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Aims: Women under 35 years of age comprise a small proportion of patients with breast cancer, but
determining their prognosis can be difficult. This prospective, multivariate study looked at several factors
with the aim of obtaining a useful index to evaluate the prognosis of these women.

Methods: In total, 108 patients below 35 years of age affected by invasive ductal carcinoma without
distant metastasis were studied. The mean duration of the follow up period was six years.
Histopathological (tumour size, histological grade, and lymph node stage) and immunohistochemical
(c-erbB-2, p53, cestrogen receptor, and progesterone receptor) factors were measured in all patients, and
the Nottingham prognostic index (NPI) was then calculated. An immunohistochemical prognostic index
(IHPI) was created using the arithmetic sum of the four individual immunohistochemical factors.

Results: In univariate assessment of survival, all the studied factors yielded a significant association with
either overall survival or disease free survival, except for c-erbB-2 and p53 with disease free survival. In
univariate calculation of risk, all the factors gave significant results; however, in multivariate analysis only
tumour size, histological grade, and progesterone receptor were significant. Both NPI and IHPI correlated
significantly with prognosis. In multivariate regression analysis, IHPI correlated with tumour size and there
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was a significant interaction between both variables.
Conclusion: IHPI is very useful in determining the prognosis of tumours < 2 cm and of moderate use for

....................... tumours > 2, although it has no use in tumours > 5 cm.

omen under 35 years of age form only a small
Wproportion of patients suffering from breast cancer

(5%)," but their prognosis can be complicated
because of delayed diagnosis resulting from the unexpected-
ness and severity of the disease.

An accurate prognosis is necessary not only to determine
the natural history of the disease but also to establish
the appropriate treatment. A better prognostic stratification
of patients is important so that patients can receive treat-
ment at an earlier stage of the diagnosis and to avoid
unnecessary risk to those patients who do not need
additional treatment.

Several prognostic factors that provide information
about either survival or risk of recurrence are available for
breast cancer, namely: tumour size, axillary lymph nodes
affected, histological type and grade, and hormone receptor
analysis.” Furthermore, prognostic indexes, which combine
several factors, have been devised and have been available
for many vyears. The most widely applied index, the
Nottingham prognosis index (NPI) was published in 1982°
and revised 10 years later.* Recently, as a result of the
development of immunohistochemical techniques to mea-
sure oncogene expression,” ® new markers of breast cancer
have been used, alone or in combination with other
prognostic factors.

"A better prognostic stratification of patients is important
so that patients can receive treatment at an earlier stage of
the diagnosis and to avoid unnecessary risk to those
patients who do not need additional treatment”’

We report the results of a prospective, multivariate study of
several immunohistochemical factors with the aim of
obtaining a useful index to evaluate the prognosis of young
women affected by breast cancer.

MATERIAL AND METHODS

Patients

In total, 108 patients below 35 years of age (mean age, 32;
range, 18-35) affected by invasive ductal carcinoma without
distant metastasis were studied. The mean duration of follow
up was six years (range, 1-18 years).

Clinicoepidemiological data were obtained from the
patients” records. Thirteen of the patients (12%) had
antecedents of breast cancer in first degree relatives and
another 13 in second degree relatives. In addition, another 21
patients had relatives suffering from other neoplastic
diseases. Seventy four of the patients (68%) had children,
and 55 had breast fed them. Nine patients (6%) were
pregnant or breast feeding at the time of diagnosis. In 18
patients (17%) the tumour was bilateral. Surgery was
performed whenever possible as conservative tumorectomy
(29 patients), radical mastectomy (63 patients), or post-
chemotherapy (12 patients). Additional chemotherapy was
administered in 71 patients.

Histopathological study
Tumour size was measured in the surgical specimens before
the preparation of histological sections, except in the case of
locally advanced carcinoma, in which size was measured by
imaging techniques (mammography and ultrasound before
chemotherapy). Tumours were subsequently classified into
three groups according to size (< 2 ¢cm; > 2-5 cm; > 5 cm).
Specimens were also classified according to histological
grade” into grade I (well differentiated), grade II (moderately
differentiated), or grade III (poorly differentiated).

Abbreviations: ER, oestrogen receptor; IHPI, immunohistochemical
prognostic index; NPI, Nottingham prognostic index; PR, progesterone
receptor
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Lymph node stage was also classified into grade 1 (not
affected), grade 2 (one to three affected nodes), or grade 3
(four or more affected nodes). Patients suffering from locally
advanced carcinoma were considered as a differentiated
group.

Immunohistochemical study

Immunohistochemistry was performed on representative
paraffin wax embedded specimens from the main tumour.
In brief, 5 um thick histological sections were mounted on
poly-L-lysine treated slides, maintained at 60°C for 18 hours,
and subsequently dewaxed and rehydrated. Non-specific
binding sites were blocked with immersion in a solution of
3% H,0, in methanol for 10 minutes. For antigen retrieval,
slides were transferred to citrate buffer and boiled for 10
minutes in a microwave oven.

