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In lymph-node-negative invasive breast cancer patients <55 years, the proliferation marker

mitotic activity index (MAI) has previously been shown to be the strongest prognosticator.

In studies without age definition, MAI was not strongly prognostic. We investigated the age

dependency of the prognostic value of proliferation for distant metastasis-free (MFS) and

overall cancer-related survival (OS) in 1004 histologically diagnosed T1–3N0M0 invasive

breast cancers (n = 516, <55 years; n = 322, 55–70 years; n = 166, >70 years) without systemic

adjuvant therapy and long follow-up (median: 108 months). The MAI decreases with age

and the prognostic value of MAI varied by age group. For patients <55 years, hazard ratios

(HR) for MAI P10 versus <10 for MFS and OS were 3.1 and 4.4, respectively (P < .0001 for

both), but only 1.9 and 1.9 (P = .004 and .006) for patients aged 55–70 years, while over 70

years, MAI was not significant (P = .11).The prognostic value of proliferation was age-

dependent. Prognostic breast cancer studies must clearly indicate the age group being

studied.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The prognosis of patients with lymph-node-negative (LN�)

breast cancers is relatively good (15–30% dying from recur-

rent disease) and survival improvement due to adjuvant

systemic therapy (AST) will be less substantial than in
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lymph-node-positive patients. The typical 10-year survival

for LN-cases may improve from 71% to 78% with AST.

The benefits and side effects of this 7% improved survival

from AST must be considered simultaneously.1 Accurate

and reliable prognostic markers can help in these

decisions.
.
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Proliferation markers exceed the prognostic value of clas-

sical prognosticators.2–15 The mitotic activity index (MAI) is

an especially practical, strong, widely available, easily assess-

able, inexpensive, highly reproducible prognostica-

tor.5,8,10,12,13,15 We have recently shown that in women <55

years at diagnosis, without AST and with long follow-up, the

MAI is the strongest independent prognostic factor and well

suited to routine differentiation between high- and low-risk

LN-breast cancer patients.9,16 Moreover, in two independent

studies, patients with rapidly proliferating tumours signifi-

cantly benefited from adjuvant chemotherapy.17,18 However,

not all studies confirm the prognostic value of proliferation

factors.19,20 Possible explanations for this lack of prognostic

agreement include differences in sample processing with

possible changes in proliferation indices after tissue resec-

tion; methodological differences in MAI assessment; or vary-

ing selection of patient groups. Tissue processing as used in

most pathology laboratories is an unlikely source of disparity;

mitoses are stable and robust when certain simple, widely ap-

plied precautions are taken.21 The MAI was well reproducible

in a large multicenter study with strict adherence to well-val-

idated protocol guidelines.22 However, it never can be fully

proven that MAI assessments in a particular study have been

performed following strict protocols. Regarding the possibility

of patient selection as a confounding influence, an important

factor in our recent studies was the very large group of pa-

tients, all LN-women younger than 55 with operable breast

cancer;9,16 other prognostic studies with negative findings

regarding the MAI have analysed small numbers, involved

mixtures of both young and old patients, or did not define

the patients’ ages. Mixtures of different ages – and thus hor-

monally different conditions – may influence proliferation

characteristics and consequently their prognostic value.

The question, therefore, is whether the prognostic value of

proliferation and especially the MAI in node-negative patients

is influenced by age. To answer this question, we investigated

the prognostic value of proliferation for distant metastasis-

free (MFS) and overall cancer-related survival (OS) in

1004 T1–3N0M0 invasive breast cancers in different age groups.

For this study, the material was used from the prospective,

long-term nationwide Multicenter Mammary Carcinoma Pro-

ject (MMMCP) in The Netherlands, which covers 34 hospitals23

and includes almost 3500 consecutive women with breast

cancer. This report compares the long-term prognostic value

of different clinico-pathologic features in LN-breast cancer

in women aged <55, 55–70 and >70 years without previous

or concurrent malignancies. During the enrollment period,

the general policy on breast cancer treatment in The Nether-

lands did not include AST for patients with LN- breast cancer.

This allows to analyse the biological significance of prolifera-

tion, not influenced by cytostatic drugs.

