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Uppsala/Örebro, Sweden.
Authors’ disclosures of potential conflicts of interest and author contributions are found at the end of this
article.
Corresponding author: Åsa Wickberg,
MD, Department of Surgery, University
Hospital Örebro, S-701 85 Örebro,
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Purpose
To investigate how radiotherapy (XRT) adds to tumor control using a standardized surgical
technique with meticulous control of surgical margins in a randomized trial with 20 years
of follow-up.
Patients and Methods
Three hundred eighty-one women with pT1N0 breast cancer were randomly assigned to sector
resection with (XRT group) or without (non-XRT group) postoperative radiotherapy to the breast.
With follow-up through 2010, we estimated cumulative proportion of recurrence, breast cancer
death, and all-cause mortality.
Results
The cumulative probability of a first breast cancer event of any type after 20 years was 30.9% in
the XRT group and 45.1% in the non-XRT group (hazard ratio [HR], 0.58; 95% CI, 0.41 to 0.82). The
benefit of radiotherapy was achieved within the first 5 years. After 20 years, 50.4% of the women
in the XRT group died compared with 54.0% in the non-XRT group (HR, 0.92; 95% CI, 0.71 to
1.19). The cumulative probability of contralateral cancer or death as a result of cancer other than breast
cancer was 27.1% in the XRT group and 24.9% in the non-XRT group (HR, 1.17; 95% CI, 0.77 to 1.77).
In an anticipated low-risk group, the cumulative incidence of first breast cancer of any type was 24.8%
in the XRT group and 36.1% in the non-XRT group (HR, 0.61; 95% CI, 0.35 to 1.07).
Conclusion
Radiotherapy protects against recurrences during the first 5 years of follow-up, indicating that XRT
mainly eradicates undetected cancer foci present at primary treatment. The similar rate of
recurrences beyond 5 years in the two groups indicates that late recurrences are new tumors.
There are subgroups with clinically relevant differences in risk.
J Clin Oncol 32:791-797. © 2014 by American Society of Clinical Oncology
INTRODUCTION

In the most recent meta-analyses from the Early
Breast Cancer Trialists’ Collaborative Group
(EBCTCG),1 postoperative radiotherapy after breastconserving surgery (BCS) for early breast cancer
halved the risk of any cancer recurrence over a 10year-period. After 15 years, about one breast cancer
death was averted for every four recurrences avoided
by year 10. However, the reduction in breast-cancerspecific death is partly counterbalanced by an increase in nonbreast-cancer mortality owing to an
increased risk of cardiovascular disease and lung
cancer, particularly in the second decade after
radiotherapy.2-5 Because many women with early
breast cancer are long-time survivors, these longterm adverse effects are clinically relevant, particularly among women with left-sided disease.6,7

The effect of adjuvant radiotherapy after BCS
has been assessed in two randomized trials with 20year follow-up. In the National Surgical Adjuvant
Breast and Bowel Project B-06 trial8 of women with
stage I or II breast tumors, the cumulative probability of recurrence in the ipsilateral breast was 14.3%
after lumpectomy and radiotherapy, as compared
with 39.2% after lumpectomy alone.
In the Milan trial by Veronesi et al,9 women
were randomly assigned to undergo either the classic
Halsted procedure or quadrantectomy plus postoperative radiotherapy. The cumulative probability of
local recurrence after 20 years was 8.8% among
women treated with BCS plus radiotherapy.
The Uppsala/Örebro study10 was one of the
first randomized trials to corroborate the benefit of
adjuvant radiotherapy after 10 years of follow-up
among women treated with BCS. We used a
© 2014 by American Society of Clinical Oncology
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standardized sector resection,11 which is a more extensive procedure
than lumpectomy but less extensive than quadrantectomy. Now, we
report the 20-year event-free survival, death of any cause, and breast
cancer mortality. We also try to identify a population with a low risk of
recurrence even without the addition of postoperative radiotherapy.
PATIENTS AND METHODS
Study Design
The design of our randomized trial has previously been described in
detail.12 From 1981 to 1988, women ! 80 years old with a unifocal invasive
breast cancer of histopathologic stage I were enrolled onto the study. Patients,
doctors, and evaluators were not blinded to patient allocation. We assumed a
priori that approximately 5 percent of the women randomly assigned to sector
resection with postoperative radiotherapy (XRT group) would develop a local
recurrence within 5 years, and we wanted to detect a local recurrence rate in
women randomly assigned to sector resection without radiotherapy (nonXRT group) that would be 15% or higher at a 5% level of significance (twosided test) and 90% power. With these considerations and 100% compliance,
the predetermined sample size was 360 patients.
All women were treated with sector resection11 and the axilla was dissected to levels I and II. Patients were then randomly assigned by telephone
contact with the study secretariat at the University hospital in Uppsala to
receive postoperative radiotherapy to the breast (XRT group, 184 women) or
to surgery alone (non-XRT group, 197 women; Fig 1). No adjuvant systemic
therapy was administered. Five central Swedish regional hospitals and one
university hospital enrolled patients onto the study.
Stratification at the time of randomization was made for each center,
mode of detection (mammography screening or not), and tumor size (! 10
mm or ! 10 mm). Allocation to treatment group was performed in blocks of
four within each center; the block size was unknown to the investigators.
A total dose of 54 Gy in 27 fractions was delivered to the target volume,
defined as breast parenchyma plus 1 cm. Two opposing tangential fields with

