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ARTICLE INFO ABSTRACT
Article history: The new gene expression molecular taxonomy of breast cancer places medullary carci-
Received 20 November 2008 noma in the basal group. The basal group is considered to have a poor prognosis, but med-
Received in revised form 27 January ullary carcinoma is considered to have a better prognosis than other grade 3 carcinomas.
2009 The prognostic significance of tumour associated inflammation, an important feature of
Accepted 12 February 2009 medullary carcinomas, remains controversial. The aim of this study was to assess the prog-
Available online 14 March 2009 nostic importance of medullary histological type and inflammation in breast cancer. One
thousand five hundred and ninety-seven patients who received no systemic adjuvant treat-
Keywords: ment and who had a median follow up of 9.5years were studied. Results: Prominent
Human breast carcinoma inflammation was associated with high histological grade and with better survival [relative
Medullary risk (RR) 0.57, 95% confidence intervals (CI) 0.44-0.74] on multivariate analysis. Typical and
Inflammation atypical medullary carcinomas (n=132) did not have significantly different survival and
Histological grading were grouped together. Medullary carcinoma did not have significantly different prognosis
Prognosis and outcome than grade 3 ductal carcinoma with prominent inflammation, but both had a better prog-

nosis than grade 3 ductal carcinoma without prominent inflammation (P <0.0001 and
P =0.03). These differences were independent of other prognostic factors. These results
question the current separation of typical and atypical medullary carcinoma. Prominent
inflammation is associated with a better prognosis, and may explain the better prognosis
in medullary carcinoma compared with grade 3 ductal carcinoma without prominent
inflammation. The good prognosis of medullary carcinoma emphasises the heterogeneity
of basal-like breast carcinomas. Further studies are needed to investigate the difference
in survival between medullary carcinoma and other forms of basal carcinomas and the role
of inflammation in any such differences in behaviour.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction nomas with some medullary histological features including
a lymphoid rich stroma. The basal-like class has a poor
Recent gene expression and immunophenotypic studies of prognosis, but medullary carcinoma has been reported to be

breast cancer have reawakened interest in basal-like breast associated with a better prognosis than other grade 3 carcino-
cancers and have placed medullary carcinomas in this mas.®” The definition of medullary carcinoma and distinction
class.’™ The basal group also includes non-medullary carci- from other histological types remains controversial ®°
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Recently, the term medullary-like carcinoma was proposed to
include both typical and atypical medullary carcinoma.™

The prognostic significance of inflammation, a prominent
feature of medullary carcinoma, is also controversial.'>*?
Some mammary carcinomas contain the appropriate cell
types required for a cell mediated immune response (macro-
phages, T cells and dendritic cells), but there is evidence that
the function of these cells is often impaired.*® Inflamma-
tory cells can also potentially stimulate tumour growth;
mechanisms include the release of proteolytic enzymes and
angiogenic factors.'’*®

This study aimed to investigate the prognostic significance
of routinely diagnosed medullary carcinomas and tumour
associated inflammation and the relationship between these
two factors in invasive carcinoma of the breast.

2. Materials and methods

The study included patients with primary operable invasive
breast carcinoma that was clinically less than 5 cm and trea-
ted with definitive surgery at Nottingham City Hospital be-
tween 1974 and 1988. All the patients were less than
71years of age at the time of initial surgery. No patient re-
ceived adjuvant chemotherapy or hormone therapy.

Tumours were incised immediately to ensure good fixa-
tion. The Nottingham method was used for histological grad-
ing.'® Tumour size was based on macroscopic measurement.
Lymphovascular invasion was assessed as described previ-
ously.? Oestrogen receptor status was assessed using the
dextran coated charcoal method (cut-off 10 fmol/mg) or
immunohistochemistry (cut-off H score of 10).* During this
period the standard axillary procedure was triple node biopsy
(sampling of low and high axillary and internal mammary
nodes). A small proportion of women had axillary clearance.
Nodes from triple node samples were bisected or cut into
slices and all embedded. A single slice per node was exam-
ined from axillary clearances. Assessment of axillary nodal
status was based on haematoxylin and eosin sections.

