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Abstract

Purpose Prediction algorithms estimating survival rates for breast cancer (BC) based upon risk factors and treatment could
give a help to the clinicians during multidisciplinary meetings. The aim of this study was to evaluate accuracy and clinical
utility of three different scores: the Clinical Treatment Score Post-5 Years (CTS5), the PREDICT Score, and the Nottingham
Prognostic Index (NPI).

Methods This is a retrospective cohort analysis conducted on prospectively recorded databases of two EUSOMA certified
centers (Breast Unit of Trieste Academic Hospital and of Cremona Hospital, Italy). We included patients with Luminal
BC undergone to breast surgery between 2010 and 2015, and subsequent endocrine therapy for 5 years for curative intent.
Results A total of 473 patients were enrolled in this study. ROC analysis showed fair accuracy for NPI, good accuracy for
PREDICT, and optimal accuracy for CTS5 (AUC 0.7, 0.76, and 0.83, respectively). The three scores seemed strongly cor-
related in Spearman’s rank correlation coefficient analysis. PREDICT partially overestimated OS in patients undergone to
mastectomy, and in pT3-4, G3 tumors. Considering DRFS as a surrogate of OS, CTS5 showed women in intermediate and
high risk class had shorter OS too (respectively p=0.001 and p <0.001). Combining scores does not improve prognostica-
tion power.

Conclusion Mathematical models may help clinicians in decision making (adjuvant therapies, CDK4/6i, genomic test’s gray
zones). CTS5 has the higher prognostic accuracy in predicting recurrence, while score predicting OS did not show substantial
advances, proving that pN, G, and pT are still the most important variables in predicting OS.
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Actually the two major pillars of BC management are loco-
regional treatment and systemic therapy, and the histological
and molecular characteristics of BC largely influence treat-
ment decisions.

All patients with estrogen receptor-positive (ER+) BC,
independently of HER2 status, should receive endocrine
therapy to block ER activity. The main questions in ER+/
HER2-negative early BCs are which patients need chemo-
therapy in addition to endocrine therapy and which patients
may benefit from extending endocrine therapy beyond
5 years [1]. Extended adjuvant endocrine therapy for up to
10 years, or even 15 years, impacts favorably on patient out-
comes [2]. Nevertheless, the decision for such an approach
needs to take relapse risk and tolerability into account, con-
sidering that extended adjuvant endocrine therapy is par-
ticularly beneficial for patients at high risk for relapse [1].

Despite therapeutic improvement, almost 30% of stage 1
and II BCs experience recurrence during follow-up. Deci-
sion-making process following surgery for early BC should
be essentially built on an accurate prediction of survival.
These decisions for the most part are still largely based on
well-known pathological prognostic factors that are known
to be independent on multivariate analysis—i.e., tumor size,
grading, and lymph node status [3-5]

In the last decades, several scores and mathematical
models have been created by incorporation of several vari-
ables and the final construction of a continuous function
for calculating the probability of disease-specific death. By
now, readily online tools, which rely on standard parameters
gathered routinely in clinical practice and may be able to
predict which women with ER+ BC have a low risk or high
risk of a late distant recurrence (LDR), are available and
they may help the clinicians in their therapeutic decision
making [6, 7].

The aim of our study was to evaluate, with a direct com-
parison, the accuracy along their impact and the clinical util-
ity of three different scores as the Clinical Treatment Score
Post-5 Years (CTSS5), the PREDICT, and the Nottingham
Prognostic Index (NPI).

Materials and methods

This is a retrospective cohort analysis conducted on two
prospectively collected independent databases of two
EUSOMA certified centers: the Breast Unit of Trieste Aca-
demic Hospital and the Breast Unit of Cremona Hospital,
Italy. We included in our analysis only female patients with
ER +HER2-negative BCs undergone to breast surgery from
January 2010 to December 2015, and subsequently submit-
ted to adjuvant endocrine therapy for 5 years for curative
intent. We excluded from the analysis all the patients under-
gone to neoadjuvant therapy, to adjuvant chemotherapy,

@ Springer

and patients with prior history of BC (invasive and non-
invasive) at diagnosis. We followed up all the patients for at
least 5 years, or until death.

