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Abstract

Background: Although small, node-negative breast cancer (ie, T1abN0) constitutes 20% of all newly diagnosed breast cancers,
data on prognosis and prognostic factors are limited. Methods: We conducted a population-based cohort study including
20114 Swedish women treated for T1abNO breast cancer from 1977 onward. Patient and tumor data were collected from
Swedish breast cancer registries. Cohort subjects were followed through linkage to the Cause of Death Register. We calculated
the cumulative incidence of breast cancer-specific and overall death and used Cox regression to estimate hazard ratios (HRs)
and 95% confidence intervals (CIs). Results: During a median follow-up of 9.1 years (range = 0-38), 915 women died of breast
cancer and 5416 of any cause. The 10-, 20-, and 30-year cumulative incidences of breast cancer death were 3.4% (95% CI =
3.1% to 3.7%), 7.6% (95% CI = 7.1% to 8.2%), and 10.5% (95% CI = 9.6% to 11.4%), respectively. The multivariable hazard ratios
and 95% confidence intervals of breast cancer death were 0.92 (95% CI = 0.88 to 0.97) for each additional calendar year of diag-
nosis, 4.38 (95% CI = 2.79 to 6.87) for grade 3 vs grade 1 tumors, 0.43 (95% CI = 0.31 to 0.62) for progesterone receptor-positive
Vs progesterone receptor-negative disease, and 2.01 (95% CI = 0.99 to 4.07) for HER2-positive vs HER2-negative disease.
Women with grade 3 vs grade 1 tumors had a 56% increased risk of death from any cause (HR = 1.56, 95% CI = 1.30 to 1.88).
Conclusions: The risk of breast cancer death in T1abNO disease continues to increase steadily beyond 10years after
diagnosis, has improved over time, and varies substantially by tumor characteristics.

Approximately 20% of breast cancers diagnosed today are 10mm systemic treatment, especially chemotherapy and HER2-
or smaller and node negative (ie, T1abNO) (1). Whether women targeted therapies. The relative treatment benefits of endocrine
with T1abNO breast cancer should receive adjuvant systemic therapy and/or chemotherapy are apparent irrespective of tu-
treatment is controversial. With reported mean 10-year disease- mor size and stage (7-11). However, because data on long-term
specific survival rates of more than 90% (2-6), the prognosis has prognosis and prognostic factors for T1abNO breast cancer are
historically been considered sufficiently good to exclude adjuvant limited, it remains challenging to select patients for adjuvant
systemic therapies irrespective of tumor features. treatment. The aim of this study was to assess long-term prog-

Women with T1abNO breast cancer have largely been ex-

" i ) - nosis and prognostic factors in T1abNO breast cancer. We con-
cluded from randomized trials assessing the effect of adjuvant

ducted a population-based cohort study including 20114
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Swedish women surgically treated for T1abNO breast cancer
from 1977 onward, followed for breast cancer death, all-cause
mortality, and metachronous breast cancer.

Methods

Study Design and Data Sources

This is a population-based cohort study. Study participants
were identified in Sweden’s 6 regional breast cancer registries
and the National Breast Cancer Registry and followed for out-
comes through linkage to the Cancer Registry, the Total
Population Register, and the Cause of Death Register. Linkage
was conducted using the national registration number, a unique
identifier assigned to all Swedish citizens.

Sweden is divided into 6 healthcare regions [residents in
millions (12)]: North (0.9), Uppsala-Orebro (2.1), Stockholm-
Gotland (2.4), West (1.9), South-East (1.1), and South (1.9). Before
2000, each region had a collaborative breast cancer group devel-
oping regional treatment guidelines. Since 2000, there are na-
tional treatment guidelines with regional adjustments. In 1977-
1992, each regional group established a regional registry compil-
ing information on patient and tumor characteristics and
planned primary treatment of all newly diagnosed breast cancer
patients; in the North region, only patients aged younger than
75 years were included in the registry. In 2007, the regional reg-
istries were discontinued because the National Breast Cancer
Registry was established instead, which includes more than
95% of all newly diagnosed breast cancers patients in Sweden
(13).