an open angle of 185 degrees were applied. We used photons from a 4 to 10 MV
linear accelerator or from cobalt 60.
Subgroup Analysis
In our 10-year report,10 a risk factor analysis was performed with multiple regression identifying young age (! 55 years), lobular cancer, and comedotype cancer as risk factors for local recurrence. We therefore analyzed a
subgroup of women (n " 199) who were at least 55 years old without lobular
or comedo-type carcinomas. This was a posthoc hypothesis, not predetermined in the original protocol.
Data Collection
Data for this long-term follow-up was extracted from The National
Cancer Registry, The Hospital Discharge Registry, and The National Causes of
Death Register at The National Board of Welfare, Stockholm, Sweden. These
registers hold validated information of nationwide cancer incidence, admission, and diagnoses at discharge from hospitals and surgical interventions in
Swedish hospitals and causes of death, respectively. Information was collected
for each patient on newly reported tumors, diagnoses during hospital stays,
and the date and causes of death.
Statistical Analyses
All analyses were intention-to-treat analyses. Time to first breast cancer
event, defined as local recurrence, distant/regional metastases, or death as a
result of generalized breast cancer, was estimated and visualized using the
Kaplan-Meier method and was presented as a cumulative proportion. All
patients received follow-up until their first breast cancer event and were censored for emigration and mortality by December 31, 2010. Log-rank test was
used to evaluate differences between XRT and non-XRT groups. Absolute risk
differences for cumulative probabilities at 20 years after operation was calculated with normal approximated 95% CIs. Cox regression was performed to
compare the XRT group with the non-XRT group, both unadjusted and
adjusted for the stratification variables at randomization. Hazard ratios (HR)
with 95% CI were the measure of association. The proportional hazards
assumption was evaluated and tested with Schoenfeld residuals and whether
nonproportionality separate analyses were conducted at 0 to 5 and ! 5 years

Potentially eligible patients with T1N0 disease
(N = 514)
Not randomly assigned
Multiple tumors in pathologic report
Undefinable tumor size on mammography
Miscellaneous

(n = 48)
(n = 41)
(n = 44)

Fulfilled all inclusion criteria
(n = 381)

Random assignment

20+ years of follow-up;
intention-to-treat analysis
XRT group
First breast cancer event, any type
First event of contralateral breast cancer
Death as result of all causes
Death as result of generalized breast cancer
Death as result of causes other than breast cancer

(n = 184)
(n = 49)
(n = 38)
(n = 92)
(n = 32)
(n = 59)

Non-XRT group
First breast cancer event, any type
First event of contralateral breast cancer
Death as result of all causes
Death as result of generalized breast cancer
Death as result of causes other than breast cancer

(n = 197)
(n = 81)
(n = 36)
(n = 106)
(n = 32)
(n = 74)

Fig 1. CONSORT diagram showing patient selection, random assignment, and all events in the trial. Non-XRT, women randomly assigned to surgery alone; XRT,
women randomly assigned to radiotherapy.
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Table 1. Baseline Characteristics of Treatment Groups
XRT Group
(n " 184)
Characteristic

No. of
Patients

Age, years
Mean
SD
Postmenopausal
Tumor detected by screening
Largest tumor diameter on mammography
! 10 mm
Largest tumor diameter on pathology
report ! 10 mm!
Median No. of lymph nodes investigated

%

59.0
11.5
118
64.1
86
46.7
70
61

Non-XRT
Group
(n " 197)
No. of
Patients

80

34.6

66

7

%

60.9
11.0
114
57.9
90
45.7

38.0

treatment groups. The study protocol was approved by the local ethics committee at the Central Hospital in Falun on October 12, 1981. For the reanalysis
with data based on the central registries at the National Board of Welfare,
Stockholm, approval was given by the ethics committee in Uppsala, Sweden.

40.6
34.9
7

Abbreviations: non-XRT, women randomly assigned to surgery alone; SD,
standard deviation; XRT, women randomly assigned to radiotherapy.
!
Eight patients in the XRT group and eight patients in the non-XRT group had
missing tumor diameter information from their pathology reports.

after operation, according to the concept of delayed entry. The same strategy of
analyses was performed for the second outcome defined as time to first event of
contralateral breast cancer or death from cancers other than breast cancer.
Also time to death as a result of generalized breast cancer as well as time to
all-cause mortality was evaluated. All statistical analyses were done using
STATA software version 11 (STATA, College Station, TX).
Patients
We enrolled 381 patients onto to the study. Eleven women who did not
accept radiotherapy were analyzed according to the assigned treatment group,
as were four women who did not start the treatment because of complications.
Between 1989 and 1994, four women who moved abroad were censored at the
date of emigration, except for one woman who could be reached by mail. She
received follow-up until 1997. For all other participants, we achieved complete
follow-up on any type of relapse or death of any cause through December 31,
2010. Table 1 lists the distribution of selected clinical variables in the two

RESULTS

First Breast Cancer Event of Any Type
Table 2 lists the cumulative probability of first breast cancer event
of any type. At 20 years, 49 events occurred in the XRT group compared with 81 in the non-XRT group. Absolute risk difference was
14% (95% CI, #24% to #5%; Table 2; Fig 2A). The difference between the groups was almost exclusively caused by the difference in
local recurrence as a first event, with a cumulative proportion of 11.5%
in the XRT group and 25.8% in the non-XRT group (data not shown).
The absolute risk difference between the two groups at 20 years was
#14% (95% CI, #22% to #7%). Results from the regression analyses
show that the protective effect of radiotherapy to the breast on a first
breast cancer event is confined to the first 5 years after diagnosis (HR,
0.35; 95% CI, 0.21 to 0.59; Table 3).
Contralateral Cancer As First Event or Death From
Cancers Other Than Breast Cancer
A contralateral breast cancer was diagnosed in 52 women; 30
women in the XRT group (cumulative proportion at 20 years, 16.4%)
and 22 in the non-XRT group (cumulative proportion at 20 years,
11.2%), corresponding to an absolute risk difference of 5% at 20 years
(95% CI, #2% to 12%; data not shown). When we included other
types of cancers as first events in the analyses, 38 women in the XRT
group (cumulative proportion at 20 years, 27.1%) and 36 in the
non-XRT group (cumulative proportion at 20 years, 24.9%) were
affected with a corresponding absolute risk difference of 2% (95% CI,
#6% to 11%; Table 2; Fig 2B).

