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A B S T R A C T

Purpose
To investigate whether the estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2) can improve the Nottingham Prognostic Index (NPI) in
the classification of patients with primary operable breast cancer for disease-free survival (DFS).

Patients and Methods
The analysis is based on 1,927 patients with breast cancer treated between 2000 and 2005 at the
University Hospitals, Leuven. We compared performances of NPI with and without ER, PR and/or
HER2. Validation was done on two external data sets containing 862 and 2,805 patients from Oslo
(Norway) and Auckland (New Zealand), respectively.

Results
In the Leuven cohort, median follow-up was 66 months, and 13.7% of patients experienced a
breast cancer–related event. Positive staining for ER, PR, and HER2 was detected, respectively,
in 86.9%, 75.5%, and 11.9% of patients. Based on multivariate Cox regression modeling, the
improved NPI (iNPI) was derived as NPI � PR positivity � HER2 positivity. Validation results
showed a risk group reclassification of 20% to 30% of patients when using iNPI with its optimal
risk boundaries versus NPI, in a majority of patients to more appropriate risk groups. An additional
10% of patients were classified into the extreme risk groups, where clinical actions are less
ambiguous. Survival curves of reclassified patients resembled more closely those for patients in
the same iNPI group than those for patients in the same NPI group.

Conclusion
The addition of PR and HER2 to NPI increases its 5-year prognostic accuracy. The iNPI can be
considered as a clinically useful tool for stratification of patients with breast cancer receiving
standard of care.

J Clin Oncol 28:4129-4134. © 2010 by American Society of Clinical Oncology

INTRODUCTION

In the Western World, breast cancer is by far the
most common form of cancer, as well as the second
leading cause of (cancer) death in women between
the ages of 40 and 50.1,2 The Nottingham Prognostic
Index (NPI)3-5 is among several commonly used
clinicopathologic scoring systems that have been de-
veloped on the basis of prognostic factors. It allows
clinicians to estimate not only the clinical behavior
of the tumor but also the magnitude of benefit and
the need for adjuvant therapy. The NPI identifies a
group of patients with an excellent prognosis who
do not require adjuvant systemic therapy, after local
surgery and radiotherapy, and secondly a group

with a poor prognosis for whom chemotherapy
would be most appropriate. Although the NPI was
initially designed for relapse in patients with breast
cancer who did not receive systemic adjuvant thera-
pies, it also has prognostic value in patients receiving
currently recommended adjuvant therapies.6

Correct classification among these groups is of
majorimportancesinceunnecessaryadjuvantchem-
otherapy can also be harmful. The large diversity in
clinical outcome among patients with equal NPI
predictions calls for a refinement of currently avail-
able classification systems.

Molecular classification of breast cancer based
on genes for cell proliferation expressed in the tu-
mor seems a more powerful prognostic tool for
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disease-free survival (DFS) and overall survival (OS) than the cur-
rently used clinicopathologic factors. However, gene profiling of
breast cancers for early relapse has mostly been compared with the
same clinicopathologic features as included in NPI resulting in 30%
discordance in risk group classification between NPI and prognostic
gene profiling.7 These prognostic genes have not been compared with
steroid receptors and human epidermal growth factor receptor 2
(HER2) known to have a prognostic potential.7-9 Slamon et al10 did
show a higher risk of breast cancer recurrence in tumors overexpress-
ing HER2. The prognostic value of estrogen receptor (ER) and pro-
gesterone receptor (PR) has also been explored.11-15 Collett et al14

showed an important effect of taking ER and PR into account in a
model including mean nuclear area, number of positive lymph nodes,
and tumor diameter. Within the high-risk group, ER- and PR-positive
tumors had similar survival characteristics as intermediate-risk patients.
These and other studies indicate a possible improvement of the categori-
zationofpatientsby incorporating theER,PR,andHER2intoprognostic
models. This study investigates the improvement of NPI for 5-year
DFS of operable breast cancers by incorporating ER, PR, and HER2.