The Cancer Registry includes all newly diagnosed cancers in
Sweden with more than 96% completeness (14). The Total
Population Register includes virtually 100% of deaths and 91% of
emigrations (15). The Cause of Death Register contains underly-
ing and contributory causes of death with 96% completeness
and with a disagreement of 6.9% for breast cancer as the under-
lying cause of death (16,17).

The study was approved by the Stockholm Regional Ethics
Committee (2014/365-31/2), with jurisdiction for all participating
sites. The study protocol has been registered at www.clinical-
trials.gov (NCT03390608).

Study Cohort

A flow diagram describing the assembly of the study cohort is
available in Figure 1. Data were retrieved on all women
(n=33908) in the 6 regional breast cancer registries or the
National Breast Cancer Registry who were surgically treated for
invasive breast cancer with pathological tumor size 10mm or
smaller, any nodal status (NO, N1, NX), and no metastatic spread
(M0). We excluded 1299 women for whom we could not verify a
diagnosis of invasive breast cancer (International Classification
of Diseases [ICD]-7: 170; ICD-8-9: 174; ICD-10: C50) in the Cancer
Registry within an index period of 3 months prior to and 3
months after the date of diagnosis, 1481 women with a breast
cancer diagnosis in the Cancer Registry prior to the index pe-
riod, and 63 women with conflicting data and/or duplicates. We
furthermore excluded women receiving neoadjuvant treatment
(n=609), tumor size missing or 0mm (n=217), bilateral or mul-
tiple breast tumors (n=3314), treated without surgery (n=78),
unknown nodal status (NX) (n=4003), or positive nodal status
(N1) (n=2730). The final study cohort included 20114 women
with T1abNO tumors.

Exposure, Covariate, and Outcome Data

We retrieved information on the following exposures and cova-
riates from the registries: date of diagnosis (data available for
n=20114), age at diagnosis (n=20114), menopausal status
(n=18136), screening detection (n=11949), tumor size
(n=20114), tumor grade (n =12458), estrogen receptor (ER) sta-
tus (n=15059), progesterone receptor (PR) status (n=14757),
HER2 status (n=7930), Ki67 (n=4007), type of surgery
(n=19519), adjuvant radiotherapy (n=15319), adjuvant endo-
crine treatment (n=12534), and adjuvant chemotherapy
(n=11533).

The prespecified primary outcome was breast cancer death
(BCD), defined as breast cancer (ICD-7: 170; ICD-8-9: 174; ICD-10:
C50) listed as the underlying cause of death in the Cause of
Death Register (data available to December 31, 2014). Secondary
outcomes included death from any cause (data available to July
30, 2016) and metachronous breast cancer (data available to
December 31, 2014), defined as ipsilateral or contralateral breast
cancer registered in the Cancer Registry at any date after the in-
dex period.

Statistical Analysis

Cohort subjects were followed from the date of diagnosis to the
date of BCD, emigration, death from other causes, or end of
follow-up (December 31, 2014), whichever occurred first. The cu-
mulative incidence of BCD at different follow-up times was cal-
culated using a competing-risks extension of the Kaplan-Meier
estimator (18), with death from other causes considered a com-
peting event. In analyses where any cause of death was consid-
ered the outcome, follow-up ended July 30, 2016. Of the 20114
women in the study cohort, 2 had been diagnosed with breast
cancer in January 2015. These 2 women were only included in
the survival analysis where all cause death was considered the
outcome. Cox proportional hazard regression was used to calcu-
late hazard ratios (HRs) and 95% confidence intervals (Cls). All
survival analyses were restricted to women with nonmissing
data on relevant exposures and covariates (ie, no imputation
was conducted).