2. Materials and methods

Details of the MMMCP protocol have been described else-

where.16,22,23 An important advantage of the MMMCP study

is that participation bias of patients was excluded, as all con-

secutive patients with invasive breast cancer diagnosed as

such in the 32 collaborating MMMCP hospitals were enrolled.

These were both general and university hospitals, served by
general pathology departments, thereby guaranteeing unse-

lected participation of all patient ages. Another possible bias

source regards determination bias, i.e. patients without biopsy,

and hence without histologically confirmed breast cancer.

These patients would have been missed in our study. How-

ever, this hypothetical factor is not relevant, as it would re-

gard patients with a clinically very advanced disease,

whereas our hospital-based study regards early stage node-

negative T1-T3 patients.

Regarding the follow-up of the older patients, there were

no indications that this was any different from the younger

patients, with the exception that due to age, many more pa-

tients died from other diseases or age itself, and were there-

fore more frequently censored. This explains why the

follow-up was inevitably shorter (median follow-up in the

age group >70 years was 81 months versus 119 and 111

months in the <55 and 55–70 years age groups). The frequency

of patients lost to follow-up was slightly higher in women

>70, compared with those of 55–70 years (14% and 8%,

P = .044) but the lost patients in the age groups were equally

distributed over MAI <10 and P10 (P = .27). Thus, this will

not have influenced the prognostic value in the MAI sub-

groups analysed.

Of the 3479 MMMCP patients registered, 1744 had LN-

breast malignancy. The following patients were excluded: 13

males; 86 women with carcinoma in situ (CIS) only or with

extensive CIS with a micro-invasive part <1 mm (precluding

MAI assessment, see below); 3 with sarcomas; 29 with inoper-

able cancer; 2 with distant metastases at diagnosis; 100 cases

at stage T4; 108 with previous or synchronous malignancies

(other than basal cell carcinoma of the skin or cervical CIS);

16 with double-sided carcinoma; 209 lost to follow-up; and

23 in which the slide quality was too poor for MAI assess-

ment. The usual therapeutic regimens of many hospitals in

The Netherlands in the 1980s meant that only a small minor-

ity (151) of the node-negative patients received systemic adju-

vant hormonal or cytostatic therapies; these were also

excluded. Thus, 1004 node-negative patients who had not re-

ceived AST remained (516 < 55; 322 between 55 and 70 years;

and 166 – 70 years). These patients received modified radical

mastectomy or breast-conserving therapy (BCT), always with

adequate axillary lymph-node dissection. Loco-regional

radiotherapy was given in cases undergoing BCT or with

medially localised tumours. Post-surgical tumour size was

measured in the fresh specimens; the tumours were cut in

0.5-cm slices, fixed in buffered 4% formaldehyde, and embed-

ded in paraffin. At least 6 (median: 11) lymph nodes were de-

tected in the axillary lymph-node dissection specimens.

Paraffin sections, 4 lm thick, were stained with haemat-

oxylin and eosin (H&E). Histologic type was assessed accord-

ing to World Health Organisation criteria.24 Grade was

assessed during careful review by two pathologists with con-

siderable experience in breast pathology, according to the

Nottingham modification,25,26 using MAI (see below) 0–5 = 1,

6–10 = 2 and >10 = 3; nuclear atypia as mild = 1, moderate = 2,

or marked = 3; and tubule formation as majority (>75% = 1),

moderate (10%-75% = 2), or little to none (<10% = 3). Grade is

the sum of tubular formation + nuclear atypia + MAI class;

Grade I (sum = 3–5), Grade II (sum = 6, 7) and Grade III

(sum = 8, 9). Estrogen receptor (ER) value was assessed with
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the ligand-binding charcoal technique (cutoff = 10 fmol/mg

protein). The Sankt–Gallen criterion was used to identify as

low-risk those tumours with combined Grade 1, tumour

diameter <2 cm, and ER positivity. In women aged over 70,

ER was not always known but the Sankt–Gallen criterion in

all of these cases was unfavourable because of the value of

the other two features.