PATIENTS AND METHODS

Data

A total of 2,061 patients with operable breast cancer receiving primary
surgery in the University Hospitals Leuven between January 2000 and June
2005 were available, of whom were 1,927 complete cases (93%). Missing values
were mainly caused by the missing HER2 value in patients operated in the early
2000s (Table 1). Fifteen ER-negative/PR-positive tumors were excluded, due
to controversy as to whether or not these tumors are false negative for ER or
false positive for PR.16 Patients received treatment according to standard of
care (trastuzumab was not given at that time). Tumor size, grade,17 and lymph
node status were defined as previously published.18 DFS was defined as the
time between surgery and the first breast cancer event, including local and
contralateral recurrence, and distant metastasis. Follow-up was provided until
June 2009. The survival time of patients without relapse was censored at last
follow-up. For bilateral cases (n � 56), the tumor with the highest NPI value
was retained. The NPI was calculated during the postoperative pathologic
examination. The NPI score is 0.2 � size (cm) � grade � nodal status (1, 2, or
3, respectively, in case of 0, 1-3, or � 4 positive lymph nodes). A patient with an
NPI score lower than 3.4, between 3.4 and 5.4, or higher than 5.4, is considered
to be at low, intermediate, or high risk, respectively. Due to a change in the
monoclonal antibodies for immunohistochemical (IHC) detection of steroid
receptors during the study period, ER and PR were considered positive for any
nuclear staining.18 For HER2, either strong expression by IHC (score 3�19) or
HER2 gene amplification by fluorescence in situ hybridization (FISH) was
considered HER2�.

We used two external data sets to validate the performance of adding
receptor information to the NPI. A first data set contains information on 862
consecutive patients from the Breast Cancer Micrometastasis group in Oslo
(Norway) diagnosed between 1995 and 1998; 676 patients had complete in-
formation (78%). The second data set contains 2,805 patients from Auckland
Breast Cancer Registry (New Zealand) diagnosed between January 2000 and
December 2005. Complete information was available in 1,192 patients (42%).
In all data sets, HER2 is most often missing (4.0% in Leuven, 8.5% in Oslo,
57.5% in Auckland). In Leuven, low-grade tumors more often had HER2
missing. In Auckland, HER2 is more missing in low-grade tumors and in older
patients, but the decision whether to test HER2 also depended on the labora-
tory. This may explain the large amount of missing values in this cohort. In
Oslo, the missingness did not depend on grade or age.

Statistical Analysis

Statistical analyses were conducted with SAS version 9.1.3 (SAS Insti-
tute, Cary, NC). DFS curves of risk groups were visualized using the

Kaplan-Meier method.20 Events were considered to occur at the first
observation of a new tumor.

The improved NPI (iNPI) was built using Cox proportional hazard
regression.21 We started from a model containing only the NPI, and investi-
gated which of the three receptors could be added as an independent prognos-
tic factor. The decision whether or not to include a covariate was made on the
basis of the Bayesian information criterion,22 hazard ratios, and likelihood
ratio P values. We derived the iNPI from the parameter estimates of the final
model, and derived two thresholds to classify patients into three different risk
groups. The optimal pair of thresholds was defined as the pair with the highest
concordance index (c-index) obtained with the 0.632� bootstrap method23

on 1,000 bootstrap samples. The c-index is a measure indicating how well the
assigned risk corresponds to the observed order of events.24 Log-rank tests
were used to compare DFS curves for the three risk groups.

The performance of NPI and iNPI were evaluated and compared on two
levels. The first level relates to discrimination and classification accuracy. First,
we calculated the c-index using the models’ numerical values. Apart from the
c-index, the models were evaluated using the risk groups rather than the
numerical values. This approach is clinically more informative and is more

Table 1. Descriptive Statistics of the Complete Case Data Sets

Characteristic

Leuven Oslo Auckland

No. % No. % No. %

No. of patients 2,061 862 2,805
No. of complete

cases 1,927 676 1,192
Age

Median 57 58 57
IQR 48-66 50-67 48-67
Missing — 3 —

Size
Median 2.0 1.7 1.8
IQR 1.5-3.5 1.1-2.5 1.2-2.8
Missing 8 86 —

No. of positive nodes 0 0-1 0 0-1 0 0-1
Missing 30 31 7

ER
Negative 252 13.08 120 17.75 320 26.85
Positive 1,675 86.92 545 80.62 872 73.15
Missing 6 46 21

