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OBJECTIVE. The aim of this study was to review the prognostic significance of patho-
logic and radiologic factors for screening-detected invasive breast cancers of any size.

MATERIALS AND METHODS. The patient group was a consecutive series of 470
screening-detected invasive breast cancers that were diagnosed between 1988 and 1998. Data
regarding tumor type, grade, maximum invasive diameter, lymph node status, and the presence
or absence of vascular invasion were recorded, as were the mammographic features of the le-
sion. Survival was ascertained from hospital records and a cancer registry. Differences in sur-
vival were assessed using Kaplan-Meier survival curves with a log-rank test for difference. The
significance of any correlations was assessed using the chi-square test and the chi-square test
for trend. Multivariate analysis used a Cox proportional hazards model.

RESULTS. At univariate analysis, large invasive size, the presence of definite vascular inva-
sion, high histologic grade, and nodal involvement were associated with poorer breast-cancer-
specific survival. Mammographic spiculation (the presence of either a spiculated mass or distor-
tion) was associated with more prolonged breast-cancer-specific survival. The presence or
absence of mammographic comedo calcification did not influence breast-cancer-specific sur-
vival. In a Cox multivariate analysis that included those factors significant in univariate analysis,
size, grade, nodal stage, and mammographic spiculation maintained their prognostic significance.

CONCLUSION. Mammographic spiculation is an independent, good prognostic factor
for screening-detected invasive breast cancer. The mechanism of how mammographic spicula-

tion confers a beneficial prognostic effect is not clear.

he established prognostic factors

for invasive breast cancer are

lymph node stage [1], histologic

grade [2], and histologic invasive
size [3]. Other pathologic factors known to in-
fluence prognosis include vascular invasion
status [4] and histologic tumor type [5]. A
number of groups have combined a variety of
these factors to form a prognostic index [6].
Such indexes, however, have been derived
and validated in women with symptomatic
breast cancer [7]. In addition, recent work has
suggested that vascular invasion, although as-
sociated with nodal status, may add important
prognostic information, especially in patients
with node-negative disease [8, 9].

Interest has been increasing in prognostic
factors for screening-detected invasive can-
cers. Although the traditional pathologic fac-
tors of grade, nodal stage, and size are known
to provide valid prognostic information for
screening-detected cancer, their prognostic
strength decreases with increased length of

follow-up [10]. In addition, the individual im-
portance of factors may potentially vary in
different patient groups. For example, a num-
ber of studies have suggested that histologic
grade ceases to have prognostic value in tu-
mors smaller than 10 mm [11].

Some studies have suggested that radio-
logic features provide prognostic informa-
tion. Tabar et al. [12, 13] have suggested
that the presence of mammographic comedo
calcification is a poor prognostic factor in
small screening-detected invasive cancers,
although others have found conflicting re-
sults [14—16]. Tabar et al. [13] have also
shown that malignant stellate (spiculated)
lesions detected at mammographic screen-
ing have an excellent outcome.

Tumor-associated fibrosis may influence
the radiologic appearance of tumors, perhaps
by causing spiculation. However, the forma-
tion of fibrotic foci in tumors is associated
with poor prognostic features such as nodal
positivity and angiogenesis [17, 18].
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TABLE I: Pathological Features of 470 Women with Screening-Detected
Breast Cancer

Incidence Screening | Prevalence Screening Total
Pathologic Feature (n=209) (n=261) (n=470)
Grade 1 56 (27) 106 (41) 162 (34)
Grade 2 79(38) 103 (39) 182 (39)
Grade 3 74 (35) 52(19) 126 (27)
Node-negative 148 (74)2 180 (75)2 328 (75)2
Node-positive 52 (26)? 60 (25)2 112 (25)2
Definite vascular invasion 28 (14)2 52 (20) 80(17)
Invasive size (mm)
<10 54 (26) 59 (23) 113 (24)
<15 117 (56) 137 (52) 254 (54)
>15 92 (44) 124 (48) 216 (46)

Note—Data are numbers (percentages) of patients.

aPercentages vary because some pathological data were not available for some patients and they were excluded

from the calculation.