Histological type was categorised as described previously,®
except that tubular mixed carcinomas were included with the
ductal carcinomas. The diagnosis of typical medullary carci-
noma required the following three features to be present
throughout the tumour: (1) interconnecting syncytial sheets
of pleomorphic carcinoma cells, (2) moderate or marked lym-
phoid infiltrate in the intervening stroma, and (3) a sharply
defined margin. Little fibrous stroma is usually present. Carci-
nomas were classified as atypical medullary if they had a les-
ser degree of lymphoid infiltrate, areas of infiltrative margin
or dense areas of fibrosis, while having the other features of
medullary carcinoma in at least 75% of the tumour. Carcino-
mas with medullary features in between 10 and 75% of the tu-
mour were classified as ductal.

An overall assessment of the intensity of lympho-histio-
cytic inflammation was made on haematoxylin and eosin
sections by one observer (CWE), and scored semi-quantita-
tively into four categories (absent/minimal, mild, moderate
and marked), similar to the method used by Lee and col-
leagues to assess diffuse inflammation as illustrated previ-
ously.’® For survival analysis, inflammation was divided into

two groups (absent and mild versus moderate and marked)
as suggested by previous studies.’*'®* Moderate and marked
inflammation were categorised as ‘prominent’.

Patients were recruited prospectively and survival data
was entered regularly. Breast cancer specific survival was de-
fined as the interval between the first operation and death
from breast cancer or death with active breast cancer. Dis-
ease-free survival was calculated from the date of first opera-
tion until the first recurrence (local, regional or distant).
Univariate survival analysis was performed using Kaplan-Me-
ier curves and log rank significance testing. Multivariate anal-
ysis of breast cancer related survival and time to relapse was
performed using Cox’s proportional hazards method. The
median follow up was 9.5 years (range 0.06 to 30.8) with 927
breast cancer related deaths and 1086 relapses. The high mor-
tality is probably a reflection of lack of adjuvant systemic
treatment, absence of strict criteria for breast conserving sur-
gery and limited use of radiotherapy.??

The research for this paper was approved by the Notting-
ham Research Ethics Committee 2 under the title ‘Develop-
ment of a molecular genetic classification of breast cancer’.

3. Results

3.1.  The relation of inflammation to other prognostic
factors

Prominent inflammation was seen in 9% of tumours. Increas-
ing inflammation was correlated with increasing histological
grade (rs = 0.46, P < 0.0001), weakly correlated with increasing
tumour size (rs=0.12, P<0.0001) and inversely correlated
with patient age (rs = —0.12, P < 0.0001) (Table 1). The intensity
of inflammation was greater in medullary carcinomas (typical
and atypical) than ductal, lobular, tubular/cribriform and
mucinous carcinomas (P<0.0001 for all analyses, Mann-
Whitney U test) and more in carcinomas of ductal type com-
pared with lobular (P <0.0001), tubular/cribriform (P = 0.005)
and mucinous carcinomas (P <0.0001). Inflammation was
not related to lymph node stage (rs = —0.002, P = 0.93).

3.2.  Prognostic significance of inflammation

On univariate analysis overall survival was better for patients
with tumours with prominent inflammation in both the com-
plete group (;* = 8.1, P = 0.004) and in the subset of grade 3 car-
cinomas (;? = 20, P < 0.0001); see Fig. 1. The results were very
similar for relapse free survival (all patients 3*=7.2,
P =0.007; grade 3 carcinomas y° = 15, P = 0.0001). Grade 2 car-
cinomas (98% of which had absent or mild inflammation)
had a worse overall survival than grade 3 carcinomas with
prominent inflammation (¢* = 9.6, P = 0.002).

On multivariate analysis overall survival in all patients
was associated with inflammation (relative risk (RR) for
prominent inflammation of 0.57 (95% confidence intervals
(CI) 0.44-0.74)) in addition to lymph node stage, histological
grade, tumour size, and vascular invasion (Table 2). Survival
was not significantly associated with oestrogen receptor sta-
tus or age. Histological type was not included in this analysis.
The results were similar for relapse free survival (RR for
prominent inflammation of 0.67 (95% CI 0.53-0.85).
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Table 1 - Relationship between inflammation and pathological features and patient age.

