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Abstract
Purpose  CancerMath predicts the expected benefit of adjuvant systemic therapy on overall (OS) and breast cancer-specific 
survival (BCSS). Here, CancerMath was validated in Dutch breast cancer patients.
Methods  All operated women diagnosed with stage I–III primary invasive breast cancer in 2005 were identified from the 
Netherlands Cancer Registry. Calibration was assessed by comparing 5- and 10-year predicted and observed OS/BCSS using 
χ2 tests. A difference > 3% was considered as clinically relevant. Discrimination was assessed by area under the receiver 
operating characteristic (AUC) curves.
Results  Altogether, 8032 women were included. CancerMath underestimated 5- and 10-year OS by 2.2% and 1.9%, respec-
tively. AUCs of 5- and 10-year OS were both 0.77. Divergence between predicted and observed OS was most pronounced in 
grade II, patients without positive nodes, tumours 1.01–2.00 cm, hormonal receptor positive disease and patients 60–69 years. 
CancerMath underestimated 5- and 10-year BCSS by 0.5% and 0.6%, respectively. AUCs were 0.78 and 0.73, respectively. 
No significant difference was found in any subgroup.
Conclusion  CancerMath predicts OS accurately for most patients with early breast cancer although outcomes should be 
interpreted with care in some subgroups. BCSS is predicted accurately in all subgroups. Therefore, CancerMath can reliably 
be used in (Dutch) clinical practice.

Keywords  CancerMath · Breast cancer · Prediction model · Validation · Overall survival · Breast cancer-specific survival

Introduction

Adjuvant systemic therapy reduces recurrence risks and 
improves long-term survival in early breast cancer [1–3]. 
However, its effects vary due to tumour heterogeneity and 
differences in treatment response [4–6]. Besides, it may be 
associated with severe side effects and high costs [7, 8].

Several prediction models have been developed to help 
personalise adjuvant systemic therapy use in breast can-
cer patients. A commonly used online prediction model is 
PREDICT [9], which has been validated in many countries 
[9–18]. However, PREDICT does not predict accurately in 
ER-negative disease, patients < 40 years, patients > 79 years, 
T3 tumours and patients treated with both endocrine ther-
apy and chemotherapy [15–17]. Another existing prediction 
model that assesses the benefits of adjuvant systemic therapy 
is the CancerMath therapy calculator (hereafter abbreviated 
as CancerMath) [19]. CancerMath, in contrast to PRE-
DICT, includes histological type, but lacks information on 
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screening and Ki-67, and expresses the therapy benefit in 
gained life years. Multiple studies report that many patients 
still have an inaccurate perception of adjuvant treatment 
effects [20, 21], which may in part be explained by presen-
tation of expected benefits.

CancerMath was released in 2009 and predicts over-
all (OS) and breast cancer-specific survival (BCSS) until 
15 years from diagnosis, using the following predictors: 
age at diagnosis, tumour size, grade, oestrogen (ER) and 
progesterone receptor (PR) status, human epidermal growth 
factor receptor 2 (HER2) status, nodal status and histological 
type. The parameters were derived from the Surveillance, 
Epidemiology, and End Results (SEER) database [19]. The 
expected benefit of adjuvant systemic therapy was based 
on the reductions in death found by meta-analyses of ran-
domised trials [1, 2]. This study aimed to validate the online 
prediction model CancerMath in the Dutch breast cancer 
population by assessing its prognostic performance in dif-
ferent subgroups.

Methods

Study design

Data on patient-, tumour- and treatment-related character-
istics were obtained from the Netherlands Cancer Registry 
(NCR). Topography and morphology were coded according 
to the International Classification of Diseases for Oncol-
ogy (ICD-O), 3rd edition [22]. Staging was coded accord-
ing to the tumour, node and metastasis (TNM) classification 
system, 6th edition [23]. Data on recurrences were actively 
obtained from patient files. Vital status and date of death at 
5 and 10 years following diagnosis were obtained through 
linkage with the Municipal Personal Records database.

Study population

All operated women diagnosed with stage I–III primary 
invasive breast cancer in 2005 in the Netherlands, who 
had a pathologically established tumour, were identified 
(none of the included patients received neoadjuvant sys-
temic therapy). Women with an unknown tumour size, a 
tumour > 5 cm, an unknown number of positive lymph nodes 
or > 10 positive lymph nodes were excluded to match the 
CancerMath criteria.

Outcomes and definitions

Primary outcomes were OS and BCSS. OS was defined as 
the time between diagnosis and date of death or last obser-
vation. Due to lacking data on cause of death, we classified 
patients as ‘died due to breast cancer’ if they experienced Ta
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a distant metastasis and died within 5 or 10 years from 
diagnosis.

Statistical analysis

For 687 of 2669 (25.7%) women receiving chemotherapy, it 
was unknown whether they received first- or second-gener-
ation chemotherapy. To determine the classification of these 
patients, calibration and discrimination analyses were per-
formed in these women classified as first generation, second 
generation, a combination of first and second generation (by 
using the mean coefficient of first and second generation in 
the predictions) or they were excluded. Since results were 
similar (data not shown), it was decided to classify these 
women as a combination of first and second generation in 
further analyses.

Five- and 10-year OS and BCSS were calculated for dif-
ferent subgroups based on age (< 40, 40–49, 50–59, 60–69, 
70–79,  > 79 years), tumour size, number of positive lymph 
nodes, histological type (ductal, lobular, a combination or 
other), tumour grade, ER, PR and HER2 status, endocrine 
therapy, chemotherapy and targeted therapy. Model calibra-
tion was quantified by comparing observed and predicted 
outcomes using a χ2 test. A significant difference of > 3% 
was regarded as clinically relevant, since a 10-year survival 
benefit of 3–5% is generally considered to be an indication 
for adjuvant systemic therapy [10]. Calibration was graphi-
cally presented by plotting averages of observed and pre-
dicted outcomes, grouped by quintiles based on the predicted 
outcomes. The slope of the fitted line was compared with the 
slope indicating a perfect relationship (y = x). Discriminatory 

accuracy was assessed by generating receiver operating 
characteristic (ROC) curves. The discriminatory accuracy 
was quantified by the area under the ROC curve (AUC), 
which was calculated for the entire population as well as 
all predefined subgroups. An AUC of 1 indicates excellent 
discriminative performance while an AUC of 0.5 indicates 
no discriminative performance.

All underlying statistical equations of CancerMath were 
freely available as HTML code [24]. To obtain predicted 
outcomes for all included patients, the HTML code was 
translated into a R script (R version 3.5.1). All further anal-
yses were performed in Stata 14.1 (StataCorp LP, College 
Station, TX, USA). P values < 0.05 were considered to be 
statistically significant.