Statistical analysis

Preoperative factors were recorded, including age, pre- or
post-menopausal state, and method of BC detection (screen-
ing program versus symptoms). Intraoperative details
included type of breast surgery (conservative surgery versus
mastectomy), type of axillary surgery (sentinel lymph node
biopsy only, contemporary axillary dissection, or delayed
axillary dissection), and number of excised lymph nodes.
Pathological details of the BC were recorded: pT, pN, num-
ber of positive lymph nodes, histology, grading, presence
of DCIS, receptor profile, and Ki67. Postoperative man-
agement was recorded, in particular the type of endocrine
adjuvant therapy administered (Tamoxifen versus aromatase
inhibitors), and any postoperative radiotherapy performed on
mammary bed and/or nodal stations. For what concerns fol-
low-up data, we recorded the status of the patient at follow-
up (alive and free of disease, alive but metastatic, and dead),
any local, loco-regional or distant recurrence occurred dur-
ing the follow-up period, and timing of any recurrence.

Categorical variables were expressed by frequencies
and percentage, while continuous variables were expressed
by mean (standard deviation, SD) or median [range
(min-max)], as appropriate. Women were stratified into
different risk groups based on their calculated CTSS5, NPI,
and PREDICT scores, which predict their risk of LDR for
CTS5 and of death for NPI and PREDICT. Although the
CTS5 algorithm was developed to predict the risk of LDR,
in our study we purposely used this tool to classify the risk
of early metastases (from diagnosis) as a surrogate indicator
of mortality, in order to compare this score with NPI and
PREDICT that are used to determine 5-year overall survival
(OS) after BC surgery.

The demographical and clinical-pathological vari-
ables were compared among different risk groups by
Kruskal-Wallis test or one-way Anova for continuous data
(according to data distribution tested with Shapiro—Wilk
normality test) and independent Chi-square test for cat-
egorical data. Patients OS was defined as the time (years)
from date of surgery to either death or last observation,
while distant recurrence-free survival (DRFS) as the time
from surgery to either metastases or last follow-up. OS and
DRFS were described using the Kaplan—Meier approach.
The observed survival differences between the prognosis
groups of CTS5 and NPI were analyzed using log-rank test.
The univariate Cox regression was used to estimate prognos-
tic scores associated with OS or DRFS, after the assumption
of the proportional hazard was verified. The proportional
hazard assumption was tested using the Schoenfeld residual
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test. Hazard ratios (HRs) were reported with 95% confidence
intervals (CIs).

Discrimination of the scores (CTS5, NPI, and PRE-
DICT) as prognostic indices was assessed by calculating
the area under the receiver operator curve (ROC) (AUC)
with 95% confidence interval (95%CI) for 5-year distant
recurrence and 5-year mortality. The area under the ROC
curve (AUC) gives an indication of the discriminatory per-
formance of the model, whereby it can be interpreted as the
proportion of patients who are correctly predicted to be alive
or dead (distant recurrence free or not) at 5 years. An AUC
of 0.5 indicates no discriminative performance, whereas an
AUC of 1.0 indicates perfect discrimination. To assess the
calibration of the PREDICT model, the observed and pre-
dicted 5-year OS rates were compared. For evaluating the
correlation between the values predicted by the three scores,
Spearman’s correlation coefficient and Lin’s concordance
correlation coefficient were calculated. All the statistical
tests were two sided, and statistical significance was defined
as p value <0.05.

Results

Two independent datasets with a total of 473 patients treated
in the Breast Unit of Trieste and in the Breast Unit of Cre-
mona have been considered in this study. Demographics,
intraoperative details, histologic characteristics, and post-
operative strategy are described in Table 1.

Median follow-up was 5.7(4.55-8.54) years. As displayed
in Table 2, only 2.7% of the cohort experienced loco or loco-
regional recurrence, 5.9% distant metastases. At the end of
the period of analysis, 14.6% of the patients were dead after
BC or other causes. 5-year distant recurrence-free survival
(DREFS) and overall survival (OS) were, respectively, 95.2%
(92.8-96.8%) and 88% (84.7-90.6%). Twenty-two patients
experienced distant recurrence during the first 5 years of
follow-up, in particular during the first 2 years (N=10), only
6 patients after the 5th year, but we must consider that a
limited number of subjects in our cohort had a longer follow-
up. Among the 68 deaths, 55 (79.7%) happened during the
5-year postoperative period, 14 after the 5th year, and this
number neither is negligible.