TABLE 2: Mammographic Features Correlated with Pathology and Age

Mammographic Feature
Comedo Granular llI-Defined Spiculate
Pathologic Feature Calcification | Calcification | Distortion Mass Mass

Number 55 72 72 119 200
Grade 1 9(16) 32 (44) 30 (42) 22 (18) 94 (48)
Grade 2 13 (24) 23(32) 35 (49) 39(33) 78 (39)
Grade 3 33(60) 17 (24) 7(10) 58 (49) 27 (14)
Node-positive 13 (24) 15(23) 15(22) 29 (26) 48 (26)
Node-negative 41 (76) 49 (77) 53(78) 83(74) 135 (74)
Invasive size < 10 mm 21(38) 24.(33) 20 (28) 22(18) 37(19)
Age < 60 years 32(58) 41 (57) 47 (65) 64 (54) 92 (46)
Age 60-69 years 23 (42) 31(43) 25 (35) 55 (46) 108 (54)
Definite vascular invasion 14 (25) 10 (14) 6(8) 27 (23) 32(16)

Note—Data are numbers (percentages) of patients.

The role of fibrosis and its radiologic cor-
relates in breast carcinoma biology, behavior,
and outcome is thus poorly understood. Tu-
mor-associated fibroblasts are activated by
factors such as platelet-derived growth factor
and insulinlike growth factor released by
breast cancer cells. These activated fibro-
blasts enable tumors to invade stroma through
the release of metalloproteinases and also to
synthesize abnormal collagen [17].

Therefore, we studied the prognostic sig-
nificance of pathologic and radiologic factors
in a univariate and multivariate fashion for a
group of screening-detected invasive breast
cancers of any size. The assessment of vascu-
lar invasion status and mammographic spicu-
lation in relation to prognosis in this patient
group is novel.
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Materials and Methods

The patient group was a consecutive series of 470
patients with screening-detected invasive breast can-
cers diagnosed between 1988 and 1998. During this
period, patients 50-64 years old underwent two-
view mammography at prevalence screening and
single-view mammography at incidence screening.
The screening interval was 3 years, and all screening
before 1992 was prevalence screening (a few women
65—69 years old were self-referred for screening).
The films had a single interpretation. Data regarding
histologic tumor type, grade, maximum invasive di-
mension, lymph node status, and the presence or ab-
sence of lymphovascular invasion were recorded.

Histologic tumor type was defined according to
previously described protocols [19]. Tumor grade
was determined using the Nottingham method de-
scribed by Elston and Ellis [2]. Only women in

whom four or more lymph nodes were retrieved at
either axillary sampling or axillary dissection were
included in the analysis of lymph node stage.
Mammographic features were also recorded. The
primary radiologic feature was noted and any associ-
ated features were also documented. Microcalcifica-
tions were classified as either comedo or granular.
Masses were classified as well defined, ill defined, or
spiculated. Asymmetric densities and architectural
distortions were also noted. At the radiologic review,
the radiologists were unaware of the pathologic prog-
nostic features of the tumor or of patient survival.
Women with metastatic breast cancer who died
were assumed to have died of breast cancer. In cases
of women who died in whom the cause of death was
not clear from radiology records, the cause of death
was retrieved from the cancer registry. The most re-
cent date these individuals were alive was ascertained
from either radiology records or last attendance at ei-
ther a hospital or a family doctor appointment.
Statistical analysis was performed as follows: Dif-
ferences in survival were assessed using Kaplan-
Meier survival curves and the log-rank test for differ-
ence. Patients who died from non-breast cancer
causes were excluded. The significance of any corre-
lations was assessed using the chi-square test and the
chi-square text for trends. A p value of less than 0.05
was considered significant. Multivariate analysis
used a Cox proportional hazards model. This and all
other statistical analyses were performed on an Apple
Macintosh computer with StatView 5.0.1 software.

Results

During the follow-up period, there were 60
breast cancer deaths and 27 deaths from
non-breast cancer causes. The mean length of
follow-up in patients who were alive was 8.4
years (median, 8.1 years; range, 0.2-15.8
years). Age at breast cancer diagnosis ranged
from 49 to 69 years (mean, 58.6 years; me-
dian, 59 years). The prognostic features of the
study group are summarized in Table 1.

Associations between radiologic features and
other factors are shown in Table 2. The presence
of comedo calcification and ill-defined masses
was associated with a high histologic grade
(p = 0.016 and p = 0.0003, respectively),
whereas distortion and spiculated masses
were associated with a low histologic grade
(p = 0.007 and p < 0.00001, respectively).
Comedo and granular calcifications were associ-
ated with invasive cancers smaller than 10 mm,
whereas spiculated masses were associated with
invasive sizes equal to or larger than 10 mm. Dis-
tortion was associated with younger patient age
(< 60 years) at diagnosis (p = 0.028).

