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Abstract

The natural history of ductal carcinoma in situ (DCIS) is highly variable and difficult to predict. Biomarkers are needed
to stratify patients with DCIS for adjuvant therapy. We investigated the prognostic and predictive relevance of cell cycle
progression (CCP) score in women with DCIS. We measured the expression of 23 genes involved in CCP with
quantitative RT-PCR on RNA extracted from formalin-fixed paraffin-embedded tumor samples, and assessed the
correlation of a predefined score with histopathologic features and recurrence. The signature was analyzed in a cohort of
909 consecutive DCIS with full histopathological features treated in a single institution. The main outcome measure was
ipsilateral breast event (IBE) as first event observed, be it in situ or invasive. Median follow-up time was 8.7 years (IQR
6.5-10.5 years). There were 150 ipsilateral IBEs, 84 (56%) of which were invasive. In the first 5 years of follow-up, the
score provided statistically different findings (p = 0.009), with IBE rates of 14.7% (95% CI, 10.4-19.7) for the highest
quartile of CCP score (Q4) and 8.7% (95% CI, 6.7-11.0) for the lowest quartiles (Q1-3). The prognostic value for IBEs
approached significance also in women treated with mastectomy (adjusted hazard ratio [HR] Q4 vs. Q1-3 =2.60; 95%
CI: 0.96-7.08; P =0.06). Radiotherapy provided a greater benefit in women with higher CCP score. In addition, Q4
predicted a different risk after tamoxifen depending on menopausal status, with a beneficial trend on IBEs in
postmenopausal women (HR 0.30; 95% CI, 0.07-1.39), and an opposite trend in premenopausal women (HR 1.68; 95%
CI, 0.38-7.44) (P-interaction = 0.03). The results of this study provide for the first time the evidence that CCP score is a
prognostic marker, which, after additional validation, could have an important role in personalizing the management
of DCIS.

Introduction

Most patients with ductal carcinoma in situ (DCIS) are
eligible for breast conservation treatment. The key man-
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Network and the European Society of Medical Oncology
guidelines suggest that RT might be omitted in some low
risk patients [1, 2]. At variance, the National Institute of
Health and Care Excellence guidelines recommend
offering RT to all patients with DCIS treated by breast
conservative surgery [3]. The data from Surveillance,
Epidemiology, and End Results (SEER) indicated that the
20-year mortality of DCIS is only 3.3% without sig-
nificant benefit from RT [4]. According to our very recent
data from the randomized placebo-controlled, phase III
TAM-01 clinical trial, treatment with a low dose of
tamoxifen (5 mg per day) for 3 years halves the risk of
disease recurrence and new disease for women who
underwent surgery for breast intraepithelial neoplasia [5].
The goal is now to distinguish subtypes that would have
good prognosis without any intervention from those
requiring combined radio-hormonal therapy to achieve
optimal outcomes yet avoiding overtreatment.

Different approaches to stratify DCIS into prognostic
groups have been attempted, including nomograms based
on clinical-pathological factors [6], gene expression sig-
natures [7, 8], and proliferation markers [9]. All have shown
to correlate with disease recurrence but none of them
have identified unequivocally a cohort of patients that
does not benefit from adjuvant therapies in terms of local
relapses [10].

The study of RNA signatures in invasive breast cancer
revealed a common component of cell-cycle-regulated
mRNASs containing the major prognostic power of each
expression profile [11-13]. Since the expression levels of
cell cycle progression (CCP) genes measure tumor growth
irrespective of the underlying genetic aberrations, these
genes might be useful to predict outcomes in DCIS
patients. We measured expression of a set of CCP genes in
a large series of consecutive patients treated for DCIS in a
single institution over a period of 10 years. Using a pre-
defined score, we analyzed the correlation with histo-
pathologic features and tested its prognostic and
predictive value on breast cancer recurrence.