Results

In total, 8772 patients were included. Women with an 
unknown tumour size (n = 218), a tumour > 5 cm (n = 435), 
an unknown number of positive lymph nodes (n = 94) or > 10 
positive lymph nodes (n = 305) were excluded, resulting 
in a final study population of 8032 patients. None of the 
included patients were treated with neoadjuvant systemic 
therapy. The median age at diagnosis was 59 years (inter-
quartile range: 50–69 years). After 5 years, 865 (10.8%) 
women had died. Of these women, 398 (5% of entire popu-
lation) developed distant metastases and were considered 
to have died of breast cancer. After 10 years, 1,931 (24.0%) 
women had died. Of these, 764 (9.5% of entire population) 
developed distant metastases and were considered to have 
died of breast cancer. Most women had no positive lymph 
nodes, presented with a ductal tumour, a grade II tumour, 
were hormonal receptor positive or HER2 negative. Almost 

Fig. 1   Observed and predicted 5-year (left) and 10-year (right) overall survival in Dutch non-metastatic breast cancer patients diagnosed in 2005



671Breast Cancer Research and Treatment (2019) 178:665–681	

1 3

Ta
bl

e 
2  

P
re

di
ct

ed
 a

nd
 o

bs
er

ve
d 

5-
 a

nd
 1

0-
ye

ar
 b

re
as

t c
an

ce
r-s

pe
ci

fic
 su

rv
iv

al
 b

y 
su

bg
ro

up
s o

f p
re

di
ct

or
s i

n 
C

an
ce

rM
at

h

Pr
ed

ic
to

rs
C

at
eg

or
ie

s
N

 (%
)

5-
ye

ar
 B

C
SS

10
-y

ea
r B

C
SS

Pr
ed

ic
te

d 
(%

)
O

bs
er

ve
d 

(%
)

(9
5%

 C
I)

D
iff

er
en

ce
 (%

)
p 

va
lu

e
Pr

ed
ic

te
d 

(%
)

O
bs

er
ve

d 
(%

)
(9

5%
 C

I)
D

iff
er

en
ce

 (%
)

p 
va

lu
e

En
tir

e 
co

ho
rt

80
32

 (1
00

.0
)

75
90

 (9
4.

5)
76

34
 (9

5.
0)

(9
4.

5–
95

.5
)

−
 44

 (−
 0.

5)
0.

62
72

21
 (8

9.
9)

72
68

 (9
0.

5)
(8

9.
8–

91
.1

)
−

 47
 (−

 0.
6)

0.
58

A
ge

 (y
ea

rs
)

<
 40

42
0 

(5
.2

)
39

6 
(9

4.
3)

39
1 

(9
3.

1)
(9

0.
2–

95
.3

)
5 

(1
.2

)
0.

81
37

4 
(8

9.
1)

36
0 

(8
5.

7)
(8

2.
0–

88
.9

)
14

 (3
.4

)
0.

46

40
–4

9
15

26
 (1

9.
0)

14
53

 (9
5.

2)
14

49
 (9

5.
0)

(9
3.

7–
96

.0
)

4 
(0

.2
)

0.
92

13
86

 (9
0.

8)
13

69
 (8

9.
7)

(8
8.

1–
91

.2
)

17
 (1

.1
)

0.
65

50
–5

9
22

29
 (2

7.
8)

21
11

 (9
4.

7)
21

40
 (9

6.
0)

(9
5.

1–
96

.8
)

−
 29

 (−
 1.

3)
0.

53
20

06
 (9

0.
0)

20
59

 (9
2.

4)
(9

1.
2–

93
.4

)
−

 53
 (−

 2.
4)

0.
24

60
–6

9
19

29
 (2

4.
0)

18
23

 (9
4.

5)
18

55
 (9

6.
2)

(9
5.

2–
97

.0
)

−
 32

 (−
 1.

7)
0.

45
17

30
 (8

9.
7)

17
66

 (9
1.

6)
(9

0.
2–

92
.8

)
−

 36
 (−

 1.
9)

0.
39

70
–7

9
13

12
 (1

6.
3)

12
37

 (9
4.

3)
12

30
 (9

3.
8)

(9
2.

3–
95

.0
)

7 
(0

.5
)

0.
84

11
79

 (8
9.

9)
11

63
 (8

8.
6)

(8
6.

8–
90

.3
)

16
 (1

.3
)

0.
63

>
 79

61
6 

(7
.7

)
57

2 
(9

2.
8)

56
9 

(9
2.

4)
(9

0.
0–

94
.3

)
3 

(0
.4

)
0.

92
54

7 
(8

8.
8)

55
1 

(8
9.

5)
(8

6.
7–

91
.8

)
−

 4 
(−

 0.
7)

0.
86

Tu
m

ou
r d

ia
m

et
er

 (c
m

)
<

 0.
1

39
 (0

.5
)

39
 (1

00
.0

)
39

 (1
00

.0
)

(9
1.

0–
1)

0 
(0

.0
)

1.
00

39
 (1

00
.0

)
39

 (1
00

.0
)

(9
1.

0–
1.

00
)

0 
(0

.0
)

1.
00

0.
11

–0
.5

25
6 

(3
.2

)
25

2 
(9

8.
5)

25
4 

(9
9.

2)
(9

7.
2–

99
.9

)
−

 2 
(−

 0.
7)

0.
92

24
9 

(9
7.

2)
25

1 
(9

8.
1)

(9
5.

5–
99

.4
)

−
 2 

(−
 0.

9)
0.

89

0.
51

–1
.0

0
12

11
 (1

5.
1)

11
78

 (9
7.

3)
11

95
 (9

8.
7)

(9
7.

9–
99

.2
)

−
 17

 (−
 1.

4)
0.

62
11

50
 (9

5.
0)

11
69

 (9
6.

5)
(9

5.
3–

97
.5

)
−

 19
 (−

 1.
5)

0.
58

1.
01

–2
.0

0
36

78
 (4

5.
8)

34
98

 (9
5.

1)
35

45
 (9

6.
4)

(9
5.

7–
97

.0
)

−
 47

 (−
 1.

3)
0.

42
33

47
 (9

1.
0)

33
82

 (9
2.

0)
(9

1.
0–

92
.8

)
−

 35
 (−

 1.
0)

0.
54

2.
01

–3
.0

0
20

88
 (2

6.
0)

19
40

 (9
2.

9)
19

29
 (9

2.
4)

(9
1.

2–
93

.5
)

11
 (0

.5
)

0.
81

18
19

 (8
7.

1)
18

08
 (8

6.
6)

(8
5.

1–
88

.0
)

11
 (0

.5
)

0.
81

3.
01

–4
.0

0
58

5 
(7

.3
)

52
7 

(9
0.