Tumour specimens were analysed using the following
antibodies: anti-c-erbB-2 (Dako, Glostrup, Denmark; clone
CB11; 1/200 dilution for one hour at room temperature), anti-
p53 (NovoCastra, Newcastle, UK; clone DO7; 1/50 dilution for
one hour at room temperature), anti-oestrogen receptor (ER)
(Zymed Laboratories, South San Francisco, California, USA;
prediluted monoclonal mouse anti-oestrogen receptor clone
1D5, incubated for 18 hours in a moist chamber at 4°C), and
anti-progesterone receptor (PR) (Zymed Laboratories; clone
1A6, 1/40 dilution for 18 hours in a moist chamber at 4°C). In
addition, positive and negative controls for each marker were
included.

Sections were then washed in phosphate buffered saline,
stained with streptavidin-biotin—peroxidase complex, and
then incubated for 20 minutes at room temperature. The
stain was developed using aminoethylcarbazol. Interpretation
of the staining was carried out according to the usual criteria
by the same experienced pathologist. In brief, c-erbB-2 was
scored positive if at least 50% of tumour cell membranes were
stained; p53, ER, and PR were scored positive, as described
previously,® * if more than 10% of tumour cell nuclei were
immunoreactive, in the evaluation of 10 random microscopic
fields comprising 200 tumorous cells.

Prognostic indexes

The NPI was calculated for all cases using the following
formula: NPI = 0.2x tumour size (cm) + histological grade
(1-3: good, moderate, poor) + lymph node stage (1-3 by
grade); the higher the index the worse the prognosis.*
Patients with locally advanced carcinoma were excluded
from the calculation. The patients were grouped into three
prognostic groups according to the NPI results.

The proposed immunohistochemical prognostic index
(IHPI) was constructed as follows: one point was assigned
for each positive value for either c-erbB-2 or p53 and zero
points were given for negative values; one point was given for
any negative value of ER or PR and zero points were given
when positive. Tumours were then ranked from 0 to 4 points
(the higher the index, the worse the prognosis), and grouped
into good prognosis (0-1 points), moderate prognosis (2
points), or poor prognosis (3—4 points).

Statistical methods

Associations between pairs of individual markers were
calculated by the non-parametric Kendall’s t-b correlation
test. For each factor studied, univariate Kaplan—Meier
analysis for both relapse free and overall survival was
performed and comparisons of distributions were performed
with the log rank test.

Therefore, variables were first included in a univariate and
two multivariate Cox regression models (one including the
three histopathological factors and the other including the
four immunohistochemical factors) to analyse which factors
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were associated with survival and relapse free period to
compute the relative risk of mortality rate and disease
progression rate. For that analysis, the value of the
continuous variable tumour size (not categorised) was
included in the calculation. In addition, the relation between
the proposed IHPI index and histopathological factors was
also analysed by another Cox regression model.
Significance was set at p < 0.05.

RESULTS

Median (SEM) overall survival at two, five, and 10 years were
84.5 (3.6), 54.7 (5.4), and 38.7 (5.8) months, respectively.
Median (SEM) disease free periods at two, five, and 10 years
were 64.4 (4.7), 442 (5.1), and 382 (5.3) months,
respectively. None of the clinical or epidemiological factors
studied (familial history, age, parity, or lactation) influenced
prognosis. When patients were classified by the NPI, nine
had a good prognosis, 45 a moderate prognosis, and 28 a poor
prognosis. The remaining 26 patients were affected by locally
advanced carcinoma. With regard to IHPI, 19 patients scored
no points, 13 scored one point, 23 patients two points, 31
cases three points, and 22 patients scored four points.

The relation between pairs of the analysed histopatholo-
gical and immunohistochemical factors was analysed, and an
association was found between all the pairs of factors
analysed except for p53 and PR (tables 1 and 2).

With regard to the survival assessment, on univariate
analysis all the histopathological factors (table 3) and all the
immunohistochemical factors (table 4) yielded a significant
association with either overall survival or disease free
survival, except c-erbB-2 and p53 with disease free survival.
When combining the histopathological factors (NPI) or
immunohistochemical markers (IHPI), as described earlier,
there was also a clear and significant association between
both indexes and survival. Figure 1 shows actuarial curves for
both indexes. In addition, the risk associated with each factor
and prognostic index was calculated as odds ratios by both
univariate and multivariate analysis (tables 5 and 6).