For the assessment of the MAI, the MMMCP protocol22,23

was used. With a black marker the most poorly differentiated

peripheral area of the tumour was marked, avoiding necrotic,

heavily inflamed, or benign areas. In this ‘measurement area’

(minimally 1 · 1 and maximally 5 · 5 mm in size), mitoses

were counted in the most cellular area at ·400 magnification

(objective 40, field diameter 450 lm at specimen level) in 10

consecutive neighboring fields of vision (representing a total

area of 1.59 mm2 at specimen level). Only definitive mitoses

were counted; doubtful structures were ignored. The total

resulting number of mitoses in these 10 fields of vision is

the mitotic activity index. According to many previous stud-

ies, the most important prognostic threshold is 10, with MAI

<10 indicating favourable prognosis and MAI P10 indicating

poor prognosis.5–8,10,16 If 5 < MAI < 15, the MAI was assessed

once more. In case of a discrepancy between two MAI assess-

ments in which both values were either below or above 10, the

higher of the two counts was used. However, in the very rare

cases when the first MAI count was <10 and the other was

P10, a third assessment was done by two observers simulta-

neously and the resulting MAI was then used for further anal-

ysis. An accurate MAI assessment takes approximately 3 min.

Correction of the MAI for the percentage of tissue occupied by

stroma or the number of tumour cells was not applied be-

cause this does not substantially improve the prognostic va-

lue of the MAI and is much more time consuming.27

2.1. Statistical analysis

Endpoints were distant recurrence (metastases-free survival,

MFS), mortality due to distant metastases (overall survival,

OS), and mortality due to any death. The latter endpoint in-

cludes deaths from non-breast cancer related causes, espe-

cially in older patients, and is therefore less specific to the

study of prognostic factors. Nonetheless, it was used for com-

parison because this endpoint is often used in breast cancer

studies. Recurrence was defined as any first recurrence at dis-

tant sites. All other patients were censored on the date of the

last follow-up visit or deaths from causes other than breast

cancer. Mortality was defined as any death resulting from dis-

tant metastases, evident from clinical, radiologic, histologic,

or autopsy data; no patients died from loco-regional disease.

If the cause of death was unknown but a metastasis was pre-

viously detected, then death was considered breast cancer re-

lated unless explicitly stated otherwise (in line with other

studies).1,16 SPSS version 13 (SPSS, Chicago, USA) was used

for the analyses. Age, time to first recurrence and survival

time were calculated. Survival curves were constructed using

Kaplan–Meier techniques. Differences between groups were

tested by log-rank tests or tests for trend. The relative impor-

tance of potential prognostic variables was tested using Cox-

proportional hazard analysis and expressed as a hazard ratio

(HR) with 95% confidence intervals. All variables were tested
for proportionality, and continuous variables were checked

for (non)-linearity and transformed or recoded if necessary

or useful. To simulate age-corrected general mortality, we

have standardised the three age groups (<55, 55–70 and >70),

by a stratified analysis, thereby indicating that age might be

a possible confounder. The hazard ratios were then recalcu-

lated for each single feature. In these stratified analyses, there

was hardly any change in the hazard ratios of the different

factors analysed.

3. Results

In the three age groups (<55, 55–70 and >70 years), median fol-

low-up was 119, 111 and 81 months (range: 7–187), respec-

tively; distant metastases occurred in 25%, 25% and 27%,

whereas 17%, 23% and 21% died of metastases, respectively.

3.1. Metastasis-free (MFS) and overall survival(OS)

The prognostic value of the MAI differed among the three age

groups studied. The findings for those under 55 years have

been described before in detail and are only briefly mentioned

here for reference.9,16 Of the many factors analysed in these

studies (age, operation type, oestrogen receptor, histological

grade and type, tubular formation, nuclear atypia, MAI with

different thresholds (<3, 3–9, >9; <6, 6–10, >10; <10, >9 and fi-

brotic focus)), MAI (as P10, <10) showed the strongest associ-

ation with MFS (HR = 3.1; P 6 .0001) and OS (HR = 4.4;

P < .0001). The absolute difference in 10-year Kaplan–Meier

estimates of time to distant recurrence as well as survival

was 22% (92% and 70%) between MAI <10 versus P10. A num-

ber of other factors were also prognostic, but none of these

added to the MAI in multivariate analysis.

For patients aged 55–70 years, MAI was again the strongest

prognostic factor for both MFS (HR = 1.9; P = .004) and OS

(HR=1.9; P = .006), although the prognostic value was less than

that for patients under 55 years. The absolute difference in

10-year survival between MAI <10 versus P10 (81% and 70%,

respectively) was also lower at 11%. Tumor diameter (i.e. 62

versus >2 cm), ER and tubule formation (TF) were also prog-

nostic (Table 1). In multivariate analysis, MAI and TF (i.e.