1)
52

0 
(8

8.
9)

(8
6.

1–
91

.3
)

7 
(1

.2
)

0.
75

48
0 

(8
2.

1)
48

2 
(8

2.
4)

(7
9.

1–
85

.4
)

−
 2 

(−
 0.

3)
0.

92

4.
01

–5
.0

0
17

5 
(2

.2
)

15
5 

(8
8.

3)
15

2 
(8

6.
9)

(8
0.

9–
91

.5
)

3 
(1

.4
)

0.
84

13
8 

(7
9.

1)
13

7 
(7

8.
3)

(7
1.

4–
84

.2
)

1 
(0

.8
)

0.
92

N
um

be
r o

f p
os

iti
ve

 n
od

es
0

52
91

 (6
5.

9)
50

53
 (9

5.
5)

51
21

 (9
6.

8)
(9

6.
3–

97
.2

)
−

 68
 (−

 1.
3)

0.
34

48
57

 (9
1.

8)
49

44
 (9

3.
4)

(9
2.

7–
94

.1
)

−
 87

 (−
 1.

6)
0.

21

1–
3

21
80

 (2
7.

1)
20

38
 (9

3.
5)

20
34

 (9
3.

3)
(9

2.
2–

94
.3

)
4 

(0
.2

)
0.

92
19

21
 (8

8.
1)

19
13

 (8
7.

8)
(8

6.
3–

89
.1

)
8 

(0
.3

)
0.

86

4–
9

53
2 

(6
.6

)
47

3 
(8

8.
9)

45
5 

(8
5.

5)
(8

2.
2–

88
.4

)
18

 (3
.4

)
0.

41
42

3 
(7

9.
6)

39
2 

(7
3.

7)
(6

9.
7–

77
.4

)
31

 (5
.9

)
0.

13

9–
10

29
 (0

.4
)

25
 (8

5.
3)

24
 (8

2.
8)

(6
4.

2–
94

.2
)

1 
(2

.5
)

0.
89

21
 (7

3.
8)

19
 (6

5.
5)

(4
5.

7–
82

.1
)

2 
(8

.3
)

0.
60



672	 Breast Cancer Research and Treatment (2019) 178:665–681

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

Pr
ed

ic
to

rs
C

at
eg

or
ie

s
N

 (%
)

5-
ye

ar
 B

C
SS

10
-y

ea
r B

C
SS

Pr
ed

ic
te

d 
(%

)
O

bs
er

ve
d 

(%
)

(9
5%

 C
I)

D
iff

er
en

ce
 (%

)
p 

va
lu

e
Pr

ed
ic

te
d 

(%
)

O
bs

er
ve

d 
(%

)
(9

5%
 C

I)
D

iff
er

en
ce

 (%
)

p 
va

lu
e

ER
 st

at
us

U
nk

no
w

n
11

6 
(1

.4
)

11
2 

(9
6.

4)
11

5 
(9

9.
1)

(9
5.

3–
10

0.
0)

−
 3 

(−
 2.

7)
0.

76
10

8 
(9

3.
4)

11
2 

(9
6.

6)
(9

1.
4–

99
.1

)
−

 4 
(−

 3.
2)

0.
73

Po
si

tiv
e

65
35

 (8
1.

4)
62

21
 (9

5.
2)

63
24

 (9
6.

8)
(9

6.
3–

97
.2

)
−

 10
3 

(−
 1.

6)
0.

19
59

66
 (9

1.
3)

60
23

 (9
2.

2)
(9

1.
5–

92
.8

)
−

 57
 (−

 0.
9)

0.
46

N
eg

at
iv

e
13

81
 (1

7.
2)

12
57

 (9
1.

0)
11

95
 (8

6.
5)

(8
4.

6–
88

.3
)

62
 (4

.5
)

0.
08

11
50

 (8
3.

3)
11

33
 (8

2.
0)

(7
9.

9–
84

.0
)

17
 (1

.3
)

0.
61

PR
 st

at
us

U
nk

no
w

n
50

7 
(6

.3
)

48
2 

(9
5.

0)
48

6 
(9

5.
9)

(9
3.

7–
97

.4
)

−
 4 

(−
 0.

9)
0.

84
46

1 
(9

0.
9)

45
7 

(9
0.

1)
(8

7.
2–

92
.6

)
4 

(0
.8

)
0.

86

Po
si

tiv
e

51
09

 (6
3.

6)
48

74
 (9

5.
4)

49
62

 (9
7.

1)
(9

6.
6–

97
.6

)
−

 88
 (−

 1.
7)

0.
21

46
85

 (9
1.

7)
47

51
 (9

3.
0)

(9
2.

3–
93

.7
)

−
 66

 (−
 1.

3)
0.

33

N
eg

at
iv

e
24

16
 (3

0.
1)

22
32

 (9
2.

4)
21

86
 (9

0.
5)

(8
9.

2–
91

.6
)

46
 (1

.9
)

0.
33

20
80

 (8
6.

1)
20

60
 (8

5.
3)

(8
3.

8–
86

.7
)

20
 (0

.8
)

0.
65

H
ER

2 
st

at
us

U
nk

no
w

n
14

13
 (1

7.
6)

13
42

 (9
5.

0)
13

39
 (9

4.
8)

(9
3.

5–
95

.9
)

3 
(0

.2
)

0.
92

12
86

 (9
1.

0)
12

80
 (9

0.
6)

(8
8.

9–
92

.1
)

6 
(0

.4
)

0.
86

Po
si

tiv
e

10
00

 (1
2.

5)
91

5 
(9

1.
5)

93
2 

(9
3.

2)
(9

1.
5–

94
.7

)
−

 17
 (−

 1.
7)

0.
57

84
2 

(8
4.

2)
87

2 
(8

7.
2)

(8
5.

0–
89

.2
)

−
 30

 (−
 –3

.0
)

0.
30

N
eg

at
iv

e
56

19
 (7

0.
0)

53
32

 (9
4.

9)
53

63
 (9

5.
4)

(9
4.

9–
96

.0
)

−
 31

 (−
 0.

5)
0.

67
50

96
 (9

0.
7)

51
16

 (9
1.

1)
(9

0.
3–

91
.8

)
−

 20
 (−

 0.
4)

0.
78

H
R

/H
ER

2 
st

at
us

U
nk

no
w

n
14

17
 (1

8.
3)

13
96

 (9
4.

9)
13

91
 (9

4.
6)

(9
3.

4–
95

.7
)

5 
(0

.3
)

0.
89

13
35

 (9
0.

8)
13

29
 (9

0.
4)

(8
8.

8–
91

.9
)

6 
(0

.4
)

0.
86

H
R

+
/H

ER
2−

48
27

 (6
0.