Material and methods

DCIS cohort

The study cohort consisted of all consecutive women who
underwent primary breast surgery for DCIS at the
European Institute of Oncology (IEO) between 1997 and
2007. A dedicated database (the IEO Breast Cancer
Database) was developed in order to collect prospectively
all relevant clinical data. This is a cohort study reported
in accordance with the REMARK criteria (McShane
et al. [14]).
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Gene expression

From January 1997 to December 2007, a total of 1023 female
patients with DCIS were referred to the interdisciplinary
evaluation, and their data were included in the institutional
database. After exclusion of cases with insufficient tissue
available (n =31) and poor-quality CCP scores (n = 83), 909
(88.7%) samples were judged valid for statistical analysis.

CCP expression was measured by multiplex quantitative
PCR on low density Tagman arrays (TLDA, Thermo Fisher
Scientific, Waltham, MA, USA) as described before
[15, 16]. Briefly, total RNA was extracted with the RNeasy
FFPE kit (Qiagen, Valencia, CA, USA) from macro-
dissected DCIS tissue and total RNA converted to cDNA by
reverse transcription with the High Capacity cDNA Archive
kit (Thermo Fisher Scientific) modified by addition of gene-
specific primers. Target cDNAs were enriched by 14 cycles
of preamplification with pooled Taqman assays before
loading of the samples onto custom TLDA cards. Each
TLDA card allows analysis of eight samples and contains
all CCP and housekeeper genes per sample. Expression data
were recorded as threshold cycle values (Ct) at a predefined
threshold. All samples were run in duplicate.

The 23 proliferation genes in the CCP score and nine
housekeeper genes for normalization are listed in Table 1.
Details of the CCP score calculation have been described
[15, 16]. At least seven housekeeper genes with evaluable
expression data per replicate were required for normal-
ization. Similarly, a minimum of 19 CCP genes with pas-
sing expression values were needed to calculate a score. The
CCP score is the unweighted average of the CCP gene
expression normalized by the average of the housekeeper
gene expression. A unit change in the CCP score corre-
sponds to a doubling in the expression level.

Treatment assignments

Treatment assignments were discussed by a multi-
disciplinary team on a weekly basis. Some differences in
treatment selection over the 10-year follow-up period were
observed, as previously reported [9]. Women irradiated
after nipple sparing mastegctomy received nipple—areola

Table 1 List of genes used to generate CCP score.

