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Abstract Invasive lobular carcinoma (ILC) comprises
approximately 5-15% of breast cancers and appears to
have a distinct biology. As it is less common than invasive
ductal carcinoma, few studies of large size have addressed
the value of assessment of histologic grade in ILC. Meth-
ods: This study is based on a large and well-characterised
consecutive series of breast cancer (4,987 cases), from a
single institution, with a long-term follow-up to assess the
prognostic value of routine assessment of histologic grade
in ILC. Histologic grade and other clinicopathological data
were available in 517 pure ILC cases. A panel of bio-
markers was also available for 215 cases. Results: The
majority of ILC was of classical and mixed lobular variants
(89%). Most ILC cases were moderately differentiated
(grade 2) tumours (76%), while a small proportion of
tumours were either grade 1 or 3 tumours (12% each).
There were positive associations between histologic grade
and other clinicopathological variables of poor prognosis
such as larger size, positive lymph node, vascular invasion,
oestrogen receptor and androgen receptor negativity and
p53 positivity. Multivariate analyses showed that histologic
grade is an independent predictor of shorter breast cancer
specific survival and disease free interval. Conclusion:
Histologic grade of ILC, as assessed by the Nottingham
grading system, provides a strong predictor of outcome in
patients with invasive lobular carcinoma of the breast and
should be provided routinely in pathology reports.
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Introduction

Breast cancer represents a heterogeneous group of tumours
with varied behaviour, and response to therapy. Current
routine clinical management of breast cancer relies on
availability of robust clinical and pathologic prognostic and
predictive factors to support clinical and patient decision-
making where potentially suitable treatment options are
increasingly available. The three strongest prognostic
determinants in operable breast cancer used in routine
clinical practice are lymph node (LN) status, primary
tumour size and tumour grade. The most widely used
grading system of breast cancer is the Nottingham com-
bined histologic grade (Elston-Ellis modification of Scarff-
Bloom-Richardson grading system), also known as the
Nottingham Grading System [1, 2], which is based on a
microscopic evaluation of morphologic and cytologic
features of tumour cells, including degree of tubule
formation, nuclear pleomorphism, and mitotic count [2].
The sum of these scores stratifies breast tumours into three
grades (grade 1; well-differentiated grade 2; moderately
differentiated, and grade 3; poorly differentiated).
Multiple studies have shown an independent prognostic
significance of grade in breast cancer [3-5] and improved
inter-observer agreement with the Nottingham histologic
grade compared with other grading systems [6—8]. Histo-
logic grading is one of the components of the Nottingham
Prognostic Index (NPI) that has become widely used for
the management of patients with breast cancer in the UK
[9] and its validity has been confirmed in other independent
studies [10—12] and it is now recognised by the UK RCPath

@ Springer



122

Breast Cancer Res Treat (2008) 111:121-127

[13], European Commission [14] and WHO [15]. In mul-
tivariate analysis, histologic grade has equivalent value to
that of LN status and it can be combined with lymph node
stage and tumour size in the form of a prognostic index (the
Nottingham Prognostic Index [NPI] [16] or Kalmar Prog-
nostic Index [KPI] [5]). In addition, the prognostic value of
grade has become more important after the introduction of
breast cancer screening with the associated reduction in
proportion of LN positive cases at diagnosis and conse-
quent need for tools to assist in management of early small
size and LN negative tumours [17]. Histologic grade has
been endorsed by the College of American Pathologists
and the World Health Organization [18, 19]. However,
despite this evidence, the latest Breast Task Force of the
American Joint Committee on Cancer did not include
histologic tumour grade in its staging criteria [20]. One of
the reasons for omitting grade in the staging criteria
includes use of different grading systems in different
studies, reproducibility and the problems associated with
grading of special types of cancers including lobular car-
cinoma [19].