PR
Negative 472 24.49 152 22.49 459 38.51
Positive 1,455 75.51 524 77.51 733 61.49
Missing 13 46 21

HER2
Negative 1,697 88.06 631 93.34 1,016 85.23
Positive 230 11.94 45 6.66 176 14.77
Missing 82 73 1,588

Grade
1 264 13.70 171 25.30 169 14.18
2 889 46.13 327 48.37 555 46.56
3 774 40.17 178 26.33 468 39.26
Missing 6 19 36

NPI
Low 601 31.19 297 43.93 333 27.94
Intermediate 935 48.52 283 41.86 579 48.57
High 391 20.29 96 14.20 280 23.49
Missing 38 118 43

EvR 0.0252 0.0377 0.0423

NOTE. In complete cases, the variable’s size, No. of positive nodes, PR,
HER2, and grade were available.

Abbreviations: IQR, interquartile range; ER, estrogen receptor; PR, proges-
terone receptor; HER2, human epidermal growth factor receptor 2; NPI,
Nottingham Prognostic Index; EvR, event rate.
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sensitive to assess the usefulness of adding receptor information.25,26 There-
fore, the time-dependent receiver operating characteristic curve (tdROC),27

which calculates the area under the ROC (AUC) at each time point for the
categorized NPI and iNPI, was derived as a more important measure of
discrimination. In addition, the three risk groups were summarized using
event rates (EvR; ie, the number of observed events per person year).

The second level was risk stratification.25 A prognostic model is clinically
more relevant if it places more patients into the extreme risk groups in which
treatment decisions are less ambiguous.25,28 Therefore, we calculated the per-
centage of patients categorized into the low- and high-risk group (EXT%). A
95% CI on the difference between both models’ performances was calculated
with the bias corrected bootstrap method.29

All analyses were done on the complete cases. Afterward, the robustness
of the obtained results were checked after imputing multiple missing values by
assuming that these have occurred randomly conditional on the observed
information. The development procedure was repeated on 100 imputed data
sets.30 The c-index, EvR, and EXT% were recalculated on 100 multiple impu-
tation data sets for all three cohorts. No differences between these and the
complete case analysis were noted. We therefore reported the results from the
complete case analysis.

RESULTS

Leuven Study Population and NPI

Table 1 summarizes the descriptive statistics for the three com-
plete case data sets. In the training set, the median age of patients in the
study population was 57 years (range, 26 to 91), median NPI was 4.30
(range, 2.02 to 8.60), median tumor size was 2.0 cm (range, 0.1 to 16
cm), 37.4% of patients had positive lymph nodes. Tumors were low,

intermediate, and high grade in 13.7%, 46.1%, and 40.2% of patients.
According to NPI, 31.2%, 48.5%, and 20.3%, respectively, had a low,
intermediate, and high risk of disease recurrence. In 86.9%, 75.5%,
and 11.9% of the tumors ER, PR, and HER2 overexpression was
detected, respectively. The event rate in the whole database equaled
0.025 patient years, meaning that we observed 0.025 events per patient
year of follow-up (or, equivalently, 1 event per 40 patient years of
follow-up). During the study period, with median follow-up of 66
months, 13.7% of patients showed a breast cancer–related event. A
distant metastasis was observed in 202 patients and a local or contra-
lateral event in 61 patients.

Incorporating ER, PR, and HER2 Into an Improved NPI

Stratification of NPI risk groups according to ER, PR, and HER2
indicated strong differences in DFS characteristics within NPI risk
groups (Fig 1). Within the intermediate and high NPI risk group, DFS
for ER-positive patients was significantly better than for ER-negative
patients (P � .001 and P � .010 respectively). We did not make a
comparison for the low-risk group due to the limited number of
ER-negative patients. The same effect was observed for PR, with a
significant difference in DFS according to PR in both intermediate
(P � .001) and high (P � .005) risk groups. HER2 positivity increased
the risk of relapse. For intermediate- and high-risk patients, DFS was
significantly worse for HER2-positive than for HER2-negative pa-
tients (P � .002 and .003 respectively).