Table 2. No. of First Breast Cancer Events, Deaths by Cause, No. of Other Events, Cumulative Probability, and Absolute Risk Difference With 95% CIs
XRT Group (n " 184)

Non-XRT Group (n " 197)

No. of Events at 20 Years

Type of Event
First breast cancer event, any type; local
recurrence; distant/regional metastases;
or death as a result of generalized breast
cancer‡
Low-risk group‡§
First event of contralateral cancer or death as
a result of cancers other than breast
cancer‡
Death as a result of generalized breast
cancer‡
Death as a result of causes other than breast
cancer‡
Death as a result of all causes

20 Years After Operation

No. of Events at 20 Years

Cumulative No. After 20
Absolute
Cumulative
No. After 20
Total
Total
Probability at
Years of
Risk
Probability at
Years of
!
!
!
!
Follow-Up
Follow-Up
20 Years
Follow-Up
Difference†
20 Years
Follow-Up

95% CI

49
19

53
21

0.309
0.248

81
31

83
32

0.451
0.361

#0.14
#0.11

#0.24 to #0.05
#0.20 to #0.02

38

46

0.271

36

44

0.249

0.02

#0.06 to 0.11

32

36

0.201

32

35

0.190

0.01

#0.07 to 0.09

59
92

74
111

0.376
0.504

74
106

91
126

0.432
0.540

#0.06
#0.04

#0.15 to 0.04
#0.14 to 0.06

Abbreviations: non-XRT, women randomly assigned to surgery alone; XRT, women randomly assigned to radiotherapy.
!
Numbers are given with number after 20 years of follow-up and total number in entire available follow-up group until December 31, 2010.
†Absolute risk difference of cumulative proportion between XRT and non-XRT group.
‡One woman excluded owing to unknown cause of death.
§XRT group, n " 96; non-XRT group, n " 103.
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A
Breast Cancer Event
(cumulative probability)

1.0
0.8

B

Non-XRT
XRT
P < .001

0.6
0.4
0.2

0

5

10

15

20

25

Contralateral Cancer or Death
(cumulative probability)

Wickberg et al

1.0
0.8

Non-XRT
XRT
P = .546

0.6
0.4
0.2

0

5

Follow-Up Duration (years)
No. at risk
Non-XRT
197
XRT
183
Cumulative probability
Non-XRT
XRT

Death
(cumulative probability)

1.0
0.8

133
156

102
125

78
103

56
76

17
25

0.28
0.11

0.37
0.21

0.42
0.24

0.45
0.31

0.46
0.35

D

Non-XRT
XRT
P = .737

0.6
0.4
0.2

0

5

10

15

20

1.0

E
Death
(cumulative probability)

1.0
0.8

20

25

25

0.8

172
161

143
124

108
99

79
75

24
22

0.04
0.04

0.08
0.13

0.16
0.19

0.25
0.27

0.33
0.35

10

15

20

Non-XRT
XRT
P = .265

0.6
0.4
0.2

0

Follow-Up Duration (years)
No. at risk
Non-XRT
197
XRT
183
Cumulative probability
Non-XRT
XRT

15

Follow-Up Duration (years)
No. at risk
Non-XRT
197
XRT
183
Cumulative probability
Non-XRT
XRT

Death
(cumulative probability)

C

10

5

25

Follow-Up Duration (years)

178
167

152
139

119
115

90
90

29
30

0.05
0.05

0.09
0.13

0.16
0.17

0.19
0.20

0.22
0.26

10

15

20

No. at risk
Non-XRT
197
XRT
183
Cumulative probability
Non-XRT
XRT

178
167

152
139

119
115

90
90

29
30

0.05
0.04

0.15
0.12

0.27
0.23

0.43
0.37

0.55
0.49

Non-XRT
XRT
P = .483

0.6
0.4
0.2

0

5

25

Follow-Up Duration (years)
No. at risk
Non-XRT
197
XRT
184
Cumulative probability
Non-XRT
XRT

178
168

152
140

119
115

90
90

29
30

0.10
0.09

0.23
0.23

0.39
0.37

0.54
0.50

0.65
0.62

Fig 2. (A) First breast cancer event of any type; local recurrence, distant/regional metastases, or death as a result of generalized breast cancer. (B) First event of
contralateral cancer or death as a result of cancers other than breast cancer. (C) Death as a result of generalized breast cancer. (D) Death as a result of causes other
than breast cancer. (E) Death as a result of all causes. Numbers at bottom of each graph indicate patients at risk and cumulative probability. Non-XRT, women randomly
assigned to surgery alone; XRT, women randomly assigned to radiotherapy.
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0.40 to 0.79
0.34 to 1.04

0.75 to 1.72

0.68 to 1.72

0.62 to 1.14
0.71 to 1.18

1.14

1.08

0.84
0.91

95% CI

0.56
0.60

HR

.266
.483

.738

.546

.001
.067

P

0.84
0.92

1.11

1.17

0.58
0.61

HR

0.61 to 1.14
0.71 to 1.19

0.70 to 1.77

0.77 to 1.77

0.41 to 0.82
0.35 to 1.07

95% CI

Adjusted
!

.254
.521

.654

.453

.002
.084

P

0.35

HR

0.21 to 0.58

95% CI

Unadjusted

$ .001

P

0.35

HR

0-5 Years
!

0.21 to 0.59

95% CI

Adjusted

Abbreviations: HR, hazard ratios; non-XRT, women randomly assigned to surgery alone; XRT, women randomly assigned to radiotherapy.
!
Adjusted by study center, mode of detection (screening or not), and tumor size at mammography (! 10 mm or ! 10 mm).
†One woman was excluded owing to unknown death cause.
‡XRT group, n " 96; non-XRT group, n " 103.

First breast cancer event, any type;
local recurrence;
distant/regional metastases; or
death as a result of
generalized breast cancer†
Low-risk group†‡
First event of contralateral cancer
or death as a result of cancers
other than breast cancer†
Death as a result of generalized
breast cancer†
Death as a result of causes other
than breast cancer†
Death as a result of all causes

Event

Unadjusted

Total

$ .001

P

0.93

HR

0.56 to 1.54

95% CI

Unadjusted

.785

P

0.99

HR

! 5 Years

0.59 to 1.64

95% CI

Adjusted!

