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Medullary carcinomas have a better prognosis than other grade 3 mammary carcinomas, but they typically

show basal-like biological features, which are associated with a poor prognosis. In this study we examined

the associations and prognostic relevance of medullary histological features in a series of 165 invasive

carcinomas with a basal-like phenotype: triple-negative (oestrogen receptor, progesterone receptor, HER2)

and expressing at least one basal marker (CK5/6, CK14, CK17 or EGFR). The following histological features

were associated with each other: prominent inflammation, anastomosing sheets, absence of fibrosis, absence

of infiltrative margin and absence of gland formation. Prominent inflammation and anastomosing sheets in at

least 30% of the tumour were associated with a better prognosis on univariate analysis. The combination of

these two features (a simplified definition of medullary-like type) was present in 17% of tumours and was an

independent prognostic factor on multivariate analysis. This simplified definition had good inter-observer

reproducibility (j¼ 0.61) and is worthy of more detailed assessment in an unselected group of mammary

carcinomas. A fibrotic focus was present in 36% of carcinomas. Only 3% of tumours with a fibrotic focus had

features of medullary-like carcinomas. Fibrotic focus of greater than 30% of the tumour was associated with a

poor prognosis. This study emphasizes the heterogeneity of morphology and behaviour of triple-negative

basal-like carcinomas.
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The recent global gene expression profiling studies
of breast cancer have identified distinct mole-
cular classes with clinical and biological relevance,
namely luminal, HER2 and basal-like groups.1,2

The main immunophenotype of the basal-like class
of tumours identified by these studies is the lack of
hormone receptor expression and HER2 amplifica-
tion (triple-negative phenotype: oestrogen receptor
(ER), progesterone receptor (PR) and HER2) and
the expression of basal-associated markers such
as basal cytokeratins (CK5/6, CK17 and CK14)
and EGFR. These are currently used as surrogate
immunohistochemical markers for the identifi-
cation of basal-like tumours in routine practice.3,4

Although triple-negative and basal-like phenotypes
are not synonymous,5,6 they overlap (60–90% of

triple-negative tumours are basal-like) and show
common histological features. These include high
histological grade (particularly high mitotic count),
circumscribed edge, central fibrosis, necrosis, pro-
minent lymphocytic infiltrate, syncytial growth and
spindle cells.7,8

The basal-like class has a poor prognosis, but
includes medullary carcinoma,9 which has a better
prognosis than other grade 3 carcinomas.10 The
Ridolfi criteria for the diagnosis of typical medullary
carcinoma include more than 75% of the carcinoma
composed of syncytial sheets, moderate or marked
mononuclear infiltrate, pleomorphic nuclei, circum-
scribed edge, and absence of glandular differentia-
tion and of ductal carcinoma in situ. However there
is difficulty in reproducibly making this diagno-
sis.11–13 Also, if the Ridolfi criteria are strictly
applied then less than 1% of carcinomas are of this
type.14

In addition, medullary carcinomas also share
histological and immunophenotypic features with
tumours that arise in carriers of BRCA1 germ-line
mutations, which have a poor prognosis.15
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This study aimed to test the hypotheses that
medullary histological features are associated with
each other and with a better prognosis in invasive
basal-like carcinomas.

Materials and methods

This study was based on a well-characterized series
of TNM stage T1 and T2 primary operable invasive
breast carcinoma cases entered into the Nottingham
Tenovus Primary Breast Carcinoma Series between
1989 and 1998. Patients were under the age of 71
and treated according to the local protocols.
Patients’ clinical history and tumour characteristics,
information on therapy, tumour recurrence and
survival were collected as previously described.5,8

Breast cancer tissue microarrays were prepared
and immunohistochemically stained for ER, PR,
HER2, CK5/6, CK14, CK17 and EGFR as previously
described.8,16,17 Cut-off values for these biomarkers
were the same as for previously reported patient
series. Of the 1726 tumours informative for ER, PR
and HER2, 282 (16.3%) showed a triple-negative
phenotype. Of these, 165 tumours expressing one or
more of the basal markers (CK5/6, CK14, CK17

and/or EGFR)3,18–20 and with haematoxylin-and-
eosin-stained slides containing sufficient tumour
for assessment were included in this study.

