87 0.68-5.16
<10% 122 68.5% 71 55.5% 2.95 1.11-7.83
Total 178 100% 128 100%

c?=6.98 (p=0.03) | c?trend=6.88 | (p=0.009)
Nuclear pleomorphism PR- % PR+ % OR 95% Cl
mild 6 3.4% 6 4.7% 1.00 (reference)
moderate 108 60.7% 97 75.8% 1.11 0.35-3.57
intense 64 36.0% 25 19.5% 2.56 0.75-8.69
total 178 100% 128 100%

c?=9.77 (p=0.008) | c?trend=8.76 | (p=0.003)
Mitoses number PR- % PR+ % OR 95% Cl
< 10/hpf 76 42.7% 85 66.4% 1.00 (reference)
11-20/hpf 63 35.4% 36 28.1% 1.96 1.17-3.27
> 20/hpf 39 21.9% 7 5.5% 6.23 2.63-14.75
total 178 100% 128 100%

c?2=22.56 (p<0.0001) |c?trend=22.35|(p<0.0001)
PR p53 + % p53 - % OR 95% Cl
negative 42 77.8% 136 54.0% 2.99 1.43-6.35
positive 12 22.2% 116 46.0%
total 54 100% 252 100%

c2=10.36 (0=0.001)

c?trend: c?of linear trend
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al (1996)® showed that the presence of
hormonal receptors (ER and PR) were not
associated with nodal status and so did we in
our study.

According to Rosen (1997)%, most PR-
positive tumors are also positive for ER, and
our study found an OR of 22.80 between both
(95% CI = 11.10-48.00; p < 0.0001).

In disagreement with the literature, which
mentions strong and statistically significant
associations between hormonal receptors and
c-erbB-2181936-38 gur study failed to find such
associations.

Querzoli et al. (1996)*, Seshadri et al.
(1996)%, and Sundlad et al. (1996)* found
inverse associations between MIB-1 and
hormone receptors (ER and PR), while Pinder
et al. (1995) found no such association (MIB-
1 and ER)*. In the current study, only ER
was inversely and significantly associated with
MIB-1 (p = 0.05); our study also found no
significant association between PCNA and
HR, unlike Siitonen et al. (1993)* and
Gasparini et al. (1992)*.

In disagreement with Henry et al. (1990)*
and Eng Tan et al. (1994)%, we found no
association between increased expression of
catepsin-D and estrogen receptors.

Most studies, including ours, found
statistically significant inverse associations
between ER and PR and p53 (p < 0.001).
Barbareschi (1996)%, in a bibliographical
review, found associations between p53 and
ER in 8 out of 11 studies and between p53
and PR in 7 out of 9, where such associations
had been investigated. A literature review
showed an association between p53 and ER
in several studies*** and no such association
in only one®. Association between p53 and
PR was also present in some studies?95255.5758,

In summary, the results of bivariate
analysis in the current investigation agree with
the literature as to the association between
positive HR and the variables patient’s age
(60 years or over), menopausal status (post-
menopause), tumor size (smaller than 4.0cm),
histological grade (low), nuclear pleomorphism
(low), mitotic activity (low), MIB-1 (negative),
and p53 (negative), while they disagree in
relation to the variables age at menarche, c-
erbB-2, catepsin-D, and PCNA.

Using a multivariate aproach, only pa-
tient’s age, histological grade, PR, and p53

Hormone Receptors: Association with Prognostic Factors for Breast Cancer

were significantly associated with ER (Chart
1.1). For the PR outcome, independent factors
included patient’s age, age at menarche, and
histological grade in one model (Chart 1.2.1),
and only histological grade and ER in another
(Chart 1.2.2).

As mentioned above, study of hormonal
receptors is important for predicting both
breast cancer prognosis and response to
hormone therapy. Although it was not this
study’s aim (since patient follow-up was not
carried out), one can suggest that the group
of patients with ER- and PR-positive tumors
probably has a better prognosis, since positiv-
ity for both (ER and PR) was associated with
variables also related to a better prognosis.

CONCLUSIONS

According to this study, the variables pa-
tient’s age, histological grade, PR-positivity
and p53 were significantly associated with
presence of ER, while the variables patient’s
age, age at menarche, and histological grade
(or histological grade and ER-positivity) were
significantly associated with the presence of
PR in women with infiltrating ductal
carcinoma of the breast.
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