Table 3. Regression Analysis of First Breast Cancer Event, Death As a Result of Generalized Breast Cancer, Death As a Result of Causes Other Than Breast Cancer, and All-Cause Mortality at
0-5 Years and " 5 Years

.965
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Death From Breast Cancer, Other Causes, and
Overall Mortality
A total of 64 women died with breast cancer as the underlying
cause of death, with 32 women in each group (XRT group: cumulative
proportion, 20.1%; non-XRT group: cumulative proportion, 19.0%;
absolute risk difference, 1%; 95% CI, #7% to 9%; Table 2; Fig 2C).
Fifty-nine women in the XRT group (cumulative proportion at 20
years, 37.6%) and 74 women in the non-XRT group (cumulative
proportion at 20 years, 43.2%) died from other causes (absolute risk
difference, 6%; 95% CI, #15% to 4%; Table 2; Fig 2D). At the end of
the follow-up period, 92 of 184 women in the XRT group and 106 of
197 women in the non-XRT group died. The cumulative proportion
of overall mortality after 20 years was 50.4% in the XRT group and
54.0% in the non-XRT group (absolute risk difference, 3.6%; 95% CI,
#14% to 6%; Table 2; Fig 2E). In the Cox regression analysis, no
statistically significant difference in hazard ratios were detected (HR,
0.92; 95% CI, 0.71 to 1.19; Table 3).
Identifying a Low-Risk Population
We repeated our analysis of women older than age 55 years
without comedo-type or lobular carcinomas (199 of 381women; a low
risk group for local recurrence, even without radiotherapy),10 but this
time we used a first breast cancer event of any type as the event. After
20 years of follow-up, 19 events occurred in the XRT group (cumulative proportion, 24.8%) and 31 events in the non-XRT group (cumulative proportion, 36.1%; absolute risk difference, #11%; 95% CI,
#20% to #2%; Table 2).
DISCUSSION

Adding postoperative radiotherapy to BCS conferred an absolute reduction of first breast cancer events by approximately 14% at 20 years,
similar to the reduction rate in our study after 10 years of follow-up.
The majority of cancer events, particularly in the non-XRT group,
occurred during the first 5 years after primary treatment. After 5 years,
the yearly rate of first breast cancer event was similar in the two
treatment groups. Omission of radiotherapy in our trial neither affected breast cancer death nor overall mortality. In the subgroup of
women older than 55 years who had no lobular or comedo-type
carcinomas, the incidence of first breast cancer event was 11% less in
the non-XRT group and 6% less in the XRT group, in absolute terms,
compared with all patients in the respective groups.
We found no additional protective effect of radiotherapy against
breast cancer events after 5 years of follow-up. Similar results were
presented in the National Surgical Adjuvant Breast and Bowel Project
B-06 trial8 in which, in the group treated with lumpectomy alone,
73.2% of the local recurrences occurred within the first 5 years after
surgery. In that trial, women received lumpectomies for tumors up to
4 cm, including patients with node-positive disease. In the group
treated with lumpectomy and radiotherapy, the yearly rate of local
events was more evenly distributed during follow-up.
A meta-analyses by EBCTCG2showed a 5.4% reduction of breast
cancer mortality at 15 years attributable to postoperative radiotherapy. This benefit is partly counteracted by increased deaths from
cardiovascular and lung disease.3,5 In our trial, omission of radiotherapy did not significantly affect overall mortality, nor did we observe an
increased risk of cardiovascular death after radiotherapy. Our study
796

was not powered to further disentangle the nonsignificant excess
number of deaths in the non-XRT group from cardiovascular disease
and other cancers. Given the findings in the EBCTCG overview, the
finding is unlikely to be because of treatment allocation. At 20 years,
almost half of the women in each group were still alive, emphasizing
the importance of minimizing late adverse effects among low-risk
patients with early-stage disease.
In the most recent Oxford overview,1 the absolute effects of postoperative radiotherapy on a first breast cancer event were larger in younger
women than in older women. In our trial, in the subgroup of women
older than 55 years who had no lobular or comedo-type carcinomas, the
absolute difference in breast cancer events at 20 years was 11.0% between
the groups, which is equal to a number needed to treat of nine. This is still
a substantial protective effect of radiotherapy. Other studies have tried to
define subgroups of older women in whom the risk of local recurrence is
so low that postoperative radiotherapy can be questioned. Earlier, we
showed a decreased risk of local recurrence of 3% per year of increasing
age(95%CI,1%to6%),whichcorrespondstoareductionofalmost50%
during 20 years of increasing age.10 In a trial by Hughes et al,13 which
included 636 patients older than 70 years treated with lumpectomy plus
tamoxifen with or without postoperative radiation, the investigators concluded that omitting postoperative radiotherapy would be an acceptable
choice in older women treated with tamoxifen.
Two other randomized trials compared postoperative irradiation
with surgery alone or surgery plus tamoxifen after breast-conserving
surgery but did not restrict the study to older women.13-15 Fisher et al15
included more than 1,000 women of all ages with tumors less than 1
cm. Following lumpectomy, the women were then randomly assigned
to tamoxifen, XRT, or XRT plus tamoxifen treatment. The results
favored the use of XRT after surgery even in small tumors. In the trial
by Fyles et al,14 all 769 women, ages older than 50 years, received
tamoxifen and their tumor size was up to 5 cm. Postoperative radiotherapy significantly reduced the risk of local recurrence. Thus, evidence does not show tamoxifen to be a universal substitute for XRT in
preventing local recurrence and the trial by Hughes et al13 has not led
to general recommendations to omit XRT in higher age groups.
An increased risk of contralateral breast cancers after XRT has
previously been described in a meta-analysis.2 Our findings are compatible with the results of the meta-analysis, but our statistical power is
too low to corroborate or rule out modest risks. Contralateral cancer
as an adverse effect however continues to be relevant, as emphasized
by a large Swedish cohort study16 in which contralateral cancer, especially within the first 2 years after primary surgery, was associated with
an increased risk of breast cancer death.
The strength of our trial is that it is population-based. Women
were treated with a standardized surgical technique in routine
settings— half of the women were recruited from a population-based
routine mammography screening program—and with complete
follow-up. Our trial was not dimensioned to study subgroups and all
such analyses should be regarded as hypothesis generating.
In our trial, radiotherapy protects effectively against breast cancer
events that are prone to develop during the first 5 years of follow-up.
Hereafter, the yearly rate of recurrences is similar in the XRT and nonXRT groups. Thus, the protective effect of XRT seems mainly to eradicate
subclinical, multifocal cancers that are undetectable by mammography
and are present at the time of primary treatment. A long-term protective
effectonlocalrecurrencesbysterilizingthebreastparenchymaseemstobe
limited. The similar rate of recurrences beyond 5 years in the two groups
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indicates that late recurrences are new tumors. The long-term occurrence
of new tumors that may be curable has implications for follow-up. Our
findings also imply that there is a possibility to find subgroups with clinically relevant differences in risk. Although we cannot reliably define a
group with little benefit of XRT, the data implicate that searching for a
group with modern biomarkers for either radiosensitivity or further risk
stratification is of high priority.
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Purpose: To investigate if intrinsic subtypes of breast cancer predict different risks of ipsilateral breast
tumor recurrence (IBTR) following breast-conserving surgery (BCS) with and without postoperative
radiation therapy.
Patients and methods: We randomized 381 women with a unifocal T1N0M0 breast cancer to BCS alone
(197 women) or BCS plus postoperative radiation therapy (XRT) (184 women). All available histopathological material was re-analyzed with modern immunohistochemical methods (223 women). After 20
years of complete follow-up we analyzed the risk of IBTR by intrinsic breast cancer subtypes (luminal A,
luminal B/HER2-negative, luminal B/HER2-positive, HER2-positive and triple negative). We used Cox
regression analyses to estimate hazard ratios (HR) with 95% conﬁdence intervals (CI).
Results: In a multivariate analysis the luminal B/HER2-negative subtype, compared with the luminal A
subtype, was associated with a higher risk of IBTR overall (HR 3.04; 95% CI 1.38e6.71) and in both the
XRT-group (HR 5.08 95% CI 1.31e19.7) and the non-XRT-group (HR 2.58 95%CI 1.07e6.20); (p for
interaction ¼ 0.37). The risk of IBTR in the XRT- and non-XRT group, stratiﬁed by intrinsic subtype,
revealed an absolute risk difference at 20 years to the beneﬁt of XRT of 14% (95% CI 1.0%e26%) for luminal
A, 17% (95% CI -6.0% to 39%) for luminal B/HER2 negative and 22% (95% CI -7.0e51%) for the high-risk
group.
Conclusions: Among breast cancer patients treated with BCS, the luminal B/HER2-negative subtype
predicts an about 3-fold higher risk for IBTR compared to other intrinsic subtypes independent of
postoperative radiation therapy.
© 2018 Elsevier Ltd. All rights reserved.