<10% versus >10%) had independent prognostic value for dis-

tant metastases (HR = 2.1, P = .001; and HR = 2.0, P = .048,

respectively). Neither tumour diameter, ER, nor nuclear atypia

added to the prognostic power of the MAI. Further analysis

showed that the additional prognostic value of TF was only

relevant in the MAI <10 subgroup: if TF >10% (68/322, or 21%

of all patients), 92% had a recurrence-free 10-year survival,

contrasting to 72% if TF <10 (equal to patients with MAI P10).

In patients over 70, tumour diameter was the strongest

prognosticator, followed by grade. MAI was not significant

(P = .11; Table 2, Fig. 1). The absolute difference in 10-year

Kaplan–Meier estimates of time to distant recurrence as well

as survival between MAI <10 v P 10 was 10% (82% and 72%,

respectively). Separate multivariate analysis including the

three grade constituents showed that nuclear atypia (mild ver-

sus non-mild) and TF (<10% v > 10%) were significant (P < .05

for both), but MAI was not (P = .28). Comparison of all features

showed that in the current study, tumour diameter (<2 cm ver-

sus P2 cm) was the strongest prognosticator in this age



Table 1 – Node-negative patients 55–70 years: characteristics of patients and tumours in relation to distant recurrence and
disease-related mortality

Characteristic Recurrence Disease-related mortality

Events/at risk Log-rank P value HR (95% CI) Events/at risk Log-rank P value HR (95% CI)

Surgery

BCT 43/179 39/179

Mastectomy 39/143 .37 1.2 (0.8–1.9) 34/143 .53 1.2 (0.7–1.8)

Diameter

62 cm 39/181 34/181

>2 cm 43/141 .03 1.7 (1.1–2.7) 39/141 .03 1.7 (1.1–2.7)

ER status

Positive 50/215 41/215

Neg/borderline 32/107 .04 1.6 (1.02–2.6) 32/107 .04 1.6 (1.0–2.6)

Grade

I 12/61 11/61

II 41/161 1.5 (0.8–2.8) 37/162 1.4 (0.7–2.8)

III 29/100 .35 1.6 (0.8–3.2) 25/99 .45 1.6 (0.8–3.2)

St. Gallen

Low risk 4/31 4/31

High risk 78/291 .21 1.9 (0.7–5.1) 69/291 .30 1.7 (0.6–4.6)

MAI

<10 45/210 40/210

P10 37/112 .004 1.9 (1.2–2.9) 33/112 .006 1.9 (1.2–3.0)

MAI

0–5 32/169 28/169

6–10 14/52 1.6 (0.8–3.0) 13/52 .18 1.6 (0.8–3.0)

>10 36/101 .002 2.4 (1.4–3.9) 32/101 .001 2.4 (1.5–4.1)

MAI

<3 20/112 18/112

3–9 25/98 1.4 (0.8–2.5) 22/98 1.4 (0.7–2.6)

P10 37/112 .009 2.2 (1.3–3.8) 33/112 .02 2.2 (1.2–3.9)

Nuclear atypiaa

Mild + moderate 37/159 34/159

Marked 45/163 .32 1.2 (0.8–1.9) 39/162 .44 1.2 (0.8–1.9)

Tubule Formationa

>10% 10/68 9/68

<10% 72/254 .008 2.4 (1.2–4.6) 64/254 .01 2.4 (1.2–4.7)

Notes: HR values of >1 indicate an increased risk for the second (or third) category compared with the first category. Analysis standardised by

age gave nearly the same hazard ratios and 95% confidence intervals.

Abbreviations: HR, hazard ratio; CI, confidence interval; P, probability of no significance; BCT, breast-conserving therapy; ER, oestrogen receptor;

MAI, mitotic activity index.

a These thresholds gave the most significant results.
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group. TF had borderline significant additional value

(P = .051).

3.2. ‘Any death’ as end-point

In patients under 55, analysis of the prognostic value of the

different prognostic features using ‘any death’ as the mortal-

ity end-point gave the same results as for MFS and OS, in

which MAI <10 versus P10 was the strongest prognosticator.

