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ABSTRACT

Background and purpose: We have recently demonstrated that screen-detected invasive breast cancers
had more favourable tumour characteristics than non-screen-detected. The objective of the study was to
analyse differences in breast cancer treatment between screen-detected and non-screen-detected cases
by age at diagnosis, with and without adjustment for tumour (T) and nodal (N) status, within a nationwide,
population-based mammography screening programme utilising register data.

Material and methods: Data spanning 2008-2017 were collected from the National Quality Register for
Breast Cancer. Multivariable logistic regression analysis was used to estimate odds ratios and 95% confi-
dence intervals for treatment disparities between screen-detected and non-screen-detected breast cancer.
Results: Among 46,481 women diagnosed with invasive breast cancer aged 40-74 and invited for mam-
mography screening, significant differences in treatment were observed. Screen-detected cases showed
higher likelihoods of partial mastectomy compared to mastectomy, endocrine therapy, and radiotherapy,
whereas chemotherapy and antibody therapy were less likely compared to non-screen-detected cases.
However, when adjusting for surgery type, screen-detected cases showed lower likelihoods of radiother-
apy. Age at diagnosis significantly influenced treatment odds ratios, with interactions observed for all
treatments except radiotherapy adjusted for surgery. Differences increased with age, except for endocrine
therapy. Radiotherapy adjusted for surgery type showed no age-related interaction. Adjusting for Tand N
did not alter these patterns.

Interpretation: In general, screen-detected cases received less aggressive treatment, such as mastectomy,
chemotherapy, and antibody therapy, compared to non-screen-detected cases. Disparities increased with
age, except for endocrine therapy and radiotherapy adjusted for surgery. Differences persisted after adjust-
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ing for T and N, suggesting that these factors cannot solely explain the results.

Introduction

According to the national cancer and cause of death register in
Sweden, in 2021, 8,619 women were diagnosed with breast can-
cer and 1,326 women died with breast cancer as the underlying
cause of death [1].

Overviews and meta-analysis of the randomised controlled
trials on mammography screening have shown that breast cancer
screening with mammography can reduce the mortality from
breast cancer for women aged 50-69 years with 20%-25% [2-4].

In 1986, the National Board of Health and Welfare in Sweden
recommended the county councils to invite women aged 40-74
years to mammography screening. The programme was fully
implemented in all 21 counties in 1997 for the 50-69-year age
group and in 2012 for the 40-49 and 70-74-year age groups.

Several small studies in Finland, Italy, Japan, Sweden and the
UK have compared treatment modalities between screen-

detected and non-screen-detected breast cancer cases. Screen-
detected women had a higher proportion of partial mastectomy
(conservative surgery) (three studies) [5-7], a lower proportion
of chemotherapy (three studies) [6-8], a higher proportion of
endocrine therapy (one study) [6], and a lower proportion of
adjuvant systemic therapy (two studies) [9, 10]. However, in all,
except two, studies with recent data [5, 6], all or a great part of
the cases were treated in the 1990s. None of the studies
compared the treatment in relation to age at diagnosis.

The aim of screening is to reduce the risk of breast cancer
deaths. Early detection of cancer through screening may result
in the tumour being detected at an earlier stage, where it may
be less aggressive and easier to treat effectively. We have
recently demonstrated that screen-detected invasive breast
cancers had more favourable tumour characteristics than non-
screen-detected cases after adjusting for age, calendar year and
county of diagnosis and even after adjusting for T and N [11].
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The trend towards favourable tumour characteristics was less
pronounced in the 40-49 age group compared to the 50-74-
year age group, except for the oestrogen and progesterone
receptors. The aim of this study was to analyse differences in
breast cancer treatment between screen-detected and non-
screen-detected cases by age at diagnosis, with and without
adjustment for tumour (T) and nodal (N) status, within a
nationwide, population-based mammography screening
programme using register data.

Material and methods
Data retrieval

Data on all female breast cancers diagnosed during 2008-2017
were retrieved from the National Quality Register for Breast
Cancer (NKBC), with a 99.8% coverage (2008-2017) [12, 13]. In
the NKBC, only one tumour, regardless of invasive or in situ, can
be recorded per breast. Except for individual information on
whether the cancer was screen-detected or non-screen-de-
tected (interval cancer or cancer in non-participants), tumour
characteristics, age, date, and residence (county) at diagnosis,
the register also contains information on planned and given
treatment. Data were also linked to the National Cancer Register
mainly to get information if a woman also had a breast cancer
before 2008 or after 2017.