A total of 156 tumours were grade 3 (95%) and 9
were grade 2. The median size was 2.2 cm. Axillary
lymph nodes were positive in 54 (33%) including
16 with three or more involved nodes. Seventeen
tumours were categorized as medullary (typical or
atypical)10 and 148 as of no special type including
1 tumour with myxoid stroma. Vascular invasion
was present in 53 (32%). The median patient age
was 51 years. Seventy-one patients had a wide local
excision and 94 received a mastectomy. Adjuvant
chemotherapy was given to 70 patients and endo-
crine therapy to 31 (ER status was not used to select
endocrine treatment at the start of the study period).

In this study, the following phenotypic features
were assessed by two observers (FM and AL) on
a multi-headed microscope (see Figure 1). The
intensity of lymphohistiocytic inflammation was
assessed on a semi-quantitative scale as absent/
minimal, mild, moderate or marked, similar to the
method described previously for assessing diffuse
inflammation.14 Prominent inflammation was
defined as moderate or marked inflammation. The
proportion of the tumour showing the following

Figure 1 (a) Carcinoma with largely circumscribed edge, composed of anastomosing sheets of cells with no fibrosis and (b) with
moderate inflammatory infiltrate. (c) Carcinoma composed of anastomosing sheets of cells with necrosis and prominent fibrosis.
(d) Carcinoma with infiltrative margin and mild inflammation.

Medullary histological features

1358 F Marginean et al

Modern Pathology (2010) 23, 1357–1363



features was estimated: anastomosing sheets
(defined as interconnecting cohesive sheets of
tumour cells visible at low power), fibrosis, infil-
trative margin and gland formation. The proportion
of the invasive carcinoma with necrosis was
categorized as none, 1–10% and more than 10%.
The mitotic score and nuclear pleomorphism score
components of histological grade were obtained
from the pathology reports.21 The presence or
absence of ductal carcinoma in situ was noted.
Two observers (ER and AL) assessed the proportion
of tumour showing features of a fibrotic focus using
the definition of Copaert on a multi-headed micro-
scope. Fibrotic focus was defined by Hasebe et al22

as a central area of fibrosis containing fibroblasts
and/or collagen. Necrosis and elastosis may also be
present. Colpaert et al23 refined this definition by
adding that there must be an area of fibrosis at least
3mm across with no carcinoma cells. To measure
inter-observer variation, a third observer assessed
inflammation and anastomosing sheets as defined
above in 52 tumours.

Statistical Analysis

The relationship between different histological
features was analysed with the Spearman’s rank
correlation coefficient. In view of the multiple
comparisons only results with Po0.005 were
regarded as significant.

Survival analysis was based on breast cancer
deaths, using the time from the initial surgery to
death from breast cancer. Deaths due to other causes
were censored. Survival curves were analysed by
the Kaplan–Meier method and significance was
determined by the log-rank test.24 Multivariate
analysis was performed by Cox proportional hazards
analysis. A P-value o0.05 (two sided) was consid-
ered statistically significant. Follow-up was avail-

able for 158 patients. The median follow-up was 9.2
years (range, 0.3–20.2) with 60 breast cancer deaths.

This study was approved by Nottingham Research
Ethics Committee 2 under the title of ‘Development
of a molecular genetic classification of breast
cancer’.

Results

The following histological features were associated
with each other: prominent inflammation, anasto-
mosing sheets, absence of fibrosis, absence of
infiltrative margin and absence of gland formation
(Tables 1 and 2). The percentage of fibrotic focus
correlated with the percentage of fibrosis, necrosis
and absence of anastomosing sheets.

On univariate analysis, breast-cancer-specific
survival was better in patients with tumours show-
ing moderate or marked inflammation than in
patients with tumours showing absent or mild
inflammation (Figure 2a). The survival curves for
absent and mild inflammation were very similar
(data not shown). Prominent inflammation (moderate
or marked) was present in 31% of tumours.