The Nottingham prognostic index

We stratified patients into three classes of risk—a good
prognosis group (N=296, 62.58%), a moderate progno-
sis group (N=138, 29.18%), and a poor prognosis group
(N=39, 8.25%)—and into five classes of risk—very good
prognosis (N=53, 11.21%), good prognosis group (N =243,
51.37%), moderate prognosis I (N=98, 20.72%), moderate

Table 1 Patients’ demographics, intraoperative details, histologic
characteristics, and postoperative strategy

Variables N %
Age

Mean (SD) 68.5 (11.6)

Median (range) 70 (33-92)
Menopausal state

Premenopausal 54 11.4%

Postmenopausal 419 88.6%
Method of detection

Screening 164 34.7%

Symptoms 309 65.3%
Breast surgery

Conservative surgery 314 66.4%

Mastectomy 159 33.6%
Axillary surgery

SLN biopsy only 350 74.0%

SNL biopsy + axillary dissection 71 15.0%

Axillary dissection ab initio 52 11.0%
pT

pTla-b 155 32.8%

pTlc 192 40.6%

pT2 102 21.6%

pT3-4 22 4.7%
pN

pNO 357 75.5%

pNImi 21 4.4%

pN1 71 15.0%

pN2 11 2.3%

pN3 13 2.7%
Positive lymph nodes

0 356 75.3%

1 68 14.4%

2-3 24 51%

4-9 12 2.5%
> =10 13 2.7%
Grading

Gl 67 14.2%

G2 356 75.3%

G3 50 10.6%
Ki-67

<20% 336 71.0%

>=20% 137 29.0%
Radiotherapy

Yes 319 67.4%

No 154 32.6%
Endocrine therapy

Al 370 78.2%

Tamoxifen 81 17.1%

Tamoxifen + Al 22 4.7%
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Table 2 Follow-up details

Variables N %

Follow-up (years)

Median (range) 5.70 (4.55-8.54)
Loco and locoregional recurrence

No 460 97.3%

Yes 13 2.7%
Distant recurrence

No 445 94.1%

Yes 28 5.9%
Death

No 404 85.4%

Yes 69 14.6%

prognosis II (N=40, 8.46%), and poor prognosis (N =39,
8.25%)—to evaluate if accuracy improved.

As expected, mortality rate is higher in poor prognosis
group, especially mortality after the 5th year of follow-up
(Fig. 1). Patients of poor and moderate prognosis groups
showed a significantly higher risk of death compared to
women of the good prognosis group: 5-year OS is, respec-
tively, 66.6% (49.5-79.0%), 83.2% (75.8-88.5%), and 93.1%
(89.5-95.5%); the hazard ratio (95%CI) for the moderate
prognosis group is 2.64 (1.54-4.50, p <0.001) and for the
poor prognosis group is 5.22 (2.75-9.91, p<0.001). How-
ever, our analysis showed that expected 5-year OS over-
estimates observed OS in good prognosis group and in

Fig. 1 OS per NPI 5 categories

particular in moderate prognosis group (6% difference).
ROC analysis showed that this model has a fair accuracy in
predicting OS, AUC =0.70, 95% CI 0.63-76 (Fig. 2).

The PREDICT score

We stratified patients into 3 classes of risk: a low risk
group characterized by OS <79% (N =222 patients of our
cohort, 46.9%), an intermediate risk group with OS 79-90%
(N=142, 30%), and a high risk group with OS >90%
(N=109, 23%). Figure 3 shows expected OS for each patient.
Globally, median 5-year OS predicted by the score results
similar to the observed OS of our cohort (90% versus 88%).
We compared expected OS with observed OS of our data-
set, and we found out that PREDICT tends to overestimate
OS in patients undergone to mastectomy, pT3-4 tumors, G3
tumors, and patients not submitted to radiotherapy, but to
underestimate it in pN2-3 tumors (Table 3). ROC analysis
showed that PREDICT discriminates alive patients of our
cohort from dead patients with fair accuracy, AUC =0.76,
95%CI1 0.70-81 (Fig. 4).