All three receptor variables were good univariate predictors of
DFS (P � .001). In a multivariate analysis using Cox regression, we

A

10 2 5 63 4 7 9 108

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l

Time (years)

0.6

0.55

0.5

0.75

0.7

0.65

0.85

0.8

0.9

0.95

1

NPI high − ER −
NPI high

NPI high − ER +

B

10 2 5 63 4 7 9 108

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l

Time (years)

0.6

0.55

0.5

0.75

0.7

0.65

0.85

0.8

0.9

0.95

1

NPI intermediate − ER −
NPI intermediate

NPI intermediate − ER +

C

10 2 5 63 4 7 9 108

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l

Time (years)

0.6

0.55

0.5

0.75

0.7

0.65

0.85

0.8

0.9

0.95

1

NPI high − PR −
NPI high

NPI high − PR +

D

10 2 5 63 4 7 9 108

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l

Time (years)

0.6

0.55

0.5

0.75

0.7

0.65

0.85

0.8

0.9

0.95

1

NPI intermediate − PR −
NPI intermediate

NPI intermediate − PR +

E

10 2 5 63 4 7 9 108

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l

Time (years)

0.6

0.55

0.5

0.75

0.7

0.65

0.85

0.8

0.9

0.95

1

NPI high − HER2 −
NPI high

NPI high − HER2 +

F

10 2 5 63 4 7 9 108

Di
se

as
e-

Fr
ee

 S
ur

vi
va

l

Time (years)

0.6

0.55

0.5

0.75

0.7

0.65

0.85

0.8

0.9

0.95

1

NPI intermediate − HER2 −
NPI intermediate

NPI intermediate − HER2 +

Fig 1. Survival curves within Nottingham Prognostic Index (NPI) risk groups, stratified for (A, B) estrogen receptor (ER), (C, D) progesterone receptor (PR), and (E, F)
human epidermal growth factor receptor 2 (HER2). Within each NPI risk group, ER/PR positivity improved disease-free survival, while ER/PR negativity worsened
survival. HER2 positivity worsened survival, while HER2 negativity improved survival.
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observed that PR and HER2 gave independent prognostic informa-
tion and could be added to the NPI for improved DFS predictions. We
therefore selected NPI, PR, and HER2 as our final model with param-
eter estimates of 0.42 (SE, 0.05), �0.43 (SE, 0.13) and 0.37 (SE, 0.16),
respectively. Since the parameter estimates of all three predictors were
highly similar, the iNPI was calculated as the sum of the individual
variables, taking the sign of the effect into account:

iNPI � NPI � � 1 if HER2 is positive
�1 if PR is positive

The optimal cutoffs, obtained with the 0.632� bootstrap
method, were 3.4 and 5.4. As a result, patients were categorized into
low-, intermediate-, and high-risk groups for iNPI values below 3.4,
between 3.4 and 5.4, and higher than 5.4, respectively. Since NPI and
iNPI cutoffs are the same, patients can only shift between the NPI and
the iNPI risk groups if they are PR� HER2� or PR� HER2�. The
PR� HER2� patients remaining high risk according to the iNPI had
an NPI score above 6.4.