1)
46

06
 (9

5.
4)

46
79

 (9
6.

9)
(9

6.
4–

97
.4

)
−

 73
 (−

 1.
5)

0.
28

44
23

 (9
1.

6)
44

64
 (9

2.
5)

(9
1.

7–
93

.2
)

−
 41

 (−
 0.

8)
0.

54

H
R

+
/H

ER
2+

64
6 

(8
.0

)
60

1 
(9

3.
1)

62
0 

(9
6.

0)
(9

4.
5–

97
.5

)
−

 19
 (−

 2.
9)

0.
44

56
3 

(8
7.

2)
57

9 
(8

9.
6)

(8
7.

3–
92

.0
)

−
 16

 (−
 2.

4)
0.

50

H
ER

2 
po

si
tiv

e
34

1 
(4

.3
)

30
2 

(8
8.

4)
30

1 
(8

8.
3)

(8
4.

8–
91

.7
)

1 
(0

.1
)

1.
00

26
8 

(7
8.

7)
28

2 
(8

2.
7)

(7
8.

7–
86

.7
)

−
 14

 (−
 4.

0)
0.

39

Tr
ip

le
 n

eg
at

iv
e

74
7 

(9
.3

)
68

6 
(9

1.
8)

64
3 

(8
6.

1)
(8

3.
6–

88
.6

)
43

 (5
.7

)
0.

10
63

4 
(8

4.
8)

61
4 

(8
2.

2)
(7

9.
4–

84
.9

)
20

 (2
.6

)
0.

43

H
ist

ol
og

ic
al

 ty
pe

D
uc

ta
l

65
26

 (8
1.

3)
61

54
 (9

4.
3)

61
86

 (9
4.

8)
(9

4.
2–

95
.3

)
−

 32
 (−

 0.
5)

0.
68

58
41

 (8
9.

5)
58

76
 (9

0.
0)

(8
9.

3–
90

.8
)

−
 35

 (−
 0.

5)
0.

65

Lo
bu

la
r

79
0 

(9
.8

)
74

8 
(9

4.
7)

75
8 

(9
6.

0)
(9

4.
3–

97
.2

)
−

 10
 (−

 1.
3)

0.
72

71
3 

(9
0.

3)
72

6 
(9

1.
9)

(8
9.

8–
93

.7
)

−
 13

 (−
 1.

6)
0.

64

D
uc

ta
l a

nd
 lo

bu
la

r
28

9 
(3

.6
)

27
6 

(9
5.

5)
28

1 
(9

7.
2)

(9
4.

6–
98

.8
)

−
 5 

(−
 1.

7)
0.

76
26

5 
(9

1.
8)

26
6 

(9
2.

0)
(8

8.
3–

94
.9

)
−

 1 
(−

 0.
2)

1.
00

O
th

er
42

7 
(5

.3
)

41
4 

(9
7.

0)
40

9 
(9

5.
8)

(9
3.

4–
97

.5
)

5 
(1

.2
)

0.
79

40
4 

(9
4.

6)
40

0 
(9

3.
7)

(9
0.

9–
95

.8
)

4 
(0

.9
)

0.
84



673Breast Cancer Research and Treatment (2019) 178:665–681	

1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

Pr
ed

ic
to

rs
C

at
eg

or
ie

s
N

 (%
)

5-
ye

ar
 B

C
SS

10
-y

ea
r B

C
SS

Pr
ed

ic
te

d 
(%

)
O

bs
er

ve
d 

(%
)

(9
5%

 C
I)

D
iff

er
en

ce
 (%

)
p 

va
lu

e
Pr

ed
ic

te
d 

(%
)

O
bs

er
ve

d 
(%

)
(9

5%
 C

I)
D

iff
er

en
ce

 (%
)

p 
va

lu
e

G
ra

de
U

nk
no

w
n

31
7 

(3
,9

)
30

0 
(9

4.
6)

30
3 

(9
5.

6)
(9

2.
7–

97
.6

)
−

 3 
(−

 1.
0)

0.
86

28
6 

(9
0.

1)
28

9 
(9

1.
2)

(8
7.

5–
94

.1
)

−
 3 

(−
 1.

1)
0.

84

I
18

54
 (2

3.
1)

18
04

 (9
7.

3)
18

35
 (9

9.
0)

(9
8.

4–
99

.4
)

−
 31

 (−
 1.

7)
0.

47
17

63
 (9

5.
1)

18
01

 (9
7.

1)
(9

6.
3–

97
.9

)
−

 38
 (−

 2.
0)

0.
37

II
34

88
 (4

3.
4)

33
03

 (9
4.

7)
33

76
 (9

6.
8)

(9
6.

1–
97

.3
)

−
 73

 (−
 2.

1)
0.

20
31

50
 (9

0.
3)

32
17

 (9
2.

2)
(9

1.
3–

93
.1

)
−

 67
 (−

 1.
9)

0.
23

II
I

23
73

 (2
9.

5)
21

86
 (9

2.
1)

21
20

 (8
9.

3)
(8

8.
0–

90
.6

)
66

 (2
.8

)
0.

16
20

27
 (8

5.
4)

19
61

 (8
2.

6)
(8

1.
1–

84
.1

)
66

 (2
.8

)
0.

15

H
or

m
on

al
 th

er
ap

y
N

on
e

45
64

 (5
6.

8)
43

27
 (9

4.
8)

43
31

 (9
4.

9)
(9

4.
2–

95
.6

)
−

 4 
(−

 0.
1)

1.
00

41
26

 (9
0.

4)
41

83
 (9

1.
7)

(9
0.

8–
92

.4
)

−
 57

 (−
 1.

3)
0.

37

Ta
m

ox
ife

n
85

3 
(1

0.
6)

80
6 

(9
4.

5)
79

6 
(9

3.
3)

(9
1.

4–
94

.9
)

10
 (1

.2
)

0.
72

76
8 

(9
0.

0)
74

7 
(8

7.
6)

(8
5.

2–
89

.7
)

21
 (2

.4
)

0.
45

A
ro

m
at

as
e 

in
hi

bi
to

r
17

24
 (2

1.
5)

16
14

 (9
3.

6)
16

38
 (9

5.
0)

(9
3.

9–
96

.0
)

−
 24

 (−
 1.

4)
0.

54
15

24
 (8

8.
4)

15
29

 (8
8.

7)
(8

7.
1–

90
.1

)
−

 5 
(−

 0.
3)

0.
89

Ta
m

ox
ife

n 
to

 a
ro

m
at

as
e 

in
hi

bi
to

r
65

9 
(8

.2
)

62
4 

(9
4.

7)
64

1 
(9

7.
3)

(9
5.

7–
98

.4
)

−
 17

 (−
 2.

6)
0.