Treatment

The studied treatments were surgery, chemotherapy, radio-
therapy, endocrine therapy and antibody therapy. However,
based on treatment guidelines, endocrine therapy is only con-
sidered if the tumour is ER+, and antibody therapy is consid-
ered only if the tumour is HER2+. The treatments were
compared between screen-detected and non-screen-detected
cases. However, since most patients had surgery, the compari-
son was made between partial mastectomy and mastectomy,
not between surgery and no surgery. Both planned and
administered treatment are recorded. However, due to a sub-
stantial amount of missing data, we only used planned treat-
ment. Since radiotherapy has a strong relationship with
surgery (adjuvant treatment recommended after partial mas-
tectomy), we also studied radiotherapy adjusted for type of
surgery. Cases with a second breast cancer occurring within a
year after the first breast cancer were excluded to prevent the
selected treatment from being influenced by the second
occurrence.

In Sweden, invitation to screening for women aged 50-69
has been ongoing since the 1990s; however, for the age groups
40-49 and 70-74, screening was introduced later in several
counties. To ensure that all included cases had been invited to
screening before the diagnosis, we excluded all cases 40-49
and/or 70-74 years in these counties the first 2 years after the
start of screening.

The average mammography screening attendance rate in
Sweden during 2017-2018 was 81% [14].

Statistical methods

Multivariable logistic regression analysis was used to estimate
the odds ratio (OR) and 95% confidence intervals (Cl) for
screen-detected versus non-screen-detected cancers for treat-
ment modalities. For surgery, the OR was calculated for the like-
lihood of partial mastectomy. The analysis was adjusted for age
group, calendar year and county at diagnosis (model ) and fur-
ther also for tumour size and nodal status (model Il). Cases with
no surgery were rare (n = 92) and excluded from the statistical
analysis of surgery. In the logistic regression models, cases with
missing data were excluded.

Data were also analysed by age group at diagnosis to assess
if the ORs varied by age, that is interaction. Interaction means
that the ORs for a certain treatment differed by age and was
tested using the likelihood ratio test. A p < 0.05 was considered
statistically significant as well as 95% Cl for OR which did not
cover one.

The statistical software R (version 4.2.2) was used for all
calculations [15].

Results

The study population comprised all women diagnosed with
breast cancer during 2008-2017 at the age of 40-74 years.
Women with more than one breast cancer were excluded if the
first cancer did not meet these criteria or if the second cancer
was diagnosed less than a year after the first. For women with
multiple breast cancers, all second cancers were excluded.
Women aged 40-49 and 70-74 years at diagnosis, who were
diagnosed earlier than 2 years after screening began, were
excluded. Cases with missing data on detection mode or the
pathological anatomical diagnosis (PAD), as well as non-invasive
cases were also excluded. In the final dataset, 46,481 cases of
invasive breast cancer remained for analysis. Table 1 shows the
number of screen-detected and non-screen-detected invasive
breast cancer cases by age group at diagnosis and treatment.

The percentage of invasive breast cancer cases receiving
partial mastectomy, endocrine treatment, and radiotherapy was
higher for screen-detected cases than for non-screen-detected
cases in all age groups, except for women aged 70-74 years at
diagnosis receiving endocrine therapy. In contrast, the
percentage receiving chemotherapy and antibody treatment
was lower for screen-detected cases compared to non-screen-
detected cases (Supplementary Table). The largest differences
were seen in partial mastectomy and chemotherapy.

Logistic regression analysis showed that the likelihood of
receiving partial mastectomy, radiotherapy and endocrine
therapy was significantly higher and the likelihood of receiving
chemotherapy and radiotherapy adjusted for type of surgery
and antibody therapy was significantly lower in screen-detected
vs. non-screen-detected. Adjustment for age, calendar year and
county (model 1) only changed the ORs marginally. Further
adjustment for T and N (model Il) reduced the magnitude of the
ORs (closer to 1) for partial mastectomy, chemotherapy,
radiotherapy adjusted for surgery and antibody therapy



ACTA ONCOLOGICA 554

Table 1. Number of screen-detected and non-screen-detected invasive breast cancer cases by treatment and age group at diagnosis.

Age group at diagnosis

40-49 50-59 60-69 70-74 40-74

Screen-detected No 3,564 5,376 6,190 2,089 17,219
Yes 3,237 7,622 1,3375 5,028 29,262

Surgery Partial mastectomy 3,808 8,339 13,226 4,565 29,938
Mastectomy 2,815 4,269 5711 2,264 15,059

No surgery 9 32 29 22 92

Missing 169 358 599 266 1,392

Chemotherapy No 2,821 6,571 11,852 4,873 26,117
Yes 3,597 5,642 6,352 1,647 17,238

Missing 383 785 1,361 597 3,126

Radiotherapy No 1,204 1,974 3,302 1,575 8,055
Yes 5,271 10,335 15,057 5,022 35,685

Missing 326 689 1,206 520 2,741

Endocrine therapy No 1,453 2,916 4,081 1,391 9,841
Yes 4,981 9,321 14,203 5176 33,681

Missing 367 761 1,281 550 2,959

Antibody therapy No 5,271 10,275 16,102 5,919 37,567
Yes 999 1,692 1,746 505 4,942

Missing 531 1,031 1,717 693 3,972

Total number 6,801 12,998 19,565 7,117 46,481

(Table 2). When radiotherapy was adjusted for type of surgery,
the OR changed from 1.4 to 0.59.

