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Abstract Little is known about time trends in metastases

in the patients treated in routine health care facilities

without metastases at diagnosis (M0) and about survival

after these metastases. Data on 33,771 M0 patients with

primary breast cancer diagnosed between 1978 and 2003

were obtained from the Munich Cancer Registry. Survival

analyses were restricted to the patients with metastases

within 5 years of the initial diagnosis. The incident number

of the patients approximately doubled each period and

5-year overall survival increased from 77% in the first to

82% percent in the last period. 5490 (16%) M0 patients

developed metastases within 5 years after the initial diag-

nosis. The hazard of developing metastases was lowest in

the most recent period compared to the first period

(HR = 0.50, P \ 0.001). The hazard of dying after

metastases was equal for patients diagnosed between

1978–1984 and 1995–2003 (HR 1.08, P = 0.3). The per-

centage of the patients that developed bone metastases

decreased each time period, but the percentage primary

liver and CNS metastases increased. Exclusion of site of

metastases in the multivariate analysis led to a 20%

(P = 0.02) higher hazard of dying following metastases in

the last versus the first period. In the period 1978–2008,

unfavourable changes in the pattern of metastases were

exhibited and no improvement was observed in survival of

the patients after occurrence of metastases. An explanation

might be the increased use of adjuvant systemic treatment,

which has less effect on the highly lethal liver and CNS

metastases than on bone metastases. The increased use also

appeared to contribute to the overall prevention of metas-

tases in breast cancer and therefore to improve overall

survival.
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Introduction

The prevalence of breast cancer patients without metasta-

ses at diagnosis (M0) has increased in industrialised

countries. This increase can be explained by the rising

incidence and decreasing overall mortality rate of breast

cancer [1–4], which is attributed to earlier detection and

therefore advantageous stage distribution, and improve-

ments in treatment [1]. The early detection is largely due to

breast cancer screening, developments in imaging and

higher awareness of the disease amongst women. One
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would expect that these developments would influence the

occurrence of metastases at diagnosis and in follow-up.

The reported percentage of M0 patients with metastases

in follow-up is 20–30% [3]. The proportion of the patients

with metastases at initial diagnosis (M1) remains stable at

about 5% [1, 5] or decreases minimally [6]. In M1 patients,

pattern of metastases and survival are frequently described,

but the progression patterns and time trends of occurrence

of metastases after initial treatment in M0 patients are

seldom investigated. The objective of this study was to

describe the incidence of metastases and survival after

metastases in M0 breast cancer patients since 1978.

Therefore, this study will provide knowledge about the

level of progress in medical management of metastases in

these patients. Data were obtained from the Munich Cancer

Registry (MCR), which uniquely documents metastases

during follow-up [7].

Patients and methods

Study population and data collection

Data on breast cancer patients diagnosed in the period

1978–1984, 1985–1994 and 1995–2003 were obtained

from the population-based MCR. The MCR has in the last

period a catchment area of 2.5 million residents (since

2002, 3.9 million residents) and records data on all patients

newly diagnosed with cancer [8, 9]. The unequal subdivi-

sion into time periods of initial diagnosis marks steps in the

changes from a hospital-based (up to 1984) to a population-

based registry of Munich and surrounding areas. The MCR

is for breast cancer population based since 1994, when the

pathologists of the region started structural cooperation

with the MCR. Data on primary diagnosis and progression

were provided by the hospitals in the Munich region by

means of tumour-specific reporting forms, doctors’ letters

and pathology reports and nowadays also through online

documentation. Diagnosis of metastases was based on

radiological imaging, physical evaluation, or histological

examination in regular oncological follow-up. Life status

information was obtained from the population registration

offices and death certificates until October 1, 2007 and is

complete for more than 90% of the patients [7]. In the

Munich catchment area screening for breast cancer has

increased over time since the beginning of the 1990s, was

initially opportunistic and at the end widespread, before

programmed screening was started in 2004.

Between 1978 and 2003, the MCR registered 36,002

female patients diagnosed with primary invasive breast

cancer. The data set did not include the patients with sec-

ondary malignancies or sarcomas or with only a death

certificate. Follow-up was complete up to October 30, 2008.

Statistical analysis

Statistical analyses included time to metastases within

5 years of initial diagnosis and survival following the first

metastasis amongst the patients who developed a metas-

tasis within 5 years of initial diagnosis. Metastases were

included in the analyses grouped by the most frequent sites

of occurrence or combinations of these specific sites. These

combinations were independent of sequence of metastatic

sites and synchronous or metachronous detection and were

only inserted if no additional metastases were present at

rarer sites. Loco regional skin or lymph node recurrences

were excluded. Event-free patients were censored on

October 30, 2008 and the patients who were lost to follow-

up at their last date of contact. Survival times, time to

metastases, and survival after metastases were described

with the Life-Table method and tested with the log-rank

test. For determining the importance of the independent

variables Cox proportional hazards regression models were

used, in which missing values were recoded into dummy

variables. The enclosed variables were: period of diagno-

sis, age, tumour size (pT), lymph node status (pN), grade,

receptor status and histological type. Analyses regarding

time to metastases also included resection margins, initial

radiotherapy and systemic therapy. Additional variables for

survival following metastases were time to metastases and

site(s) of metastases. When evaluating the proportional

hazard assumption of the main objective of this study,

namely period of diagnosis, the graphs of the survival

function versus the survival time yielded parallel curves as

did the graphs of the log[-log(survival)] versus log of

survival time.