The CTS5 score

According to CTS5, patients were stratified into 3 classes of
risk: a low risk group (CTS5 < 3.13) with a<5% possibil-
ity of developing distant recurrence (N =269, 56.9% of our
cohort), an intermediate risk group (CTS5 3.13-3.86) with
a 5-10% risk of developing a distant recurrence (N =103,
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ROC Curve. Criterion: Youden

21.8% of our cohort), and a high risk class (CTS5 > 3.86)
with a> 10% risk of distant recurrence during follow-up

1.0 - (N=101, 21.3% of our cohort). Median CTS5 was 3.01
(range: 1.47-6.05). As expected distant recurrence rate was
higher in high risk class, and CTS5 correctly predicted the
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Table 3 PREDICT expected OS versus observed OS

Variables Observed OS PREDICT Difference
(95%CI) Median OS

Total 88.0 (0.847-0.906)  90.0 2.0
Age

<60 99.0 (0.931-0.999) 97.0 2.0

> =60 85.1(0.810-0.883) 85.0 -0.1
Method of detection

Screening 95.7 (0.911-0.979)  93.0 -2.7

Symptomatic 84.0 (0.794-0.876)  85.0 1.0
Breast Surgery

Conservative 90.7 (0.868-0.934)  90.5 -0.2

surgery

Mastectomy 82.7 (0.758-0.878)  88.0 5.3
pT

pTla-b 96.1 (0.915-0.982) 94.0 -2.1

pTlc 91.0 (0.859-0.943) 91.0 0.0

pT2 78.1 (0.687-0.850)  81.0 2.9

pT3-4 50.0 (0.282-0.684)  61.0 9.0
pN

NO-N1mi 90.6 (0.871-0.932) 91.0 0.4

NI 78.5 (0.668-0.864)  83.0 4.5

N2-3 75.0 (0.526-0.879)  61.0 —-14.0
Ki-67

<10% 91.1 (0.864-0.942) 91.0 -0.1

>=10% 85.3(0.803-0.892) 87.0 1.7
Grading

Gl 92.3 (0.824-0.967)  93.0 0.7

G2 90.0 (0.864-0.928)  90.0 0.0

G3 67.9 (0.530-0.789)  74.5 6.6
Endocrine therapy

Al 86.6 (0.827-0.897)  88.0 1.4

Tamoxifen 92.4(0.838-0.965) 97.0 4.6

Tamoxifen+ Al 95.5(0.719-0.993)  92.0 -35
Radiotherapy

Yes 89.9 (0.860-0.927)  95.0 5.1

No 84.1 (0.772-0.891) 934 9.3

two scores perfectly agree in identifying the high risk class
of patients (N=39). Even if NPI seems slightly more opti-
mistic in the prediction of OS than CTSS5 is in the predic-
tion of recurrence (N =44 patients of the good prognosis
NPI class are at intermediate risk for recurrence), there is
not a complete disagreement in any of the patients, mean-
ing that none of the patients are considered at high risk
in one score but low risk in the other. Only 17 patients
considered at low risk in CTSS5 fell in the moderate prog-
nosis group.
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Spearman’s rank correlation coefficient showed a strong
correlation between the two scores evaluating OS — NPI
and PREDICT (Fig. 8). There is a significant difference in
PREDICT prognosticated OS of the five classes from NPI
(p<0.001).

Spearman’s rank correlation coefficient showed a good cor-
relation even between PREDICT and CTSS5 scores (Fig. 9). OS
showed a significant difference among the three classes from
CTS5 (p<0.001).

The combination of CTS5 and NPI score

We finally used CTS5 and NPI score to identify a very high
risk class, defined as patients with poor prognosis for NPI
score and high risk for CTSS5 score. We decided not to use the
PREDICT score since it does not work with absolute numbers
but rates. Instead, this new score (NPI+CTS5) could be eas-
ily obtained by the addition of the points of the two scores.
This group of patients includes only 39 individuals of our
cohort. As expected the score of the patients of the very high
risk group is significantly higher than the rest of the cohort
(p<0.001). As expected OS and DRFS showed a significant
difference among the very high risk and the low—intermediate
risk groups (p <0.01), but the addition of the two scores does
not significantly increase the accuracy of the scores as separate