“Simple” and “full” regression models were constructed. The
simple models were adjusted for year of diagnosis, age at diag-
nosis, region, and whether the patient was included in the re-
gional breast cancer registries or the National Breast Cancer
Registry. The full models were further adjusted for tumor size,
tumor grade, and ER status. We created a proxy for the intrinsic
subgroups based on tumor grade, ER status, PR status, and HER2
status (luminal A = ER positive [ER+], PR positive [PR+], HER2
negative [HER-], and grade 1-2; luminal B [HER2 negative] = ER
positive, HER2 negative, and PR negative and/or grade 3; luminal
B [HER2 positive] = ER positive and HER2 positive [HER2+]; HER2
positive [nonluminal] = ER negative [ER-], PR negative [PR-], and
HER?2 positive; triple negative = ER negative, PR negative, and
HER2 negative). Analyses including HER2 status or the intrinsic
subgroups were restricted to women diagnosed from January 1,
2005, onward as HER2 status was rarely assessed and registered
before then.

We conducted 2 prespecified sensitivity analyses: one where
women diagnosed with metachronous breast cancer were cen-
sored at the time of diagnosis of the metachronous tumor (sen-
sitivity analysis 1) and one where women with any prior cancer
at study entry, except nonmelanoma skin cancer and cancer in
situ of the cervix, were excluded (sensitivity analysis 2). The
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Figure 1. Flow diagram describing the assembly of the study cohort.

information available in the regional breast cancer registries, in-
cluding the start date of the registry and the proportion of miss-
ing data, differed between regions and over time
(Supplementary Tables 1-3, available online), with generally
fewer variables and larger proportions of missing data in earlier
years. The information available in the National Breast Cancer
Registry, in contrast, is homogenous across regions and over
time and has a low proportion of missing data (Supplementary
Tables 1-3, available online). We therefore conducted 2 addi-
tional sensitivity analyses that had not been prespecified in the
study protocol; one restricted to women diagnosed from
January 1, 2000, onward (sensitivity analysis 3) and one re-
stricted to women in the National Breast Cancer Registry subco-
hort (sensitivity analysis 4). We also conducted a sensitivity
analysis using the Fine and Gray subhazard method to account
for competing events (sensitivity analysis 5).

Finally, we conducted the survival analysis using a landmark
at 10years, starting the follow-up at 10years among women
having survived and not being censored at that time. All analy-
ses were conducted using Stata 15.1.

Results

Baseline Characteristics

The study cohort included 20114 women diagnosed with
T1abNO breast cancer between January 14, 1977, and January 20,
2015. The mean age at diagnosis was 60.5 (10.4) years. Baseline
characteristics are shown in Table 1. Of the tumors, 80.3% were
screen-detected, 83.3% T1b (6-10 mm), 88.0% ER positive, 73.0%
PR positive, 43.5% grade 1, 43.4% grade 2, 13.1% grade 3, and
9.1% HER2 positive. Of the women, 77.3% underwent partial
mastectomy, 81.7% received adjuvant radiotherapy (91.0% after

* T1abNX N =4 003

¥ T1abN1 N=2730 |

partial mastectomy and 15.3% after mastectomy), 53.9% adju-
vant endocrine therapy (60.9% of ER-positive cases), and 7.1%
adjuvant chemotherapy. Treatment patterns varied by tumor
characteristics with generally more extensive treatment for
more aggressive tumors (Supplementary Tables 4 and 5, avail-
able online).

Cumulative Incidences and Hazard Ratios of BCD

Table 2 and Figures 2-4 shows cumulative incidences of BCD
overall and by patient and tumor characteristics. During a me-
dian follow-up of 9.1 years (range = 0-38 years), 915 women died
of breast cancer. The cumulative incidence of BCD at 10, 20, and
30years of follow-up was 3.4% (95% CI = 3.1% to 3.7%), 7.6% (95%
CI = 7.1% to 8.2%), and 10.5% (95% CI = 9.6% to 11.4%), respec-
tively. The 10-year cumulative incidence decreased from 5.5%
(95% CI = 4.6% to 6.5%) among those diagnosed between 1977
and 1989 to 2.5% (95% CI = 1.9% to 3.1%) among those diagnosed
between 2000 and 2004. It also varied by patient and tumor
characteristics, especially by age and tumor grade: 11.2% (95%
CI = 6.5% to 17.2%) among those aged younger than 35 years,
3.2% (95% CI = 2.7% to 3.9%) among those aged 45-54 years, and
5.1% (95% CI = 3.8% to 6.7%) among those aged 75 years and
older. For tumor grade, it varied from 1.2% (95% CI = 0.9% to
1.8%) for grade 1 to 7.4% (95% CI = 5.9% to 9.2%) for grade 3. ER-
positive vs ER-negative tumors had a lower cumulative inci-
dence of BCD, but the difference diminished over time (Table 2
and Figure 4).