50
59

4 
(9

0.
1)

60
1 

(9
1.

2)
(8

8.
8–

93
.2

)
−

 7 
(−

 1.
1)

0.
76

O
va

ria
n 

ab
la

tio
n

3 
(0

.0
4)

3 
(1

00
.0

)
3 

(1
00

.0
)

(0
.2

9–
1.

00
)

0 
(0

.0
0)

1.
00

3 
(1

00
.0

)
3 

(1
00

.0
)

(2
9.

2–
1.

00
)

0 
(−

 5.
8)

0.
92

O
va

ria
n 

ab
la

tio
n 

an
d 

ta
m

ox
ife

n
22

9 
(2

.9
)

21
8 

(9
5.

3)
22

5 
(9

8.
3)

(0
.9

6–
1.

00
)

−
 7 

(−
 3.

0)
0.

65
20

8 
(9

1.
0)

20
5 

(8
9.

5)
(8

4.
8–

93
.2

)
3 

(1
.5

)
0.

81

C
he

m
ot

he
ra

py
N

on
e

53
63

 (6
6.

8)
51

00
 (9

5.
1)

51
56

 (9
6.

1)
(9

5.
6–

96
.6

)
−

 56
 (−

 1.
0)

0.
43

48
86

 (9
1.

1)
49

47
 (9

2.
2)

(9
1.

5–
92

.9
)

−
 61

 (−
 1.

1)
0.

38

G
en

er
at

io
n 

1
11

58
 (1

4.
4)

10
69

 (9
2.

3)
10

61
 (9

1.
6)

(8
9.

9–
93

.2
)

8 
(0

.7
)

0.
81

98
9 

(8
5.

4)
99

9 
(8

6.
3)

(8
4.

2–
88

.2
)

−
 10

 (−
 0.

9)
0.

75

G
en

er
at

io
n 

2
67

3 
(8

.4
)

63
9 

(9
5.

0)
64

0 
(9

5.
1)

(9
3.

2–
96

.6
)

−
 1 

(−
 0.

1)
1.

00
60

8 
(9

0.
4)

59
9 

(8
9.

0)
(8

6.
4–

91
.3

)
9 

(1
.4

)
0.

71

G
en

er
at

io
n 

3
15

1 
(1

.9
)

14
2 

(9
4.

1)
13

9 
(9

2.
1)

(8
6.

5–
95

.8
)

3 
(2

.0
)

0.
79

13
4 

(8
8.

7)
12

9 
(8

5.
4)

(7
8.

8–
90

.6
)

5 
(3

.3
)

0.
67

G
en

er
at

io
n 

un
kn

ow
n

68
7 

(8
.6

)
64

3 
(9

3.
6)

63
8 

(9
2.

9)
(9

0.
7–

94
.7

)
5 

(0
.7

)
0.

84
60

3 
(8

7.
8)

59
4 

(8
6.

5)
(8

3.
7–

88
.9

)
9 

(1
.3

)
0.

71



674	 Breast Cancer Research and Treatment (2019) 178:665–681

1 3

half of the women did not receive adjuvant systemic treat-
ment (Table 1).

Calibration: overall survival

In the entire population, predicted 5-year OS was 87.0% 
compared to an observed OS of 89.2%. The 2.2% differ-
ence was statistically significant (p = 0.032), but not outside 
the range of 3% (Table 1, Fig. 1). CancerMath significantly 
underestimated 5-year OS in the following subgroups: 
patients with a tumour diameter 1.01–2.00 cm, no positive 
lymph nodes, grade II tumours, a positive ER and PR status, 
patients not receiving adjuvant systemic therapy and patients 
treated with targeted therapy (Table 1).

Predicted 10-year OS was 74.1%, compared to an 
observed OS of 76.0%. The difference of 1.9% was bor-
derline significant (p = 0.05) (Table 1, Fig. 1). CancerMath 
significantly underestimated 10-year OS in women with at 
least one of the following characteristics: between 60 and 
69 years, a tumour diameter of 0.51–1.00 cm, no positive 
lymph nodes, grade II tumours, and in case no adjuvant sys-
temic therapy was administered. Besides, the model over-
estimated 10-year OS in women with 4–9 positive lymph 
nodes (Table 1).

Calibration: breast cancer‑specific survival

Overall, predicted 5-year BCSS was 94.5% compared to an 
observed BCSS of 95.0%, indicating an underestimation of 
0.5%, which was not statistically significant (p = 0.62). Pre-
dicted 10-year BCSS was 89.9% compared to an observed 
BCSS of 90.5%, indicating an underestimation of 0.6%, 
which was also not statistically significant (p = 0.58) 
(Table 2, Fig. 2). CancerMath estimated both 5- and 10-year 
BCSS accurate in all predefined subgroups (Table 2).

Discrimination: overall survival

In the entire population, the AUC for 5-year OS was 0.77 
(95% CI 0.75–0.79) (Table 3, Fig. 3), varying from 0.37 
to 0.87 in all subgroups. The discriminatory accuracy 
for 5-year OS was lowest in women with a tumour diam-
eter < 0.11 cm and women who received adjuvant chemo-
therapy without endocrine therapy. (AUCs 0.37 and 0.59, 
respectively) (Table 3).

The AUC for 10-year OS was 0.77 (95% CI 0.76–0.78) in 
the entire population (Table 3, Fig. 3), ranging from 0.58 to 
0.86 in the subgroups. The lowest AUC (0.58) was found in 
women treated with adjuvant chemotherapy without endo-
crine therapy (Table 3).
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Discrimination: breast cancer‑specific survival

Overall, the AUC for 5-year BCSS was 0.78 (95% CI 
0.76–0.80) (Table 4, Fig. 4), ranging from 0.61 to 0.99 in 
the subgroups, with the lowest AUC found in patients treated 
with adjuvant chemotherapy without endocrine therapy 
(Table 4).

In the entire population, the AUC for 10-year BCSS was 
0.73 (95% CI 0.72–0.75) (Table 4, Fig. 4), ranging from 
0.60 to 0.86 in the subgroups, with the lowest AUC found in 
patients with 4–9 positive lymph nodes (Table 4).

Discussion

This study showed that CancerMath accurately predicts OS 
in most subgroups, and accurately predicts BCSS in all sub-
groups of the Dutch validation population. OS should be 
interpreted with caution in several subgroups, but it pre-
dicted accurately in the subgroups in which PREDICT [9] 
was less accurate (ER-negative disease, patients > 79 years, 
T3 tumours and patients treated with both endocrine therapy 
and chemotherapy). For BCSS, CancerMath can safely be 
used in the entire population. CancerMath predicted OS less 
accurate in grade II tumours, patients without positive lymph 
nodes, a tumour diameter of 1.01–2.00 cm, a positive hor-
monal receptor status and patients aged 60–69 years. The 
fact that CancerMath predicts BCSS well in the entire popu-
lation, but that OS is not accurately estimated (mostly under-
estimated) in several subgroups, may partly be explained 
by the difference in life expectancy, which is higher in the 
Netherlands than in the United States [25]. Another pos-
sible reason for the underestimation in hormonal receptor 
positive disease may be the different definition of positivity. 