Pathological/clinical feature Intensity of inflammation
Absent Mild Moderate Marked

Histological grade
1 282 (98%) 5 (2%) 0 1 Ts = 0.46,
2 501 (88%) 59 (10%) 9 (2%) 0 P < 0.0001
3 371 (50%) 228 (31%) 114 (15%) 24 (3%)

Tumour size
1 to 10 mm 43 (77%) 9 (16%) 1 (3%) 3 (5%) rs=0.12,
11 to 20 mm 422 (78%) 81 (15%) 32 (6%) 4 (0.7%) P <0.0001
21 to 30 mm 447 (71%) 115 (18%) 56 (9%) 10 (2%)
31 to 40 mm 157 (64%) 57 (23%) 25 (10%) 6 (2%)
> 40 mm 88 (67%) 31 (24%) 9 (7%) 2 (2%)

Histological type®
Ductal/NST 515 (66%) 211 (27%) 54 (7%) 2 (0.3%) See main text for details
Lobular 171 (96%) 6 (3%) 1 (0.6%) 0
Medullary 3 (2%) 43 (32%) 64 (48%) 22 (16%)
Tubular/cribriform 52 (95%) 2 (4%) 0 1 (2%)
Mucinous 16 (100%) 0 0 0

Nodal status
Negative 714 (72%) 172 (18%) 82 (8%) 14 (1%) s =-0.002,
1 to 3 nodes positive 275 (71%) 72 (19%) 31 (8%) 8 (2%) P=0.93
> 3 nodes positive 164 (73%) 48 (21%) 8 (4%) 4 (2%)

Patient age
< 36 years 40 (49%) 27 (33%) 11 (13%) 4 (5%) rs=-0.12,
36 to 49 years 343 (69%) 92 (19%) 50 (10%) 10 (2%) P <0.0001
50 to 70 years 773 (76%) 174 (17%) 62 (6%) 11 (1%)
All tumours 1156 (72%) 293 (18%) 123 (8%) 25 (1.6%)

NST = no special type; Medullary includes both typical and atypical. Percentages are rounded, so do not necessarily add up to 100.

a Mixed types and less common types not shown.

On multivariate analysis overall survival in patients with
grade 3 carcinomas was associated with intensity of inflam-
mation (RR for prominent inflammation of 0.62 (95% CI
0.47-0.82) in addition to lymph node stage, tumour size, and
vascular invasion (Table 3). Histological type was not included
in this analysis. The results were similar for relapse free sur-
vival (RR for prominent inflammation of 0.71 (95% CI 0.55-
0.91).

3.3. Medullary carcinomas

Forty-four carcinomas were classified as typical medullary
and 88 as atypical medullary. The proportion of node-positive
tumours was similar in typical and atypical medullary carci-
nomas (37% versus 35%, * = 0.003, P = 0.96). The median size
was identical for the two subtypes (2.2 cm, Mann-Whitney U
P = 0.85). All except two of the 132 medullary carcinomas were
grade 3. Prominent inflammation was more common in typi-
cal medullary carcinomas (82% versus 57%, z* =7.0, P = 0.008).
Prominent inflammation was not seen in all typical medul-
lary carcinomas as the inflammation was assessed through-
out the tumour, whereas the inflammation in medullary
carcinoma is in the stroma between the sheets of tumour
cells. There were no significant differences for vascular inva-
sion (P = 0.35), oestrogen receptor (P = 0.36) or age (P = 0.42) be-
tween typical and atypical medullary carcinomas. In view of
the similarities between typical and atypical medullary carci-

nomas, the two were combined for some of the analyses
below.

Compared to grade 3 invasive ductal carcinomas, medul-
lary carcinoma (typical and atypical) showed an association
with younger patient age (5° = 11, P = 0.005), absence of vascu-
lar invasion (4° = 17, P < 0.001) and negative oestrogen recep-
tor status (;? =12, P = 0.004). No significant differences were
seen for nodal status (s>=2.2, P=0.33) or tumour size
(P =0.56, Mann-Whitney U).