Table 2 shows hazard ratios for BCD for the simple and full
regression models. In the simple models, year of diagnosis
(2005- to end of follow up vs 1977-1989: HR = 0.36, 95% CI = 0.25
to 0.51), age at diagnosis (younger than 35 years vs 45-54 years:
HR = 3.11, 95% CI = 2.10 to 4.60; 75 years or older vs 45-54 years:
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Table 1. Baseline characteristics in 20114 women diagnosed with
T1abNO breast cancer 1977 to 2015

Characteristic No. (%)
Total 20114 (100)
Age at diagnosis, y
<35 172 (0.9)
35-44 1239 (6.2)
45-54 4303 (21.4)
55-64 6586 (32.7)
65-74 6585 (32.7)
>75 1229 (6.1)
Menopausal status®®
Premenopausal 3047 (16.8)
Postmenopausal 15089 (83.2)
Unknown 1978
Screening detected®*
Yes 9591 (80.3)
No 2358 (19.7)
Unknown 8165
Tumor size

<5mm (T1a)
6-10 mm (T1b)
Tumor grade?®

3367 (16.7)
16747 (83.3)

1 5416 (43.5)
2 5411 (43.4)
3 1631 (13.1)
Unknown 7656
ER status®
Positive 13255 (88.0)
Negative 1804 (12.0)
Unknown 5055
PR status®
Positive 10777 (73.0)
Negative 3980 (27.0)
Unknown 5357
HER2 status®
Positive 721 (9.1)
Negative 7209 (90.9)
Unknown 12184
Proliferation®
Low, <20% 2972 (74.2)
High, >20% 1035 (25.8)
Unknown 16107
Intrinsic subgroups®¢
Luminal A 5300 (68.7)
Luminal B, HER2 negative 1283 (16.6)
Luminal B, HER2 positive 498 (6.5)
HER?2 positive, nonluminal 205 (2.7)
Triple negative 432 (5.6)
Unknown 12396
Type of surgery®
Partial mastectomy 15079 (77.3)
Mastectomy 4440 (22.7)
Unknown 595
Adjuvant radiotherapy®
No 2810 (18.3)
Yes 12509 (81.7)
Unknown 4795
Adjuvant endocrine therapy?®
No 5781 (46.1)
Yes 6753 (53.9)
Unknown 7580
(continued)

Table 1. (continued)

Characteristic No. (%)
Adjuvant chemotherapy®
No 10709 (92.9)
Yes 824 (7.1)
Unknown 8581
Adjuvant trastuzumab®
Yes 329 (NA)
Unknown 19785

#Percentages are calculated without including women in the “unknown” cate-
gory in the denominator. ER = estrogen receptor; PR = progesterone receptor.
"Women with missing registry data on menopausal status aged younger than 45
years were considered premenopausal and those aged 55 years or older as
postmenopausal.

‘Data on whether the tumor was screening detected or clinically detected is re-
stricted to women aged 40-74 years.

dLuminal A = ER positive, PR positive, HER2 negative, and grade 1-2; Luminal B
(HER2 negative) = ER positive, HER2 negative, and PR negative, and/or grade 3;
Luminal B (HER2 positive) = ER positive, and HER2 positive; HER2 positive (non-
luminal) = ER negative, PR-negative, and HER2 positive; triple negative = ER neg-
ative, PR negative, and HER2 negative.

