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Abstract
OBIJECTIVES: To determine the frequency and discuss possible implications of early breast cancer with

particularly good prognosis and defined by tumor diameter and cell proliferation.

SETTING: Detection of small and slowly growing tumors presents a challenge in breast cancer
management, due to the risk of over-treatment. Here, we attempted to define a group of such tumors
by combining small diameter (<10 mm, Tlab tumors) with low tumor cell proliferation (<10% Ki67

expression rate). These tumors were termed small low proliferation cancers (SLPC).

METHODS: Two population-based cohorts were studied: a small research series (n=534), and a nation-
wide registry-based series of prospectively collected routine data (n=8433). In the latter, we stratified
by detection mode; screen-detected, interval, and breast cancers detected outside of screening.
Patients were treated according to national guidelines at time of their diagnosis. For both cohorts, we
compared tumor histopathology and risk of breast cancer death using a log-rank test for cases with

SLPC versus non-SLPC.

RESULTS: In the research series (median follow-up 151 months), the frequency of SLPC was 10%
(54/534), with one breast cancer death compared with 78 among the remaining 480 cases of non-SLPC
(p=0.008). In the registry series (median follow-up 42 months), the frequency of SLPC was 10%
(854/8433), with five deaths compared to 187 among the remaining 7579 cases (p=0.0004).

CONCLUSIONS: SLPC was associated with very low risk of breast cancer death. Prospective randomized
trials are needed to clarify whether less aggressive treatment could be a safe option for women with

such early breast cancers.
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INTRODUCTION

There are significant differences between breast cancer cases at diagnosis in terms of tumor diameter,
histological grade, tumor stage, and molecular characteristics. Among the latter, hormone receptors
and HER2 are routinely reported as a basis for molecular classification, while tumor cell proliferation
by Ki67 expression is reported by most laboratories. Ki67 is closely related to tumor growth potential
and is used to define Luminal B cases as a basis for treatment. Further, it is well known that tumor
diameter and Ki67, and their combinations, are strong prognostic factors in breast cancer. Along with
this, several reports have focused on how to define early breast cancer with excellent prognosis, in
which the women might be treated less aggressively (1, 2). However, whether all subgroups of early
breast cancer would need systemic treatment is not entirely clear (2). This is of particular interest in

the setting of mammographic screening.

Here, we studied how routinely reported tumor characteristics may be used to define a subgroup of
histologically confirmed breast cancer with particularly good prognosis, by combining tumor diameter
and tumor proliferation rate (Ki67 expression). We termed this category “small low proliferation
cancers” (SLPC). This approach should be interpreted as a search for markers that can be used to define
a category of early and very slowly progressing tumors, by directly including a measure of the tumor’s
growth rate, and not only based on tumor diameter (pT). We comment on our results in the context
of “prognostic stage groups” introduced by the recent TNM staging classification (8" edition)(3), which

combine anatomic and biomarker-based information.

MATERIALS AND METHODS

We defined SLPC as breast cancers with a maximum tumor diameter <10 mm (TNM category pTlab
tumors)(3) and tumor cell proliferation measured by immunohistochemical Ki67 protein expression of
£10%. This Ki67 value is considered to indicate “clearly low” proliferation in the 2015 St. Gallen
guidelines (4). Since 2012, there has been mandatory reporting of the proportion (%) of Ki67 positive
tumor cells from breast cancer surgical specimens after immunohistochemistry based on standardized

national guidelines in Norway.

Study Populations
We included two cohorts of women diagnosed with invasive breast cancer in this study (cohort | and
II), both from BreastScreen Norway, a population-based screening program for breast cancer

established in 1996 (5). The program invites women aged 50—69 to two-view biennial mammography.



Cohort | was a research cohort of 534 women who were screened with screen-film mammography in
Hordaland county as a part of BreastScreen Norway during 1996—2003, and diagnosed with screen-
detected or interval breast cancer (6). Hordaland county represents about 10% of BreastScreen
Norway’s target population (5). This part of the study was approved by the Western Regional
Committee for Medical and Health Research Ethics, REC West (2014/1984).