Table 1 Correlation between different medullary-like histological features

Anastomosing
sheets

Fibrosis Necrosis Infiltrative
margin

Glands DCIS Mitotic
score

Nuclear
pleomorphism

Fibrotic focus

Inflammation score rs¼ 0.31 rs¼�0.40 rs¼0.10 rs¼�0.23 rs¼�0.32 rs¼�0.16 rs¼�0.17 rs¼ 0.02 rs¼�0.18
Po0.0001 Po0.0001 P¼ 0.20 P¼0.003 Po0.0001 P¼0.04 P¼0.03 P¼0.79 P¼0.02

Anastomosing sheets rs¼�0.38 rs¼0.20 rs¼�0.62 rs¼�0.33 rs¼�0.26 rs¼ 0.17 rs¼�0.04 rs¼�0.22
Po0.0001 P¼ 0.01 Po0.0001 Po0.0001 P¼0.001 P¼0.03 P¼0.57 P¼0.005

Fibrosis rs¼0.004 rs¼0.34 rs¼ 0.27 rs¼0.36 rs¼�0.17 rs¼ 0.04 rs¼0.36
P¼ 0.95 Po0.0001 P¼ 0.0006 Po0.0001 P¼0.03 P¼0.64 Po0.0001

Necrosis rs¼0.27 rs¼�0.08 rs¼0.10 rs¼ 0.22 rs¼ 0.15 rs¼0.30
P¼0.0004 P¼ 0.27 P¼0.19 P¼0.006 P¼0.05 P¼0.0001

Infiltrative margin rs¼ 0.32 rs¼0.23 rs¼�0.25 rs¼ 0.05 rs¼ 0.09
Po0.0001 P¼0.003 P¼ 0.001 P¼0.50 P¼0.23

Gland formation rs¼0.23 rs¼�0.24 rs¼ 0.06 rs¼ 0.07
P¼0.004 P¼ 0.002 P¼0.43 P¼0.39

DCIS rs¼�0.17 rs¼ 0.13 rs¼ 0.18
P¼0.03 P¼0.66 P¼0.02

Mitotic score rs¼ 0.09 rs¼ 0.006
P¼0.66 P¼0.94

Nuclear pleomorphism rs¼�0.03
P¼0.66

Results with Po0.005 are marked in bold.

Table 2 The relationship between the proportion of the
tumour composed of anastomosing sheets and the intensity of
inflammation

Inflammation Anastomosing sheets Total

0–29% 30–69% 70–100%

Absent 19 2 2 23
Mild 77 12 4 93
Moderate 19 12 11 42
Marked 2 3 2 7
Total 117 29 19 165
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In initial analysis of anastomosing sheets, the
tumours were divided into three groups:o30, 30–69
and 70% or more. The latter two groups had similar
survival, so they were combined (29% of tumours).
Tumours composed of at least 30% anastomosing
sheets were associated with a better survival
(Figure 2b).

The combination of prominent inflammation and
anastomosing sheets in at least 30% of the tumour
(‘medullary-like’, 17% of tumours) produced even
clearer separation of the survival curves (Figure 2c).
There was an overlap between medullary-like carci-
nomas as defined above and medullary carcinomas
using conventional criteria (w2¼ 14.7, P¼ 0.0001),
but some atypical medullary carcinomas did not fall
within the medullary-like group. DCIS was seen less
often in medullary-like carcinomas compared with
other carcinomas (32 vs 64%, w2¼ 8.2, P¼ 0.004).
The presence of DCIS was not associated with
prognosis in the whole series or in medullary-like
carcinomas. Medullary-like carcinomas were more
often node negative (P¼ 0.006), but survival analysis
in node-negative carcinomas showed that medul-
lary-like type was still associated with a better
prognosis (P¼ 0.025). Histological grade, tumour
size, proportion of tumours showing necrosis

(410% necrosis in 39% of both categories) and
proportion of patients receiving chemotherapy were
similar in medullary-like and other carcinomas.

In initial analysis of fibrosis the tumours were
divided into three groups: 10% or less, 11–29 and
30% or more. The latter two groups had similar
survival, so they were combined. Fibrosis of 10% or
less of the tumour (25% of tumours) was associated
with a better survival, but this was of borderline
significance (Figure 2d).