3.4.  Histological type and outcome

On univariate analysis typical medullary carcinomas had a
slightly worse overall survival than atypical medullary carci-
nomas, but this difference was not significant (;*=1.0,
P =0.32, Fig. 2a). The presence of prominent inflammation
was associated with a slightly better survival in patients with
medullary carcinoma, but this difference was not significant
for typical medullary carcinoma (x*=2.1, P=0.14), atypical
medullary carcinoma (3 = 0.02, P = 0.89) or the two combined
(#*=0.2, P = 0.64, Fig. 2b).

On univariate analysis medullary carcinomas (typical and
atypical combined) had a better survival than invasive ductal
carcinomas overall (xz =15, P = 0.0001), invasive lobular carci-
nomas (y%> = 4.7, P = 0.03), both grade 2 (4> = 8.4, P = 0.004) and
grade 3 invasive ductal carcinomas (;* =21, P <0.0001), and
worse survival than grade 1 carcinomas of all types (3 = 5.0,
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Fig. 1 - Overall survival was better for patients with tumours
with moderate or marked inflammation compared with
patients with tumours with absent or mild inflammation (a)
in the complete group (x> = 8.1, P = 0.004) and (b) in the
subset with grade 3 carcinomas (12 = 20, P < 0.0001).

P =0.03) (see Fig. 3a). The majority of deaths from medullary
carcinoma occurred within 5years of diagnosis (68%) and
93% of deaths within 10 years. The corresponding figures

were 71% and 93% for grade 3 ductal carcinomas, 41% and
68% for invasive lobular carcinomas, 46% and 79% for grade
2 invasive ductal carcinomas, and 11% and 42% for grade 1
carcinomas of all types.

3.5.  Histological type and inflammation

In grade 3 carcinomas, the two most frequent histological
types were ductal and medullary (the third most frequent
was carcinomas of mixed type). Medullary carcinomas were
almost always grade 3 (98%). The relationship of survival with
histological type and inflammation was investigated (see
Fig. 3b). Grade 3 ductal carcinomas with prominent inflam-
mation had better survival than grade 3 ductal carcinomas
without prominent inflammation (;%=4.7, P = 0.03). Grade 3
medullary carcinomas (typical and atypical) had better sur-
vival than grade 3 ductal carcinomas without prominent
inflammation (;* = 24, P < 0.0001). However, the difference in
survival between patients with grade 3 medullary carcinomas
(typical and atypical) and those with grade 3 ductal carcino-
mas with prominent inflammation was not statistically sig-
nificant (;*= 1.2, P =0.27), even if the analysis was restricted
to tumours with moderate inflammation (P=0.12). These
three groups had a similar relationship to survival in multi-
variate analysis to that seen in univariate analysis (nodal sta-
tus, vascular invasion and tumour size were all significantly
related to survival).

Patients with grade 3 typical medullary or atypical medul-
lary carcinoma had better survival than patients with grade 3
ductal carcinoma (y*=4.5, P=0.03 and »?=20, P<0.0001
respectively) and both subsets of medullary carcinoma had
better survival than patients with grade 3 ductal carcinoma
without prominent inflammation (s>=5.4, P=0.02 and
7% =20, P <0.0001 respectively). No significant differences in
survival were found between patients with grade 3 typical
medullary or atypical medullary carcinoma and patients with
grade 3 ductal carcinoma with prominent inflammation
(x>=0.04, P=0.85 and ;%= 1.6, P = 0.20 respectively).

4, Discussion

There has been a reawakening of interest in medullary carci-
noma as a result of its morphological and immunophenotyp-
ical association with two of the most topical entities in breast
cancer; BRCA1 associated tumours®® and basal-like can-
cers.>*?* BRCA1 associated tumours and the poor prognostic
‘basal-like’ cancer cross the spectrum of medullary carci-
noma (typical and atypical) and invasive ductal carcinoma
with high grade nuclei, high mitotic activity, and lymphoid
rich stroma. The shared morphological features of basal-like

Table 2 — Multivariate analysis of breast cancer related survival in all patients.