When analysing the age-specific ORs adjusted for year of
diagnosis and county, all treatments, except radiotherapy
adjusted for surgery, showed statistically significant interactions;
that is, the ORs were not equal across age (Table 3). The ORs
moved further away from 1 by increasing age, except for
endocrine therapy where OR decreased from 1.5 for women
aged 40-49 years to 0.93 for the age group 70-74. Furthermore,
adjusting for both T and N did not alter the pattern, although
the ORs approached closer to 1. All interactions, except
radiotherapy adjusted for surgery, were statistically significant
(Table 4).

Discussion

This study shows that radiotherapy, endocrine therapy and par-
tial mastectomy are more frequently performed, while chemo-
therapy and antibody therapy are less frequently performed in
screen-detected breast cancer cases compared to non-screen-
detected cases. However, when adjusted for type of surgery,

also radiotherapy was less common in screen-detected cases,
most likely because radiotherapy is recommended after a partial
mastectomy but not after a mastectomy if N-; screen-detected
cases had a higher proportion of partial mastectomy. The results
also showed statistically significant different ORs by age (inter-
action) for all studied treatments, except radiotherapy adjusted
for surgery. Except for endocrine therapy, all differences
between screen-detected and non-screen-detected breast can-
cer cases increased by age. After adjustment for T and N, the dif-
ferences between screen-detected and non-screen-detected
cases remained statistically significant although somewhat
smaller except for endocrine therapy where the differences
increased.

The findings regarding partial mastectomy, chemotherapy,
and endocrine therapy are consistent with all published studies.
Radiotherapy was analysed in one study, but no significant
result was found [7]. No other study adjusted for T and N.

Data on the breast cancer cases were retrieved from a high-
quality nationwide register, with almost 100% coverage. The large
size of the study resulted in narrow Cl and possibilities to also
analyse interaction with age at diagnosis. The ORs were calculated

Table 2. Odds ratio (OR) and 95% confidence intervals (Cl) of treatment of screen-detected vs non-screen-detected invasive breast cancer in women aged
40-74 years at diagnosis. Univariate analysis and multivariable analysis adjusted for age at diagnosis, calendar time and county of residence (model I) and

age at diagnosis, calendar time, county of residence, T and N (model II).

Treatment Univariate analysis Adjusted model | Adjusted model Il
OR cl OR @ OR cl
Surgery (Partial mastectomy) 2.56 2.45-2.66 2.54 2.44-2.65 1.78 1.70-1.87
Chemotherapy 0.43 0.42-0.45 0.47 0.45-0.49 0.70 0.67-0.74
Radiotherapy 1.43 1.36-1.50 1.50 1.43-1.58 1.54 1.46-1.63
Radiotherapy adjusted for surgery 0.59 0.56-0.63 0.63 0.59-0.67 0.89 0.82-0.96
Endocrine therapy 1.14 1.09-1.20 1.19 1.13-1.24 1.32 1.26-1.39
Antibody therapy 0.58 0.55-0.61 0.62 0.58-0.66 0.71 0.67-0.76

OR: odds ratio; Cl: confidence intervals.
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Table 3. Odds ratio (OR) and 95% confidence intervals (Cl) for treatment of screen-detected vs non-screen-detected invasive breast cancer cases by age
group at diagnosis adjusted for calendar year and county of residence. P-values for test of interaction between treatment and age group at diagnosis.

Treatment 40-49 50-59 60-69 70-74 p
OR Cl OR @ OR Cl OR @

Surgery (Partial mastectomy) 1.87 1.69-2.06 2.31 2.14-2.50 291 2.73-3.12 3.11 2.78-3.47  <0.001
Chemotherapy 0.64 0.58-0.71 0.48 0.44-0.51 0.42 0.39-0.45 0.43 0.38-0.48 <0.001
Radiotherapy 1.21 1.07-1.37 1.43 1.29-1.57 1.64 1.51-1.77 1.62 1.44-1.83 0.001
Radiotherapy adjusted for surgery 0.70 0.60-0.81 0.67 0.59-0.75 0.61 0.55-0.67 0.54 0.46-0.63 0.07
Endocrine therapy 1.45 1.29-1.63 1.33 1.22-1.45 1.08 1.00-1.17 0.93 0.81-1.06 <0.001
Antibody therapy 0.76 0.66-0.87 0.66 0.59-0.73 0.55 0.50-0.61 0.52 0.43-0.63 <0.001

OR: odds ratio; Cl: confidence intervals.

with adjustments for calendar year, age and county at diagnosis.
Radiotherapy was analysed with and without adjustment for type
of surgery. All analyses were made with and without adjustment
for T and N which facilitates different interpretations.