In univariate analysis, large tumor size
(p = 0.007), the presence of definite vascu-

AJR:187, November 2006



Mammographic Spiculation and Breast Cancer

1.04 1.0 4
0.8 _ 0.8
4 g 4
I 2
2 g
> ] =3
5 0.6+ o 0.6 4
a .
(] = 4
R 5
© 3 04 A
— 0.4 E - = Cumulative survival (distortion or spiculate mass)
g 4 =1 b ~—— Cumulative survival (other)
= (&) 1 4 Event times (distortion or spiculate mass)
(&) | 4 ¥ Event times (other)
0.2 4 0.2
{ Chi-Square DF p Value (o] ive survival (distortion or spiculate mass) 1 Chi-Square DF p Value
13.75 I 1 I 0002 I ——CL ive survival (other) 1 [ 13.75 [ 1 [ -0002 |
0 0
0 2 4 6 8 10 12 0o 2 4 6 8 10 12 14 16 18
Time (y) Time (y)
A B

Fig. 1—Graph shows breast-cancer-specific survival according to mammographic appearance. DF = degrees of freedom.

A, Top line indicates cumulative survival for patients with distortion or spiculate mass; bottom line indicates cumulative survival for other patients.

B, Top line and A symbol indicate cumulative survival and event times, respectively, for patients with distortion or a spiculate mass; bottom line and ¥ symbol indicate
cumulative survival and event times, respectively, for other patients.

lar invasion (p < 0.0001), high histologic
grade (p < 0.0001), and nodal involvement
(p <0.0001) were associated with worsen-
ing breast-cancer-specific survival. Mammo-
graphic spiculation (the presence of either a
spiculated mass or a distortion) was associ-
ated with prolonged breast-cancer-specific
survival (p = 0.0002) (Fig. 1). The progno-
sis of spiculated lesions detected at preva-
lence and incidence screening rounds was
similar (p = 0.7). The presence or absence
of mammographic comedo calcification did
not influence breast-cancer-specific sur-
vival (p = 0.1).

At multivariate analysis of factors that
were significant in univariate analysis, size,
histologic grade, nodal stage, and mammo-
graphic spiculation maintained their prognos-
tic significance (Table 3).

Discussion

The established prognostic factors for inva-
sive breast cancer are lymph node stage, histo-
logic grade, and histologic invasive size [1-3]. A
number of groups have combined a variety of
these factors to produce prognostic indexes. One
of the most widely used and validated is the Not-
tingham Prognostic Index (NPI) [20]. However,
this and other prognostic indexes have been de-
rived and validated in women with symptomatic
breast cancer [6, 7]. These prognostic factors are
also valid in screening-detected breast cancer,
but the strength of prognostication decreases
with prolonged time of follow-up [10].

Our study confirms once again that nodal sta-
tus is a powerful prognostic factor in screening-
detected invasive breast cancer. Histologic grade
is also a significant prognostic factor, but with
less weight in predicting prognosis than is seen

TABLE 3: Final Model of Stepwise Multivariate Analysis for Breast-Cancer-

Specific Survival

Correlation Coefficient | Chi-Square
Feature Coefficient SE of SE Test p Exp (Coef)
Size 00.02 0.01 2.18 471 0.029 1.02
Grade 00.64 0.23 274 7.52 0.006 19
Spiculation -0.72 0.33 -2.16 4.67 0.031 0.49
Nodal stage 1.20 0.19 6.21 38.62 <0.001 3.33

Note—Data are for all cases (if stage known) and include size, grade, stage, lymphovascular invasion, and
spiculation versus other radiologic findings. Exp (Coef) = exponential coefficient.
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in symptomatic series. This is probably because
histologic grade is not as influential in small tu-
mors (< 10 mm), such as small grade 3 invasive
cancers, which have been shown to have an ex-
cellent prognosis [11, 15]. This good outcome
may be explained by the low frequency of sys-
temic spread from such small tumors, as evi-
denced by the low rates of nodal positivity and
vascular invasion in this group of lesions [21].
The Nottingham Prognostic Index places equal
weight on nodal status and histologic grade as
derived from the weights of these features in
multivariate analysis from symptomatic invasive
breast carcinomas. For predicting prognosis of
screening-detected patients, the NPI may be
overweighted with regard to grade in patients
with small tumors.