A fibrotic focus was present in 60 carcinomas
(36%). Only two tumours with a fibrotic focus
showed medullary-like features. The fibrotic focus
in these two tumours affected 10 and 20% of the
tumours. There was no difference in nodal stage,
histological grade, tumour size or vascular invasion
between tumours with or without a fibrotic focus.
Patients with tumour containing a fibrotic focus
received chemotherapy more often than patients
with a tumour without a fibrotic focus (57 vs 39%,
P¼ 0.05). When considering all tumours with a
fibrotic focus, there was no association between this
feature and survival (Figure 2e). However, a fibrotic
focus that replaced more than 30% of the tumour
(similar to the cut-off of greater than a third used by
Colpaert et al23) was associated with a worse
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Figure 2 Breast-cancer-specific survival was associated with (a) intensity of inflammation (P¼ 0.04), (b) anastomosing sheets (P¼0.04),
(c) the combination of prominent inflammation and anastomosing sheets (medullary-like) compared with one or neither of these features
(P¼ 0.02) and (d) fibrosis (P¼0.06). Breast-cancer-specific survival was (e) not associated with the presence of a fibrotic focus (P¼0.36),
(f) but was associated with a fibrotic focus greater than 30% compared with medullary-like and other carcinomas.
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prognosis (P¼ 0.03), but only 11 tumours satisfied
this criterion. When tumours were divided into
medullary-like, fibrotic focus larger than 30% and
tumours not falling into either of these groups there
was clear separation of the survival curves (Figure
2f). None of the other histological features assessed
was associated with survival.

On univariate analysis, breast-cancer-specific
survival was associated with nodal status, tumour
size and vascular invasion, but not with histological
grade (95% of tumours were grade 3), patient age,
chemotherapy or endocrine therapy. On multi-
variate analysis including medullary-like type and
traditional factors, the only factors associated with
survival were medullary-like type (P¼ 0.02, relative
risk 0.32 (95% CI 0.13–0.81)) and tumour size
(P¼ 0.02, relative risk 1.4 (95% CI 1.06–2.0)). On
multivariate analysis including fibrotic focus greater
than 30% and traditional factors, the only factors
associated with survival were fibrotic focus
(P¼ 0.02, relative risk 3.3 (95% CI 1.2–8.5)) and
lymph node stage (P¼ 0.02, relative risk 1.7 (95% CI
1.08–2.5)). Similarly, tumour type, divided into
medullary-like, fibrotic focus greater than 30% and
other, was an independent prognostic factor in
addition to lymph node stage.

The study of reproducibility found 90% agree-
ment in assessing the combination of prominent
inflammation and anastomosing sheets (k¼ 0.61).

Discussion

This study assessed medullary histological features
in a well-defined group of carcinomas that showed
basal-like phenotype defined as being triple-nega-
tive with expression of at least one of the basal
markers used.3,5 The major findings were an associa-
tion of medullary histological features with each
other and association of prominent inflammation
and anastomosing sheets with better prognosis. In
addition, a separate group with a large fibrotic focus
associated with a poor prognosis was identified.

Prominent inflammation was present in 31% of
tumours compared with 10% in unselected carci-
nomas.10,14 This is, at least in part, likely to be linked
to histological grade as there is strong correlation
between histological grade and intensity of inflam-
mation10 and 95% of tumours in the present series
were grade 3. The separation of inflammation into
two groups (absent and mild vs moderate and
marked) was based on previous studies.10,14,25 The
finding in this study that absent and mild inflam-
mation were associated with a similar prognosis and
that both had a worse prognosis than moderate and
marked inflammation supports this cut-off. The
finding of an association of prominent inflammation
with better prognosis has been described in triple-
negative carcinomas26 and is similar to the majority
of studies of unselected carcinomas.10,14

We chose to use the feature of anastomosing
sheets rather than syncytial sheets as proposed by
Ridolfi. Classification as a syncytial sheet requires
recognition of indistinct cell borders at high magni-
fication (which we found very subjective) in addi-
tion to the recognition of the anastomosing sheets.
We found that assessment of anastomosing sheets
could be carried out easily at low magnification.
These two features are often present. Ridolfi sug-
gested syncytial sheets should be present in at least
75% of the tumour in a typical medullary carcino-
ma. In this study, tumours composed of at least 30%
anastomosing sheets were associated with a better
survival. There was no difference in survival for
patients with tumours with 30–69% anastomosing
sheets and those with tumours with at least 70%
anastomosing sheets.