ASF1B DTL PRC1 PPP2CA

ASPM KIAA0101 PTTG1 PSMA1

BUBI1B KIF11 RAD51 PSMC1

CDCA3 KIF20A RAD54L RPL13A;RPL13AP5
CDK1 MCM10 RRM2 RPL8

CDKN3 NUSAP1 SKA1 RPS29

CENPF PBK TK1 SLC25A3

CENPM PLK1 CLTC TXNL1
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Table 2 Description of the 909 patients with DCIS, by quartile (Q1-Q4)® of CCP score.
All patients CCP score Q1 CCP score Q2 CCP score Q3 CCP score Q4 p value
(n=909) (n=228) (n=1226) (n=1227) (n=228)
N (%c) N (%c) N (%c) N (%c) N (%c)
Age at surgery 0.13
<35 21 (2.3) 4 (1.8) 4 (1.8) 8 (3.5) 5(2.2)
35-50 418 (46) 114 (50) 115 (50.9) 91 (40.1) 98 (43)
51-65 342 (37.6) 80 (35.1) 71 (31.4) 92 (40.5) 99 (43.4)
>65 128 (14.1) 30 (13.2) 36 (15.9) 36 (15.9) 26 (11.4)
Menopausal status 0.31
Premenopausal 462 (50.8) 122 (53.5) 122 (54) 105 (46.3) 113 (49.6)
Postmenopausal 447 (49.2) 106 (46.5) 104 (46) 122 (53.7) 115 (50.4)
Subtype <0.001
Luminal A 305 (33.6) 146 (64) 89 (39.4) 50 (22) 20 (8.8)
Luminal B (Ki-67 > 14%) 236 (26) 40 (17.5) 64 (28.3) 63 (27.8) 69 (30.3)
Luminal B (Her-2 positive) 171 (18.8) 24 (10.5) 37 (16.4) 53 (23.3) 57 (25)
Her-2 positive 159 (17.5) 15 (6.6) 26 (11.5) 47 (20.7) 71 (31.1)
Triple Negative 38 (4.2) 3(1.3) 10 (4.4) 14 (6.2) 11 (4.8)
Grade <0.001
Low (G1) 134 (14.7) 81 (35.5) 32 (14.2) 16 (7) 5(2.2)
Intermediate (G2) 496 (54.6) 131 (57.5) 143 (63.3) 133 (58.6) 89 (39)
High (G3) 279 (30.7) 16 (7) 51 (22.6) 78 (34.4) 134 (58.8)
ER <0.001
Negative (0%) 198 (21.8) 19 (8.3) 36 (15.9) 61 (26.9) 82 (36.0)
Positive 711 (78.2) 209 (91.7) 190 (84.1) 166 (73.1) 146 (64.0)
PgR <0.001
Negative (0%) 292 (32.1) 37 (16.2) 62 (27.4) 80 (35.2) 113 (49.6)
Positive 617 (67.9) 191 (83.8) 164 (72.6) 147 (64.8) 115 (50.4)
Her-2 <0.001
Not Expressed 579 (63.7) 189 (82.9) 163 (72.1) 127 (55.9) 100 (43.9)
Intense and Complete 330 (36.3) 39 (17.1) 63 (27.9) 100 (44.1) 128 (56.1)
With microcalcifications® 735 (80.9) 191 (83.8) 173 (76.5) 180 (79.3) 191 (83.8) 0.27
With multifocalityb 184 (20.2) 55 (24.1) 34 (15) 42 (18.5) 53 (23.2) 0.03
With necrosis® 576 (63.4) 93 (40.8) 134 (59.3) 158 (69.6) 191 (83.8) <0.001
Margins 0.97
<l mm 120 (13.2) 30 (13.2) 34 (15.0) 29 (12.8) 27 (11.8)
1-9 mm 113 (12.4) 27 (11.8) 29 (12.8) 27 (11.9) 30 (13.2)
>10 mm 676 (74.4) 171 (75.0) 163 (72.1) 171 (75.3) 171 (75.0)
Tumor size 0.11
<2.5cm 368 (64.9) 94 (68.1) 106 (71.1) 85 (59.9) 83 (60.1)
>2.5cm 199 (35.1) 44 (31.9) 43 (28.9) 57 (40.1) 55 (39.9)
Missing 342 90 77 85 90
Local treatment <0.001
Mastectomy 260 (28.6) 55 (24.1) 55 (24.3) 68 (30) 82 (36)
Quadrantectomy w/o RT 362 (39.8) 137 (60.1) 99 (43.8) 75 (33) 51 (22.4)
Quadrantectomy with RT 287 (31.6) 36 (15.8) 72 31.9) 84 (37) 95 (41.7)
Hormone therapy 403 (44.3) 125 (54.8) 105 (46.5) 92 (40.5) 81 (35.5) <0.001

5 missing information

58 unknown information

2 missing information

4Q1: <—0.586; Q2: —0.585 to 0.104; Q3: 0.105-0.724; Q4: 20.725

intraoperative RT. Whole breast RT was generally not
offered to women with low-grade disease. Furthermore,
unless a clinical trial was available, no hormone therapy
was routinely recommended to ER-positive DCIS until
2004, after which low-dose tamoxifen (either 10 mg on
alternate days or 20 mg once a week) was offered.