Invasive lobular carcinoma (ILC) is the commonest
special type of breast cancer and the second most common
overall type of breast cancer, accounting for 5-15% of
cases [21-24]. Although some studies have demonstrated
the prognostic value of histologic grading in ILC [4, 25—
28], there is a perception that it is of limited value. Several
studies found no association between ILC grade and
patients’ outcome or any prognostic difference between
grade 1 and 2 tumours [25, 29]. Therefore, in this study, we
performed a retrospective analysis of a large and well-
characterised series of breast cancers with long term fol-
low-up comprising clinicopathologic and outcome
information. Cases entered into this single institution
tumour series have been routinely graded using the Not-
tingham grading system and treated in a conventional
manner. OQur aim was to assess the prognostic value of
routine application of the Nottingham grading system in
ILC and to evaluate the contribution of each grade
component.

Methods

The study population was derived from the Nottingham
Tenovus Primary Breast Carcinoma Series of women aged
70 years or less, who presented with primary operable
invasive breast carcinomas (with tumours of less than 5 cm
diameter on clinical/pre-operative measurement and on
operative histology) between 1975 and 1999. This is a
well-characterised series of patients treated in a single
institution and with a long term follow-up. Women aged
over 70 years were not included because of the increased
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confounding factor of death from other causes and because
primary treatment protocols for these patients often dif-
fered from those for younger women. Similarly, the
majority of women with tumours of greater than 5 cm
diameter (locally advanced primary tumours) were man-
aged by different protocols. Patient’s clinical history and
tumour characteristics including patients’ age, menopausal
status, primary tumour size, histologic tumour type [4, 30,
31], histologic grade [2], degree of tubule formation,
nuclear pleomorphism and mitosis, lymph node (LN) sta-
tus, vascular invasion (VI) [32], and Nottingham
Prognostic Index (NPI) and oestrogen receptor (ER) status
were obtained from the database. Survival data including
survival time, disease free interval, and development of
distant metastasis (DM), local and regional recurrence was
maintained on a prospective basis. Patients were followed
up at 3-month intervals initially, then 6-monthly and
annually for a median period of 102 months (range 1-344).
Breast cancer specific survival (BCSS) was defined as the
interval between the operation and death from breast can-
cer, death being scored as an event, and patients who died
from other causes or were still alive were censored at the
time of last follow-up. Disease-free interval (DFI) was also
calculated from the date of first operation, with first
recurrence, local, regional or distant, being scored as an
event, and with censoring of other patients at the time of
last follow-up or death. Local recurrence was defined as
tumour arising in the treated breast or chest wall. Regional
recurrence was defined as tumour arising in the axillary or
internal mammary LNs.

Tumour grading was assessed, using the Nottingham
grading system [2], in a consistent way using uniform
methods of specimen fixation, processing, and the same
criteria for scoring the different components of grade. In
addition, data on several other prognostic biomarkers with
close relevance to breast cancer were available on 215 ILC
cases from a consecutive cohort of cases from the series
that had been prepared as tissue microarrays [33-37].
These markers included progesterone (PgR) and androgen
(AR) receptors, EGFR, c-erbB2 (HER?2), c-erbB3, c-erbB4,
p53, P-cadherin, FHIT protein, neuroendocrine markers
(chromogranin-A and synaptophysin), MUC-1 and luminal
cytokeratins (CK7/8 and CK19).

Statistical analysis

Statistical analysis was performed using SPSS 15.0 statis-
tical software (SPSS Inc., Chicago, IL, USA). BCSS and
DFI curves were drawn using Kaplan—Meier estimates, and
were compared using log rank tests. Survival rates are
presented with their 95% confidence intervals. Multivariate
analyses of DFI and BCSS, with stepwise variable
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selection, were conducted using Cox proportional hazard
regression models. The clinical and biologic characteristics
of ILC were compared using contingency tables and >
tests. A p-value < 0.05 was considered significant.

Results

Of the whole series (4,987 cases), 544 (10.9%) ILC cases
were identified. Cases of mixed ILC and IDC tumour types
were not included in the analysis. Of the 544 ILC, 27 cases
were associated with synchronous or meta-synchronous
invasive duct carcinoma at the time of diagnosis or during
the period of follow-up. These cases were excluded from
the analysis; only pure operable ILC were considered in
this study (517 cases). Table 1 summarizes the clinico-
pathologic features of ILC cases. The median size was
2 cm (range 0.2-10 cm). ER status was available in 415
cases; of those, 340 (82%) were ER positive. Hormonal
therapy was given to 118 patients (22.8%) and chemo-
therapy to 22 patients (4.3%).