Breast Cancer Research and Treatment (2021) 187:455-465 461
1.0 4
g 0.8
c
@
s 06
[
w
8 o4 CTS5 SCORE
= .
g p<0.001 —— HIGH
3
S o2 —— INTERMEDIATE
m -
= LOW
3
2
o 00 T T T T T
0 2 4 6 8
time (Years)
Number at risk
HIGH 101 89 73 34 6
INTERMEDIATE 103 101 97 35 4
LOW 269 265 257 12 17
Fig.5 DREFS per CTSS5 classes of risk
ROC Curve. Criterion: Youden P
-== Line of perfect concordance
8 | — Reduced major axis
10 - o
7 -1 o o
08 - g 6 —
@
2 - 5 -
2 06 o %
‘@
5 44
1]
04 A
3
0.2 - _ &7
AUC: 0.81(0.71,0.91) 2 3 4 5 6
00 CTS5 SCORE

Fig.6 CTS5 ROC curve

entities, as shown in ROC analysis in Fig. 10 (AUC 0.72 versus
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AUC 0.7 of NPI only and 0.81 of CTS5 only).

T
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Fig.7 Correlation between NPI and CTS5

Discussion

Before the era of genomic profile tests, the importance
of validated prognostic models based on standard factors
was stressed, in order to help the creation of standardized
analyses and avoid claims concerning the relevance of new
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Fig.8 Correlation between NPI
and PREDICT

NPI

Line of perfect concordance
— BestFit Line

potential prognostic factors and to homogenize clinicians’
approach to adjuvant therapy [8]. Despite the unstoppable
progress in pathological BC evaluation, nowadays there is
still controversial discussion concerning biological vari-
ables, such as Ki-67 along the widely and routine use of
genomic platform, so the necessity of a solid prognostic
model based on standard factors has increased, to support
clinical practice.

Nodal status is a powerful prognostic marker especially
for late distant recurrence, whereas tumor size and grading
are shown to be less prognostic after 5 years. Recently,
an analysis of 60,000 women with ER + BCs, who were
scheduled to receive a 5-year endocrine therapy regimen
and remained disease free until the end of the treatment,
reported a subsequent risk of late distant recurrence. Even
in patients with T1NO disease, the estimated risk between
years 5 and 20 is 10% for those with low histologic grade,
13% for those with intermediate, and 17% for those with
high. Although endocrine treatment markedly reduces
mortality (by approximately 30% with 5 years of Tamox-
ifen and approximately 40% with an aromatase inhibitors),
recurrences continue to occur after the 5-year treatment
ends. The observation that these events can be decreased
by continued treatment means that decisions about whether
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PREDCT

to continue with therapy at year 5 are at the forefront of
patient management at that time [9-14].

It is blatantly clear by now that NPI simple variables
single handed are not sufficient to predict and explain the
development of a large portion of early BCs [15]

The PREDICT is a prognostication model for early
BC created basing on data collected from a large number
of patients within a single UK cancer registry (Eastern
Cancer Registration and Information Centre, ECRIC),
tested, and validated on an external dataset of more than
5000 patients (West Midlands Cancer Intelligence Unit,
WMCIU). Information obtained regarded age at diagno-
sis, number of positive sampled lymph nodes, tumor size,
grading, ER status, modality of detection, information on
local therapy, and adjuvant therapy. BC-specific mortal-
ity and competing mortality (mortality from other causes)
were modeled separately and adjusted for the age at the
diagnosis. Several other factors were gradually added to
this score, in order to refine its prognostication power
—1i.e., DICS or LCIS only, menopausal state, HER2 status,
and Ki-67. The final results are deemed to predict OS at 5,
10, and 15 years after surgery, and the additional benefit
of endocrine therapy, chemotherapy, bisphosphonates, and
anti-HER?2 treatment [16]
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developing early metastases with regard to the risk of death.

Our analysis showed the prognostic models we consid-
ered — NPI, PREDICT, and CTS5 — have fair accuracy in
predicting clinical course of ER +/HER2- BC undergone
to surgery for curative intent. Our results mostly agree with
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what reported on the literature about both NPI and PRE-
DICT [18]. In our cohort CTS5 seems to be the score that
better identifies the group of patients at high risk of dis-
tant recurrence, and, if the DRFS is accepted as a surrogate
marker of OS, with evident repercussions on survival.