Factor Relative risk (95% confidence interval) P value
Lymph node stage 1.87 (1.72 to 2.04) <0.0001
Histological grade 1.54 (1.40 to 1.70) <0.0001
Tumour size/cm 1.27 (1.16 to 1.30) <0.0001
Vascular invasion 1.42 (1.22 to 1.66) <0.0001
Inflammation 0.57 (0.44 to 0.74) <0.0001
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Table 3 — Multivariate analysis of breast cancer related survival in patients with grade 3 tumours.

Factor Relative risk (95% confidence interval) P value
Lymph node stage 1.91 (1.70 to 2.15) <0.0001
Tumour size/cm 1.22 (1.12 to 1.33) <0.0001
Vascular invasion 1.50 (1.21 to 1.86) <0.0001
Inflammation 0.62 (0.47 to 0.82) <0.0001
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Fig. 2 - (a) There was no significant difference in survival
between patients with typical and atypical medullary car-
cinoma (4 = 1.0, P = 0.32) and (b) no significant difference in
survival between patients with medullary carcinoma (typ-
ical or atypical) with absent or mild inflammation compared
with those with moderate or marked inflammation (4> = 0.2,
P =0.64).

tumours and medullary carcinoma have led some to specu-
late that definitions for medullary carcinoma are of limited

Time/years

Fig. 3 - (a) Survival was better in medullary carcinoma
(typical and atypical) than in invasive ductal carcinoma
grade 3 (y° = 21, P < 0.0001), and invasive ductal carcinoma
grade 2 (4? = 8.4, P = 0.004). The survival curve for invasive
lobular carcinoma was similar to that for invasive ductal
carcinoma grade 2 (not shown). (b) Survival in grade 3
carcinomas was better for medullary (typical and atypical)
and ductal with prominent inflammation than in ductal
without prominent inflammation (;* = 24, P < 0.0001 and
1* = 4.7, P = 0.03 respectively).
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value. However, recent studies have reported that basal-like
class of breast cancer is a heterogeneous group of tumours,
which encompasses both poor and good prognostic sub-
groups (reviewed in 5). In addition, the role of inflammation
in breast cancer remains controversial. This study investi-
gated the prognostic significance of medullary carcinomas
and tumour associated inflammation.

There are two main groups of studies investigating the
prognostic significance of medullary histological type. Some
start with a group of tumours originally classified as medul-
lary and reclassify them as typical medullary, atypical medul-
lary and non-medullary. Others, as in the present study,
compare medullary carcinoma with all ductal carcinomas or
grade 3 ductal carcinomas. There is also poor reproducibility
in making the diagnosis.®° The frequency of medullary car-
cinomas has decreased from about 7% in early studies to less
than 1% in some recent studies.’®?*>” Most studies only as-
sess the relation of survival to medullary type in univariate
analysis and only a few take account of nodal stage, tumour
size or histological grade.

Medullary carcinoma, although not exhibiting the excel-
lent survival characteristics of some special types of breast
cancer, has consistently been observed to have a better sur-
vival than other forms of grade 3 ductal invasive carcino-
mas®”?¢? and some studies, like the present one, find the
prognosis is better than non-medullary carcinomas.?® In addi-
tion, we found that the long term prognosis was better than
invasive lobular carcinoma and grade 2 ductal carcinomas.

Small sample sizes may explain the inconsistent results
on the prognostic significance of atypical medullary carcino-
mas. Some find that atypical medullary carcinomas have a
prognosis intermediate between classical medullary and
non-medullary carcinoma, whereas others find the prognosis
is similar to non-medullary carcinomas.?>*° The present
study found that typical medullary carcinomas had a slightly
worse survival than atypical medullary carcinomas, but this
difference was not significant. The finding in the present
study that atypical medullary carcinoma had a prognosis at
least as good as typical medullary carcinoma questions the
current strict diagnostic criteria separating these two histo-
logical types and supports the suggestion of a medullary-like
type, which combines the two.