The majority of ILC was of classical subtype (55%)
followed by mixed lobular subtypes (34%). Regarding
histologic grade, we found that most ILC cases were
moderately differentiated (grade 2) tumours (76%), while a
small proportion of tumours were either grade 1 or 3
tumours (12% each). Approximately, 10% of cases dem-
onstrated a tubule formation score of two; reflecting the
overall percentage of tubulolobular variants of ILC; either
pure variant or as a component of lobular mixed subtype.
The majority of ILC cases showed a moderate degree of
cellular/nuclear pleomorphism (83%) and low mitotic
counts (81%).

Association between histologic grade and other
clinicopathological variables and patients’ outcome

There was a positive association between histologic grade
and larger primary tumour size, LN metastasis, VI, nega-
tivity for ER, AR and nuclear BRCA1 and positivity for
p53. There was an association between grade and ILC
subtypes, development of recurrence, distant metastasis
and the number of patients that died from breast cancer
(Tables 2 and 3). No association between histologic grade
and patients’ age, menopausal status, positive family his-
tory or development of regional (LN) recurrences was
found.

When the different components of grade were analysed
against and the other clinicopathological variables, positive

Table 1 Clinicopathological features of ILC series included in this
study (517 cases)

Variables Number %
Histological types

Classical 286 55
Solid 27 5
Alveolar 10 2
Tubulolobular 19

Lobular mixed 175 34
Lymph node stage*

1 308 61
2 126 25
3 73 14
Vascular invasion

Negative 309 64
Probable 80 16
Definite 97 20
Grade

1 62 12
2 394 76
3 61 12
Tubule formation

1 0 0
2 41 10
3 374 90
Pleomorphism

1 16 4
2 344 83
3 56 13
Mitotic count

1 333 81
2 50 12
3 30 7
Tumour size

<2 cm 283 55
>2 cm 228 45
Nottingham Prognostic Index (NPI)

Good 215 42
Moderate 232 45
Poor 67 13
Development of recurrence/(Total) 231 /(506) 45%*
Local recurrences 102 20
Regional recurrences 80 16
Distant metastasis 178 35
Breast cancer related deaths 198 39

* Lymph node stages; 1 = negative, 2 = 1-3 positive nodes, 3 = 4 or
more positive nodes, ** Percentage of patients who developed
recurrences
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Table 2 Association between histologic grade and ILC subtypes and other clinicopathological variables

Variables ILC subtypes b4 P-value
Grade 1 (62 cases) Grade 2 (394 cases) Grade 3 (61 cases)

ILC subtypes 202.1 <0.001

Classical 16 258 12

Solid 2 10 15

Tubulolobular 17 2 0

Alveolar 0 9 1

Lobular mixed 27 115 33

Lymph node-positive 15 154 31 7.8 0.02

Size >2 cm 12 185 31 15.4 <0.001

Definite Vascular Invasion 9 67 21 15.7 0.004

Development of recurrences (%) 23 (37%) 170 (44%) 38 (65%) 10.5 0.005

Local recurrence 12 70 20 7.9 0.019

Regional recurrences 14 55 11 32 0.21

Distant metastasis 14 130 34 17.7 <0.001

Breast cancer related deaths (%) 19 (30%) 143 (37%) 36 (59%) 13.3 0.001

associations were found between high mitotic score and
larger tumour size (y>=6.7, P = 0.036), positive VI
(4= 17, P = 0.002), ER negativity (;>= 8.1, P = 0.018),
pS3 positivity (*=21.5, P <0.001), development of

Table 3 Association between histologic grade and different protein
expression patterns. Total number of cases with IHC data is 189
except ER status that has been routinely assessed in the whole series

