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A B S T R A C T

Purpose
To provide data relevant to the paradoxical mortality excess for women age 40 to 49 years observed
during the first 6 to 8 years in the invited group in all mammography screening studies.

Patients and Methods
In 1,173 patients undergoing mastectomy alone as primary treatment, allocated to subsets according to
menopausal status and tumor size, hazard rates for death were calculated. The ratios between the
hazard rate for T2-T3 patients and the corresponding value for T1 patients were assessed over time.

Results
For postmenopausal patients, the ratio appeared to be time-dependent, dropping from the maximum
value of approximately 5 at the first year after surgery to a near constant value of approximately 2 after
5 to 6 years. Premenopausal patients, on the contrary, showed a nearly constant ratio of approximately
3. Therefore, although in each T-category the 10-year survival of premenopausal and postmenopausal
patients was similar, its time distribution was menopause-dependent. In particular, the difference
between cumulative survival of premenopausal and postmenopausal T2-T3 patients attained statistical
significance after 3 years.

Conclusion
The mortality reduction due to the diagnosis of smaller tumors is significantly higher for postmenopausal
women than for premenopausal women during early postsurgery time. According to the hypothesis that
primary tumor surgical removal, occurring sooner in the invited group than in the control arm of
screening trials, results in some acceleration of metastasis development, a greater number of
unfavorable events (recurrence and death) should occur in the invited group. We suggest that for
younger women, the early balance between benefit from tumor downsizing and harm from surgery-
induced metastasis acceleration results in harm. This disadvantage does not occur in postmenopausal
women.

J Clin Oncol 22:102-107. © 2004 by American Society of Clinical Oncology

INTRODUCTION

Mammography screening was first studied
in a large randomized controlled trial
(RCT) in New York (the Health Insurance
Plan of Greater New York trial) in the
1960s [1] and was further assessed in other
RCTs (Malmo, Two-County, Stockholm,
and Goteborg) in Sweden in the 1970s and
1980s. The Swedish trials have been re-
cently reviewed by an overview committee
that confirmed fundamentally the results
previously reported by the individual re-

search groups [2]. Even the results of a
trial in the United Kingdom (the Edin-
burgh RCT) were quite similar [3].

Mammography screening apparently
reduces breast cancer mortality of the in-
vited women by approximately 20% to 30%
in comparison with controls. This benefit,
however, occurs primarily in women older
than 50 to 55 years. For instance, the Swed-
ish overview, which summarizes a signifi-
cant fraction of performed RCTs, found a
15% mortality reduction in the age group 40
to 54 years and a 25% reduction for the age
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group 55 to 74 years. It is noteworthy but seldom clearly
stated that all studies demonstrated a breast-cancer mortal-
ity excess in the screened group of younger women during
the first 6 to 8 years, whereas advantage, if any occurred,
developed later.

The Health Insurance Plan, Swedish, and Edinburgh
RCTs had been designed primarily for women age 40 to
65 or 75 years, and findings for women ages 40 to 49
resulted from subset analysis of the studied population.
The only RCT specifically designed to evaluate the bene-
fit of mammography (plus clinical breast exam) screen-
ing for women ages 40 to 49 years was carried out in
Canada. Despite the specificity of the 25,000 subjects per
arm, the expectation that it would show screening benefit
in comparison with usual community care even for this
age group was frustrated. In particular, the early excess of
deaths among screened women remained present at
more than 10 years of follow-up [4], thus replicating
findings of other RCTs.

Following the National Institutes of Health Consen-
sus Development Conference Breast Cancer Screening
for Women Ages 40 to 49, two different and contradict-
ing reports were published [5]. A consensus panel voted
that data do not support a universal recommendation of
screening for all women age 40 to 49 years, whereas a
minority report came to the opposite conclusion. The
resultant controversy became even more complicated
when a recent paper raised doubts about the value of
mammography screening for women of all ages [6] and
earned harsh criticism (and some partial support)
[7,8,9]. It is surprising that, even during this heated
controversy, no attention was paid to the paradoxical
breast-cancer mortality surge for younger women in-
vited to undergo screening.

We report observations, based on our study of the survival
pattern of 1,173 patients undergoing mastectomy alone as
primary treatment for operable breast cancer, that may clarify
some age-related differences in screening effectiveness. This
analysis demonstrates that the mortality increase that is asso-
ciated with the diagnosis of larger tumors (larger than 2 cm v
smaller than 2 cm) depends on the menopausal state at discov-
ery and the time following surgery. Since screening is believed
to result in the improvement of breast cancer outcome by
detecting significantly smaller tumors in the intervention arm,
the screening-induced “improvement” of prognosis may be
age dependent (via the menopausal status) and change as
follow-up progresses. We suggest a biologic mechanism un-
derlies the differences in breast cancer behavior between
younger and older women.