Data in NKBC have been validated by all six Regional Cancer
Centres. In total, 800 breast cancer cases diagnosed in 2013
were randomly selected and a 5% disagreement in mode of
detection (screen-detected/non-screen-detected) was found
[16]. The misclassification might bias the differences in the
proportion of screen-detected and non-screen-detected cases,
but it is probably not related to treatment, that is no differential
misclassification.

Information on planned oncologic therapy was chosen as the
coverage in the register was better than for given treatment. In
a study of 970 women, aged 20-63 years living in Stockholm
County, Sweden, who had undergone breast cancer surgery, the
agreement between recommended and actual initiated
treatment was found to be between 93.9% and 96.1% for
radiotherapy, chemotherapy and endocrine therapy [17].

The study did not include neoadjuvant treatment. Interactive
statistics from NKBC revealed that neoadjuvant endocrine
treatment accounted for less than 1 per 1,000 cases [13]. In
contrast, neoadjuvant chemotherapy showed a more prevalent
and increasing trend, rising from 4.1% in 2012-2013 to 7.1% in
2016-2017.

Non-screen-detected cases were constituted of a mix of
interval cancers and non-participants in screening with
unknown proportions. The proportion of interval cancer in non-
screen detected cases was estimated to be 67% using the same
method as in Jonsson et al. [11], assuming that the participation
rate is 81%.

In the age group 40-49, women aged 40-41 might have
received a breast cancer diagnosis before their initial screening
invitation. Thus, the age group 40-41 may deviate from the rest
of the cases in the age group. As a sensitivity analysis, we
examined the outcomes by excluding women at age 40-41
from the 40-49 age group, and the deviations from the
aforementioned results were minor. The most notable
differences were observed when adjusted for calendar year,
county of residence, and T and N status. In the age group 42-49,
the OR for radiotherapy, adjusted for type of surgery, was 0.81
(95% Cl: 0.66-0.99), and for antibody therapy, it was 0.78 (95%
Cl: 0.67-0.90), compared to ORs of 0.85 and 0.84 for the 40-49
age group (Table 4). Additionally, the interaction between age
and antibody therapy became non-significant (p = 0.06).

Conclusions

Substantial differences in treatment between screen-detected
and non-screen-detected breast cancer were found. Screen-
detected breast cancer got more partial mastectomy compared
to mastectomy, radiotherapy and endocrine therapy and less
chemotherapy, antibody treatment and radiotherapy adjusted
for surgery compared to cases invited, but non-screen-detected.
Furthermore, the differences increased with increasing age. The
only exception was endocrine treatment which also varied over
age but with decreasing differences. The only treatment where
no statistically significant differences between age groups could
be seen was radiotherapy adjusted for surgery. All findings
remained even after adjustment for tumour size and nodal sta-
tus that is T and N. Differences in treatment of breast cancer
between screen-detected and non-screen-detected cases

Table 4. Odds ratio (OR) and 95% confidence intervals (Cl) for treatments for screen-detected vs non-screen-detected invasive breast cancer cases by age
group at diagnosis adjusted for calendar year, county of residence, T and N status. P-values for test of interaction between treatment and age group.

Treatment 40-49 50-59 60-69 70-74 p
OR cl OR cl OR cl OR cl

Surgery (Partial mastectomy) 1.45 1.30-1.62 1.62 1.49-1.76 1.97 1.83-2.12 2.11 1.87-2.39 <0.001
Chemotherapy 0.84 0.75-0.94 0.69 0.63-0.75 0.66 0.61-0.71 0.70 0.61-0.80 0.005
Radiotherapy 1.25 1.09-1.42 1.46 1.32-1.62 1.70 1.56-1.84 1.65 1.45-1.87 <0.001
Radiotherapy adjusted for surgery 0.85 0.71-1.03 0.92 0.80-1.06 0.93 0.82-1.05 0.77 0.64-0.93 0.34
Endocrine therapy 161 1.42-1.82 1.48 1.36-1.62 1.21 1.12-1.31 1.02 0.89-1.17 <0.001
Antibody therapy 0.84 0.73-0.96 0.75 0.68-0.84 0.65 0.58-0.72 0.62 0.51-0.75 0.008

OR: odds ratio; Cl: confidence intervals.



cannot be explained only by size and nodal status. Thus, early
detection of cancer through screening results in the tumour
being detected at an earlier stage, leading to less aggressive
treatment.
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