The SAS computer package (version 9.1) was used for

all statistical analyses (SAS Institute Inc., Cary, NC, USA,

1999).

Results

General characteristics of M0 patients

The MCR comprised 33,771 M0 patients and 2231 (6%) M1

patients who were diagnosed with breast cancer between

1978 and 2003. For M0 patients, median follow-up time for

the patients alive or lost to follow-up ranged from

177 months in the period 1985–1994 (50% of patients were

deceased on October 1, 2008) to 80 months in 1995–2003

(25% of patients were deceased on October 1, 2008)

(Table 1). The incident number of the patients approxi-

mately doubled each period and during follow-up 8183

(24%) patients developed a metastasis after M0 at diagno-

sis, 5490 (67%) of whom within 5 years of initial diagnosis.
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Table 1 Characteristics of M0 patients with breast cancer according to period of initial diagnosis (n = 33,771)

Characteristics Periods of initial diagnosis P value

1978–1984 (n = 4978) 1985–1994 (n = 10,201) 1995–2003a (n = 18,592)

N %b N %b N %b

Median FU time after initial diagnosis

of the patients alive or lost to FU (mo)

148 177 80 \0.0001

Deceased (Oct. 1, 2008) 2893 (58) 5123 (50) 4571 (25) \0.0001

M0 at diagnosis, metastasis in FU 1785 (36) 2999 (29) 3399 (18) \0.0001

M0 at diagnosis, metastasis within

5 years of FU

798 (16) 1159 (11) 1952 (10) \0.0001

Age (years)

\50 1909 (38) 3522 (35) 4649 (25)

50–69 2380 (48) 4731 (46) 9540 (51)

70? 689 (14) 1948 (19) 4403 (24) \0.0001

pT

T1 978 (43) 4155 (47) 9358 (55)

T2 958 (42) 3524 (40) 6224 (37)

T3 202 (9) 436 (5) 723 (4)

T4 149 (6) 693 (8) 747 (4) \0.0001

Unknown 2691 (54) 1393 (14) 1545 (8)c

pN

Negative 1071 (48) 4413 (52) 9649 (59)

Positive 1142 (52) 4114 (48) 6682 (41) \0.0001

Unknown 2765 (56) 1674 (16) 2261 (12)

Histological type

Ductal 3533 (82) 7445 (80) 13,970 (78)

Lobular/mixed 419 (10) 1486 (16) 3678 (21)

Other/n.o.s. 363 (8) 346 (4) 276 (1) \0.0001

Unknown 663 (13) 924 (9) 668 (4)

Grade

1 – – 485 (6) 1902 (11)

2 – – 4440 (58) 9311 (53)

3 ? 4 – – 2748 (36) 6206 (36) \0.0001

Unknown – – 2528 (25) 1173 (6)

Receptor status (ER or PR)

Positive – – 4336 (79) 13,120 (84)

Negative – – 1140 (21) 2577 (16) \0.0001

Unknown – – 4725 (46) 2900 (16)

Initial surgery

Lumpectomy 49 (2) 2660 (39) 10,835 (65)

Mastectomy 1920 (98) 4248 (61) 5841 (35) \0.0001

Unknown/Otherd 3009 (60) 3293 (32) 1916 (10)

Initial radiotherapy 2729 (59) 4534 (44) 10,910 (59) \0.0001

Resection margins

Negative – – 2923 (29) 12,833 (69)

Positive – – 152 (1) 590 (3)

Unknown – – 7126 (70) 5169 (28) \0.0001
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An increase in 5-year overall survival was observed for the

last period (77% vs. 76% vs. 82%, P \ 0.0001) (Fig. 1).

In time, the observed proportion of the patients diag-

nosed with pT1 and lymph node-negative tumours

increased, as did the proportion of older women (70?)

(Table 1). About 80% of patients had a tumour of the

ductal type and positive estrogen (ER) or progesterone

(PR) receptors. Unknown receptor status decreased con-

siderably from the second (46%) to the third study period

(16%), whilst the ratio of positive to negative receptors

hardly changed. The proportion of the patients who

underwent mastectomy decreased from 98% in the first to

35% in the last period and systemic treatment was used

more often in recent periods (22% vs. 44% vs. 70%). A

decrease in the proportion of the patients undergoing

radiotherapy was seen in period 1985–1994.

Patterns of metastases

In the cohort of 5490 M0 patients with metastases within

5 years of initial diagnosis, 59% developed the first

metastasis within 2.5 years (Table 2). Overall 56% of the

patients developed metastases at two or more sites and the

proportion of metachronously diagnosed metastases

increased in time from 66 to 82%. The proportion of bone

metastases declined (69% vs. 62% vs. 47%) whilst the

proportion of liver, central nervous system (CNS) and less

common occurring sites of metastases increased. In time,

trends were comparable for the first detected metastases. In

the first period, 85% of patients died within 5 years of the

first metastases versus 95% in the last period. Of patients

alive or lost to follow-up, median follow-up was 29 months

in the first period, 11 months in 1985–1994 and 50 months

in 1995–2003. The patients who developed metastases

within 5 years had a positive lymph node status at initial

diagnosis more often and had a higher pT status than M0

patients in general.