PATIENTS AND METHODS

All patients entered onto three different clinical trials between
1964 through 1980 at the Milan Cancer Institute, with mastectomy

alone as primary treatment for operable breast cancer, were retro-
spectively evaluated for this analysis. Before surgery, all patients
underwent standard staging: complete physical examination, x-
ray study of chest, skull, spine, and pelvis, bilateral mammogra-
phy, electrocardiogram, complete hemogram, and routine bio-
chemical tests. Primary tumor was treated by radical or modified
radical mastectomy. No patient received postoperative radiother-
apy or chemotherapy. Patients experiencing relapse were given
systemic treatment according to the standards used at the time of
recurrence. More detailed characteristics of the studied series have
been reported [10].

Menopausal status was defined as “postmenopausal” if 1 year
was elapsed since the last menstrual period. The date of surgery
was assumed as the start point for survival determination, and the
death date was obtained by the death certificate. Because the cause
of death was not accurately identified for all patients, both deaths
from all causes and deaths following documented recurrence from
breast cancer were examined. The former may be considered a
reasonable estimate of breast cancer related deaths. Indeed, in two
more recent clinical trials carried out at the Milan Cancer Institute,
involving more than 900 patients and with careful assessment of
the cause of death, 98.8% of deaths following recurrence were
attributed to breast cancer.

The death hazard rate was calculated as the conditional prob-
ability of dying in a time interval, given that the patient was alive at
the beginning of the interval. The yearly discrete hazard rates for
death and the survival curves were calculated by means of the
life-table method over the course of 10 years. Because the hazard
rates can fluctuate due to random variation, a Kernel-like smooth-
ing procedure [11] was adopted, and a window width of 3 years
was empirically chosen. Cumulative survival curves were com-
pared by the two-sided log-rank test.

RESULTS

A total of 1,173 patients were examined. Median age was 52
years (range, 23 to 82 years), 516 patients were premeno-
pause (T1, 222; T2-T3, 294), and 657 patients were postm-
enopause (T1, 237; T2-T3, 420). A total of 588 patients
experienced disease relapse within 15 years from surgery,
and 625 patients died, whereas 554 and 361 patients were
surviving at risk at 10 and 15 years, respectively.

Patients were allocated to four subsets according to
menopausal status (pre- v post-) and tumor size (T1 v
T2-T3), and the corresponding hazard rates were calculated
for both deaths from all causes and deaths after breast
cancer recurrence (Fig 1). The analysis was limited to 10
years following surgery in order to have at least 150 patients
at risk in each group.

Findings from both death analyses were very similar.
Premenopausal patients yielded hazard rate curves display-
ing a near parallel pattern for T1 and T2-T3 subsets, with
an initial mortality wave, peaking at four to five years
after surgery, followed by a second mortality peak at the
eighth year. Somewhat differently, postmenopausal pa-
tients showed an early major mortality surge peaking at
the third year for T2-T3 tumors, dropping afterward to a
very modest increase at the eighth year, whereas the
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hazard curve of patients with T1 tumors did not parallel
this pattern.

For both menopausal subsets, the ratios between the
hazard rate for T2-T3 patients and the corresponding value
for T1 patients were calculated (Fig 2). Results provided by
the analysis of deaths from all causes and deaths following
breast cancer recurrence were very similar. In the subset of
postmenopausal patients, the ratio appeared to be definitely
time-dependent, and moving from T1 to T2-T3 category
resulted in considerable worsening of early mortality (ap-
proximately five-fold during the first 2 years), whereas the
detrimental effect lowered afterward approaching a con-
stant value of approximately two-fold after approximately 5

to 6 years. Premenopausal patients, quite differently,
showed a nearly constant ratio (approximately 3) during
the whole investigated time, with the possible exception of
the first 1 to 2 years. It is noteworthy that the curves crossed
each other at 4 to 5 years following surgery, when post-
menopausal patients began to display a less unfavorable
ratio in comparison with premenopausal patients.

The above reported findings were confirmed by a care-
ful reading of the classical cumulative survival curves (Fig
3), in which one can observe that, even if the 10-year sur-
vival of premenopausal and postmenopausal patients was
similar both in T1 and T2-T3 categories, in the latter group,

Fig 1. Yearly death risk: time distribution of the hazard rates for deaths
from all causes (A) and for deaths following recurrence (B) in 1,173 patients
undergoing mastectomy without any adjuvant treatment. Pre, premeno-
pausal; Post, postmenopausal.