HR = 2.10, 95% CI = 1.55 to 2.85), tumor grade (3 vs 1: HR = 4.55,
95% CI = 3.23 to 6.41), ER status (ER+ vs ER-: HR = 0.65, 95% CI =
0.53 to 0.80), PR status (PR+ vs PR-: HR = 0.55, 95% CI = 0.46 to
0.66), and HER?2 status (HER+ vs HER-: HR = 3.87, 95% CI = 2.01
to 7.45) were associated with risk of BCD. Although the precision
was lower in the fully adjusted models, the associations
remained largely unchanged except for age at diagnosis (youn-
ger than 35 years vs 45-54 years: HR = 1.56, 95% CI = 0.56 to 4.36;
75 years or older vs 45-54 years: HR = 1.67, 95% CI = 0.83 to 3.34),
and HER2-status (HER2+ vs HER2-: HR = 2.01, 95% CI = 0.99 to
4.07). The hazard ratios from the fully adjusted models were
0.92 (95% CI = 0.88 to 0.97) for each additional calendar year of
diagnosis, 4.38 (95% CI = 2.79 to 6.87) for grade 3 vs grade 1
tumors, and 0.43 (95% CI = 0.31 to 0.62) for PR-positive vs PR-
negative disease. In analyses including the intrinsic subgroups,
compared with women with luminal A tumors, women with
triple-negative tumors (multivariable HR = 4.89, 95% CI = 1.76 to
13.6), HER2-positive (nonluminal) tumors (multivariable HR =
5.76, 95% CI = 1.76 to 18.9), and luminal B (HER2-positive)
tumors (HR = 5.03, 95% CI = 1.92 to 13.2) had the highest and
similar relative risks of BCD.

The associations were generally similar in the 5 sensitivity
analyses (Supplementary Tables 6-10, available online). Results
from the analysis starting follow-up at 10years after diagnosis
are shown in Supplementary Table 11 (available online). The
major differences compared with the results from the main
analysis were that the association between tumor grade and
BCD was attenuated (3 vs 1: HR = 1.65, 95% CI = 0.87 to 3.11 in
the simple model and HR = 2.60, 95% CI = 1.02 to 6.61 in the full
model) and that ER positivity vs ER negativity was associated
with a higher, not lower, risk of BCD (ER+ vs ER-: HR = 1.55, 95%
CI = 1.06 to 2.27 in the simple model and HR = 1.96, 95% CI =
0.79 to 4.86 in the full model).

Cumulative Incidences and Hazard Ratios of Death From
Any Cause and Metachronous Breast Cancer

Supplementary Table 12 (available online) shows cumulative
incidences and hazard ratios for death from any cause. During
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Table 2. Cumulative incidences and hazard ratios of death from breast cancer by patient and tumor characteristics in 20112 women with

T1abNO breast cancer
Cumulative incidence
% (95% CI) Hazard ratio (95% CI)
Characteristic 10 years 20 years 30 years Simple model® Full model®
All 34(3.1t03.7) 7.6 (7.1t0 8.2) 10.5 (9.6 to 11.4) NA NA
Year of diagnosis, events/No. — — — 915/20112 190/11188
1977-1989 5 (4.6 t0 6.5) 10.6 (9.3 to 11.9) 13.6 (12.2 to 15.2) Referent Referent
1990-1994 3.9 (3.3t04.7) 8.3(7.4109.3) — 0.72 (0.60 to 0.86) 0.74 (0.19 to 2.87)
1995-1999 4 0(3.3t04.8) — — 0.64 (0.52 t0 0.78) 0.61 (0.16 to 2.31)
2000-2004 .5(1.9to 3.1) — — 0.44 (0.34 to0 0.56) 0.35(0.09 to 1.34)
) )

2005-end of follow up

Age at diagnosis, y, events/No.
<35
35-44
45-54
55-64
65-74
>75

Menopausal status, events/No.
Premenopausal
Postmenopausal

Screening detected, events/No.