Time from diagnosis to first metastasis

The proportion M0 patients who developed metastases

within 5 years of initial diagnosis declined significantly

from 27% in 1978–1984 to 15% in 1995–2003 (P \
0.0001) (Fig. 2a). Overall, the risk of occurrence of

metastases was highest in the first 2.5 years of initial

diagnosis (65% vs. 60% vs. 56%), as also indicated by the

steepness of the curves in Fig. 3. For the specified meta-

static sites, only small differences emerged in time to

detection during 5 years of follow-up, except for skin

metastases that appeared later. Detection of metastases

occurred within 5 years of initial diagnosis in 76% of the

patients who developed a combination of bone, liver and

lung metastases and in 52% of the patients with skin

metastases only.

The hazard of developing metastases within 5 years

of diagnosis was lowest in the most recent period
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Fig. 1 5-year overall survival of M0 breast cancer patients diagnosed

between 1978 and 2003 (n = 33771). (Color figure online)

Table 1 continued

Characteristics Periods of initial diagnosis P value

1978–1984 (n = 4978) 1985–1994 (n = 10,201) 1995–2003a (n = 18,592)

N %b N %b N %b

Initial systemic treatment

Chemotherapy 673 (13) 1959 (19) 4345 (23)

Hormonal therapy 375 (8) 2324 (23) 6271 (34)

Both 59 (1) 217 (2) 2394 (13)

No 3871 (78) 5701 (56) 5582 (30) \0.0001

FU follow-up n.o.s. not otherwise specified, ER estrogen receptor, PR progesterone receptor
a The population-based cohort
b Percentage of sub-categories related to the sum of each item with available data; missing values not taken into account
c pT missing in 4% out of 8% because of neo-adjuvant systemic therapy
d No differentiation for surgical method in the 1970’s and early 1980’s. ‘‘Other’’ is for example surgery following neo-adjuvant systemic therapy
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(HR = 0.50, P \ 0.001) (Table 3). A positive receptor

status (HR = 0.61, P \ 0.001) and the combination of

chemotherapy and hormonal therapy (HR = 0.69,

P \ 0.001) were associated with a lower risk of metastases.

Age and radiotherapy were not significantly associated

with the occurrence of metastases within 5 years.

Time from first metastasis to death

If only the death certificate or a post mortem report indi-

cated metastases, the date of first metastasis was similar to

the date of death and these patients were excluded from

survival analyses (n = 6251).

Table 2 Characteristics of M0 breast cancer patients with first metastasis within 5 years of initial diagnosis, according to period of initial

diagnosis (n = 5490)

Characteristics Period of initial diagnosis P value

1978–1984

(n = 1214)

1985–1994

(n = 1677)

1995–2003

(n = 2599)

N (%) N (%) N (%)

Metastasis within 2.5 years 791 (65) 999 (60) 1449 (56) \0.0001

Deceased within 5 years of first metastasis 1031 (85) 1484 (88) 2464 (95) \0.0001

Median FU time after initial diagnosis of patients

alive or lost to FU (months)

29 11 50 \0.0001

Multiple synchronous 603 (50) 862 (51) 1592 (61) \0.0001

Multiple metachronous 399 (66) 637 (74) 1300 (82) \0.0001

Metastatic sites at first progression/all metastases

during follow-upa

Bone 719 (60) / 838 (69) 881 (53) / 1047 (62) 980 (38) / 1226 (47)

Lung 286 (24) / 376 (31) 372 (22) / 533 (32) 514 (20) / 783 (29)

Liver 168 (14) / 286 (24) 266 (16) / 484 (29) 587 (23) / 961 (35)

CNS 55 (5) / 123 (10) 81 (5) / 232 (14) 265 (10) / 630 (22)

Skin 92 (8) / 149 (12) 109 (7) / 177 (11) 171 (7) / 290 (11)

Distant lymph node 74 (6) / 104 (9) 189 (11) / 273 (16) 284 (11) / 413 (15)

Other 164 (14) / 287 (24) 219 (13) / 427 (25) 630 (24) / 1267 (51)

Total 1558 / 2163 2117 / 3173 3431 / 5579

Mean number of metastases per patient 1.28 / 1.78 1.26 / 1.89 1.32 / 2.14

Age (years) \0.0001

\50 506 (42) 653 (39) 723 (28)

50–69 576 (47) 794 (47) 1245 (48)

70? 132 (11) 230 (14) 631 (24)

pT 0.0004

T1 132 (28) 411 (29) 612 (28)

T2 234 (49) 688 (49) 1118 (51)

T3 72 (15) 122 (9) 213 (10)

T4 40 (8) 184 (13) 234 (11)

Unknown (%) 736 (61) 272 (16) 422 (16)

pN 0.9

Negative 137 (30) 433 (31) 650 (31)

Positive 320 (70) 949 (69) 1463 (69)

Unknown (%) 757 (62) 295 (18) 486 (19)

Receptor status (ER or PR) 0.7

Negative – 228 (29) 605 (30)

Positive – 562 (71) 1441 (70)

Unknown (%) – 887 (53) 553 (21)

FU follow-up M0 no metastases at diagnose CNS central nervous system ER estrogen receptor, PR progesterone receptor
a Since one patient can have more than one site of metastasis, percentages are more than 100%
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In M0 patients with metastases within 5 years of initial

diagnosis, 5-year actuarial survival rates after occurrence

of first metastasis decreased and differed significantly

between the time periods (17% vs. 12% vs. 8%,

P = 0.0001) (Fig. 2b).