1. Introduction
The impact of intrinsic subtype on breast cancer recurrence has
become better understood during the last 15 years. Several trials
have evaluated the different subtypes and the risk of distant
recurrence and lately, also ipsilateral breast tumor recurrence
(IBTR) [1,2]. However, only a few trials have studied whether
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€
SE-701 85 Orebro,
Sweden.
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postoperative radiation therapy modiﬁes the risk of IBTR among
women with different subtypes [3e5]. Such information might
allow for better individualized treatment [3].
€
In the Uppsala-Orebro-trial
[6]of breast-conserving surgery
with or without postoperative radiation therapy, a risk factor
analysis following 10 years of follow-up revealed low age, lobular
carcinoma and comedo cancer (similar to grade 3 tumors in the
new classiﬁcation) to independently increase the risk for IBTR. We
here proceed with an analysis of the intrinsic subtypes as predictors
of IBTR.
Tissue microarrays were constructed from the still available
parafﬁn blocks and immunohistochemistry was performed. After
classiﬁcation into the intrinsic subtypes, we investigated if certain

https://doi.org/10.1016/j.breast.2018.08.097
0960-9776/© 2018 Elsevier Ltd. All rights reserved.
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subtypes are associated with an increased risk of IBTR, with or
without radiation therapy.

variable. One woman was diagnosed with cancer in situ at reevaluation and was excluded in all variables (Table 1).

2. Patients and methods

2.3. TMA construction and immunohistochemistry

2.1. Patients

Parafﬁn blocks of tissues from 270 of the 381 primary tumors
were retrieved from the six participating centers. Representative
areas from each tumor were punched and brought into recipient
parafﬁn-blocks to produce TMA: s consisting of three cores
(diameter 1 mm) per tumor. Three to four micro-mm thick sections
were cut from the array blocks and transferred to glass slides. We
stained for hormone receptors, HER2 and Ki-67 at two pathology
departments according to a standardized protocol. The threshold
for ER and PR to be considered positive was set to 10%. One hundred
and ﬁfty-one (40%) of the ER-values were missing and when
appropriate replaced by values from the 10-year analysis (10). The
same procedure was done with NHG and PR. (Table 1).
Ki-67 cut-off to discriminate between high and low proliferation
was set to 20%. The decision was made after consensus among the
analyzing laboratories.
Antibodies to identify the HER2/neu protein were applied to the
samples and classiﬁed by one pathologist. The tumor was considered positive when more than 10% of the tumor cells showed strong
membrane staining (3þ) (11 tumors). Tumors exhibiting 0, 1 þ or
2 þ staining for HER2 protein over-expression were considered
HER2 negative. The scoring was done by the same pathologist.
Fluorescent in situ hybridization was not performed in our analyses. Fourteen tumors showed moderate staining (2þ) and were
consequently classiﬁed as HER2 negative (data not shown).