Fibrotic focus is a recently described histological
feature associated with high histological grade,
larger tumour size, vascular invasion, nodal meta-
stasis, tumour necrosis, HER2 expression and poor
prognosis.22,23 Central fibrosis is more frequently
seen in basal-like carcinomas identified with im-
munohistochemistry or gene expression profiles.7,27

Central fibrosis was found in 51% of tumours and
associated with worse prognosis in a study of 97
triple-negative carcinomas.26 In this study a fibrotic
focus was present in 36% of tumours and there was
almost no overlap with medullary-like features.
Fibrotic focus was only of prognostic significance
when the feature was extensive (more than 30% of
the tumour area). We chose to use the Colpaert et al
definition of fibrotic focus, which requires a central
area of fibrosis without carcinoma at least 3mm
across, as this is more objective than Hasebe’s
definition stating that ‘tumor cells are seldom seen
in fibrotic focus r3mm in size’. A large fibrotic
focus is easy to recognize. However, some basal-like
carcinomas show prominent central fibrosis, but
with scattered foci of carcinoma throughout, which
do not fit the definition by Colpaert et al.

We found assessment of the tumour margin
difficult. It is easy to recognize a tumour that is
clearly infiltrative, but much more subjective to say
if it is circumscribed. Others have found poor
reproducibility in assessing circumscription of
margins compared with assessment of syncytial
growth pattern and intensity of mononuclear
infiltrate.28

The association of medullary features with each
other in the present series supports the concept of a
medullary histological type. Previous studies have
found that medullary carcinomas have a better
prognosis than other grade 3 carcinomas.10 This
study of basal-like carcinomas found a better
prognosis associated with a less strict definition of
medullary-like carcinoma (prominent inflammation
and at least 30% anastomosing sheets).

The Ridolfi criteria are very restrictive and may
therefore miss cases with a good prognosis: in a
recent study using the criteria less than 1% of
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carcinomas were classified as medullary.14 Pedersen
et al29 proposed a simplified definition of medullary
carcinoma: syncytial growth pattern in more than
75% of the tumour and diffuse moderate or marked
mononuclear infiltration, which was reproducible
and prognostically significant. The data in this
study suggest modifying the Pedersen definition by
reducing the proportion of the tumour showing
anastomosing sheets required for the diagnosis. This
study only examined a small subset of carcinomas
and it would be useful to investigate the revised
criteria in a large series of unselected mammary
carcinomas. A further value of a less strict definition
is that it would help in the recognition of BRCA-1-
mutation-associated carcinoma, which frequently
shows medullary-like features in addition to the
other characteristic clinical and immunophenotypic
features.

In this study there was substantial inter-observer
agreement (k¼ 0.61) using the simplified definition
of medullary-like carcinoma. This compares favour-
ably with previous studies of the Ridolfi criteria
that have shown k values from 0.10 to 0.55.12,28 In
keeping with this, Gaffey et al11 found that the
Pedersen definition, which is similar to the pro-
posed definition, was more reproducible than the
Ridolfi definition.

The findings of this study also emphasize the
heterogeneity of morphology and behaviour of basal-
like carcinomas and confirm the results of previous
studies that indicate that a subgroup of basal-
like tumours is associated with better prognosis
(reviewed in Rakha et al4).

This study has found that medullary histological
features correlate with each other in triple-negative
basal-like carcinomas. A simplified definition of
medullary-like carcinoma was associated with better
prognosis in this group of carcinomas. Inter-observer
reproducibility for this definition was good. Further
investigation of this definition in unselected
mammary carcinomas would be useful.
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