Pathology methods

The criteria adopted for the evaluation of DCIS character-
istics (histological type, grade, intrinsic subtype, stage,
presence of necrosis and microcalcifications, ER, PgR,
Ki-67, and Her-2 expression) have been previously

SPRINGER NATURE
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Fig. 1 Association between CCP score and clinical-pathological factors. Correlation and distribution of CCP score with Ki-67, according to
DCIS grade (a); correlation and distribution of CCP score with molecular phenotype (b).

described [9]. ER/PgR and Her-2 immunoreactivity were
assessed in line with the clinical practice procedures
applicable at diagnosis. In line with the St. Gallen recom-
mendations for invasive cancer [17], DCIS were classified
as luminal A-like (ER and PgR positive, absence of Her-2
overexpression, and Ki-67 < 14%), luminal B-like (ER and
PgR positive, absence of Her-2 overexpression, and Ki-
67 > 14%), luminal B-like/Her-2 positive (same as above
plus Her-2 3+), Her-2 positive (ER and PgR < 1%, Her-2 3
+), and triple negative (ER and PgR < 1% and absence of
Her-2 overexpression).

Statistical analysis

Demographic and clinical characteristics of the study sam-
ple were analyzed using descriptive statistics. CCP score
was considered in the analysis both as continuous and
categorical variable based on the distribution quartiles. The
correlation between CCP score and Ki-67 was evaluated
with Spearman’s correlation coefficient. ANOVA was used
to test the association between CCP score and tumor
subtype.

The main outcome measure was the ipsilateral breast
event (IBE) as first event observed, whether in situ or
invasive. The cumulative incidence of IBE was defined as
the time from the date of surgery to the date of recurrence.
Other first events such as contralateral recurrences, other
primary tumors, or deaths for nonbreast related causes were
considered as competing risk. In case of no events, the
observation was censored at the last follow-up visit.
The Gray’s test was used to test the difference in the

SPRINGER NATURE

cumulative incidence of IBE between subgroups of patients.
Fine and Gray’s proportional sub-distribution hazard model
was used to evaluate the predictive effect of CCP score on
IBE. Univariable models and multivariable models, adjus-
ted by age, necrosis, ER, PgR, Her-2 expression, Ki-67, size
and grade, overall and by local treatment, were computed.

The added prognostic value of CCP score, beyond that
obtained from IHC4, Van Nuys prognostic index (VNPI),
and Rudloff’s nomogram, was evaluated using likelihood
ratio test, comparing the Fine and Gray’s proportional sub-
distribution hazard model with only IHC4 (or VNPI or
Rudloff’s nomogram) as covariate with the model including
both THC4 (or VNPI or Rudloff’s nomogram) and
CCP score.

All analyses were performed using SAS software v. 9.4
(SAS Institute, Cary, NC, USA).

Results

Association between CCP score and
clinical-pathological factors

Table 2 summarizes the main baseline characteristics of
the entire cohort. Two hundred and sixty patients (28.6%)
were treated with mastectomy and 287 patients of 649
women who underwent quadrantectomy received RT
(44.2%). Preventive systemic treatment (low-dose
tamoxifen for up to 5 years) was proposed to 711 ER-
positive DCIS patients but only 403 women accepted it.
Among women treated with mastectomy, 47 received only
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Fig. 2 Cumulative incidence of ipsilateral recurrences according to CCP score (Q4 vs. Q1 + Q2 + Q3). a Overall; b women treated with
mastectomy; ¢ women treated with quadrantectomy without radiotherapy; d women treated with quadrantectomy and radiotherapy.

intraoperative RT, 57 only endocrine treatment, and 36
received both treatments.

Figure 1a illustrates the correlation and distribution of the
CCP score with Ki-67, according to DCIS grade. CCP score
and Ki-67 were significantly correlated (Rho =0.53, p<
0.001), and both increased progressively with cellular ana-
plasia. Figure 1b shows the relationship between the CCP
score and molecular phenotype. As expected, luminal A
molecular phenotype had the lowest CCP score (median:
—0.6, min: —2.7, max: 1.9). Her-2 phenotype had the
highest CCP score (median: +0.6, min: —2.2, max: +3.3),

followed by the triple negative, luminal B/Her-2 positive
and luminal A/B subtypes (P <0.001).