2

Biomarkers Cut-off values 4 P-value
Negative ER >20% 15.8 0.001
Negative AR >20% 12.1 0.002
Negative nuclear BRCALI 0% 11.2 0.025
Positive p53 >5% 9.5 0.009
Positive P-cadherin >5% 0.4 0.82
Positive EGFR >10% 0.75 0.70
Positive HER2 >10% 5.1 0.08
Positive c-erbB3 >10% 0.6 0.74
Positive c-erbB4 >10% 2.4 0.31
Positive basal CKs >10% 1.4 0.51
Positive ME markers >10% Only 2 cases

were positive
Positive NE markers >5% 1.6 0.44
Positive luminal CKs >200%* All cases

were positive
Negative PgR >20% 0.1 0.97
Loss of FHIT protein <100* 23 0.68
Loss of MUC1 expression 0% 6.3 0.18

Basal CKs = CK5/6 and/or CKI14, ME = myoepithelial markers
(SMA and/or p63), NE = neuroendocrine (chromogranin A and/or
synaptophysin), luminal CKs = CK7/8 and/or CKI19, * H-score
(0-300; calculated as follows: intensity [1-3] X percentage of posi-
tive cells [0-100%])
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recurrences (X2= 20, P < 0.001), and distant metastasis
(12 =34, P < 0.001), between lack of tubule formation and
larger size (y*=11, P = 0.003) and between marked
pleomorphism and larger size (y*= 10.7, P = 0.005).
There was an association between histologic subtype and
mitotic counts (12 =109, P < 0.001, in which mitotic score
was higher in solid and mixed variants and low in tubu-
lolobular and classical types), tubule formation (3> = 94,
P < 0.001) and pleomorphism (3> = 40, P < 0.001).

Outcome

Survival analyses showed an association between higher
histologic grade and poorer patients’ outcome for both
BCSS and DFI (Table 4 and Fig. 1A&B). Multivariate
analyses, after adjustment for other prognostic indicators,
including LN status (1-3), tumour size, vascular invasion,
ER status and adjuvant hormonal treatment were

Table 4 Association between histologic grade and its component and
patients” outcome in the form of breast cancer specific survival
(BCSS) and disease free interval (DFI)

Predictor BCSS DFI

Log rank P value Logrank P value
Grade (1-3) 23.1 <0.001 179 <0.001
Grade (1 vs. 2) 6.0 0.015 4.7 0.031
Grade (2 vs. 3) 14.1 <0.001 10.0 0.001
Tubule formation (1-3) 33 0.19 13.5 0.001
Pleomorphism (1-3) 7.3 0.026 3.2 0.19
Mitotic count (1-3) 30.9 <0.001 31.1 <0.001
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Fig. 1 Relation between histologic grade of ILC and (A) breast
cancer specific survival (BCSS) (Log Rank (LR) = 23.1, P < 0.001)
and (B) disease free interval (DFI) (LR = 17.9, P < 0.001)

performed to determine whether histologic grade was an
independent prognostic factor for BCSS and DFI in
patients with ILC. This showed that grade was an inde-
pendent predictor of survival in ILC (Table 5). In addition,
when we analysed the association between NPI, which
incorporates grade as one of its three components, an
association between NPI and the outcome of patients with
ILC (Log Rank (LR) = 85.2, P < 0.001, and LR = 72.1,
P < 0.001 for BCSS and DFI respectively) was found.
When individual grade categories were compared, dif-
ferences in patients’ outcome between grade 1 and 2 and
between grade 2 and 3 were found (Table 4). When the
three components of histologic grade were analyzed sepa-
rately, an association between worse outcome and
increasing score of each component was found (Table 4).
However, the maximum significance was found with

Table 5 Multivariate Cox regression analysis of factors associated
with cancer specific survival and disease-free interval of ILC

Predictor Cancer specific survival Disease free interval
Hazards ratio P value Hazards ratio P value
(95% CI) (95% CI)
Lymph node 1.9 (1.4-2.5) <0.001 1.5 (1.1-1.9) 0.003
status
Size* 1.7 (1.1 =2.7) 0.02 2.0 (1.4-3.1) 0.001
Vascular 1.1 (0.9-1.4) 0.34 1.1 (0.9-1.4) 0.5
invasion
ER status 0.8 (0.5-1.3) 0.34 0.8 (0.5-1.1) 0.17
Hormonal 0.39 (0.2-0.67) 0.001 0.6 (0.4-0.8) 0.001
treatment
Grade 1.6 (1.1-2.29) 0.03 0.3 (0.2-0.5) <0.001

* Size was analysed as <2 cm and >2 cm

mitotic counts where tumours with the highest mitotic
counts were associated with the poorest outcome.