Fig 2. Death risk ratio between the values of the hazard rate for deaths
from all causes (A) and for deaths following recurrence (B) for T2-T3 patients
and the corresponding values for T1 patients. Pre, premenopausal; Post,
postmenopausal.
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the time-distribution of deaths was menopause-dependent.
In particular, it may be shown that for the T2-T3 subset, the
difference between cumulative survival of premenopausal
and postmenopausal patients attained statistical signifi-
cance after 3 years (P � .025; log-rank test), whereas it lost
its significance afterwards.

DISCUSSION

The utility of screening depends on the hypothesis that, in
the clinical context, breast cancer behaves in part as a lin-
early progressive disease. Clinically evident metastases will
only develop in a fraction of patients. This fraction increases

with the tumor size at diagnosis. According to this concept,
mammography screening, resulting in smaller tumor detec-
tion, should significantly and invariably improve the out-
come of the disease.

Mammography demonstrated a significant reduction
of tumor diameter at discovery for the intervention arm in
every trial that has been done. For example, in the Two-
County RCT [12], the mean size of invasive tumors was 13.5
mm for women invited to screening and 22.8 mm in con-
trols. The screening effect on tumor diameter was detect-
able in both women ages 40 to 49 years (tumor diameter
range, 21.1 mm to 14.1 mm) and in older patients (tumor
diameter range, 23.1 mm to 13.4 mm). Therefore, the invi-
tation to mammography screening resulted in a shifting of
the “average patient” with operable invasive breast cancer
from T2-T3 to T1 category. This forces the conclusion that,
during the trial time, some unscreened women, who had
undetected T1 lesions at the same time of a screening de-
tected counterpart, had progression of their cancers from
T1 size to T2-T3.

In this study we found that when T-stage changed from
T1 to T2-T3 category, the resulting mortality increase
showed significantly different patterns across follow-up
time in premenopausal compared with postmenopausal
patients. It should be noted that screening RCTs have dem-
onstrated different effectiveness for women younger than
50 to 55 years, compared with older women. However,
given that menopausal status is the most important biologic
factor differentiating the two age groups, the use of meno-
pause-related instead of age-related survival data is biolog-
ically well justified.

The hypothesis that the different temporal dynamics of
mortality in pre- and postmenopausal patients may have
been due to causes other than breast cancer can be reason-
ably ruled out, because the results were identical whether
deaths from all causes or deaths following breast cancer
recurrence were analyzed. Therefore, we conclude that
these different mortality patterns depend on menopausal
status as a trait of breast cancer natural history.

The prevention of mortality increase by tumor pro-
gression to more advanced stage becomes a survival gain,
from a screening study perspective, because of tumor
downstaging that results from earlier diagnosis in the
screened group. The different temporal patterns of death
associated to menopausal status that we found in this study,
however, imply that during early follow-up, the reduction
of mortality from tumor downsizing is less important for
younger women than for older women, even if the two age
groups end up with similar late results. Therefore, dimin-
ished survival gain due to screening should be expected
in women aged 40 to 49 during the first years after
screening is begun.

This is consistent with the low benefit from screening
for younger women. Data from both individual RCTs and

Fig 3. Cumulative survival: survival curves for 1,173 patients undergoing
mastectomy without any adjuvant treatment. Deaths from all causes (A) and
deaths following recurrence (B) were separately considered. Patients were
classified according to menopausal status and tumor size. Pre, premeno-
pausal; Post, postmenopausal.
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meta-analyses, however, showed a paradoxical phenome-
non, with actual inversion of mortality rates between the
two study arms during the first few years of follow-up,
favoring those women not offered mammographic screen-
ing. The disturbing early mortality inversion is quite evi-
dent in the Cox meta-analysis [13], where it reached a
statistically significant ratio of 2.4 (95% CI, 1.1% to
5.4%) in favor of the control arm at the third year of
follow-up. The delayed trend toward screening benefit is
often discussed (eg, in the Kerlikowske study [14]), but
the mortality inversion, although consistent through all
RCTs, is usually ignored.

Besides the above mentioned downsizing of tumors
detected among the invited women, the timing of surgical
intervention was the second most remarkable difference
between screened and control arms. Because virtually all
women diagnosed with breast cancer underwent tumor
removal at diagnosis, the surge of breast cancer diagnoses in
the screened group during early follow-up resulted in many
more operations in women in the screening arm, in com-
parison with the control arm. This phenomenon is inherent
in the screening study design, and we assume it is relevant to
the mortality paradox for premenopausal women.