Association between CCP score and IBEs

After a median follow up of 8.7 years, 150 IBEs (66 in situ,
84 invasive) were observed. As expected, breast events
occurred more frequently in women treated with quad-
rantectomy (129 events: 60 in situ, 69 invasive), but 21
IBEs occurred in the 260 women treated with mastectomy
(6 in situ, 15 invasive), 5 of which received RT, 7 received

SPRINGER NATURE
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Quadrantectomy (RT benefit)

Q4

0.5 Radiotherapy Gray test p-value : 0.001
No (N=51)
—=—==- Yes (N=95)
0.4 -

Cumulative incidence of IBE
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0.5 .
Radiotherapy Gray test p-value : 0.003
No (N=311)
—=—=- Yes (N=192)
0.4 -
0.3

Cumulative incidence of IBE

Years from surgery

Fig. 3 Benefit of radiotherapy after quadrantectomy by CCP score. Benefit of radiotherapy after quadrantectomy on the cumulative incidence
of ipsilateral recurrences in upper quartile of CCP score (Q4) (a) and in first to third quartiles (Q1 + Q2 + Q3) (b).

tamoxifen, and 3 RT + tamoxifen. Contralateral breast
cancers were 58 (41 invasive and 17 in situ). In women
treated with mastectomy, more than half of recurrences
(6/10) were outside the nipple—areola complex.

Overall, the score provided statistically different infor-
mation in the first 5 years of follow-up (P =0.009), with
IBE rates of 14.7% (95% confidence interval [CI],
10.4-19.7) for the highest quartile of CCP score (Q4) and
8.7% (95% CI, 6.7-11.0) for the lowest quartiles (Q1-3)
(Fig. 2a). The prognostic effect of CCP score decreased
with increasing follow-up time. Since the indication of local
treatment was associated with known prognostic factors
(e.g., grading, presence of necrosis) and CCP score was also
highly associated with them, the effect of CCP score was
evaluated in strata defined by local treatment.

As shown in Fig. 2b, Q4 suggested a possible increased
risk of IBE also in patients treated with mastectomy,
(HRq4 vs. Q1-3 = 2.60; 95% CI: 0.96-7.08; P =0.06; adjus-
ted for age, presence of necrosis, ER, PgR, Her-2 expres-
sion, Ki-67, grade, and size).

All women treated with quadrantectomy had a benefit
from RT in terms of IBEs (Fig. 3). In the subgroup of
patients who underwent quadrantectomy without RT
(Fig. 2c, Table 3), CCP score was prognostic, when com-
paring the Q4 vs. Q1-3 (P =0.044). CCP score was not
prognostic when quadrantectomy was followed by RT
(Fig. 2d). CCP score was not predictive of response to
tamoxifen overall, but the Q4 suggested a different pre-
dictive value depending upon menopausal status, with a
beneficial trend on IBEs in postmenopausal women (hazard
ratio (HR): 0.30; 95% CI, 0.07-1.39), and an opposite trend
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in premenopausal women (HR 1.68; 95% CI, 0.38-7.44)
(P-interaction = 0.03) (Fig. 4).

Comparison of CCP score with IHC4 score, VNPI, and
Rudloff's nomogram

VNPI was not computable in 342 patients, whereas for
Rudloff’s Nomogram data were missing only for 17
patients. Overall, CCP score did not have an additional
prognostic value compared with THC4 (p value LRT =
0.27), VNPI (p value LRT =0.11), and Rudloff’s nomo-
gram (p value LRT = 0.40). However, within the highest
tertile of IHC4 (Fig. 5d) and VNPI (Fig. 6d), and within the
medium tertile of the Rudloff’s nomogram (Fig. 7¢), Q4 of
CCP score identified a subset of patients with a significant
higher risk of relapse.