Multivariate regression analysis showed that the patients

who developed a metastasis within 5 years of diagnosis in

the period 1985–1994 had a 20% increased hazard of dying

compared to those in 1978–1984 and 1995–2003; this first

and last period showed no difference in survival (Table 4).

However, when site of metastases was removed from the

model, then the hazard ratios became 1.24 (P = 0.003) and

1.21 (P = 0.02) for the last two periods. Mortality risk

increased with the increase in age and a higher pT, positive

lymph nodes and differentiation grade. The hazard of dying

for the patients with metastases was 35% lower for receptor

status-positive patients and decreased 7% in each addi-

tional year between initial diagnosis and first metastasis.

Prognosis for the patients after metastases varied for the

site(s) of metastasis (Table 3). Up to 5 years after detection

of metastases, the patients with bone metastases or skin

metastases alone exhibited best survival (Fig. 4). From 5 to

10 years, skin alone and distant lymph node alone had best

prognosis up to 10 years after detection of metastases (data

not shown).

Discussion

In the period 1978–2008, the hazard of developing

metastases during follow-up decreased markedly and

overall survival improved amongst women diagnosed with

M0 breast cancer. Concurrently, we observed a change in

the anatomic pattern of metastasis, without improvement in

survival after occurrence of these metastases. There might

be several explanations for our observations.

We attribute the generally improved survival of M0

patients in the last period to adjuvant, especially hormonal,

treatment which was routinely administered at that time. In

addition, the patients recorded by the MCR showed

advantageous stage distribution over the periods, which

also contributed to improved prognosis. Time from initial

diagnosis to metastasis is prolonged for pT1 versus pT2

[8], but changes in adjuvant systemic treatment will also

have lengthened the time [10, 11]. The adjuvant treatment

prevents the development of metastases or at least post-

pones it. However, if dormant tumour cells start growing

again, whether due to resistance against the continued

systemic therapy or not, then the survival time of the

metastasized patients remained as poor as before. Over

time, the proportional anatomic distribution of metastasis

shifted from bone, with long survival times, towards CNS

and liver, which are much more lethal. This shift has also

been reported by others, but only for the first site of

metastasis [12]. The increased use of hormonal treatment

might cause the shift since ER-positive tumours tend to

metastasize to bone; ER and PR negativity are commonly

associated with visceral metastases, especially liver and
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Fig. 2 a 5-year actuarial rate of occurrence of first metastases in M0

breast cancer patients according to period of diagnosis of initial

tumour. b Survival following first metastasis in M0 breast cancer

patients who developed metastasis within 5 years of diagnosis

according to period of diagnosis of initial tumour. (Color figure

online)
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Fig. 3 Time from diagnosis of primary tumour to first metastasis at

the most common single sites and combinations of sites in M0 breast

cancer patients with metastases within 5 years of diagnosis. CNS
central nervous system.*Independent of sequence of detection per

site, synchronous or metachronous, no additional metastases at other

sites. (Color figure online)
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CNS [13–18]. The increased proportion of CNS metastases

might also reflect improvement in adjuvant systemic

treatment; CNS is regarded as a sanctuary site that is less

affected by most therapeutics than other sites [19]. In this

study liver metastases, alone or in combination, occurred

earliest during follow-up and were like CNS metastases,

the most lethal. So, the largest benefit in the survival of the

patients with breast cancer will most likely come from the

prevention and better treatment of CNS and liver metas-

tases. In patients with over expression of HER2 major

improvements have been reached with trastuzumab [20]

and recently lapatinib [21, 22]. Bisphosphonates of the

third generation seem to have also an anti-tumour effect in

the adjuvant setting [23]. In addition poly[adenosine

diphosphate (ADP)-ribose] polymerase (PARP) inhibitors

are likely to be beneficial for the patients with triple-neg-

ative tumours [24]. Therefore, the incidence and pattern of

metastases will change further in the future. Overall, sites

of metastases appeared to contribute largely to the period

effect, since exclusion of site of metastases in the multi-

variate analysis increased the mortality hazard ratio for the

last versus the first period to 21%. Unfortunately, no

information was available about the type of treatment of

the metastasized cancer in the MCR region.