No
Yes

Tumor size, events/No.
<5mm
6 to <10 mm

Tumor grade, events/No.
1
2
3

ER status, events/No.
Negative
Positive

PR status, events/No.
Negative
Positive

HER? status, events/No.€
Negative
Positive

Intrinsic subgroups, events/No.¢

Luminal A

Luminal B, HER2 negative
Luminal B, HER? positive
HER?2 positive, nonluminal
Triple negative

2The simple model is adjusted for year of diagnosis (continuous), age at diagnosis (categorical: <35, 35-44, 45-54, 55-64, 65-74,
Gotland, Uppsala-Orebro, South-East, South, West, North), and registry source (categorical: regional breast cancer registries, the National Breast Cancer Registry). “—
indicates data not available for analysis. CI = confidence interval; ER = estrogen receptor; PR = progesterone receptor.

112(65to17m
3(3.9t06.9)
2(2.7t03.9)
.0(2.5 0 3.5)
1(2.6t03.6)
Bsmen
43@5t05m
3.2(2.9t0 3.6)
3.0 (2.2 to 4.0)
2.7 (2.3103.2)
3.6 (2.9 to 4.4)
3.4 (3.0t03.7)

1.2(0.9to0 1.8)
3.2 (2.6 t03.9)
7.4(5.9109.2)
7.0 (5.7 to 8.4)
2.5(2.2t02.9)
5.3(4.5t06.2)
2.0 (1.7 to 2.4)
5y
0.6 (0.4 t0 0.8)
2.7 (14t04.7)
5y
0.2 (0.1t0 0.5)
1.3 (0.6t02.4)
2.1(0.9t04.3)

3.4(15t06.4)

26.7 (17.9 to 36.3)

116(93t0142)
1(6.1t08.2)
7(6.7t08.7)
0(6.1t07.9)

10.5 (9.0 to 12.1)
7.2 (6.6t07.8)
8.1 (6.3 t0 10.1)
6.9 (5.9t07.9)
6.9 (5.7 10 8.2)
7.8 (7.2 to 8.4)

5.2 (2.9 t0 8.5)
7.9 (6.0 to 10.2)
14.0 (10.6 to 17.8)
10.5 (8.8 to 12.5)
7.2 (6.4 t0 8.0)
9.8 (8.5 t0 11.2)
6.3(5.5t07.3)
NA

NA

18.6 (14.1 to 23.5)
10.4 (8.9 to 12.1)
7.9(6.9t09.1)

16.7 (13.8 t0 19.9)
9.0(8.1t09.9)

10.8 (9.9 to 11.9)

10.8 (9.3 to 12.4)

12.7 (10.7 to 14.8)

NA

NA

0.36 (0.25 to 0.51,
915/20112
3.11 (2.10 to 4.60)
1.50 (1.18 to 1.92)
Referent
1.15 (0.96 to 1.38)
1.23 (1.02 to 1.49)
2.10 (1.55 to 2.85)
822/18134
Referent
0.89 (0.63 to 1.25)
327/11948
Referent
0.88 (0.68 to 1.15)
915/20112
Referent
1.07 (0.89 to 1.28)
275/12 456
Referent
2.22 (1.61 to 3.07)
4.55(3.23 t0 6.41)
516/15057
Referent
0.65 (0.53 to 0.80)
478/14755
Referent
0.55 (0.46 to 0.66)
45/7477
Referent
3.87 (2.01 to 7.45)
43/7332
Referent
3.71 (1.60 to 8.60)
7.27 (2.90 to 18.2)
10.7 (3.68 to 31.0)
8.20 (3.28 t0 20.5)

0.29 (0.07 to 1.14
190/11 188
1.56 (0.56 to 4.36)
1.39 (0.80 to 2.39)
Referent
0.94 (0.64 to 1.39)
1.05 (0.70 to 1.57)
1.67 (0.83 t0 3.34)
166/10126
Referent
1.55 (0.75 to 3.19)
121/8813
Referent
1.19 (0.76 to 1.88)
190/11188
Referent
0.73 (0.50 to 1.05)
190/11188
Referent
2.44 (1.65 to 3.60)
4.38 (2.79 t0 6.87)
190/11188
Referent
0.69 (0.48 t0 0.99)
181/11051
Referent
0.43 (0.31 t0 0.62)
44/7332
Referent
2.01 (0.99 to 4.07)
43/7286
Referent
2.87 (1.16 to 7.09)
5.03 (1.92 to 13.2)
5.76 (1.76 to 18.9)
4.89 (1.76 to 13.6)

>75), region (categorical: Stockholm-

»

>The full model is adjusted for the same variables as the simple model plus tumor size (categorical: T1a, T1b), tumor grade (categorical: 1, 2, 3), and ER status (categori-

cal: positive, negative).