Discussion

Our results showed that CCP score is significantly asso-
ciated with the risk for IBEs in the first 5 years after diag-
nosis of DCIS. In addition patients in the highest quartile
had a greater benefit to RT and a different response to low-
dose tamoxifen according to menopausal status. At the
present time, patients and their clinicians may be presented
with three choices related to the treatment of DCIS: (i)
whether to choose a conservative approach, omitting adju-
vant therapy or even surgery in selected patients [18], since
recent analyses indicated no significant benefit of RT in
terms of breast cancer-associated mortality [4]; (ii) whether
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Table 3 Effect of CCP score on

the hazard of ipsilateral
recurrences, cumulative

incidence at 5 and 10 years, by
indication of local therapy.

Mastectomy

N  Events/PY HR? (95% CI)

CCPQI+2+3 178 10/1456

CCP high Q4

82  11/628

QUADRANTECTOMY (radiation therapy benefit)

CCPQ1+2+3 N

No RT
RT
CCP high Q4

No RT
RT

311 75/2370
192 22/1460

N  Events/PY

51  19/336
95 13/773

Events/PY HR® (95% CI)

QUADRANTECTOMY (hormone therapy benefit)

CCPQI+2+3 N

Overall
No TAM
TAM

Premenopause
No TAM
TAM

Postmenopause
No TAM
TAM

CCP high Q4

Overall
No TAM
TAM

Premenopause
No TAM
TAM

Postmenopause
No TAM
TAM

Events/PY

259 53/1948
244 44/1882

95  28/676
129 28/969

164 25/1272
115 16/913
N  Events/PY

81  19/595
65 13/514
26 4/210
36 9242
55 15/385
29 41272

p value CI 5 years CI 10 years
(95% CI) (95% CI)
Ref. 2.3 (0.7-5.3) 54 (2.6-9.5)
2.60 (0.96-7.08) 0.06 13.4 (7.1-21.8) 13.4 (7.1-21.8)
p value CI 5 years CI 10 years
(95% CI) (95% CI)
Ref. 12.9 (9.4-16.9) 24.7 (19.6-30.2)
0.44 (0.24-0.82) 0.01 7.9 (4.6-12.3) 13.1 (8.2-19.3)
HR® 95% CI)  p value CI 5 years CI 10 years
(95% CI) 95% CI)
Ref. 28.2 (16.4-41.2) 35.1 (21.8-48.8)
0.12 (0.04-0.32) <0.001 8.6 (4.0-15.4) 12.6 (6.6-20.5)
HR® (95% CI)  p value CI 5 years CI 10 years
(95% CI) (95% CI)
Ref. 12.1 (8.4-16.4) 21.9 (16.6-27.7)
0.79 (0.51-1.23) 0.29 9.8 (6.5-14.0) 19.6 (14.1-25.9)
Ref. 18.0 (11.0-26.4) 28.8 (19.7-38.5)
0.79 (0.43-1.44) 0.44 12.4 (7.4-18.8) 22.8 (15.0-31.6)
Ref. 8.6 (5.0-13.6) 17.9 (11.7-25.2)
0.83 (0.41-1.68) 0.61 7.0 (3.2-12.6) 15.9 (8.7-25.0)
HR* (95% CI)  p value CI 5 years CI 10 years
(95% CI) (95% CI)
Ref. 15.5 (8.4-24.4) 22.3 (13.2-33.0)
0.87 (0.32-2.35) 0.79 15.4 (7.9-25.3) 19.1 (10.4-29.8)
Ref. 8.3 (1.4-23.7) 18.1 (5.3-36.9)
1.68 (0.38-7.44) 0.50 19.5 (8.5-34.0) 27.0 (12.9-43.3)
Ref. 18.6 (9.5-30.1) 24.4 (13.0-37.8)
0.30 (0.07-1.39) 0.12 10.3 (2.5-24.6) 10.3 (2.5-24.6)

#Adjusted for age, necrosis, ER, PgR, Her-2, Ki-67 (+10%), size and grade

to add RT after conservative surgery, given the 40%
reduction of local relapse of DCIS and invasive cancers, and
discussing individually the risk/benefit ratio of omitting RT
in case of low risk DCIS (G1, luminal A, Ki-67 < 14%); and
(iii) whether it is beneficial to consider endocrine therapy,
including low-dose tamoxifen, since it provides a 50% risk
reduction in the ipsilateral and contralateral breast cancer

recurrence [5].