Since the majority of ILC lack tubule formation (score 3
for tubule formation), we repeated survival analysis after
exclusion of tubule formation from histologic grade (con-
sisting of just pleomorphism (score 1-3) and mitotic counts
(score 1-3), to determine whether a simpler scoring system
for invasive lobular carcinomas would be as effective.
Although we found an association between this grading
system and patients’ outcome, multivariate analysis with
adjustment of other prognostic variables showed that this
new grade was not independent predictor of patients’ out-
come. Similar observation was found when we stratified
grade 2 tumours into two subgroups (score 6 and 7 of
Nottingham histologic grading system).

Discussion

The management of primary breast cancer has changed
over the years, and systemic adjuvant therapy is now
commonplace. These recent advances in breast cancer
treatment have made recognition and characterization of
different prognostic and predictive markers mandatory.
Histologic grading of breast cancer is a simple, inexpensive
and routinely available prognostic factor that has been
recognised for a long period of time [2] and validated in
multiple independent studies [3, 4, 6-8]. To provide a
consistent and uniform way of assessing histologic grade
and to improve its reproducibility, consensus criteria have
been published [13]. Following these criteria is expected to
improve consistency and reproducibility of breast cancer
grading among different institutions.

Although the prognostic significance of histologic
grade has been thoroughly assessed in ductal carcinoma
[2, 38-40], its value in ILC is still controversial and some
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authorities have been reluctant to grade ILC [41]. This
could be explained by several reasons: (i) previous pop-
ulation-based studies that characterised ILC did not
analyse grade due to insufficient information on grade as
a result of either lack of inclusion of ILC grade or using
different grading systems among different institutions
[22], (ii) histologically, ILC is characterised by absence of
tubule formation, except for the tubulolobular variant,
relatively uniform cells and low mitotic counts; all three
components of histologic grade [42], (iii) some studies of
ILC have reported a limited prognostic value for grading
[29].

In the current study, we assessed the prognostic signif-
icance of histologic grade in the largest series of ILC to
date that has been graded in routine practice using the
Nottingham histologic grading system, treated in a single
institution and with available long term-term follow-up
data. In addition, we investigated the relationship between
grade and histologic subtypes and immunophenotype of
ILC. Our results demonstrated that histologic grading of
ILC is associated with other markers of prognosis and has
an independent prognostic value. Differences in outcome
were also observed between all three grades of tumour. We
also found prognostic significance for all the three com-
ponents of the grade and in particular for mitotic counts.
Our results showed that the prognostic significance of
histologic grade is well demonstrated by the Nottingham
grading system, which is better than alternative simpler
systems such combined pleomorphism and mitosis only (by
exclusion of tubule formation) or by splitting grade 2
tumours into two subgroups. Moreover, in this study, we
considered that the entity of pleomorphic ILC is a poorly
defined entity and a more robust definition needs to be
developed and that the results of this study do indicate that
high-grade forms of ILC have a more aggressive
behaviour.

These results are consistent with previous studies, which
showed an independent prognostic significance for histo-
logic grade in breast cancer [2, 4] and in the ILC subtype
[25, 43] providing strong evidence for the importance of
routine assessment of histologic grade in ILC as well as in
invasive ductal carcinoma. We recommend routine
assessment of histologic grade of breast cancer using the
Nottingham consensus criteria [13—15] to overcome the
problems of consistency and reproducibility of histologic
grading and to provide the strongest prognostic
significance.

Conflict of interest statement None declared. This study was
approved by Nottingham Research Ethics Committee 2 under the title
of “Development of a molecular genetic classification of breast
cancer”.
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