For patients aged 55–70, the MAI (again with the classical

threshold of 10) was first selected by multivariate analysis.

As in the analysis with ‘dead of distant disease’, the same fea-

tures had some limited additional value (tumour diameter, TF

and ER), but in this case ER and not TF was selected. The addi-

tional value of ER for survival prognosis was identified only in

the MAI < 10 patients (overall: 84%, ER-positive 89%, ER-nega-

tive 71%). In patients over 70, none of the features were prog-
nostic when ‘any death’ was used for events, contrasting the

prognostic value with disease-specific survival (distant

metastases). Fig. 1 summarises the prognostic value of the

MAI for MFS and OS in the three age groups.

3.3. Comparison of the MAI and tumour diameter in the
three age groups

Further comparison of the three age groups showed that the

fraction of patients with tumours over 2 cm was higher in pa-

tients over 70 than in patients under 70 (53% versus 43%;

P = .009), but it was the same in patients under 55 and ages

55 to 70 (43% and 44%). The mean MAI gradually decreased

in the three age groups (from 12.8 to 11.0 to 8.7; differences

between <55 versus 55–70 and <55 versus >70, P = .08 and

.001, respectively) and the percentage of patients with MAI

P10 decreased (from 42% to 35% to 30%; differences between



Table 2 – Node-negative patients >70 years: characteristics of patients and tumours in relation to distant recurrence and
disease-related mortality

Characteristic Recurrence Disease-related mortality

Events/at risk Log-rank P value HRa (95% CI2) Events/at risk Log-rank P value HRa (95% CI2)

Surgery3

BCT 13/47 9/47

Mastectomy 32/119 .31 1.4 (0.7–2.8) 26/119 .27 1.5 (0.7–3.3)

Diameter

62 cm 11/78 7/78

>2 cm 34/88 .01 2.4 (1.2–4.7) 28/88 .005 3.1 (1.3–7.1)

ER status

Positive 26/95 22/95

Neg/borderline 9/27 .05 2.2 (1.0–4.8) 6/27 .25 1.7 (0.7–4.4)

Grade

I 5/33 3/33

II 22/87 2.4 (0.9–6.5) 18/87 3.3 (1.0–11.5)

III 18/46 .05 3.3 (1.2–9.0) 14/46 .04 4.7 (1.3–16.3)

Grade

I 5/33 3/33

II + III 40/133 .03 2.8 (1.1–7.9) 32/133 .02 3.8 (1.2–12.6)

St. Gallen

Low risk 1/11 0/11

High risk 44/155 .19 3.8 (0.5–27.5) 35/155 .07 23.2 (0.1–>100)

MAI

<10 27/116 21/116

P10 18/50 .13 1.6 (0.9–2.9) 14/50 .11 1.7 (0.9–3.4)

MAI

0–5 23/103 19/103

6–10 5/18 1.1 (0.4–2.8) 3/18 0.8 (0.2–2.7)

>10 17/45 .21 1.8 (0.9–3.3) 13/45 .22 1.7 (0.9–3.5)

MAI

<3 13/66 10/66

3–9 14/50 1.4 (0.7–2.9) 11/50 1.4 (0.6–3.3)

P10 18/50 .23 1.9 (0.9–3.9) 14/50 .22 2.0 (0.9–4.6)

Nuclear atypiaa

Mild + moderate 25/106 19/106

Marked 20/60 .08 1.7 (0.9–3.1) 16/60 .04 1.9 (0.9–3.7)

Tubule Formationa

>10% 7/40 4/40

<10% 38/126 .03 2.5 (1.1–6.1) 31/126 .02 3.2 (1.1–9.1)

Notes: HR values of >1 indicate an increased risk for the second (or third) category compared with the first category. Analysis standardised by

age gave nearly the same hazard ratios and 95% confidence intervals.

Abbreviations: HR, hazard ratio; CI, confidence interval; P, probability of no significance; BCT, breast-conserving therapy; ER, oestrogen receptor;

MAI, mitotic activity index.

a These thresholds gave the most significant results.
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<55 versus 55–70 and <55 versus >70, P = .07 and .01, respec-

tively) (Table 3).