Performance of NPI and iNPI on the Training and

Validation Data

Tumors were PR� and HER2� in 77.5% and 6.7% in the Oslo
cohort and in 61.5% and 14.8% in the Auckland cohort. Using the
iNPI instead of the NPI reclassified 30.1%, 25.4%, and 23.5% of the
patients from Leuven, Oslo, and Auckland, respectively. In all three
cohorts, DFS for the low- and intermediate-risk groups according to
NPI and iNPI were similar, although more patients were at low risk
according to iNPI. DFS for the high-risk group was worse for iNPI
than for NPI. The iNPI classified fewer patients as high risk. Figure 2,
presenting Kaplan-Meier DFS curves for all groups defined by NPI-
iNPI cross-classification, shows that the reclassification of most pa-
tients was in the appropriate direction. For each data set, the survival
curves of reclassified patients resembled more closely those for pa-
tients in the same iNPI group than those for patients in the same NPI
group. For example, in the Leuven data (Fig 2A) patient groups with
an intermediate NPI risk have significantly different survival curves
according to their iNPI risk (P � .001). On the contrary, intermediate
iNPI patients have similar survival curves when stratifying according
to their NPI risk (P � .814). This result is also observed in Oslo (P �
.037 v .099; Fig 2B) and Auckland (P � .014 v .358; Fig 2C). Due to the

relatively small number of patients reclassified from the low (NPI) to
intermediate (iNPI) or from the high (NPI) to the intermediate (iNPI)
risk groups, this test was only conducted within intermediate risk groups.

Figure 3 shows the tdROC curves and suggests that, in all three
data sets, the iNPI is better than the NPI to separate relapsing from
nonrelapsing patients over the whole follow-up period. Likewise, the
c-index as well as the difference in EvR between high- and low-risk
groups were slightly, but not significantly in the validation cohorts,
higher for the iNPI than for the NPI (Table 2). Finally, EXT% was
significantly higher for the iNPI, suggesting that the iNPI places an
additional 10% to 15% of the patients in the low or high-risk groups
compared to the NPI. Overall, discrimination tends to be slightly
better for the iNPI, but this limited advantage in discrimination is
accompanied with a large improvement in risk stratification.

DISCUSSION

The aim of this study was to improve the NPI for better predicting the
5-year DFS of operable breast cancers by incorporating ER, PR, and
HER2. The principal finding was that the iNPI, a combination of NPI,
PR, and HER2 expression, reclassified a substantial proportion of
patients to another risk group for whom the DFS was significantly
closer to the group they were shifted to than to the group they were
shifted from. As compared with the low-risk NPI group, the low-risk
iNPIgroupwaslargerandhadasimilar5-yearDFS.Ascomparedwiththe
high-risk NPI group, the high-risk iNPI group was smaller and had a
worse 5-year DFS. The tdROC was higher for the iNPI than for the NPI.

The NPI divides operable patients with breast cancer into good,
moderate, and poor prognostic groups with 15-year survival of 80%,
42%, and 13%, respectively.32 Modification of the NPI by incorporat-
ing a correction for steroid receptor levels,33 Bcl-2,34,35 S phase func-
tion, urokinase type and plasminogen activator,36 and Mcm-237 have
previously been shown to provide a more accurate assessment of
prognosis for most patients than the NPI alone. However, these find-
ings still need to be reproduced in larger studies and their value relative
to other markers remains to be established. Recently, the Nottingham
group reported that PR is an NPI-independent predictor.35 Hitherto,
it had not been investigated on large patient cohorts whether the
combination of HER2 and steroid receptors as short-term prognostic
markers are NPI-independent prognostic factors.
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Fig 2. Survival curves according to Nottingham Prognostic Index (NPI) –improved NPI (iNPI) cross-classification. (A) Leuven cohort; (B) Oslo cohort; (C) Auckland
cohort. Only groups containing more than 40 patients are shown. The three clusters show a clear separation in survival characteristics according to the iNPI group.
Within the same NPI group, a large difference in survival was noted.
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We now report not only PR but also HER2 to be independent
prognostic markers of NPI, adding on to its 5-year prognostic value.
An interesting point that emerges from this work is that only two
readily available markers improve prognostic outcome following
breast cancer treatment. Gene expression array studies, in contrast,
emphasize an approach that relies on the use of many genes to derive
prognostic signatures, such as the 70-gene signature.38 This signature
seemed more powerful than traditional pathologic variables,39 al-
though these findings have not yet been widely validated, and some
question their performance against the NPI.40 It must be noted that
the relative importance of a single prognostic marker compared with a
panel of marker(s) will depend on the choice and the nature of the
markers that are included in the analysis. Studies that analyze gene
expression cannot be compared directly with those in which protein
expression is studied and this may explain why many of the markers
included in this study have not emerged as prognostic candidates in
expression array studies. An obvious advantage of using immunohis-
tochemistry is that it is relatively cheap and readily amenable to stan-

dardization in terms of methodology and interpretation, making it
applicable for routine clinical use. However, immunohistochemistry
is limited because an antibody may not detect all isoforms of a protein
and this may be a source of contradictory reports about particu-
lar markers.42