Cohort Il included all women targeted by BreastScreen Norway who were diagnosed with breast cancer
during 2011-2016 after either full-field digital mammography screening, or mammography performed
due to symptoms (n=10,621). Cases without complete data on tumor diameter and/or Ki67 (n=2188)
were excluded, leaving 8433 cases for inclusion: 4913 were screen-detected breast cancers, 1525
interval cancers, and 1995 were diagnosed outside the screening program. The two latter groups
represent cases of symptomatic breast cancer. Screen-detected cancer was defined as invasive breast
cancer diagnosed after a recall due to abnormal mammographic findings. Interval breast cancer was
defined as invasive cases diagnosed within 24 months of a negative screen or within 6-24 months of a
false-positive screening result. Cases detected outside of screening were defined as invasive breast
cancer diagnosed among non-attendees in the screening program or more than 24 months after the
most recent screen in the program. The data protection official at the Cancer Registry of Norway

approved this part of the study (2019/11324); the requirement to obtain informed consent was waived
(7).

Data collection and study variables

Two breast radiologists read all the screening mammograms independently. Cases with a positive score
by one or both readers are discussed at a consensus meeting where a decision is made whether to
recall a woman. Consensus, as well as assessment of women with a positive screening examination
and mammography due to clinical symptoms, takes place at multidisciplinary breast centers (5).
Pathologists who work in close collaboration with the radiologists at the breast centers examine all
breast biopsies and surgical specimens. The reporting routines in BreastScreen Norway are described
in detail elsewhere (5). All women included in both cohorts were offered treatment based on national

guidelines at the time of their diagnosis.

For cases in cohort |, the clinical information was carefully reviewed, and pathology data were included
after re-examination of the slides, as previously reported (6). Briefly, tumor diameter and Ki67 protein
expression were determined according to national guidelines. Tumor diameter (with microscopic
extensions included) was determined by microscopy in 61% of the cases, by macroscopic examinations

in 29%, and based on radiologic information in 10%. Ki67 was determined in “hot-spot” areas by

4



counting 500 tumor cells and by using an eye-piece graticule (x630 magnification). Thus, the Ki67
expression rate is the proportion (%) of tumor cell nuclei with positive staining for the Ki67 protein,
indicating that these cells are dividing. These routines are identical to national guidelines and are also

the basis for the registry data in cohort Il (see below).

For cases in cohort Il, data were extracted from the Cancer Registry of Norway where routine data on
tumor diameter, Ki67 expression, and other characteristics of tumor histopathology are obtained from
pathology reports. For cohort Il, additional routine data on histologic type, histologic grade (using the
Nottingham criteria), lymph node status and receptor status (estrogen receptor, ER; progesterone
receptor, PR; human epidermal growth factor receptor 2, HER2) were obtained from the Cancer
Registry based on pathology reports. Molecular subtypes of breast cancers (Luminal A, Luminal B HER2,
Luminal B HER2+, Her2+, and Triple negative) were determined using the 2013 St. Gallen guidelines
(8). Reporting to the Cancer Registry has been mandatory by law since 1953, and the registration of

breast cancer cases is nearly 100% complete (9).

Statistical Analyses

The proportion of SLPC cases and disease specific survival were analyzed for both cohorts. The
distribution of age and histopathologic characteristics, including grade, molecular breast cancer
subtype, ER, PR, HER2, and lymph node status, was described for SLPC lesions and non-SLPC lesions
for cohort Il using proportions, and 95% confidence intervals (Cl) were calculated using the Wilson
score interval (10). We evaluated the association between five-year age groups and SLPC cases using

a chi-squared test.

In both cohorts, we followed women from the date of diagnosis to death of breast cancer until
December 31, 2011 (cohort |) and December 31, 2017 (cohort Il); cases were censored at the time of
death, or emigration. Kaplan-Meier survival estimates (cohort |) and Nelson-Aalen cumulative hazard
estimates (cohort Il) were used to describe the risk of breast cancer death. Differences between SLPC
and other cancers were tested using the log-rank test for both cohorts. P-values less than 0.05 were

considered statistically significant.

RESULTS

In both cohorts, the SLPC category represented 10% of all cases (cohort I: 54/534; cohort |I: 854/8433).
In cohort Il, there was a higher proportion of SLPC among screen-detected cancers (12.9%; 632/4913,
95%Cl: 12.0-13.8) than interval breast cancers (5.1%; 78/1525, 95%Cl: 4.1-6.3) and those detected
outside of screening (7.2%; 144/1995, 95%Cl: 6.1-8.4) (Table 1). The proportion of SLPC cases

5



increased with increasing age (cohort Il; p=0.0025 for the whole group). SLPC represented 36% of

pTlab cases.