Other pathologic factors known to influence
prognosis include lymphovascular invasion sta-
tus, which is particularly important in patients
with node-negative tumors [7-9]. In our study,
the presence of definite vascular invasion was a
significant prognostic factor in univariate but not
in multivariate analysis. This may be because of
the close relationship between nodal status and
vascular invasion and a weaker association be-
tween the presence of vascular invasion and his-
tologic grade. Whether vascular invasion status
should influence decisions regarding the use of
adjuvant therapy in women with small node-
negative tumors is as yet unclear.
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Tabar et al. [13] have suggested that the
presence of mammographic comedo calcifica-
tion is a poor prognostic factor in small screen-
ing-detected invasive cancers and have postu-
lated a process called “neoductgenesis” as a
mechanism [13]. Other groups have varied in
their ability to reproduce these findings but
have noted a strong association between
comedo calcification, high histologic grade,
and small size [15, 22]. In the present study, we
did not find comedo calcification to be a prog-
nostic factor for screening-detected invasive
breast cancer, which was not surprising be-
cause this study included screening-detected
cancers of all sizes, not just small lesions.

We hypothesized that spiculation would
prove to be significantly positively associated
with patient survival from breast cancer in
univariate analysis because a strong correlation
exists between low-histologic-grade lesions and
mammographic spiculation [23]. This has been
shown by other groups [13]. We expected, how-
ever, that the good prognostic effect of spicula-
tion would cease to be significant at multivariate
analysis once grade was taken into account.

It was also possible that spiculation might
indicate a poor prognosis as a result of histo-
logic fibrotic foci and the role of fibroblasts in
tumor progression. This is not the case. The
unexpected finding is that mammographic
spiculation is a good prognostic feature and
remains independent of histologic grade in
multivariate analysis. Why spiculation should
be a good prognostic feature is not clear. The
feature is thought to represent two phenom-
ena: the in-pulling of normal Cooper’s liga-
ments into a tumor and the invasion of tumor
cells into the surrounding tissue. It is unclear
whether either of these processes dominates
in a particular group of spiculated lesions and
whether either of these phenomena correlates
with tumor-associated fibroblastic activity.

The limitations of this study are that it is
from a single center, so the prognostic effect of
spiculation should be validated in a data set sep-
arate from the one from which it was derived.
The mammograms were reviewed by one radi-
ologist, so the question of reproducibility re-
garding the presence or absence of spiculation
has not been addressed. Because the study
group dates from the beginning of screening in
our center, there is an overrepresentation of
prevalent round tumors, which tend to be low
grade. Patients in this study were given adju-
vant hormone therapy and chemotherapy when
appropriate, but estrogen receptor status is un-
known for most of the tumors. Others have sug-
gested that spiculation may be associated with
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estrogen receptor expression [24]. The benefi-
cial effect of spiculation could therefore be are-
lated to improved survival of estrogen recep-
tor—positive tumors because of the benefit
derived from adjuvant hormone therapy.

If others confirm the findings we report in this
article, identifying the mechanisms of mammo-
graphic spiculation may add to our understanding
of the natural history of breast cancer.