Table 3 Determinants of time

to first metastasis in M0 breast

cancer patients, within 5 years

of initial diagnosis

HR hazard ratio, 95% CI 95%

confidence interval, ER estrogen

receptor, PR progesterone

receptor NS not significant
a pT n = 1867 missing, pN

n = 1959 missing,

differentiation grade n = 2193

missing, receptor status

n = 3046 missing, resection

margins n = 4391 missing,

histological type n = 533

missing
b Variables included if

univariately significantly

associated

Characteristicsa HR univariate HRb multivariate 95% CI P value

Period of diagnosis

1978–1984 1.00 1.00 –

1985–1994 0.67 1.15 (0.98–1.35) 0.09

1995–2003 0.39 0.50 (0.42–0.61) \0.0001

Age (years)

\50 1.00 1.00 –

50–69 0.83 0.98 (0.89–1.07) 0.7

70? 0.82 0.98 (0.85–1.12) 0.7

pT

T1 1.00 1.00 –

T2 1.60 1.80 (1.63–2.00) \0.0001

T3 2.21 1.84 (1.58–2.15) \0.0001

T4 2.98 2.32 (1.99–2.70) \0.0001

pN

Negative 1.00 1.00 –

Positive 3.29 2.11 (1.91–2.34) \0.0001

Grade

1 1.00 1.00 –

2 6.20 3.60 (2.37–5.46) \0.0001

3/4 12.96 5.21 (3.43–7.91) \0.0001

Receptor status (ER/PR)

Negative 1.00 1.00 –

Positive 0.40 0.61 (0.55–0.69) \0.0001

Histological type

Ductal 1.00 1.00 –

Lobular 0.62 0.90 (0.79–1.02) 0.1

Other 1.42 1.11 (0.90–1.38) 0.3

Resection margins

Negative 1.00 1.00 –

Positive 1.84 1.37 (1.08–1.73) 0.009

Unknown 2.48 1.59 (1.22–2.07) 0.0006

Initial radiotherapy 0.75 0.94 (0.86–1.02) 0.1

Initial systemic therapy

No 1.00 1.00 –

Chemotherapy 1.01 (NS) 0.95 (0.85–1.06) 0.4

Hormonal therapy 0.50 0.92 (0.81–1.04) 0.2

Both 0.47 0.69 (0.59–0.82) \0.0001
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The worse outcome after occurrence of metastases in the

patients without metastasis at diagnosis might be related to

less sensitive tumour cells that developed resistance after

adjuvant systemic therapy. This is supported by recent

observations of M1 patients who, in particular when the

primary tumour had been removed completely, had a more

favourable prognosis compared to M0 patients with sub-

sequent metastases [13, 25–28]. However, contradictory

Table 4 Determinants of survival after first metastasis in M0 breast cancer patients with metastases within 5 years during follow-up

Characteristicsa, b HR univariate HRc multi variate 95% CI P value HR multi variate 95% CI P value

Period of diagnosis

1978–1984 1.00 1.00 – 1.00 –

1985–1994 1.31 1.24 (1.08–1.43) 0.003 1.20 (1.04–1.38) \0.01

1995–2003 1.38 1.21 (1.04–1.40) 0.02 1.08 (0.93–1.26) 0.3

Age (years)

\50 1.00 1.00 – 1.00 –

50–69 1.13 1.12 (1.04–1.22) 0.004 1.14 (1.05–1.24) 0.001

70? 1.58 1.51 (1.34–1.69) \0.0001 1.57 (1.40–1.75) \0.0001

pT

T1 1.00 1.00 – 1.00 –

T2 1.20 1.14 (1.05–1.25) 0.003 1.14 (1.04–1.24) 0.004

T3 1.26 1.19 (1.04–1.37) 0.01 1.19 (1.04–1.36) 0.01

T4 1.46 1.23 (1.07–1.41) 0.003 1.22 (1.06–1.40) 0.004

pN

Negative 1.00 1.00 – 1.00 –

Positive 1.29 1.21 (1.12–1.32) \0.0001 1.22 (1.13-1.33) \0.0001

Grade

1 1.00 1.00 – 1.00 –

2 1.70 1.70 (1.21–2.40) 0.002 1.64 (1.17–2.31) 0.005

3/4 2.39 2.17 (1.54–3.06) \0.0001 2.05 (1.46–2.89) \0.0001

Receptor status (ER/PR)

Negative 1.00 1.00 – 1.00 –

Positive 0.58 0.62 (0.56–0.69) \0.0001 0.65 (0.59–0.72) \0.0001

Histological type

Ductal 1.00 – –

Lobular 0.93 (NS) – –

Other 1.03 (NS) – –

Time to first metastasisd 0.91 0.93 (0.91–0.96) \0.0001 0.93 (0.90–0.96) \0.0001

Site(s) of Metastases

Bone alone 1.00 – 1.00 –

Liver alone 1.39 – 1.38 (1.15–1.67) \0.0008

Lung alone 1.09 (NS) – 1.20 (0.97–1.47) 0.1

CNS alone 3.16 – 2.81 (2.20–3.57) \0.0001

Skin alone 1.01 (NS) – 0.97 (0.71–1.33) 0.9

Distant lymph nodes alone 1.13 (NS) – 0.94 (0.72–1.23) 0.6

Liver, Bone 1.38 – 1.50 (1.25–1.79) \0.0001

Lung, Bone 1.28 – 1.18 (0.92–1.50) 0.2

Bone, Liver and Lung 1.66 – 1.67 (1.33–2.10) \0.0001

HR hazard ratio, 95% CI 95% confidence interval, ER estrogen receptor, PR progesterone receptor NS not significant, CNS central nervous

system
a Variables included if they were univariate significantly associated
b pT n = 1334 missing, pN n = 1413 missing, grade n = 1720 missing, receptor status n = 2379 missing, site of metastases ‘‘Other’’ n = 2646
c HR when site of metastases is excluded
d In years
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results have been reported of M1 patients, who sometimes

had worse survival compared to M0 patients who devel-

oped metastases in follow-up [29–32].