SLPC lesions had favorable histopathologic characteristics compared to the remaining cases (Table 2).
Briefly, histologic grade 3 tumors were observed in 1.4% of SLPC tumors (12/854, 95%Cl: 0.8-2.5)
compared with 26.9% of the other tumors (2026/7579, 95%Cl: 25.9-27.9). Positive lymph nodes were
found in 8.3% of the SLPC lesions (66/854, 95%Cl: 6.5-10.3) compared with 30.3% among the other
cancers (2200/7579, 95%Cl: 29.3-31.4). The majority of SLPC lesions were classified as Luminal A
(80.1%; 664/854, 95%Cl: 77.2—82.7), compared to non-SLPC lesions (47.2%; 3464/7579; 95%Cl: 46.0—
48.3). A triple negative subtype was present in 0.8% of SLPC cases (7/854, 95%Cl: 0.4—1.7) compared
to 7.9% of other cancers (577/7579, 95%Cl: 7.3-8.5).

Median follow-up time for cohort | was 12.5 years (range: 8.3—15.8), and 3.5 years (range: 0-7) for
cohort Il. One single breast cancer death (screen-detected, lymph node positive case) was observed
among SLPC cases in cohort | (1/54 cases), compared with 78 deaths among the remaining cases
(78/480, p=0.008, log-rank test; Figure 1). In cohort I, five breast cancer deaths were observed among
SLPC cases (5/854) compared with 187 among the remaining cases (187/7579, p=0.0004, log-rank test;
Figure 2). Among the five women in the SLPC group who died, three cases were screen-detected, and
three were lymph node positive (two of which were screen-detected, and one was detected outside
the screening program). In this cohort, the first breast cancer death in the SLPC group occurred nearly

2.5 years following diagnosis.

DISCUSSION

In this study, we attempted to define a subgroup of early breast cancers with particularly good
prognosis, based on a combination of tumor diameter and Ki67 expression reflecting the growth rate.
This would relate to the often-asked question on the nature of “small and slowly progressing breast
cancers” and their optimal and safe treatment. Here, we found 10% of the women in both cohorts to
be diagnosed with SLPC. Our findings indicate that Ki67 could potentially be used to further stratify
T1ab tumors, which are already known to have an excellent prognosis (1, 2). This would represent an
extension of the “prognostic stage group” concept introduced in the recent TNM staging classification
(8t edition), which combines anatomic and biomarker-based information (3). Although Hanrahan et
al. (2007) and Ignatov et al. (2017) have reported a very high survival among T1lab patients, it is still
not known whether subgroups within the Tlab spectrum could be safely treated without systemic
therapy, for example among the HER2 positive or triple negative categories, given a proliferation rate

of 10% or less (1, 2).



Our study defined tumors as “small low proliferation cancers” (SLPC) if they had a maximum tumor
diameter <10 mm (TNM category pTlab tumors) (3) and tumor cell proliferation (Ki67 expression) of
<10%, a value termed as “clearly low” by the 2015 St. Gallen guidelines (4). We observed that these
tumors made up 10% of both study cohorts. Thus, we found the same proportion of SLPC cases using
data from a small research series, and using routinely and prospectively collected information from a
nation-wide and registry-based series. In the small cohort, all data were re-examined and Ki67
expression was examined in a highly standardized manner for the purpose of this study. Notably, the
readings were done by one breast pathologist. In the registry series, real-life routine data for tumor
diameter and Ki67 were based on pathology reports collected from all laboratories. Ki67 data were
based on identical protocols for how to determine the counts. Finding the same proportion of SLPC

cases in both cohorts (10%) validates the robustness of our approach.

In this study, we were motivated to search for simple pathobiological markers that could be used to
define very slowly progressing tumors in individual women. Such data can supplement the group-
based epidemiologic approach of defining and evaluating early breast cancer. The overall prognosis of
women with SLPC was very favorable when offered treatment according to national guidelines. We
believe that the SLPC category may represent a subgroup of tumors where more limited treatment
could be considered. However, since both cohorts in our study were offered treatment that adhered
to national recommendations at the time of their diagnosis, prospective randomized trials are needed
to provide additional evidence as to whether less treatment is safe and could be considered an

appropriate option for these women.