The trial design has previously been described in detail [6].
Between 1981 and 1988 we randomized 381 women "80 years old
with a unifocal T1N0M0 invasive breast cancer to treatment with
BCS alone (197 women) (non-XRT-group) or BCS with the addition
of postoperative radiation therapy (184 women) (XRT-group). We
used a highly standardized surgical technique to ensure radical
removal of the primary cancer [7]. The axilla was dissected to levels
I and II, and median number of investigated lymph nodes were
seven in both groups. Radiation therapy was delivered by photons
from a 4- to- 10-MV linear accelerator or a cobalt 60-unit. A total
dose of 54 Gray (Gy) in 27 fractions was given at the rate of ﬁve
fractions per week. No adjuvant chemotherapy or endocrine therapy was given. Baseline data of treatment groups are shown in
Table 1. IBTR was deﬁned as recurrence in the surgical ﬁeld, new
primary cancers in quadrants outside the surgical ﬁeld, metastases
in an intramammary lymph node or recurrence in the cuticular
tissue. The results from the follow up have been published after 10
and 20 years [6,8] and the design of the study is illustrated in Fig. 1.
2.2. Histopathology and grade
In the 10-year publication, three histopathological types could
be identiﬁed; tubule-ductal, and ductal (grouped together),
comedo and lobular [6]. Tumor grade was analyzed according to the
Bloom-Richardson classiﬁcation system [9]. In this updated analysis with 20 years of follow-up, we retrospectively collected the
parafﬁn blocks from the primary tumors and reclassiﬁed them into
Nottingham histologic grade (NHG) [10], a modiﬁcation of the
Bloom-Richardson system. The reclassiﬁcation was made by the
same pathologist. In 51 cases the grading was not possible due to
lack of material from the original parafﬁn blocks or poor quality of
the sample obtained. In these cases we estimated the NHG using
the results from the 10-year analysis [6]. Six women lacked information about histopathological grade and were excluded in this

2.4. Intrinsic subtypes
For 223 of the original 381 trial participants IHC data were
complete (Fig. 1). Their tumors were grouped into the intrinsic
subtypes: luminal A, luminal B/HER2-negative, luminal B/HER2positive, HER2-positive and triple negative according to the St.
Gallen International Expert Consensus recommendations 2011 [11]
and Swedish guidelines based on Sorlie's classiﬁcation [12]
(Table 2). The classiﬁcation was done with respect to ER/PR-status,
low/high Ki-67 and HER2-positivity- or negativity. We used NHG
grade to discriminate luminal A from luminal B/HER2-negative.

Table 1
Distribution of Clinicopathological Characteristics among the original the 223 participants and baseline characteristics for tissue samples available/missing. 1 Missing values
NHG n ¼ 7, (but 223/223 have NHG status).

Treatment
XRT-group
Non-XRT-group
Age mean (SD)
Tumor size, mm mean (SD)
<11 mm
>11 mm
NHG 11
2
3
Histopathology
ductal
lobular
other
Intrinsic subtypes
Luminal A
Luminal B HER2 negative
Luminal B HER2 positive
HER2 positive
Triple negative

Participants
N ¼ 381

Tissue sample available
n ¼ 223

Tissue samples missing n ¼ 158

184 (48%)
197 (52%)
60 (11)
13 (4)
130 (34%)
251 (66%)
126 (34%)
164 (44%)
84 (22%)

105 (47%)
118 (53%)
61 (11)
13 (4)
73 (33%)
150 (67%)
76 (34%)
99 (44%)
48 (22%)

79 (50%)
79 (50%)
60 (12)
13 (4)
57 (36%)
101 (64%)
50 (33%)
65 (43%)
36 (24%)

353 (93%)
23 (6%)
4 (1%)

206 (92%)
13 (6%)
4 (2%)

147 (94%)
10 (6%)
0

130 (58%)
57 (26%)
6 (3%)
5 (2%)
25 (11%)
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Fig. 1. Participant ﬂow sheet. From the 381 participants in the original trial, tissue samples were available from 270 patients. TMA's were constructed and immunohistochemistry
performed. 223 samples showed complete information (ER, PR, HER2, Ki-67, NHG) for classiﬁcation in the intrinsic subgroups. The speciﬁc numbers of patient samples in each
subtype is shown along with the low-risk group.

Table 2
Classiﬁcation in the intrinsic subtypes e how it was done.

Luminal A
Luminal B/HER2neg
Luminal B/HER2pos
HER2-pos
Triple negative
a

estrogen
receptor

progesterone
receptor

human epidermal
growth
factor receptor 2 (HER2)

Ki-67

NHG

þ
þ

þ
- or lowa

e
e

low
higha

grade 3a

þ

þ or -

þ

high or low

any grade

e
e

e
e

þ
e

high or low
high or low

any grade
any grade

One or more.

2.5. Statistics
We stratiﬁed women into those treated with XRT or not, because
the beneﬁt from XRT has already been documented [6].
We used unpaired t-test (continuous variables) and chi-2 test
(categorical variables) or Fischer's exact test when appropriate, to

compare patient and clinical characteristics between patients with
and without available tissue samples.
We analyzed the intrinsic subtypes as potential prognostic
variables for time to IBTR using Cox regression. All 381 study participants were followed up until 20 years after diagnosis except for
four women who were censored at emigration without IBTR. One of
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Table 3
Regression analysis for patient characteristics, outcome: IBTR, n ¼ 223. 1 Non estimatable. 2 If not adjusted by NHG then luminal B/HER2 negative HR ¼ 3.03 (95%CI 1.50e6.14)
and high-risk HR ¼ 1.73 (95%CI 0.75e3.95) compared to luminal A.
Unadjusted

Treatment
XRT
Non-XRT
Luminal A
Luminal B HER2 negative
High-risk

Adjusted for age and
XRT

Adjusted for all variables

n

events

HR

95% CI

HR

95% CI

HR

95% CI

105
118
130
57
36

13
32
22
15
8

0.41
Ref.
Ref.
1.77
1.48

0.21e0.78

0.20e0.75

0.36
Ref.
Ref. [2]
3.04
1.67

0.18e0.70

0.92e3.42
0.66e3.32

0.39
Ref.
Ref.
2.53
1.43

Adjusted for age

Adjusted for all variables

HR

95% CI

HR

95% CI

HR

95% CI

Ref.
1.71
2.03

0.78e3.73
0.75e5.51

Ref.
2.23
1.52

1.00e4.98
0.56e4.15

Ref.
2.58
1.66

1.07e6.20
0.48e5.69

1.28e5.03
0.62e3.28

1.38e6.71
0.57e4.85

Interaction tests, luminal status and XRT
Unadjusted

Among non-XRT
Luminal A
Luminal B HER2 negative
High-risk
Among XRT
Luminal A
Luminal B/HER2 negative
High-risk
Interaction test
XRT*luminal B HER2 negative
Interaction test
XRT*High-risk