3.4. MAI P10 indicates poor prognosis, irrespective of age

In spite of the fact that the prognostic significance of the

MAI decreased with increasing age, as described above,

the survival probability of patients with MAI P10 was poor

in all three patient groups (30%, 30% and 28% died of dis-

ease in the <55, 55–70 and >70 groups, respectively). Inter-

estingly, MAI < 10 indicated an excellent prognosis with

92% survival at the 10-year follow-up in patients under 55,

but the survival probability of this subgroup was much low-

er in patients aged 55–70 (81%) and over 70 years (82%)

(Table 3).
4. Discussion

The results of this prospective study in breast cancer patients

show that the MAI is the strongest prognosticator in women

under 71 years of age, but above 70 years the difference of

10% better survival in MAI < 10 compared with MAI P10 is

not significant (P = .11). Moreover, the prognostic strength of

the MAI is less in women 55–70 than in patients younger than

55. The prognostic strength of the MAI therefore is age depen-

dent (Table 3), in agreement with the findings of others that

biomarker profiles of human breast cancer are age-associ-

ated.28 The question that then arises is what causes this

age-dependent prognostic value of MAI? MAI itself is an age-

dependent phenomenon (Table 3), and it is therefore tempting

to hypothesise that lower oestrogen levels in older patients are
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Fig. 1 – Comparison of the distant metastases: recurrence-free and overall survival of the MAI in the three different age

subgroups.

Table 3 – Comparison of the number and percentages of patients with MAI <10 versus >9, and MFS and OS in patients with
MAI <10 and >9, related to age group

<55 years 55–70 years >70 years

#DOD/
total

%DOD % of
patients

#DOD/
total

%DOD % of
patients

#DOD/
total

%DOD % of
patients

Tumor diameter

62 cm 67/290 23% 57% 34/181 19% 56% 7/78 9% 47%

>2 cm 69/222 31% 43% 39/141 28% 44% 28/88 32% 53%

MAI

Mean (Range) 12.8 (0–121) 11.0 (0–126) 8.7 (0–102)

MAI < 10 25/299 8% 58% 40/210 19% 65% 21/116 18% 70%

P10 65/217 30% 42% 33/112 30% 35% 14/50 28% 30%

10 year survival

MAI < 10 92% 81% 82%

MAI P 10 70% 70% 72%

Probability and hazard

ratio of MAI < versus P 10

<.00001 .006 .11 (not significant)

4.4 1.9 1.7

Abbreviation: DOD, died of distant metastases.

532 E U R O P E A N J O U R N A L O F C A N C E R 4 3 ( 2 0 0 7 ) 5 2 7 – 5 3 5
an important cause. Estrogens increase proliferation in hor-

mone receptor-positive breast cancers, so lower oestrogen lev-

els would be expected to result in a decrease in proliferation,

i.e. the MAI. Absolute ER values in fmol/mg protein and the

percentage of receptor-positive cancers increase with

age.29,30 Likewise, in general, hormone receptor-positive tu-

mours are better differentiated and have lower grades than

receptor-negative tumours.31 These factors may also explain
the decreasing mean MAI values (12.8, 11.0 and 8.7 in the three

age groups studied, respectively) and the lower fraction of tu-

mours with a high MAI (P10) with increasing age, from 42%

(<55 years) to 35% (55–70) and 30% (>70 years) (Table 3). Of

course, it may be hypothesised that the higher ER levels result

from receptors not blocked by oestrogens, but that does not

change the basic concept that oestrogen effects at the molec-

ular level could translate into these differences.
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Considering the MFS and OS survival curves (Fig. 1), the de-

crease in prognostic value of MAI with age is mainly related to

a decrease in the prognosis of patients with MAI < 10. Indeed,

both the MFS and OS probabilities for patients with MAI P10

were poor in all three patient age groups (Table 3). The

decreasing prognostic value of MAI with age is therefore not

the result of an increasingly worse prognosis for patients with

MAI P10, but rather results from the different behaviour of

tumours with MAI < 10. The impact of this phenomenon in-

creases with age with the increasing percentage of women

with MAI < 10 and the decreasing percentage of cancers with

MAI P10. There may be many reasons for a worse prognosis

for older women with low proliferating tumours. As shown

here, other prognostic factors may become more dominant

than MAI. Indeed, women over 70 had larger tumours than

the younger women, and tumour diameter in this group

was of strong prognostic significance. In spite of this, slightly

fewer patients over 70 died of distant metastatic disease (21%)