The perturbation of tumor growth kinetics as a result
of surgery has been well documented in animal models
since the 1950s and1960s, and in particular, it was system-
atically studied for Lewis-lung carcinoma [15]. Noncura-
tive excision of primary tumor and sham surgery each re-
sulted in an increase of the proliferation index and growth
rate of lung metastases, accompanied by a low but consis-
tent decrease in median life span of animals. These findings
were further confirmed [16-18] across a variety of tumor
types, suggesting that the surgery-related proliferative im-
pulse is likely to be a common phenomenon. A growth-
stimulating factor was found in serum of animals given
surgery [19] and more recently, direct study of micrometas-
tases proved that primary tumor removal caused in some
experimental tumors a switch of micrometastatic foci to the
angiogenic phenotype, resulting in growth of metastases, by
withdrawing angiogenesis inhibitor factors that maintained
distant micrometastases in an avascular steady phase [20].

The effect of primary tumor surgical removal has been
considered to cause the double-peaked pattern of the recur-
rence risk of patients undergoing tumor removal with [21]
or without [10] adjuvant chemotherapy (cyclophospha-
mide, methotrexate, and flourouracil), and of the mortality
risk of the latter patients [22]. This phenomenon was the
cornerstone for a proposed biologic model for breast cancer
metastasis development, incorporating tumor dormancy in
specific micrometastatic phases and stochastic transitions
between them [23]. A computer simulation of the model
generated double peaked relapse histograms reasonably
similar to clinical data [24]. According to the model, the
early peak of the hazard function for local and distant

recurrences in resected breast cancer patients is generated
by the sudden acceleration of the metastatic process by
means of growth factors and angiogenesis triggering mech-
anisms due to surgery. We have recently hypothesized that
surgery-induced angiogenesis may be a main factor for early
recurrence in premenopausal node-positive patients [25].

Taking into account all previous considerations, we
suggest a possible explanation for the paradoxical harmful
effect of screening on women ages 40 to 49 years. As a result
of screening, breast cancers are found at an earlier stage
than would be found without screening, but then surgical
intervention to remove the primary tumor accelerates met-
astatic growth, which partially offsets the early detection
advantage for a significant subset of patients. In other
words, screening and control arms have different surgery
timing distributions resulting in a early recruitment of un-
favorable events for the screening arm only, which over-
whelms, for younger women, the relatively modest early
gain from tumor downsizing.

Why was not this effect observed for older women?
According to our explanation, the screening effect is the
resultant of two opposed trends, one of which (or perhaps
both) is time- and age- (menopausal status) dependent.
Therefore, it is quite reasonable to propose that for older
women there is a greater benefit from early detection and
resultant tumor downsizing than harm from unfavorable
event synchronization by early surgery. Additionally, the
absence of menstrual cycle phases may mean that post-
menopausal women are not at risk of being resected at
particularly inopportune hormonal milieus.

In conclusion, we suggest the following picture. Pri-
mary breast cancer resection results in some acceleration of
metastasis development at any age, thus worsening the nat-
ural history of the disease in some patients [26]. Mammog-
raphy screening results in the earlier diagnosis of breast
cancer in the invited group, mainly at the first screening
round (prevalence screening). This results in earlier sur-
gery-induced recruitment of unfavorable events (recur-
rence and death) in comparison with the control arm.
This harmful trend is modulated by the mortality reduc-
tion because of earlier diagnosis, which has different
weight in premenopausal and postmenopausal women,
during the first few years following surgery. The dynam-
ics of this process results in favorable balance only in the
postmenopausal group.

There are other factors that may contribute to the
poor results of mammography screening for women
younger than 50 years. The reduction in size observed in
screen-detected cancers compared with clinically diag-
nosed cancers may be accompanied by fewer axillary
node metastases in women 50 years and older and not in
younger women. This difference further suggests differ-
ent tumor biology (progressive v early systemic behav-
ior) in premenopausal and postmenopausal women [27].
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Mammography has a poorer signal-to-noise ratio in
young women, [28] and this ratio may depend on the
menstrual cycle phase during which it is performed [29].
Optimal interscreening interval is also probably age de-
pendent and may be shorter for younger women [12]. It
has been shown that, when surgical breast cancer resec-
tion occurs in the early luteal phase of the menstrual
cycle of premenopausal women, outcomes are better
than when the operation is performed within other
phases [30]. All these factors, and perhaps others, may
have “lowered” the screening effectiveness in the RCTs,

but they cannot explain the “increase” of mortality in
younger women invited to screening.

In our opinion, the suggested surgery-induced inter-
ruption of tumor dormancy in the metastatic foci is the
main biologic mechanism underlying the mortality para-
dox of screening RCTs.
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