n

events

118
75
29
14
105
55
28
22

32
17
10
5
13
5
5
3

Ref.
2.31
1.62
P ¼ 0.69
P ¼ 0.80

these women, who moved abroad was reached by letter and was
followed until 1997. We further adjusted for the following prognostic variables; tumor size on continuous scale, lobular (yes/no)
and NHG. Because NHG status was partly incorporated in the
intrinsic subtypes (separating luminal A from luminal B/HER2
negative), HRs were calculated with and without adjusting for
NHG.
The intrinsic subtypes and XRT treatment were further evaluated in an interaction test. None of the independent variables
showed evidence of non-proportional hazards, tested by phtest
[13] in STATA using the Schoenfeld residuals. The association
measure was hazard ratio (HR) with 95% conﬁdence intervals (CI)
and the signiﬁcance level was set to 5%. We used Kaplan-Meier
method with a log-rank test to visualize the unadjusted cumulative risk of IBTR.
We also calculated the absolute risks of IBTR at 20 years of
follow up and estimated risk differences unadjusted and adjusted
for age, over and under 55 years, with 95% CI between XRT and nonXRT groups combined with intrinsic subtypes using binomial
regression with identity link. Only adjustment for age over and
under 55 years was possible due to the low number of events.
All statistical analyses were performed with STATA release 14
(Stata Corp, College station, TX) or SPSS version 22 (IBM, Armonk,
NY).

3. Results

0.67e7.98
0.39e6.79

Ref.
3.56
1.37
P ¼ 0.53

1.00e12.6
0.32e5.79

P ¼ 0.91

Ref.
5.08
1.91
P ¼ 0.37

1.31e19.7
0.40e9.21

P ¼ 0.88

were missing with the group where the tissue samples were
available and found no major differences (Table 1).
Two hundred and twenty-three tumors had complete data in all
four biomarkers including NHG status. One hundred and thirty
tumors were classiﬁed as luminal A and they were all ER/PR positive, NHG 1 or 2 with low proliferation. Fifty-seven tumors were
classiﬁed as luminal B/HER2-negative of which 24 tumors graded
as NHG 3. Eighteen of these 24 tumors had low Ki-67 and were PRpositive. These tumors might have been classiﬁed as luminal A
tumors if the NHG component had not been considered. Eleven
tumors were classiﬁed as HER2-positive and 25 tumors were triple
negative.
3.2. Cumulative incidence of IBTR
When we calculated the cumulative incidence of IBTR in each
subgroup, HER2-positive and triple negative tumors were grouped
together (high-risk group) due to low number of events (Table 3,
Fig. 2AeC). Cumulative incidence of IBTR in the luminal A group at
20 years was 25% (95% CI 16%e38%) in the non-XRT group and 11%
(95% CI 5%e25%) in the XRT group. In the luminal B/HER2-negative
group the cumulative incidence of IBTR at 20 years was 41% (95% CI
24%e64%) in the non-XRT group and 25% (95% CI 11%e53%) in the
XRT group. Cumulative incidence of IBTR in the high-risk group at
20 years was 41% (95% CI 18%e74%) in the non-XRT group and 18%
(95% CI 6%e48%) in the XRT group.

3.1. Descriptive characteristics

3.3. Regression analysis and absolute risks of IBTR

Three hundred and eighty-nine women entered the study but
eight were excluded due to ineligibility. One hundred and eightyfour women were randomized to postoperative radiation therapy
and 197 women to surgery alone. Two hundred and seventy out of
three hundred and eighty-one tissue samples were available for
TMA construction and 230 samples were possible to analyze. We
compared the baseline data in the group where the tissue samples

In multivariate regression analysis by intrinsic subtype with
luminal A tumors as a reference, the HR of IBTR was higher among
luminal B/HER2-negative cancers overall (HR 3.04 95% CI
1.38e6.71) and both with (HR 2.58 95% CI 1.07e6.20) and without
XRT (HR 5.08 95% CI 1.31e19.7) (Table 3). The risk of IBTR in the
XRT- and non-XRT group, stratiﬁed by intrinsic subtype, revealed
an absolute risk difference at 20 years to the beneﬁt of XRT of 14%
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(95% CI 1.0%e26%) for luminal A, 17% (95% CI -6.0% to 39%) for
luminal B/HER2 negative and 22% (95% CI -7.0e51%) for the highrisk group. Following adjustment for age over or under 55 years
the difference for luminal A was not statistically signiﬁcant (Table 4
and Fig. 2AeC).
We used interaction test to evaluate if the risk of IBTR with or
without adjuvant radiation therapy differed in the intrinsic subtypes, but no interaction was found (Table 3).

a

3.4. Low-risk group
In the postulated low-risk group (luminal A tumors, $55 years
old, without lobular cancer, n ¼ 83) the absolute risk of IBTR was
13% (95% CI 6.8%e23%) overall; 8.8% (95%CI 1.9%e24%) in the XRTgroup (n ¼ 34) and 16% (95% CI 7.3%e30%) in the non-XRT-group
(n ¼ 49). Log rank test revealed no statistical difference between
the XRT and non-XRT group (p ¼ 0.27); absolute risk difference 7.5%
(95% CI -6.6% to 21.6%). Cumulative incidence of IBTR at 20 years
was 12% (95% CI 4%e34%) in the XRT group and 21% (95% CI 10%e
39%) in the non-XRT group (Fig. 3).