The 8™ edition of the TNM stage classification presents the concept of “prognostic stage groups”, in
which tissue-based biomarkers such as hormone receptors and HER2 status can be added to traditional
pathology information (3). Given the findings of our study, further sub-staging or stratification of the
pT1 category that considers tumor cell proliferation (Ki67 expression) could be a potential extension
of the prognostic stage group classification. Tumors could then be designated as pTlab-Ki67-low
(<10%) or pTlab-Ki67-high (>10%). However, additional evidence to validate the prognostic outcomes

of these two groups would be needed.

Although SLPC lesions are small and have a very low tumor cell proliferation, there are still cases with
tumor spread in terms of lymph node positivity. In our study, 7% of all screen-detected SLPC cases
were lymph node positive at diagnosis, compared with 17% of symptomatic SLPC tumors. This indicates

the complexity of developing precise markers for tumor progression at patient level. Importantly, we
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think that node positive SLPC should be separated from node negative SLPC, which would be a natural

consequence of integrated pTN-Ki67 “prognostic staging” of such lesions.

We used a threshold of <10 mm as the maximum tumor diameter criterion to define SLPC. We recently
reported that breast pathologists in Norway demonstrate a tendency to round tumor diameters to the
nearest 5 mm, which results in a relative excess of 10 mm cases reported to the Cancer Registry (11).
We cannot exclude that such “rounding” is also present among Ki67 measurements. Inter-observer
variation and the risk of misclassifications are well known in relation to pathology data and are
continuously discussed. Here, two of the five SLPC deaths in cohort Il were associated with cases that
had a tumor diameter and/or Ki67 measurement of 10, although we have no information to conclude

that these were misclassified.

The findings presented here highlight the diversity of breast tumors across detection modes. In relation
to mammographic screening, the issues of defining over-detection at the patient level and over-
treatment have been discussed and remain controversial (12-16). Women offered breast cancer
screening should be given the opportunity to make an informed choice about participation. Insufficient
knowledge about the factors influencing the progression of small and slowly growing tumors, and the
extent of overdiagnosis at the group-level, makes this issue challenging and difficult (13, 16-18). In our
study, the 10% of women diagnosed with SLPC may have benefitted less from the early detection
associated with screening than the other 90% of women diagnosed with screen-detected breast

cancer.

The analyses in our study used pooled information from women with screen-detected and
symptomatic cancers and are subject to lead- and length time biases. Adjustments for lead-time are
challenging given the limited number of cases with adequate follow-up time in cohort Il. Although the
short observation period is a limitation for the national cohort, the results appear to validate those
from the research cohort regarding SLPC frequency. Further, all data presented are based on women
diagnosed and treated for breast cancer according to national recommendations. Breast cancer death

was thus highly influenced by the fact that the women were treated for their disease.

In conclusion, by combining routinely collected information on tumor diameter (<10 mm) with tumor
cell proliferation from Ki67 (<10%), a subgroup of 10% of the breast cancers was defined in two
independent cohorts. Our study indicates that this “rule of 10” might be useful to identify a group of
slow-growing breast cancers with a particularly good prognosis. Prospective trial studies of women

diagnosed with SLPC who undergo less aggressive treatment than is currently recommended might
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clarify some of the remaining issues, relating to the complex relationships between treatment needed,

risk of tumor recurrences, and patient quality of life.
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Table 1: Cohort II: Proportion of small low proliferation cancers (SLPC) among all women targeted by
Breast Screen Norway during 2011-2016, stratified by mode of detection (screen-detected; interval;
outside the screening program) and five-year age group.

Age group

50-55
55-59
60-64
65-71

Total

Screen Detected Interval Outside Screening Total*

n=4913 n=1525 n=1995 n=8433
n % 95% Cl n % 95% Cl n % 95%Cl n % 95% Cl
103 2.1 (1.7-2.5) 12 0.8 (0.5-1.4) 44 2.2 (1.6-2.9) 159 1.9 (1.6-2.2)
133 2.7 (2.3-3.2) 17 1.1 (0.7-1.8) 20 1.0 (0.6-1.5) 170 2.0 (1.7-2.3)
168 3.4 (2.9-4.0) 24 1.6 (1.1-2.3) 24 1.2 (0.8-1.8) 216 2.6 (2.2-2.9)
228 4.7 (4.1-5.3) 25 1.6 (1.1-2.4) 56 2.8 (2.2-3.6) 309 3.7 (3.3-4.1)
632 12.9 (12.0-13.8) 78 5.1 (4.1-6.3) 144 7.2 6.2-8.4) 854 10.1 (9.5-10.8)

*p for trend = 0.0025.