Higher incidence of more aggressively growing tumours

might be an additional explanation of the unimproved

survival after metastases, since the increasing use of breast

cancer screening mainly eliminates the slowly growing

tumours. This is also reflected by the highly significant

relationship between time to first metastasis and survival

after occurrence of metastases, which remained after cor-

rection for period of diagnosis and site(s) of metastases.

More aggressive growth might also be partly attributed to

the lack of effective therapies for aggressive subtypes of

breast cancer, such as triple negative, non-basal and basal-

like subtypes [33]. These subtypes are known to influence

the growth rate, site of metastases, time to occurrence and

survival after metastases [12, 34]. In this study, the

majority of metastases became manifest within 2.5 years of

initial diagnosis, as observed by others [11, 13, 35, 36].

The MCR hosts unique data on clinically evident

metastases in follow-up, but the prevalence of metastases

in the MCR is slightly underdocumented. Surgically treated

and histopathologically confirmed metastases are obtained

from pathology reports and are therefore nearly complete.

However, not histopathologically confirmed metastases

will be documented in about 70% of cases, based on esti-

mations of tumour-specific survival and relative survival

that should equalize the proportion of metastases [7, 37].

Some of the metastases are likely to remain unreported by

physicians to the MCR and some might never be detected

because there were no clinical manifestations before death.

The MCR’s completeness is difficult to check with litera-

ture, whilst proportions of metastatic sites in breast cancer

vary considerably, both within clinical and within autopsy

studies [18, 26, 38–43]. Only a few studies were population

based, and the subdivision of metastatic sites and follow-up

times differed. The most adequate comparisons should be

based on the patients with breast cancer as the cause of

death. It is likely that for the period 1995–2003, data on

metastases in the MCR were more complete and most

representative, whilst at that time the database became

approximately population based. In time, methods of

detection have improved and indications for diagnostics

have changed, as exhibited by the decreased proportion of

missing data on pT, pN and receptor status. In addition, the

last period showed an increased number of metastases per

patient, as well as increased detection of metastases at rarer

sites. Nevertheless, the observed change in pattern of

metastases can be considered to be a mirror for general

specialised care in a variety of hospitals, whilst there were

no systematic or specific diagnostics for metastases in the

MCR region.

In conclusion, the enhanced use and extensive devel-

opments in systemic treatment of the patients with breast

cancer might have prevented development of metastases in

breast cancer. It changed the anatomic distribution of sites

of metastases, but did not improve survival after occur-

rence of metastases. The most important reason seems to

be the shift from bone metastases towards CNS and liver

metastases. Furthermore, there might have been a natural

selection of more aggressively growing tumours in the

recent period. So, at the time metastases became manifest,

treatment possibilities remained insufficient, at least up to

2008. It seems that therapies for liver and CNS metastases

might yield the largest gains in survival of M0 breast

cancer patients. And finally, changes in patterns of

metastases as a result of new treatments, illustrate the

importance of including registration of metastases and

secondary treatment in cancer registries. They can be used

to study long term effects in the population and the use-

fulness of new treatment strategies.

Conflict of interest All authors declared no conflict of interest.

References

1. Louwman WJ, Voogd AC, van Dijck JA, Nieuwenhuijzen GA,

Ribot J, Pruijt JF, Coebergh JW (2008) On the rising trends of

incidence and prognosis for breast cancer patients diagnosed

1975–2004: a long-term population-based study in southeastern

Netherlands. Cancer Causes Control 19(1):97–106

2. Jatoi I, Chen BE, Anderson WF, Rosenberg PS (2007) Breast

cancer mortality trends in the United States according to estrogen

receptor status and age at diagnosis. J Clin Oncol 25(13):

1683–1690

3. Early Breast Cancer Trialists’ Collaborative Group (2005) Effects

of chemotherapy and hormonal therapy for early breast cancer on

recurrence and 15-year survival: an overview of the randomised

trials. Lancet 365(9472):1687–1717

4. Gondos A, Bray F, Brewster DH, Coebergh JW, Hakulinen T,

Janssen-Heijnen ML, Kurtinaitis J, Brenner H (2008) Recent

0 5 10 15 20 25 30 35 40 45 50 55 60
0

10
20
30
40
50
60
70
80
90

100
Liver
Lung
Lymph node
Bone
CNS
Skin
Liver+Bone*
Lung+Bone*
Liver+Lung+Bone*

Time (mo)

S
u

rv
iv

al

Fig. 4 5-year survival after first metastasis in most common single

sites and combinations of sites of metastases in M0 breast cancer

patients with metastases within 5 years of diagnosis. CNS central

nervous system.*Independent of sequence of detection per site,

synchronous or metachronous, no additional metastases at other site.