The majority of deaths due to medullary carcinoma occur
within 5 years of diagnosis. The likely explanation for this is his-
tological grade. Almost all medullary carcinomas are grade 3.
The proportion of deaths within 5 and 10 years is almost identi-
cal to those for grade 3 ductal carcinomas. Also, deaths due to
medullary carcinoma tend to occur earlier than with lower
grade carcinomas. Despite the fact that most deaths due to med-
ullary carcinoma are seen within 5 years, at least 5 years follow
up is needed to see the separation of survival curves (see Fig. 3).

There is evidence that an effective immune response
against tumours can be mounted in humans. In some tu-
mours, such as colorectal carcinoma®! and papillary carci-
noma of the thyroid,* inflammation is associated with an
improved prognosis. Regression is well recognised in malig-
nant melanoma. Such patients show decreased expression
of the melanoma common tumour antigen MART-1 and the
presence of MART-1 specific cytotoxic T cells consistent with
an antigen driven immune response.>?

The significance of inflammation in breast cancer is con-
troversial. The cell types required for cell mediated immune
response (macrophages, T cells and dendritic cells) are pres-
ent in some tumours, but spontaneous regression is extre-
mely rare.>* Tumour infiltrating T cells usually have little or
no cytotoxic activity against autologous tumour,** although
when such activity is present the prognosis does appear to
be improved®> Tumour infiltrating lymphocytes express low
levels of Thl cytokines consistent with the evidence of re-
duced cell mediated response to tumour.” Dendritic cells
are present in small numbers in the stroma of invasive carci-
nomas of the breast, with little expression of dendritic cell
activation markers.®® Dendritic cells from breast cancer pa-
tients show reduced ability to stimulate control allogeneic T
cells.’® One study found the presence of higher numbers of
mature dendritic cells within the tumour is associated with
a better prognosis.?” These results suggest that cell mediated
immunity against the tumour is often impaired in breast can-
cer patients, but when these cells are functional there may be
a better prognosis.

Inflammatory cells may also stimulate tumour growth.
Macrophages in breast cancer secrete a variety of digestive
enzymes'’, which are thought to have an important role in
tumour invasion and angiogenesis. Macrophages can release
growth factors such as epidermal growth factor. They can
stimulate angiogenesis directly by release of angiogenic fac-
tors including vascular endothelial growth factor® and thy-
midine phosphorylase'® and via indirect mechanisms.

The current study showed that, on multivariate analysis,
prominent inflammation was associated with a better prog-
nosis; lymph node stage, histological grade, tumour size and
vascular invasion were other independent prognostic factors.
This result is consistent with the majority of other similar
studies of inflammation that are of adequate size and include
multivariate analysis (reviewed in 13). Multivariate analysis is
important because of the association of inflammation with
other prognostic factors, particularly histological grade. The
association of better survival with prominent inflammation
suggests that the antitumour effects of inflammation, such
as an immune response, predominate over the protumour ef-
fects, such as release of proteolytic enzymes and angiogenic
factors.

In the present study, medullary carcinoma (typical and
atypical combined) did not have a significantly different prog-
nosis compared with grade 3 ductal carcinoma with promi-
nent inflammation, but both had a better prognosis than
grade 3 ductal carcinoma without prominent inflammation.
These differences were independent of other prognostic fac-
tors and were also seen in separate analyses of typical medul-
lary and atypical medullary carcinoma. Prominent
inflammation is associated with a better prognosis, and may
explain the better prognosis in medullary carcinoma com-
pared with grade 3 ductal carcinoma without prominent
inflammation. Medullary carcinomas with prominent inflam-
mation had a slightly better prognosis than medullary carci-
nomas without prominent inflammation, but this difference
was not significant.

The good prognosis of medullary carcinoma emphasises
the heterogeneity of basal carcinomas. Further studies are
needed to investigate the difference in survival between
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medullary carcinoma and other basal carcinomas and the
role of inflammation in any such differences. The prognos-
tic significance of typical and atypical medullary type (and
the combination of these two types) compared with other
grade 3 carcinomas also merits further investigation.
Such studies need adequate numbers of patients and ade-
quate follow up of at least 5 years and ideally over 10 years
(many previous studies have small numbers and short fol-
low-up).
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