Multiple prognostic algorithms have been developed to
provide information on residual risk for patients facing

these choices,

but

none of

them have

identified

unequivocally a cohort of patients that does not benefit from
adjuvant therapies in terms of local recurrences.

In particular, the Oncotype DX DCIS score has been
developed to define a risk of recurrence (prognostic), but
not providing information about the effectiveness of RT or
endocrine treatment (predictive).

CCP score is an important prognostic factor in
prostate cancer [16] and has recently shown to be superior
to Ki-67 for predicting outcome after radical prosta-
tectomy [19]. Promising results have been published also
in lung cancer patients [15, 20], while very recent data
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Fig. 4 Benefit of endocrine therapy after quadrantectomy by CCP score. Benefit of endocrine therapy after quadrantectomy on the cumulative
incidence of ipsilateral recurrences in upper quartile of CCP score (Q4) in premenopause (a), and postmenopause (c) and in first to third quartiles

(Q1 + Q2 + Q3) in premenopause (b) and postmenopause (d).

have questioned its role in renal cancer [21]. To date no
data on CCP score and invasive breast cancer are avail-
able and only one abstract communication investigated its
role in DCIS.

In our cohort of DCIS, CCP score performed statistically
better with shorter follow-up compared with a longer
follow-up. The independent predictive value of Q4 vs. other
quartiles was restricted to the first 5 years of follow-up, after
which there was no evidence that the score was associated
with IBEs (Fig. 2a). Non proportional effects of prognostic
scores have been reported in invasive breast cancer, with
better prediction for patients at high risk of early relapse

SPRINGER NATURE

rather than for those at risk for later recurrence [22-26]. In
particular, two independent analyses [25, 26] confirmed a
significant prognostic ability of the risk model THC4
(combined immunohistochemical assessment of ER, PgR,
Her-2, and Ki-67 proteins in the tumor), for early distant
recurrence only (0-5 years). In agreement with other
authors [22-24], possible explanations of this nonpropor-
tional effects might be: (i) the biology for the appearance of
early and late relapses might be different [27]; (ii) the sta-
tistical method (scores are developed on cohorts based on
median follow-up); and (iii) the quality of survival data,
which might decrease over prolonged follow-up (high level
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Fig. 5 Comparison of CCP score with IHC4 score. Distribution of CCP score according to tertile of IHC4 (a). Cumulative incidence of
ipsilateral recurrences in upper quartile of CCP score (Q4) and in first to third quartiles (Q1 + Q2 + Q3), according to tertile of I[HC4 (b-d).

of censoring) [24]. However, a prognostic significance at
five years should not be ruled out a priori. For example,
very recently the ASCO Clinical Practice Guideline Update
supported low-dose tamoxifen as a valid alternative in
women with intraepithelial neoplasia [28] based on our
previous randomized trial with a median follow-up time of
five years [5][].

To our knowledge this is the only study published so far
on the role of CCP score in DCIS. In addition, Thorat et al.
presented an abstract on 521 cases (134 recurrence events)
enrolled in the UK/ANZ DCIS trial, a randomized 2 x 2
factorial trial investigating role of tamoxifen, RT, or both as
adjuvant treatment in DCIS [29]. The score was analyzed in
tertiles and was not independently associated with the risk

of IBEs [29], but the four-arm trial design may have been
responsible of a small study size and low power of each
single patient group.