“Analyses of HER2 status and the intrinsic subgroups are restricted to women diagnosed January 1, 2005, onward.

follow-up, 5416 women died of any cause. In the full regression
models, old age at diagnosis (75 years or older vs 45-54 years:
8.61 to 13.7), being postmenopausal vs pre-

HR = 10.9, 95% CI =

menopausal at diagnosis (HR = 1.79, 95% CI = 1.14 to 2.82), and
higher tumor grade (3 vs 1: HR = 1.56, 95% CI = 1.30 to 1.88) were

associated with a higher risk of death from any cause (Figure 3).

The pattern of better shorter-term but similar longer-term prog-

nosis for ER-positive vs ER-negative tumors was evident also
when death from any cause was the outcome (Figure 4). None of

Discussion

the patient or tumor characteristics were associated with risk of
metachronous breast cancer (Supplementary Table 13, available
online).

The 10-year cumulative incidence of BCD was 3.4% in our co-
hort, in agreement with prior reports including a 4.0% estimate
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Figure 2. Cumulative incidence of breast cancer death in women with T1abNO
breast cancer stratified by year of diagnosis.
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Figure 3. Cumulative incidence of breast cancer death and death from any cause
in women with T1abNO breast cancer stratified by tumor grade. A) Cumulative
incidence of breast cancer death and B) cumulative incidence of death by any
cause are shown.

from Surveillance, Epidemiology, and End Results (19,20). For
T1abNO tumors, data on prognosis beyond 10years are limited.
A few publications have reported 20-year disease-free survival
estimates of 70%-88% (20-22). In clinical decision-making, data
on long-term prognosis in women not receiving adjuvant treat-
ment are especially important. A Finnish study of 80 women
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Figure 4. Cumulative incidence of death from breast cancer and death from any
cause among women with T1abNO breast cancer stratified by ER status. A)
Cumulative incidence of breast cancer death and B) cumulative incidence of
death by any cause are shown.

diagnosed with T1abNO tumors between 1945 and 1976 not re-
ceiving adjuvant systemic treatment reported 10- and 20-year
BCD rates of 6% and 8%, respectively (4). A recently published
Swedish study reported a 15-year breast cancer-specific sur-
vival rate of 93.7% among 1543 patients diagnosed between
1997 and 2002 with T1abNO grade 1-2 tumors of whom 12% re-
ceived adjuvant endocrine therapy and 0% adjuvant chemo-
therapy (5). Based on our data, the 10-year absolute risk of BCD
among women not receiving adjuvant systemic treatment is
around 6%; the observed 10-year cumulative incidence of BCD
among those diagnosed between 1977 and 1989, a period during
which adjuvant systemic treatment was recommended only in
selected cases, was 5.5%. However, given the substantially im-
proved prognosis over time, it is unclear whether this observed
10-year cumulative incidence of BCD is applicable for contem-
porary women. Our data also indicate that the risk of BCD con-
tinues to increase steadily beyond 10 years after diagnosis. This
finding is corroborated by a recent Early Breast Cancer Trialists’
Collaborative Group meta-analysis assessing 20-year prognosis
among women with ER-positive tumors treated with 5years of
adjuvant endocrine treatment (10). In the meta-analysis, includ-
ing only 5527 women, the 20-year risk of BCD in the T1NO sub-
group (ie, T1abcNO) was 12%, and in analyses starting follow-up
at 5years postdiagnosis, the risk of BCD after 15years was 5%
for T1abNO and 8% for T1cNO tumors. To the best of our



knowledge, before our study no such long-term follow-up data
existed for ER-negative T1abNO tumors.