Our data may be less relevant for a population of adjuvant
trastuzumab–treated patients but this needs validation in such a
group. Indeed, trastuzumab may wipe out the prognostic value of
HER2. HER2 may also be of less prognostic value in anthracycline-
treated patients when compared to cyclophosphamide, methotrexate,
and fluorouracil–treated patients as anthracyclines are more effective
if HER2 is overexpressed.43 Type of chemotherapy was not considered
and this may overestimate the prognostic value of HER2. In the Uni-
versity Hospitals Leuven, adjuvant CMF was given independent of
HER2 status until 2003. Thereafter, we changed to anthracycline-
containing regimen in almost all instances where chemotherapy was
indicated based on the updated overview data of the Early Breast
Cancer Trialists’ Collaborative Group.

A prospective study including iNPI against a panel of potential
prognostic and predictive molecular markers is needed. When differ-
ent indices for breast cancer prognosis are studied, the NPI scored best
with a 73% concordance rate with the 70-gene prognostic signature.9

Whether any of the tested microarray gene expression profiling for
breast cancer prognosis is better than an optimized panel of clinical,
objectively measured, prognostic markers for adjuvant treatment re-
mains an open question and is being explored in prospectively de-
signed currently ongoing clinical trials like MINDACT (Microarray in
Node-Negative Disease May Avoid Chemotherapy) and TAILOR-X
(Trial Assigning Individualized Options for Treatment).

In summary, we were able to improve the prognostic assessment
of patients with operable breast cancer by adding information on PR
and HER2 to the NPI. Validation results indicate that 20% to 30% of
patients’ classification according to NPI and iNPI were discordant.
Survival curves of reclassified patients resembled more closely those
for patients in corresponding iNPI groups than those for patients in
corresponding NPI groups. This reclassification resulted in an addi-
tional 10% of patients in the extreme risk groups, where clinical
actions are less ambiguous. The number of patients within the
intermediate-risk group is therefore significantly reduced.
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Fig 3. Time-dependent receiver operating characteristic (ROC) curves for Nottingham Prognostic Index (NPI) and improved NPI (iNPI; after categorization). (A) Leuven
cohort; (B) Oslo cohort; (C) Auckland cohort. The curve for iNPI is higher than the curve for the NPI, indicating that the iNPI better separates relapsing from nonrelapsing
patients. AUC, area under the (time-dependent ROC) curve.

Table 2. Measures of Model Performance of NPI and iNPI on the Training
Data (Leuven) and Two External Validation Data Sets (Oslo and Auckland)

Measure NPI iNPI
95% CI for the Difference

Between iNPI and NPI

Leuven
c-index 0.6833 0.6983 0.0007 to 0.0282
EvR difference 0.0394 0.0487 0.0011 to 0.0178
EXT% 49.04 62.90 0.1136 to 0.1614

Oslo
c-index 0.7447 0.7549 �0.0062 to 0.0282
EvR difference 0.1156 0.1338 �0.0204 to 0.0660
EXT% 58.14 69.08 0.0710 to 0.1494

Auckland
c-index 0.7206 0.7215 �0.0120 to 0.0154
EvR difference 0.0865 0.0882 �0.0098 to 0.0174
EXT% 54.15 64.22 0.0665 to 0.1178

NOTE. For each measure, the best performing model is indicated in bold.
Abbreviations: NPI, Nottingham Prognostic Index; iNPI, improved Notting-

ham Prognostic Index; c-index, concordance index; EvR difference, difference
in event rate in high- v low-risk patients; EXT%, percentage of patients
classified into the most extreme risk groups.
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