In our series, the CCP score seemed to be prognostic also
in patients treated with mastectomy. This finding is in line
with other publications in invasive breast cancer, where
histologic grade has been associated with an increased risk
of locoregional recurrence after mastectomy [30, 31]. In our
cohort, women irradiated after nipple sparing mastectomy
received nipple—areola intraoperative RT. Since more than
half of ipsilateral recurrences in this subgroup were outside
the nipple—areola complex, we could not assess the value of
CCP score in predicting who benefited the most from post
mastectomy RT (PMRT). Nevertheless, whether or not to
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Fig. 6 Comparison of CCP score with VNPI score. Distribution of CCP score according to tertile of VNPI (a). Cumulative incidence of
ipsilateral recurrences in upper quartile of CCP score (Q4) and in first to third quartiles (Q1 + Q2 4 Q3), according to tertile of VNPI (b-d).

irradiate the chest wall of women after mastectomy for
DCIS is a topical issue. Risk factors for local recurrence
after mastectomy in DCIS are a gray area and the identifi-
cation of risk factors for recurrence is mandatory to select
suitable candidates for PMRT [32]. In that contest, CCP
score, after additional validation, could have a role in the
choice of PMRT.

We analyzed not only the prognostic but also a possible
predictive value of CCP score in terms of benefit derived
from the addition of RT and/or tamoxifen. The highest CCP
score DCIS received a greater benefit from RT in terms of
ipsilateral breast cancer events. However, DCIS with lower
scores also had a mild benefit from RT (Fig. 3). Interest-
ingly, the predictive role of CCP score in terms of tamox-
ifen benefit differed on the basis of menopausal status.
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Low-dose tamoxifen protected postmenopausal women
with the highest CCP score, whereas premenopausal women
with highest CCP score showed a detrimental trend (Fig. 4).
Even though this predictive result was obtained in a small
subset of patients, thus not allowing to draw any definitive
conclusion, this differential effect is in line with the results
of our largest cohort [33]. Full-dose tamoxifen is associated
with an increase of circulating estrogen in premenopausal
women [34]. A hyperestrogenism, combined with a higher
proliferating burden hypothesized by the high CCP score
DCIS, might explain the detrimental trend observed in this
subgroup. Although our findings are not derived from a
randomized trial and may contain a selection bias, a phase
III trial of low-dose tamoxifen has recently shown that
tamoxifen 5 mg/day halves the risk for new and recurrent
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Fig. 7 Comparison of CCP score with Rudloff’s nomogram. Distribution of CCP score according to tertile of Rudloff’s Nomogram (a).
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disease among women with intraepithelial neoplasia [5],
providing practice changing results and opening new
questions on which subgroup of patients can derive the
greatest benefits. We are currently investigating the levels of
circulating hormones in the present trial to test the
hypothesis that low-dose tamoxifen could be insufficient to
compensate the increase of estradiol concentrations due to
ovarian stimulation.

Many scores such as THC4, the VNPI, and nomogram
described by Rudloff and colleagues, involve a combination
of several clinical and pathologic features to predict local
recurrence without requiring tissue or additional testing.
Compared with these indices, CCP score did not offer a better
predictive ability overall. However, CCP score was able to

better discriminate the risk of relapse in specific subgroups of
patients. In particular, CCP score was able to better stratify the
Rudloff’s nomogram “intermediate” risk category, making the
tissue requirement and gene testing worthwhile. Different
studies found clinical-pathological indices to have prognostic
power, but often to lack utility in advising treatment, as most
patients (59-79%) were placed into the “intermediate”
grouping [35, 36]. Therefore, one possible strategy to obtain
the maximum cost-effectiveness from CCP score could be just
resort to it in selected cases (intermediate risk). This approach
to patient management could be a step forward to minimize
the risk of over or undertreatment of DCIS.

In conclusion, the CCP score was significantly associated
with the risk for IBEs in the first 5 years after diagnosis of
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DCIS and provided further value over conventional clinical
factors. CCP score may add insights to patients and clin-
icians seeking informed decision about optimal manage-
ment of DCIS.
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