Our data suggest that standard prognostic factors in larger
or node-positive breast cancer retain prognostic relevance in
the T1abNO subgroup. ER negativity, PR negativity, HER2 positiv-
ity, and higher tumor grade were associated with poorer prog-
nosis, in agreement with results from most prior smaller
studies (3,4,19,23-27). Likewise, the 5-year cumulative incidence
of BCD was 0.2% for luminal A tumors vs 3.4% for triple-
negative tumors. Tumor grade in particular was a strong prog-
nostic factor in our study. Women with grade 3 vs grade 1
tumors were more than 400% more likely to die from breast can-
cer and more than 50% more likely to die from any cause.
Interestingly, the association between tumor grade and BCD
was lower in the analysis restricted to women being alive
10year after the diagnosis, suggesting that the prognostic utility
of tumor grade diminishes over time.

In our study, women with ER-positive vs ER-negative tumors
had a better 10-year prognosis but more similar longer-term
prognosis, consistent with prior studies showing that late relap-
ses are common in women with larger or node-positive ER-posi-
tive tumors (28). These results add further to the notion that
T1abNO tumors behave biologically as larger tumors. The high
cumulative incidence of BCD among younger women is notable
and in line with previous findings for both T1abNO and larger
tumors (20,24,29). We observed no difference in prognosis com-
paring T1aNO with T1bNO, which is probably explained by a
larger proportion of women with T1bNO receiving active treat-
ment, rather than tumor size not being a prognostic factor in
the T1abNO subgroup. We observed successively improved
prognosis over time. The 10-year cumulative incidence of BCD
was, for example, 2.5% among those diagnosed from 2000 to
2004 vs 5.5% among those diagnosed from 1977 to 1989. Several
explanations are possible for this finding, including more and
better adjuvant treatment over time. The improved prognosis
over time can also be explained by other factors, such as earlier
detection and active treatment of aggressive T1abNO tumors, or
by increasing overdiagnosis of indolent T1abNO tumors because
of mammography screening. The latter explanation seems un-
likely, however, as we observed no appreciable difference in
prognosis for tumors being screening detected vs not screening
detected. Although we are unable to pinpoint the precise mech-
anisms, our data suggest that the changes over time in breast
cancer screening, diagnosis, and treatment have led to im-
proved prognosis not only for women with larger or node-
positive tumors but also for women with T1abNO breast cancer.
Key strengths of this study include its population-based design,
large sample size, long-term follow-up, and the main outcome
being BCD. Key limitations of these real-world data when
assessing prognosis and prognostic factors are missing data
and misclassification. We addressed the missing data issue by
conducting sensitivity analyses restricted to women diagnosed
from 2000 onward and, respectively, to women in the National
Breast Cancer Registry subcohort, which yielded largely similar
or even more pronounced relative risks. Registry data are prone
to misclassification, and we conducted no medical chart review
or re-review of pathological material. However, we have no rea-
son to suspect that the key findings of this study are due to mis-
classification. = Indeed, any bias stemming from
misclassification should primarily be at random and drive the
associations toward the null. We did not focus this study on
assessing treatment effects, which in these types of studies are
prone to bias because of confounding by indication, selection
bias, and lack of data on all relevant treatment selection factors.
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It is important to note, however, that the relative treatment
benefits of endocrine therapy and/or chemotherapy in random-
ized trials are independent of tumor size and stage (7-11), sug-
gesting that the relative treatment benefits are similar also
among women with T1abNO tumors.

In conclusion, the data from this study suggest that the risk
of BCD among women with T1abNO breast cancer increases
steadily with time since diagnosis, has improved over time, and
varies substantially by tumor characteristics. For certain sub-
groups, for example, women with grade 3 tumors, the risk of
BCD was considerable. The premise that prognosis for all
women with T1abNO breast cancer is sufficiently good to ex-
clude adjuvant treatment irrespective of tumor features should
be abandoned. Women with T1abNO breast cancer should be
considered for adjuvant therapy interventions, in particular
those with aggressive tumor features or long life expectancy.
Randomized clinical trials including patients with T1abNO
breast cancer are warranted.
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