Cl: confidence intervals; calculated using the Wilson score interval.
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Table 2: Proportions and 95% confidence intervals (Cl)* (unless otherwise specified) of histopathologic
characteristics of invasive small low proliferation cancers (SLPC) (diameter <10 mm and Ki67 <10%)
and other invasive breast cancers detected among women targeted by BreastScreen Norway during

2011-2016 (n=8433).

Histopathologic tumor
characteristics
Tumor diameter

<10 mm

10.01-20 mm

20.01-50 mm

>50 mm

Information not available
Histologic grade

1

2

3

Information not available
Lymph node status

Negative

Positive

Information not available
Estrogen receptor status

Negative

Positive

Information not available
Progesterone receptor status

Negative

Positive

Information not available
HER2T status

Negative

Positive

Information not available
Molecular subtype

Luminal A

Luminal B HER2-

Luminal B HER2+

HER2+**

Triple negative

Information not available

SLPC Other invasive Total
n=854 n=7579 n=8433
% 95% ClI % 95% ClI % 95% ClI
100.0 - 19.7 (18.8-20.6) 27.8 (26.9-28.8)
0 - 48.1 (47.0-49.2) 43.2 (42.2-44.3)
0 - 30.1 (29.1-31.1) 27.0 (26.1-28.0)
0 - 2.1 (1.8-2.5) 1.9 (1.6-2.2)
n=0 n=0 n=0
71.7 (68.6-74.7) 22.4 (21.5-23.3) 27.4 (26.4-28.3)
26.8 (24.0-29.9) 50.7 (49.6-51.9) 48.3 (47.2-49.4)
1.4 (0.8-2.5) 26.9 (25.9-27.9) 24.3 (23.4-25.2)
n=8 n=43 n=51
91.8 (89.7-93.5) 69.7 (68.6-70.7) 71.9 (70.9-72.8)
8.2 (6.5-10.3) 30.3 (29.3-31.4) 28.1 (27.1-29.1)
n=53 n=326 n=379
1.4 (0.8-2.4) 11.4 (10.7-12.2) 104 (9.8-11.1)
98.6 (97.6-99.2) 88.6 (87.8-89.3) 89.6 (88.9-90.2)
n=3 n=50 n=53
189 (16.4-21.4) 29.6 (28.6-30.7) 28.5 (27.6-29.5)
81.1 (78.4-83.6) 70.4 (69.3-71.4) 715 (70.5-72.4)
n=11 n=78 n=89
98.0 (96.8-98.7) 88.2 (87.5-89.0) 89.2 (88.5-89.9)
2.0 (1.3-3.2) 11.8 (11.0-12.5) 10.8 (10.1-11.5)
n=12 n=145 n=157
80.1 (77.2-82.7) 47.2 (46.0-48.3) 50.5 (49.4-51.6)
17.0 (14.6-19.7) 33.4 (32.3-34.5) 31.7 (30.7-32.7)
1.7 (1.0-2.8) 8.4 (7.8-9.0) 7.7 (7.1-8.3)
0.4 (0.1-1.1) 3.2 (2.8-3.7) 2.9 (2.6-3.3)
0.8 (0.4-1.7) 7.9 (7.3-8.5) 7.1 (6.6-7.7)
n=25 n=235 n=260

*Calculated using the Wilson score interval.

** Human epidermal growth factor receptor 2.
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FIGURE LEGENDS

Figure 1: Kaplan-Meier estimates of breast-cancer specific survival using the log-rank test for small low
proliferation cancers (SLPC) and all other invasive cancers among women targeted for screening in
Hordaland, by BreastScreen Norway, during 1996—2003 (cohort |, n=534).

Figure 2: Nelson-Aalen cumulative hazard estimates of breast cancer death for small low proliferation
cancers (SLPC) and all other invasive breast cancers among women targeted for screening by
BreastScreen Norway during 2011-2016 (cohort I, n = 8433).
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