(Color figure online)

Breast Cancer Res Treat (2011) 128:795–805 803

123



trends in cancer survival across Europe between 2000 and 2004: a

model-based period analysis from 12 cancer registries. Eur J

Cancer 44(10):1463–1475

5. Edwards MJ, Gamel JW, Feuer EJ (1998) Improvement in the

prognosis of breast cancer from 1965 to 1984. J Clin Oncol

16(3):1030–1035

6. Jensen AR, Madsen AH, Overgaard J (2008) Trends in breast

cancer during three decades in Denmark: stage at diagnosis,

surgical management and survival. Acta Oncolo (Stockholm,

Sweden) 47(4):537–544

7. Schlesinger-Raab A, Treiber U, Zaak D, Holzel D, Engel J (2008)

Metastatic renal cell carcinoma: results of a population-based

study with 25 years follow-up. Eur J Cancer 44(16):2485–2495

8. Engel J, Eckel R, Kerr J, Schmidt M, Furstenberger G, Richter R,

Sauer H, Senn HJ, Holzel D (2003) The process of metastasisa-

tion for breast cancer. Eur J Cancer 39(12):1794–1806

9. Curado MP, Edwards BS HR, Ferlay J, Heanue M, Boyle P,

Storm H (2009) Cancer incidence in five continents, vol IX.

IARC, Lyon

10. Johansson P, Fohlin H, Arnesson LG, Dufmats M, Nordenskjold

K, Nordenskjold B, Stal O (2009) Improved survival for women

with stage I breast cancer in south-east Sweden: a comparison

between two time periods before and after increased use of

adjuvant systemic therapy. Acta Oncol (Stockholm, Sweden)

48(4):504–513

11. Toi M, Yamashiro H, Tsuji W (2009) Risk reduction of distant

metastasis in hormone-sensitive postmenopausal breast cancer.

Breast Cancer (Tokyo, Japan) 16(3):207–218

12. Yerushalmi R, Woods R, Kennecke H, Speers C, Knowling M,

Gelmon K (2010) Patterns of relapse in breast cancer: changes

over time. Breast Cancer Res Treat 120(3):753–759

13. Coleman RE, Smith P, Rubens RD (1998) Clinical course and

prognostic factors following bone recurrence from breast cancer.

Br J Cancer 77(2):336–340

14. Blanco G, Holli K, Heikkinen M, Kallioniemi OP, Taskinen P

(1990) Prognostic factors in recurrent breast cancer: relationships

to site of recurrence, disease-free interval, female sex steroid

receptors, ploidy and histological malignancy grading. Br J

Cancer 62(1):142–146

15. Solomayer EF, Diel IJ, Meyberg GC, Gollan C, Bastert G (2000)

Metastatic breast cancer: clinical course, prognosis and therapy

related to the first site of metastasis. Breast Cancer Res Treat

59(3):271–278

16. Pestalozzi BC, Zahrieh D, Price KN, Holmberg SB, Lindtner J,

Collins J, Crivellari D, Fey MF, Murray E, Pagani O et al (2006)

Identifying breast cancer patients at risk for central nervous

system (CNS) metastases in trials of the International Breast

Cancer Study Group (IBCSG). Ann Oncol 17(6):935–944

17. Smid M, Wang Y, Klijn JG, Sieuwerts AM, Zhang Y, Atkins D,

Martens JW, Foekens JA (2006) Genes associated with breast

cancer metastatic to bone. J Clin Oncol 24(15):2261–2267

18. Kamby C (1990) The pattern of metastases in human breast

cancer: methodological aspects and influence of prognostic fac-

tors. Cancer Treat Rev 17(1):37–61

19. Duchnowska R, Szczylik C (2005) Central nervous system

metastases in breast cancer patients administered trastuzumab.

Cancer Treat Rev 31(4):312–318

20. Mannocci A, De Feo E, de Waure C, Specchia ML, Gualano MR,

Barone C, Ricciardi W, La Torre G (2010) Use of trastuzumab in

HER2-positive metastatic breast cancer beyond disease progres-

sion: a systematic review of published studies. Tumori 96(3):

385–391

21. Curran MP (2010) Lapatinib: in postmenopausal women with

hormone receptor-positive, HER2-positive metastatic breast

cancer. Drugs 70(11):1411–1422

22. Arslan C, Dizdar O, Altundag K (2010) Systemic treatment in

breast-cancer patients with brain metastasis. Expert Opin Phar-

macother 11(7):1089–1100

23. Reeder JG, Brufsky AM (2010) The role of bisphosphonates in

the adjuvant setting for breast cancer. Oncology (Williston Park,

NY) 24(6):462–467, 475

24. Underhill C, Toulmonde M, Bonnefoi H (2010) A review of

PARP inhibitors: from bench to bedside. Ann Oncol 22:

268–279

25. Engel J, Eckel R, Aydemir U, Aydemir S, Kerr J, Schlesinger-

Raab A, Dirschedl P, Holzel D (2003) Determinants and prog-

noses of locoregional and distant progression in breast cancer. Int

J Radiat Oncol Biol Phys 55(5):1186–1195

26. Jimeno A, Amador ML, Gonzalez-Cortijo L, Tornamira MV,

Ropero S, Valentin V, Hornedo J, Cortes-Funes H, Colomer R

(2004) Initially metastatic breast carcinoma has a distinct disease

pattern but an equivalent outcome compared with recurrent

metastatic breast carcinoma. Cancer 100(9):1833–1842

27. Rapiti E, Verkooijen HM, Vlastos G, Fioretta G, Neyroud-Caspar

I, Sappino AP, Chappuis PO, Bouchardy C (2006) Complete

excision of primary breast tumor improves survival of patients

with metastatic breast cancer at diagnosis. J Clin Oncol 24(18):