than in the group of women 55 to 70 years of age (23%). How-

ever, the follow-up time was somewhat shorter in patients

over 70 (median 81 months versus 111 in the younger pa-

tients). This shorter observation time for the older patients

is in part a natural consequence of competing causes of death

with increasing age. We cannot exclude with absolute cer-

tainty that this shorter follow-up time is a reason for the lack

of prognostic value of MAI in this age group (i.e. that the pa-

tients over 70 simply did not live long enough to develop dis-

tant metastases). However, the fact that the survival curves of

the MAI < 10 and MAI P10 almost overlap in the first 7 years

of follow-up for this group (Fig. 1) makes this explanation un-

likely. The larger tumour diameters in this oldest age group

are most likely the result of reduced patient attention/aware-

ness or less easy access to adequate medical care.

Another consideration includes major changes in the hor-

monal status of women in the two younger groups during fol-

low-up. In our earlier study16 of 516 women younger than 55,

283 (55%) were over 46 years. Virtually all women in this

group, as well as some younger women and all premenopau-

sal women in the 55–70 group, will have experienced natural

menopause during the subsequent follow-up time, and con-

sequently will have undergone a sharp decrease in blood

oestrogen levels. For women with hormone receptor-positive

tumours (about 60%), this decrease may act as adjuvant endo-

crine therapy and result in a marked prolongation of the MFS

and OS. This ‘natural endocrine therapy’ is, of course, lacking

in older women. Observing that the majority of tumours with

MAI < 10 are receptor positive [in the former study, 211 of the

268 women (79%) under 55 with MAI < 10 were ER positive16],

may in part explain the better prognosis of young women

with node-negative, MAI < 10 tumours. Finally, different

molecular pathways may be active in women of different

age groups with consequent differences in the prognostic va-

lue of MAI.

The older patient is less likely to receive systemic chemo-

therapy once distant metastases have appeared. One could

hypothesise that the lower prognostic effect of MAI in the el-

derly just reflects the tendency to treat them less aggressively,

regardless of MAI in this age group, in case of recurrence.

However, this is unlikely as the difference between the age

groups is mostly in the patients with a low MAI, whereas
the survival of the high MAI patients is very similar. Recent

studies found that chemotherapy is effective in patients with

a high proliferation rate, but not in patients with a low prolif-

eration rate (as expected).18,32 Thus, if the lower prognostic ef-

fect of the MAI in the elderly would just reflect the tendency

to treat them less aggressively, one would expect a better sur-

vival in the young patients with a high MAI, not a lower sur-

vival of older patients with a low MAI, as we found.

Clinically the most important group of women for receiving

AST is the subgroup of patients under 55, for whom the MAI

is the strongest prognostic factor for metastases-free sur-

vival.9,16,32,33 In women over 54 and under 70, an MAI P10

identifies patients with a poor outcome; however, compared

to women under 55, the outcome in MAI < 10 is less definitive,

and it is in this subgroup that the prognostic value of MAI de-

clines. It is therefore of utmost importance that in prognostic

evaluations, predictive studies, and analyses of molecular

pathways related to proliferation, the age of the patient group

under investigation is clearly defined.

Conflict of interest statement

None declared.
Funding

Supported by Grant #28-1398 from The National Health and

Research Council of The Netherlands (ZonMw) and Grant

911108 from the Norwegian Regional Health Collaboration of

Health West.
Acknowledgement

The project has been made possible by the continuing collab-

oration of the following specialists, in alphabetical order of

hospital, institute, or organisation: Antoni van Lee-

uwenhoekhuis, Amsterdam, The Netherlands: J.A. van Dongen.

Onze Lieve Vrouwe Gasthuis, Amsterdam: J. van de Haar, M.E.I.

Schipper, W.F.H.L. Breuker, K.J. Roozendaal. Academisch Zie-

kenhuis VU Medisch Centrum, Amsterdam: H.M. Pinedo, S. Meyer,

J.Th. Plukker, P.D. de Rooy, R. Bleichroth. St. Lucas Andreas Zie-

kenhuis, Amsterdam: S.M. Bellot, G. Groot, E. Barbé. Stichting
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