In the Netherlands, hormonal receptor positivity is defined 
as ≥ 10% positive nuclei, while in the US a cut-off of 1% is 
used. This may have resulted in a more favourable group of 
hormonal receptor positive disease in the Dutch validation 
population, and consequently an underestimation of OS. In 
our study, over 80% of the patients had ER-positive breast 
cancer, while not even half of the patients received adjuvant 
endocrine therapy. It may feel counterintuitive that Cancer-
Math underestimates 5-year OS in ER-positive disease even 
when there is less endocrine therapy given than expected. 
Further analysis of our data shows that this specific patient 
group mainly consists of older patients with favourable 
tumour characteristics, which may in part explain this coun-
terintuitive result. Discriminatory accuracy of the model 
was lowest in patients treated with chemotherapy without 
endocrine treatment, which may partly be a reflection of 
triple-negative disease, which showed an overestimation of 
BCSS (although not significant). Notably, it is difficult to 
interpret predicted treatment effects in patients treated with 
adjuvant systemic therapy, as patients included in the valida-
tion already received treatment, independent of the model’s 
prediction.

In the United Kingdom, a significant overestimation of 
10-year BCSS was observed [18], contrary to our study, 
which may possibly be explained by the different popu-
lations studied, or by the different definition of BCSS. In 
Southeast Asia, the model underestimated 5-year OS within 
almost all subgroups [26]. However, in the subgroups in 
which we observed an underestimation of 5-year OS, the 
model predicted accurately for the Southeast Asian popu-
lation. These discrepancies may possibly be explained by 
the fact that Asian patients are more likely to have a poorer 
breast cancer prognosis as compared to western breast can-
cer patients [27].

Fig. 2   Observed and predicted 5-year (left) and 10-year (right) breast cancer-specific survival in Dutch non-metastatic breast cancer patients 
diagnosed in 2005
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Table 3   Discriminatory performance of CancerMath of 5- and 10-year overall survival by subgroups of predictors in CancerMath

Predictors Categories N (%) 5-year OS 10-year OS
AUC (95% CI)a AUC (95% CI)a

Entire cohort 8032 (100.0) 0.77 (0.75–0.79) 0.77 (0.76–0.78)
Age (years) < 40 420 (5.2) 0.74 (0.65–0.83) 0.66 (0.59–0.73)

40–49 1526 (19.0) 0.75 (0.69–0.80) 0.69 (0.65–0.73)
50–59 2229 (27.8) 0.74 (0.69–0.78) 0.70 (0.67–0.73)
60–69 1929 (24.0) 0.70 (0.65–0.74) 0.65 (0.62–0.68)
70–79 1312 (16.3) 0.71 (0.67–0.75) 0.65 (0.62–0.68)
> 79 616 (7.7) 0.67 (0.62–0.71) 0.65 (0.60–0.70)

Tumour diameter (cm) < 0.1 39 (0.5) 0.37 (n.a.) 0.82 (0.62–1.00)
0.11–0.5 256 (3.2) 0.77 (0.64–0.91) 0.70 (0.59–0.82)
0.51–1.00 1211 (15.1) 0.70 (0.63–0.77) 0.71 (0.67–0.75)
1.01–2.00 3678 (45.8) 0.74 (0.71–0.77) 0.75 (0.73–0.77)
2.01–3.00 2088 (26.0) 0.74 (0.71–0.77) 0.76 (0.74–0.78)
3.01–4.00 585 (7.3) 0.75 (0.70–0.80) 0.78 (0.74–0.82)
4.01–5.00 175 (2.2) 0.75 (0.66–0.83) 0.78 (0.72–0.85)

Number of positive nodes 0 5291 (65.9) 0.75 (0.73–0.78) 0.76 (0.74–0.77)
1–3 2180 (27.1) 0.78 (0.75–0.81) 0.78 (0.76–0.81)
4–9 532 (6.6) 0.72 (0.66–0.77) 0.72 (0.68–0.77)
9–10 29 (0.4) 0.87 (0.74–1.00) 0.82 (0.65–1.00)

ER status Unknown 116 (1.4) 0.77 (0.58–0.96) 0.86 (0.77–0.95)
Positive 6535 (81.4) 0.79 (0.77–0.81) 0.77 (0.76–0.79)
Negative 1381 (17.2) 0.68 (0.64–0.72) 0.72 (0.69–0.75)

PR status Unknown 507 (6.3) 0.75 (0.68–0.83) 0.78 (0.73–0.83)
Positive 5109 (63.6) 0.79 (0.77–0.81) 0.78 (0.76–0.80)
Negative 2416 (30.1) 0.72 (0.69–0.75) 0.73 (0.71–0.75)

HER2 status Unknown 1413 (17.6) 0.81 (0.77–0.84) 0.81 (0.79–0.84)
Positive 1000 (12.5) 0.79 (0.74–0.83) 0.75 (0.71–0.78)
Negative 5619 (70.0) 0.76 (0.73–0.78) 0.76 (0.75–0.78)

HR/HER2 status Unknown 1417 (18.3) 0.80 (0.77–0.84) 0.82 (0.79–0.84)
HR+/HER2− 4827 (60.1) 0.78 (0.75–0.80) 0.77 (0.75–0.78)
HR+/HER2+ 646 (8.0) 0.81 (0.75–0.87) 0.76 (0.71–0.80)
HER2 positive 341 (4.3) 0.71 (0.63–0.79) 0.70 (0.63–0.77)
Triple negative 747 (9.3) 0.65 (0.60–0.70) 0.72 (0.67–0.76)

Histological type Ductal 6526 (81.3) 0.77 (0.76–0.79) 0.77 (0.75–0.78)
Lobular 790 (9.8) 0.77 (0.72–0.83) 0.80 (0.76–0.83)
Ductal and lobular 289 (3.6) 0.72 (0.60–0.85) 0.74 (0.66–0.81)
Other 427 (5.3) 0.73 (0.66–0.81) 0.78 (0.73–0.84)

Grade Unknown 317 (3.9) 0.77 (0.68–0.85) 0.76 (0.70–0.82)
I 1854 (23.1) 0.80 (0.75–0.85) 0.79 (0.77–0.82)
II 3488 (43.4) 0.79 (0.77–0.82) 0.78 (0.76–0.80)
III 2373 (29.5) 0.71 (0.68–0.74) 0.72 (0.70–0.74)