Multivariate regression analysis was subsequently applied
to see whether the IHPI correlated with the histopathological
factors. The best association was found with tumour size and
this model was significantly associated with prognosis
(p < 0.0001 for both overall and disease free survival).
There was a significant interaction between both variables,
reflecting the fact that IHPI is very useful in the prognosis of
small tumours < 2 c¢m in size (overall survival, OR = 3.0;

Table 1 Correlation between histopathological factors

Histopathological factors Histological grade  Lymph node stage

0.58 (p<0.001)
0.30 (p<0.001)

Tumour size
Histological grade

0.26 (p<0.01)

The values shown are Kendall’s z-b coefficient and p value.

Table 2 Correlation between immunohistochemical
factors

Immunohistochemical

factors p53 ER PR
c-erbB-2 0.39 0.34 0.43
(p<0.001)  (p<0.001)  (p<0.001)
p53 0.30
b0 O131Ns)
ER 0.56
(p<0.001)

The values are shown as Kendall’s z-b coefficient and p value.
ER, oestrogen receptor; NS, not significant; PR, progesterone receptor.
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Table 3  Influence of histopathological markers,
individually and in combination (NPI), on overall survival
and disease free survival

Variable oS DFS N

Tumour size
<2cm >228 >228 33
>2<5 cm 96 (35) 41(36) 49
>5cm 23 (6) 12 (2) 26
p Value <0.0001 <0.0001

Histological grade
1/ >228 >228 52
i 57 (11) 29 (7) 56
p Value <0.001 <0.001

Lymph node stage
0 >212 >212 33
1-3 100 (20) 7142 26
4 91 (13) 31 (19) 23
LAC 30 (9) 17 (4) 26
p Value <0.0001 <0.0001

NPI
Good >228 >228 9
Moderate >228 >228 45
Poor 91 (39) 23 (7) 28
LAC 30 (9) 17 (4) 2
p Value <0.05 <0.0001

Survival is in months (median (SEM)).
LAC, locally advanced carcinoma; NPI, Nottingham prognostic index.

disease free survival, OR = 2.2) and of moderate use in
medium sized (2-5 cm) tumours (overall survival, OR = 1.9;
disease free survival, OR = 1.3). However, IHPI could not
predict the prognosis of tumours larger than 5 cm (overall
survival, OR = 0.5; disease free survival, OR = 0.5).

DISCUSSION

The need for a prognostic marker for breast cancer in young
women to help determine treatment is without question.
Although the influence of age on the prognosis of breast
cancer is still controversial, with conflicting reports,' "
recent data have shown that young age should be considered
as an adverse prognostic factor.”” > Furthermore, there may
be socioeconomic factors relating to its occurrence in very

Table 4 Influence of immunohistochemical markers,
individually and in combination (IHPI), on overall survival
and disease free survival
Variable oS DFS N
c-erbB-2
Newgie 142(17)  94(17) 41
Positive 58(8)  31(5) 67
p Value <0.05 NS
p53
Negative 100 (28) 71 (35) 75
Positive 57(6)  34(7) 33
p Value <0.05 NS
ER
Positive >212 >212 36
Negative 57 (9) 31 (5) 72
p Value <0.001 <0.01
PR
Positive >212 >212 40
Negative 55 (4) 29 (5) 68
p Value <0.0001  <0.0001
IHPI
Good >212 >212 32
Moderate 96 (35) 34 (10) 23
Poor 51 (8) 29 (6) 53
p Value <0.0001  <0.001
Survival is in months (median (SEM)).
ER, oestrogen receptor; IHPI, immunohistochemical prognostic index;
LAC, locally advanced carcinoma; PR, progesterone receptor.
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young patients. In addition, recent reports have suggested
that the presentation and characteristics of breast cancer in
young women (below 35 years) can be different to that seen
in older patients."

Ideally, a clinically useful prognostic test should be easy to
perform, reproducible, and cheap, in addition to providing
information that cannot be obtained more easily by other
methods. Moreover, factors should be tested by assessing the
association with survival outcomes, but because this is highly
dependent on sample size, the relative risk (or odds ratio)
should also be provided. In addition, a prognostic factor
should have independent value, as assessed by multivariate
analysis. Such methodology has been applied in our present
study.

Several attempts have been made to define an accurate but
simple prognostic index, but the availability of new markers,
such as oncogene expression, means that new indexes should
be devised that assess a combination of traditional and newly
developed markers. Moreover, improved and more reliable
techniques should be used to simplify the rapid evaluation of
specimens.

Our results confirm the usefulness of a range of classic and
widely used histopathological and immunohistochemical
factors in this group of patients. However, their usefulness
can be dramatically increased by simply summarising them
in two easy to calculate indexes, the classic widely applied
NPI' and the proposed THPI.