References
1. Carter CL, Allen C, Henson DE. Relation of tumor
size, lymph node status, and survival in 24,740
breast cancer cases. Cancer 1989; 63:181-187
2. Elston CW, Ellis 10. Pathological prognostic
factors in breast cancer. I. The value of histolog-
ical grade in breast cancer: experience from a
large study with long-term follow-up. Histopa-
thology 1991; 19:403-410
3. Neville AM, Bettelheim R, Gleber RD, et al. Pre-
dicting treatment responsiveness and prognosis in
node-negative breast cancer. J Clin Oncol 1992;
10:696-705
4. Pinder SE, Ellis 10, Galea M, O’Rourke S,
Blamey RW, Elston CW. Pathological prognos-
tic factors in breast cancer. III. Vascular inva-
sion: relationship with recurrence and survival
in a large study with long-term follow-up. His-
topathology 1994; 24:41-47
5. Pereira H, Pinder SE, Sibbering DM, et al. Patho-
logical prognostic factors in breast cancer. IV.
Should you be a typer or a grader? A comparative
study of two histological prognostic features in
operable breast carcinoma. Histopathology 1995;
27:219-226
6. Todd JH, Dowle C, Williams MR, et al. Confirma-
tion of a prognostic index in primary breast cancer.
Cancer 1987; 56:489-492
7. D’Eredita G, Giardina C, Martellotta M, Natale T,
Ferrarese F. Prognostic factors in breast cancer: the
predictive value of the Nottingham Prognostic In-
dex in patients with a long-term follow-up that were
treated in a single institution. Eur J Cancer 2001;
37:591-596
8. Kurosumi M, Suemasu K, Tabei T, et al. Relation-
ship between existence of lymphatic invasion in
peritumoral breast tissue and presence of axillary
lymph node metastasis in invasive ductal carcinoma
of the breast. Oncol Rep 2001; 8:1051-1055
9. Kato T, Kameoka S, Kimura T, Nishikawa T, Koba-
yashi M. Blood vessel invasion as a predictor of
long-term survival for Japanese patients with breast
cancer. Breast Cancer Res Treat 2002; 73:1-12
10. Warwick J, Tabar L, Vitak B, Duffy SW. Time-de-
pendent effects on survival in breast carcinoma: re-
sults of 20 years of follow-up from the Swedish
Two-County Study. Cancer 2004; 100:1331-1336

20.

21.

22.

23.

24.

. TabarL, Duffy SW, Vitak B, Chen H-H, Prevost TC.

The natural history of breast cancer: what have we
learned from screening? Cancer 1999; 86:449—462
Tabar L, Chen HH, Dufty SW, et al. A novel method
for prediction of long-term outcome of women with
Tla, T1b, and 10-14 mm invasive cancers: a pro-
spective study. Lancet 2000; 355:429-433; erratum
in: Lancet 2000; 15;355:1372

Tabar L, Tony Chen HH, Amy Yen MF, et al. Mam-
mographic tumor features can predict long-term
outcomes reliably in women with 1-14-mm invasive
breast carcinoma. Cancer 2004; 101:1745-1759
Peacock C, Given-Wilson R, Duffy S. Mammo-
graphic casting-type calcification associated with
small screen-detected invasive breast cancer: is this
a reliable prognostic indicator? Clin Radiol 2004;
59:855

James JJ, Evans AJ, Pinder SE, McMillan RD, Wil-
son ARM, Ellis 10. Is the presence of mammo-
graphic comedo calcification really a prognostic
factor for small screening-detected invasive breast
cancer? Clin Radiol 2003; 58:54-62

Thurfjell E, Thurfjell MG, Lindgren A. Mammo-
graphic finding as a predictor of survival in 1-9 mm
invasive breast cancers: worse prognosis for cases
presenting as calcification alone. Breast Cancer Res
Treat 2001; 67:177-180

Walker RA. The complexities of breast cancer des-
moplasia. Breast Cancer Res 2001; 3:143-145
Colpaert C, Vermeulen P, van Beest P, et al. Intra-
tumoral hypoxia resulting in the presence of a fi-
brotic focus is an independent predictor of early dis-
tant relapse in node-negative breast cancer patients.
Histopathology 2001; 39:416-425

National Coordinating Group for Breast Cancer
Screening Pathology. Pathology reporting in breast
cancer screening, 2nd ed. NHSBSP (National
Health Service Breast Screening Programme) pub-
lication no. 3. 1995:37-42

Todd JH, Dawle C, Williams MR, et al. Confirma-
tion of a prognostic index in primary breast cancer.
BrJ Cancer 1987; 56:489-492

Evans AJ, Pinder SE, Burrell HC, Ellis 10, Wilson
ARM. Detecting which invasive cancers at mam-
mographic screening saves lives. J Med Screen
2001; 8:86-90

Gajdos C, Tartter PL, Bleiweiss 1J, et al. Mammo-
graphic appearance of nonpalpable breast cancer re-
flects pathologic characteristics. Ann Surg 2002;
235:246-251

De Nunzio MC, Evans AE, Pinder SE, et al. Corre-
lations between the mammographic features of in-
vasive screening-detected cancer and pathological
prognostic factors. The Breast 1997; 6:146-149
Ciatto S, Morrone D, Catarzi S, Bonardi R. Breast
cancer: reliability of mammographic appearances
as a predictor of hormone receptor status. Radiology
1992; 182:805-808

AJR:187, November 2006