Hormonal therapy None 4564 (56.8) 0.76 (0.73–0.78) 0.76 (0.74–0.78)
Tamoxifen 853 (10.6) 0.67 (0.60–0.74) 0.75 (0.71–0.78)
Aromatase inhibitor 1724 (21.5) 0.79 (0.76–0.82) 0.79 (0.76–0.81)
Tamoxifen to aromatase inhibitor 659 (8.2) 0.71 (0.59–0.83) 0.71 (0.65–0.78)
Ovarian ablation 3 (0.04) n.a. n.a.
Ovarian ablation and tamoxifen 229 (2.9) 0.70 (0.47–0.94) 0.73 (0.62–0.83)



677Breast Cancer Research and Treatment (2019) 178:665–681	

1 3

Currently, a frequently used online prediction model is 
PREDICT [28], which has been validated in several coun-
tries [9–18]. It was shown that PREDICT has a lower predic-
tive accuracy in the youngest and oldest Dutch women, in 
larger tumours and in patients treated with both endocrine 
therapy and chemotherapy [15–17]. Our study showed that 
CancerMath accurately estimated both OS and BCSS in all 
of these subgroups.

A statistically significant difference between predicted 
and observed outcomes of > 3% was considered clinically 
relevant. This was based on the Dutch guideline in which it 
is stated that a 10-year survival benefit of 3-5% is an indica-
tion for adjuvant systemic therapy [10]. Importantly, a 3% 
difference may not be clinically relevant for someone with 
a predicted benefit of 12% and an observed benefit of 15%, 
as adjuvant systemic therapy will be administered in both 
cases. However, in case these percentages are 1% and 4%, 

N total number, OS overall survival, AUC​ area under the curve, CI confidence interval, ER oestrogen receptor, PR progesterone receptor, HER2 
human epidermal growth factor receptor 2, n.a not applicable due to low number of patients

Table 3   (continued)

Predictors Categories N (%) 5-year OS 10-year OS
AUC (95% CI)a AUC (95% CI)a

Chemotherapy None 5363 (66.8) 0.81 (0.79–0.82) 0.80 (0.78–0.81)

Generation 1 1158 (14.4) 0.66 (0.61–0.71) 0.65 (0.61–0.69)

Generation 2 673 (8.4) 0.69 (0.60–0.78) 0.67 (0.61–0.72)

Generation 3 151 (1.9) 0.70 (0.60–0.81) 0.63 (0.53–0.74)

Generation unknown 687 (8.6) 0.72 (0.65–0.79) 0.72 (0.67–0.77)
Adjuvant systemic therapy None 3712 (46.2) 0.81 (0.78–0.83) 0.80 (0.78–0.83)

Both 1817 (22.6) 0.67 (0.61–0.73) 0.67 (0.61–0.72)
Only hormonal therapy 1651 (20.6) 0.77 (0.74–0.80) 0.77 (0.74–0.80)
Only chemotherapy 852 (10.6) 0.59 (0.54–0.64) 0.58 (0.53–0.63)

Targeted therapy No 7909 (94.7) 0.77 (0.75–0.79) 0.77 (0.76–0.78)
Yes 423 (5.3) 0.75 (0.67–0.94) 0.65 (0.58–0.73)

Fig. 3   Discriminatory accuracy of 5-year (left) and 10-year (right) overall survival for in Dutch non-metastatic breast cancer patients diagnosed 
in 2005. ROC receiver operating characteristic curve
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Table 4   Discriminatory performance of CancerMath of 5- and 10-year breast cancer-specific survival by subgroups of predictors in CancerMath

Predictors Categories N (%) 5-year BCSS 10-year BCSS
AUC (95% CI)a AUC (95% CI)a

Entire cohort 8032 (100.0) 0.78 (0.76–0.80) 0.73 (0.72–0.75)
Age (years) < 40 420 (5.2) 0.75 (0.66–0.84) 0.67 (0.59–0.74)

40–49 1526 (19.0) 0.76 (0.70–0.82) 0.72 (0.68–0.76)
50–59 2229 (27.8) 0.80 (0.75–0.84) 0.76 (0.72–0.79)
60–69 1929 (24.0) 0.79 (0.74–0.83) 0.75 (0.71–0.78)
70–79 1312 (16.3) 0.79 (0.75–0.84) 0.75 (0.71–0.79)
> 79 616 (7.7) 0.72 (0.65–0.79) 0.69 (0.63–0.76)

Tumour diameter (cm) < 0.1 39 (0.5) n.a. n.a.
0.11–0.5 256 (3.2) 0.99 (0.99–1.00) 0.81 (0.64–0.98)
0.51–1.00 1211 (15.1) 0.75 (0.62–0.89) 0.70 (0.62–0.78)
1.01–2.00 3678 (45.8) 0.74 (0.69–0.79) 0.71 (0.67–0.74)
2.01–3.00 2088 (26.0) 0.71 (0.68–0.75) 0.66 (0.63–0.70)
3.01–4.00 585 (7.3) 0.67 (0.60–0.73) 0.63 (0.57–0.69)
4.01–5.00 175 (2.2) 0.65 (0.52–0.79) 0.65 (0.55–0.75)

Number of positive nodes 0 5291 (65.9) 0.75 (0.71–0.79) 0.69 (0.67–0.72)
1–3 2180 (27.1) 0.76 (0.73–0.80) 0.71 (0.68–0.74)
4–9 532 (6.6) 0.64 (0.57–0.71) 0.60 (0.54–0.65)
9–10 29 (0.4) 0.80 (0.63–0.98) 0.64 (0.42–0.87)

ER status Unknown 116 (1.4) 0.90 (n.a.) 0.86 (0.73–1.00)
Positive 6535 (81.4) 0.76 (0.73–0.79) 0.73 (0.71–0.75)
Negative 1381 (17.2) 0.65 (0.61–0.69) 0.65 (0.61–0.68)

PR status Unknown 507 (6.3) 0.74 (0.62–0.86) 0.71 (0.64–0.78)
Positive 5109 (63.6) 0.77 (0.74–0.81) 0.73 (0.70–0.76)
Negative 2416 (30.1) 0.71 (0.68–0.74) 0.68 (0.66–0.71)

HER2 status Unknown 1413 (17.6) 0.79 (0.74–0.85) 0.74 (0.69–0.79)
Positive 1000 (12.5) 0.77 (0.72–0.83) 0.68 (0.64–0.73)
Negative 5619 (70.0) 0.78 (0.75–0.81) 0.74 (0.72–0.76)