It is well known that the usual prognostic factors are age
dependent, resulting in a worse prognosis in younger
patients. Our present results agree with those obtained by
other authors who have studied young women, whereas they
differ from those obtained in older patients.'*™'*

The usefulness of the NPI has been clearly established in
prospective studies of large numbers of patients,* ' and
those results are also reflected in our series. NPI has a high
predictive value both for overall survival and disease free
survival, which can be improved by combining the same
factors in a multivariate analysis.*

It is noteworthy that the immunohistochemical factors had
a high prognostic value in this group of young patients. It
has been shown previously that c-erbB-2 and p53 are
overexpressed more frequently in younger women,” *
whereas ER and PR are more frequently positive in older
patients.’

The combination of immunohistochemical markers in the
IHPI used here was a simple and reliable way to predict
prognosis in our series or patients. Furthermore, a more
accurate prognosis could be obtained when calculating both
complementary indexes together.

The proposed index displays the desired characteristics of a
prognostic index by being simple to calculate and clinically
useful, and it provides information independent of other
factors, such as tumour size, which is known to have a
significant impact.

"“The combination of immunohistochemical markers in the
immunohistochemical prognostic index used here was a
simple and reliable way to predict prognosis in our series
or patients”’

The proposed index is based on simple, commonly
performed procedures that can be carried out in most routine
pathology laboratories using commercially available reagents.
The immunohistochemical evaluation of hormonal receptors
(ER and PR) has clear advantages over the classic binding
assays, such as a lower rate of false positives and the
possibility of wusing pretreated specimens. Furthermore,
paraffin wax embedded specimens are widely available so
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that, in the future, new immunohistochemical markers could
very simply be added to the IHPI or even replace any of those
currently used if the index is improved.

The ITHPI was significantly related to prognosis in those
tumours < 2 cm in size, whereas there was only a moderate
influence in the tumours with a size of > 2-5 cm and even a
lack of association in those tumours > 5 cm. However, in
women under 35 years of age, the diagnosis is usually made
on small tumours of less than 2 cm in diameter, where the
IHPI is, in fact, more useful and provides more information.
Moreover, prognostic factors are needed more for the
assessment of small tumours than large tumours, where

Time (months)

the prognosis is usually evident. In addition, the IHPI was
specifically assessed for use in young women.

We used the THPI as a complementary index to the NPI, the
most widely applied prognostic index, to improve its
discriminatory power to detect risk (overall and disease free
survival) in the four groups of patients studied (poor,
moderate, and good prognosis and locally advanced carci-
noma).

To make the calculation of the THPI easy, we simply added
together the points obtained for the four individual factors
(c-erbB-2, p53, ER, and PR). Hypothetically, the value of the
IHPI could be increased by weighting the value of each

Table 5 Univariate analysis of risk associated with each individual factor and prognostic
index for overall survival and disease free survival

Overall survival

Disease free survival

Factor OR Significance OR Significance
Tumour size 1.320 +H 1.249 +H+
Histological grade 3.011 ey 2.528 ++

Lymph node stage 1.849 it 1.677 it

NPI 1.553 ++ 1.529 ++

c-erbB-2 2.185 + 1.606 =

p53 1.777 + 1.391

ER 3.549 + 2.323 ++

PR 5.441 +H+ 3.319 ++H+

IHPI 1.707 +++ 1.389 ++

ratio; PR, progesterone receptor.

ER, oestrogen receptor; IHPI, immunohistochemical prognostic index; NPI, Nottingham prognostic index; OR, odds
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Table 6 Multivariate analysis of risk associated with each individual factor and
prognostic index for overall survival and disease free survival

Overall survival

Disease free survival

Factor OR Significance OR Significance
Tumour size 1.266 +++ 1.171 ++
Histological grade 2.295 ++ 1.940 +

Lymph node stage 1.152 = 1.209 =

c-erbB-2 1.292 = 0.939 =

p53 1.223 1.153 -

ER 1.869 = 1.219 =

PR 3.633 ++ 2.991 +

ER, oestrogen receptor; OR, odds ratio; PR, progesterone receptor.

Take home messages

® We devised an immunohistochemical prognostic index
(IHPI) for breast cancer in young women (less than 35
years), which measured the expression of p53, c-erbB-
2, the oestrogen receptor, and the progesterone
receptor

o This IHPI was very useful in determining the prognosis
of tumours < 2 cm and of moderate use for tumours
> 2-5, although it had no use in tumours > 5 cm

® Used in conjunction with the Nottingham prognostic
index, the IHPI can improve the discriminatory power
to detect risk (overall and disease free survival) in these
patients

component in the calculation, without making the calcula-
tion much more complicated. Further prospective and
collaborative studies including higher numbers of patients
are needed to confirm the usefulness of the IHPI and to
evaluate the weight of each component.

In conclusion, the authors provide a solid rationale for
clinical decisions based on a combination of common and
reliable techniques that are summarised in the IHPI. The
proposed ITHPI can be usefully applied in clinical practice to
help define prognosis in young women with breast carci-
noma, particularly those with tumours of < 2 cm in size.
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