Analyzing the subgroup of patients who were recurrence
free 5 years after diagnosis (n=451), 6 of them developed
LDR: Three of them were classified at high risk and three at
low risk according to CTSS5 score. Interestingly, among all
the studied variables, only high ki-67 values were associ-
ated with LDR for patients with low CTS5 score (p =0.03),
and this association was not found in intermediate—high
groups. Although this result is probably influenced by the
small sample size of this subgroup of patients, it is aligned
to what shown in a recent report suggesting extended endo-
crine therapy also for patients with high Ki-67 (>20%) in
low CTS5 group [19].

If we specifically consider the two models predicting
OS — NPI and PREDICT - it seems clear that adding to
the model many variables does not significantly improve
the accuracy of the score (AUC improves from 0.7 of NPI
to 0.76 of PREDICT). It is conceivable that at the current
state-of-the-art nodal status, tumor dimension and tumor
grading still represent the three heaviest factors in BC his-
tory prognostication.

Even if our correlation analyses demonstrated that all
three models agree in the identification of high risk classes
of patients, the identification of a very high risk class, cre-
ated by the addition of NPI and CTSS5 scores points, does
not significantly improve prognostic accuracy.

It is worth mentioning that the considered population had
a mean age of 68.5 years and was mostly post-menopausal
(88.6%), data that are in accordance with the national demo-
graphics. Thus, considering the global population is aged
60 years or a little bit over, the findings could be generaliz-
able. We also performed a sensitivity analysis excluding all
pre-menopausal women from the entire analyzed population
and we observed very similar results in terms of prognos-
tic scores accuracy between the pre- and post-menopausal
setting (AUC, 95%CI for NPI, PREDICT, and CTSS5 were,
respectively, 0.68 (0.66-0.75), 0.70 (0.63-0.77), and 0.80
(0.71-0.92)). Therefore, the sensitivity analysis revealed a
consistent result when excluding the pre-menopausal sub-
group showing NPI, PREDICT, and CTS5 are useful prog-
nostic scores among post-menopausal women.

All this considered, the CTS5 and the PREDICT may be
daily used in clinical practice to give the clinician a general
perspective on the risk of the patient. According to our data
patients may be classified in three classes of risk: (1) a low
risk class: patients in CTS5 low risk class and PREDICT
low risk class; (2) a high risk class: patients at high risk in
at least one of the two scores; and (3) a moderate risk class:
patients in between.

@ Springer

This classification allows the clinician to stratify patients
and, considering also age and comorbidities, to evaluate
the use of adjuvant chemotherapy and/or 10-year endocrine
therapy regimen in high risk class, 10-year endocrine ther-
apy regimen in moderate risk, and 5-year endocrine ther-
apy regimen in low risk class. These mathematical models
— especially CTS5 that showed high accuracy in prognosti-
cation — may be used also in genomic tests gray zones (i.e.,
Oncotype DX RS of 26 to 30), to eventually tip the scale to
a more aggressive or a more conservative management of
adjuvant therapy.

In the upcoming future, the clinical use of endocrine
therapy and CDK4/6i would be of routine practice in high-
risk BC. Adding Abemaciclib to adjuvant endocrine therapy
significantly reduces the risk of recurrence in patients with
high risk, ER +, HER2 negative, early BC, as shown in
phase-three trial findings [20]. In the absence of possibil-
ity to access to the genomic profile for the identification of
individual BC patients’ risk, the use of score models would
be helpful in routine.

New studies are needed to identify other variables to cre-
ate more accurate scores to help clinical decision making.
The new frontier in prognostic model creation may be rep-
resented by machine learning, a branch of artificial intel-
ligence enabling computer algorithms to learn from expe-
rience, without the need of being explicitly programmed.
These techniques are cheaper than Multigene Signature
Panels, and they are based on data that are already available
in clinical routine [21].

Conclusion

Mathematical models may help clinicians in decision mak-
ing in ER+ HER2-negative BC after surgery. However, our
analysis showed the CTSS5 seems to have the higher prog-
nostic accuracy in predicting recurrence, while OS predic-
tion did not show substantial advances of any of the three
scores compared, proving that lymph node status, grading,
and tumor burden are still the more important variables in
predicting OS. New studies are needed to identify other vari-
ables to create more accurate scores.
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