HR/HER2 status Unknown 1417 (18.3) 0.80 (0.75–0.86) 0.75 (0.70–0.79)
HR+/HER2− 4827 (60.1) 0.77 (0.73–0.80) 0.74 (0.71–0.76)
HR+/HER2+ 646 (8.0) 0.77 (0.68–0.86) 0.66 (0.60–0.72)
HER2 positive 341 (4.3) 0.68 (0.59–0.77) 0.66 (0.58–0.73)
Triple negative 747 (9.3) 0.63 (0.58–0.68) 0.63 (0.58–0.68)

Histological type Ductal 6526 (81.3) 0.79 (0.76–0.81) 0.74 (0.72–0.76)
Lobular 790 (9.8) 0.72 (0.64–0.81) 0.71 (0.65–0.77)
Ductal and lobular 289 (3.6) 0.84 (0.71–0.98) 0.73 (0.62–0.83)
Other 427 (5.3) 0.71 (0.58–0.84) 0.69 (0.58–0.80)

Grade Unknown 317 (3.9) 0.86 (0.80–0.93) 0.76 (0.67–0.84)
I 1854 (23.1) 0.68 (0.55–0.81) 0.67 (0.59–0.74)
II 3488 (43.4) 0.77 (0.72–0.81) 0.70 (0.67–0.74)
III 2373 (29.5) 0.66 (0.63–0.69) 0.63 (0.60–0.66)

Hormonal therapy None 4564 (56.8) 0.82 (0.79–0.84) 0.76 (0.74–0.79)
Tamoxifen 853 (10.6) 0.73 (0.60–0.74) 0.70 (0.65–0.75)
Aromatase inhibitor 1724 (21.5) 0.73 (0.68–0.78) 0.70 (0.66–0.74)
Tamoxifen to aromatase inhibitor 659 (8.2) 0.75 (0.64–0.86) 0.62 (0.54–0.70)
Ovarian ablation 3 (0.04) n.a. n.a.
Ovarian ablation and tamoxifen 229 (2.9) 0.69 (0.43–0.94) 0.73 (0.62–0.83)
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the indication for adjuvant systemic therapy will change. 
It is therefore crucial to interpret the over- or underestima-
tions for individual patients in light of the initial predicted 
survival without adjuvant systemic therapy.

Strengths and limitations

A strength of this study is its population-based character, 
increasing the reliability and generalisability of the results. 
A limitation of this study is that HER2 status determina-
tion and administration of trastuzumab was introduced in 
2005. Consequently, not every patient with HER2-positive 
disease may have been treated with trastuzumab while they 
would have been treated accordingly today. This could 

N total number, BCSS breast cancer-specific survival, AUC​ area under the curve, CI confidence interval, ER oestrogen receptor, PR progesterone 
receptor, HER2 human epidermal growth factor receptor 2, n.a. not applicable due to low number of patients

Table 4   (continued)

Predictors Categories N (%) 5-year BCSS 10-year BCSS
AUC (95% CI)a AUC (95% CI)a

Chemotherapy None 5363 (66.8) 0.81 (0.78–0.84) 0.75 (0.73–0.77)

Generation 1 1158 (14.4) 0.67 (0.61–0.72) 0.65 (0.61–0.69)

Generation 2 673 (8.4) 0.71 (0.62–0.80) 0.68 (0.61–0.74)

Generation 3 151 (1.9) 0.76 (0.64–0.87) 0.70 (0.59–0.81)

Generation unknown 687 (8.6) 0.72 (0.65–0.79) 0.73 (0.68–0.78)
Adjuvant systemic therapy None 3712 (46.2) 0.73 (0.70–0.77) 0.71 (0.68–0.75)

Both 1817 (22.6) 0.69 (0.63–0.74) 0.69 (0.63–0.74)
Only hormonal therapy 1651 (20.6) 0.65 (0.61–0.69) 0.61 (0.57–0.64)
Only chemotherapy 852 (10.6) 0.61 (0.56–0.66) 0.61 (0.56–0.66)

Targeted therapy No 7909 (94.7) 0.67 (0.64–0.70) 0.61 (0.60–0.63)
Yes 423 (5.3) 0.76 (0.67–0.85) 0.67 (0.59–0.76)

Fig. 4   Discriminatory accuracy of 5-year (left) and 10-year (right) breast cancer-specific survival for in Dutch non-metastatic breast cancer 
patients diagnosed in 2005. ROC receiver operating characteristic curve
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consequently have led to less adequate predictions for these 
patients. Furthermore, we did not have access to death certif-
icates and could not determine whether patients died due to 
breast cancer. We now classified deceased patients as breast 
cancer-related when they experienced a distant metastasis 
(85% of all deceased patients experienced a distant metas-
tasis). As this is a proxy, outcomes should be interpreted 
with care. Lastly, for several subgroups the confidence inter-
vals around the AUCs were wide, making it difficult to draw 
definite conclusions. It is therefore recommended for future 
validation studies to ensure sufficient numbers of patients 
with specific characteristics.

Implications for clinical practice

CancerMath predicts OS accurate in the groups where PRE-
DICT was less accurate [15–17], meaning that CancerMath 
is a reliable complement to PREDICT in clinical practice, 
or may even be favoured over PREDICT as it also esti-
mates breast cancer-specific survival accurately. A possible 
advantage of CancerMath may be that this model provides 
the absolute difference in life expectancy in years, which 
may be preferred by some patients. However, a limitation 
of the model is the lack of predictions of the use of trastu-
zumab. As we now have two prediction models which still 
have their limitations but both predict accurate in the entire 
Dutch population, and either PREDICT or CancerMath may 
be favoured in some subgroups, we should focus on further 
improving these models. Taking into account that more and 
more patients are nowadays treated with neoadjuvant instead 
of adjuvant chemotherapy, and that neither PREDICT nor 
CancerMath was developed on this patient group, these 
models should be updated for patients treated with neoad-
juvant systemic therapy. Furthermore, it would be of great 
relevance to ask patients which type or model they favour 
in terms of the presentation of the outcomes, or if they miss 
any information such as long-term side effects. Based on 
patient experiences and more information on for example 
breast cancer subtypes and outcomes of genomic tests, we 
should be able to integrate this knowledge in an updated 
prediction model that is valid for all specific patient groups.

Conclusions

CancerMath accurately predicts OS in most subgroups, and 
accurately predicts BCSS in all subgroups of the Dutch vali-
dation population. It may function as a valuable comple-
ment to PREDICT in patient groups in which PREDICT 
performed less accurate. As CancerMath also provides the 
absolute gain in life expectancy in years, it may even be 
favoured over PREDICT by some patients, but this should 

be subject of further research. The shift to more neoadjuvant 
systemic treatment, the reduction in axillary dissections, the 
increasing use of genomic tests and the growing knowledge 
on breast cancer subtypes poses a challenge in updating 
existing prediction models.
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