2743–2749

28. Schlesinger-Raab A, Eckel R, Engel J, Sauer H, Lohrs U, Molls M,

Holzel D (2005) Metastasiertes Mammakarzinom: Keine Lebens-

verlangerung seit 20 Jahren. Deutsches Arzteblatt 102(40):

A2706–A2714

29. Andre F, Slimane K, Bachelot T, Dunant A, Namer M, Barrelier

A, Kabbaj O, Spano JP, Marsiglia H, Rouzier R et al (2004)

Breast cancer with synchronous metastases: trends in survival

during a 14-year period. J Clin Oncol 22(16):3302–3308

30. Smigal C, Jemal A, Ward E, Cokkinides V, Smith R, Howe HL,

Thun M (2006) Trends in breast cancer by race and ethnicity:

update 2006. CA Cancer J Clin 56(3):168–183

31. Wilcken N, Dear R (2008) Chemotherapy in metastatic breast

cancer: a summary of all randomised trials reported 2000–2007.

Eur J Cancer 44(15):2218–2225

32. Ernst MF, Poll-Franse LV, Roukema JA, Coebergh JW, van

Gestel CM, Vreugdenhil G, Louwman MJ, Voogd AC (2007)

Trends in the prognosis of patients with primary metastatic breast

cancer diagnosed between 1975 and 2002. Breast (Edinburgh,

Scotland) 16(4):344–351

33. Lin NU, Claus E, Sohl J, Razzak AR, Arnaout A, Winer EP

(2008) Sites of distant recurrence and clinical outcomes in

patients with metastatic triple-negative breast cancer: high inci-

dence of central nervous system metastases. Cancer 113(10):

2638–2645

34. Kennecke H, Yerushalmi R, Woods R, Cheang MC, Voduc D,

Speers CH, Nielsen TO, Gelmon K (2010) Metastatic behavior of

breast cancer subtypes. J Clin Oncol 28(20):3271–3277

35. Elder EE, Kennedy CW, Gluch L, Carmalt HL, Janu NC, Joseph

MG, Donellan MJ, Molland JG, Gillett DJ (2006) Patterns of

breast cancer relapse. Eur J Surg Oncol 32(9):922–927

36. Mansell J, Monypenny IJ, Skene AI, Abram P, Carpenter R,

Gattuso JM, Wilson CR, Angerson WJ, Doughty JC (2009)

Patterns and predictors of early recurrence in postmenopausal

women with estrogen receptor-positive early breast cancer.

Breast Cancer Res Treat 117(1):91–98

37. Munich Cancer Registry (2010) http://www.tumorregister-

muenchen.de/facts/surv/surv_C50f_G.pdf

38. Manders K, van de Poll-Franse LV, Creemers GJ, Vreugdenhil G,

van der Sangen MJ, Nieuwenhuijzen GA, Roumen RM, Voogd

AC (2006) Clinical management of women with metastatic breast

cancer: a descriptive study according to age group. BMC Cancer

6:179

804 Breast Cancer Res Treat (2011) 128:795–805

123

http://www.tumorregister-muenchen.de/facts/surv/surv_C50f_G.pdf
http://www.tumorregister-muenchen.de/facts/surv/surv_C50f_G.pdf


39. Hess KR, Varadhachary GR, Taylor SH, Wei W, Raber MN,

Lenzi R, Abbruzzese JL (2006) Metastatic patterns in adenocar-

cinoma. Cancer 106(7):1624–1633

40. Perez JE, Machiavelli M, Leone BA, Romero A, Rabinovich MG,

Vallejo CT, Bianco A, Rodriguez R, Cuevas MA, Alvarez LA

(1990) Bone-only versus visceral-only metastatic pattern in breast

cancer: analysis of 150 patients. A GOCS study. Grupo Onco-

logico Cooperativo del Sur. Am J Clin Oncol 13(4):294–298

41. Giordano SH, Buzdar AU, Smith TL, Kau S-W, Yang Y, Hort-

obagyi GN (1974) Is breast cancer survival improving? Trends in

survival for patients with recurrent breast cancer diagnosed from

1974 through 2000. Am Cancer Soc 2003:44–52

42. Lee YT (1983) Breast carcinoma: pattern of metastasis at

autopsy. J Surg Oncol 23(3):175–180

43. Sanuki-Fujimoto N, Takeda A, Amemiya A, Ofuchi T, Ono M,

Yamagami R, Hatayama J, Kunieda E, Shigematsu N (2008)

Pattern of tumor recurrence in initially nonmetastatic breast

cancer patients: distribution and frequency of metastases at

unusual sites. Cancer 113(4):677–682

Breast Cancer Res Treat (2011) 128:795–805 805

123


	Unfavourable pattern of metastases in M0 breast cancer patients during 1978-2008: a population-based analysis of the Munich Cancer Registry
	Abstract
	Introduction
	Patients and methods
	Study population and data collection
	Statistical analysis

	Results
	General characteristics of M0 patients
	Patterns of metastases
	Time from diagnosis to first metastasis
	Time from first metastasis to death

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