b

4. Discussion
In this randomized trial luminal B/HER2-negative subtype
entailed an about 3-fold higher risk of IBTR than the luminal A
subtype. This excess risk was not signiﬁcantly modiﬁed by postoperative radiation therapy although the statistical power for the
interaction analysis was limited.
While most previous studies have investigated the difference
between adjuvant XRT and XRT plus endocrine therapy, the
€
Uppsala-Orebro
trial [6] is unique because half of the study participants were treated with surgery alone and none received
adjuvant endocrine- or chemotherapy at the time of their primary
treatment. The higher risk of IBTR in the luminal B/HER2-negativeand high-risk group compared to the luminal A group, would
possibly have been reduced if systemic therapy had been given.
Adjuvant systemic therapy is nowadays routine praxis and contributes to the reduced incidence of IBTR in the absence of radiation
therapy.
Other strengths include the randomized design and the complete long term follow-up.
A limitation of our study is loss of tissue samples due to use of
archival material which reduced statistical precision and hampered
in particular our interaction analyses. Moreover, tumors exhibiting
2 þ staining for HER2 protein overexpression should ideally have
been analyzed by ﬂuorescent-in situ hybridization. However, the
lack of these analyses should not inﬂuence the results of our analyses because the total number of HER2 2 þ was small. The combination of old and modern biochemical analysis may contribute to
misclassiﬁcation, which cross tabulation suggests would be nondifferential (Table 1).
The classiﬁcation into intrinsic subtypes is an approximation of
genotype-based subtypes, still used in clinical practice at many
centers, and accepted at the 13th St Gallen International Breast
Cancer Conference [14]ﬁve years ago. The Swedish guidelines based
on Sorlie's classiﬁcation [12], is taking NHG into account, and our
classiﬁcation of intrinsic subtypes accommodated these recommendations. The strong prognostic value of NHG has further been
conﬁrmed by a multidisciplinary group of American clinicians,
pathologists, and statisticians [15]and in a trial by Ehinger et al.
[16]. However, gene expression tests might be more precise to
predict breast cancer recurrence [12,17,18].
The potential of the luminal B/HER2-negative subtype as a risk
factor for breast cancer recurrence has been investigated in several
studies [19e21] but little is known about whether this risk is

c

Fig. 2. A-C. Cumulative incidence of ipsilateral breast tumor recurrence for (ﬁg. A)
luminal A, (ﬁg. B) luminal B/HER2 negative, and (ﬁg. C) luminal B/HER2 positive, HER2
positive and triple-negative tumors. XRT; radiation therapy.

modiﬁed by adjuvant radiation therapy.
The absolute risk differences between the XRT and non-XRT
group are clinically relevant for each intrinsic subtype judging by
the point estimates. However, the results were statistically signiﬁcant only for the luminal A group, but in all groups the point estimates had the same order of magnitude, suggesting that the
difference in level of signiﬁcance is a power issue rather than a
qualitative difference. This is further borne out by the lack of
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Table 4
The 223 tumors separated in intrinsic subtypes/XRT- and non-XRT-group calculating absolute risk with respect to IBTR (ipsilateral breast tumor recurrence). The risk difference
were calculated using binominal regression unadjusted and adjusted for age <55, >55 years.
N ¼ 223
N

N ¼ 223:
XRT
105
Non-XRT
118
Luminal A
XRT
55
Non-XRT
75
Lum B/HER2-neg
XRT
28
Non-XRT
29
High-risk
XRT
22
Non-XRT
14

Age distribution >55 years

Events (IBTR)

Absolute risk (95% CI)

Absolute
Risk difference (95% CI)
Unadjusted

Absolute
Risk difference (95% CI)
Adjusted for age <55, >55 years

71%
68%

13
32

0.12 (0.07e0.20)
0.27 (0.19e0.36)

Ref
0.15 (0.04e0.25)

Ref
0.14 (0.04e0.24)

65%
69%

5
17

0.09 (0.03e0.20)
0.23 (0.14e0.34)

Ref
0.14 (0.01e0.26)

Ref
0.11 (%0.01 to 0.23)

89%
79%

5
10

0.18 (0.06e0.37)
0.34 (0.18e0.54)

Ref
0.17 (%0.06 to 0.39)

Ref
0.16 (%0.05 to 0.38)

64%
36%

3
5

0.14 (0.03e0.35)
0.36 (0.13e0.65)

Ref
0.22 (%0.07 to 0.51)

Ref
0.23 (%0.02 to 0.48)

Fig. 3. Cumulative incidence of ipsilateral breast tumor recurrence for low-risk-group;
(luminal A, >55 years, non-lobular). N ¼ 83.

signiﬁcance of the interaction test. Our analyses of the absolute risk
differences were adjusted for age because, especially in the highrisk group, the numbers of study participants over and under 55
years were unevenly distributed (Table 4). However, the estimates
did not change tangibly.
Two recently published randomized trials investigated the
different subtypes' beneﬁt from adjuvant radiation therapy and
tried to deﬁne a low-risk group [4,5]. In both these trials the primary objective was to deﬁne intrinsic subtyping as a predictive
biomarker of the beneﬁt of radiation therapy. Liu et al. [4]randomly
assigned 769 patients to adjuvant tamoxifen plus breast radiation
therapy or to adjuvant tamoxifen alone with a median follow-up of
ten years. The authors found intrinsic subtyping to be prognostic
for IBTR. Luminal A and luminal B subtypes seemed to beneﬁt less
from radiotherapy, but a subtype-treatment interaction test
€ stro
€m
showed no signiﬁcant difference between the subtypes. Sjo
et al. [5] found results similar to ours in a cohort of 958 women with
a median follow-up of 15e20 years. They analyzed the “high-risk
group” separated in HER2-positive tumors and triple-negative tumors where the former was found to beneﬁt less from radiation
therapy. Our analyses identiﬁed the same prognostic pattern of risk
for IBTR but did not have the power to answer the question
whether the risk of IBTR differed between the intrinsic subtypes
with or without adjuvant radiation therapy.
We tried to deﬁne a subgroup based on clinical and pathological

risk factors identiﬁed after the 10-year follow-up. These risk factors
were combined with the luminal A subtype. After 20 years of
follow-up the difference in absolute risk of IBTR between the XRT
and the non-XRT-group was halved compared to all patients. The
€stro
€ m [4,5] performed similar subgroup anatrials by Liu and Sjo
€stro
€ m found that the low-risk group beneﬁted from
lyses. Only Sjo
radiation therapy. These conﬂicting results are most likely due to
lack of power and stresses the need for additional large trials of this
type or to merge data from randomized trials into a meta-analysis.
In conclusion the luminal B/HER2 negative subtype seem to be
prognostic for the risk of IBTR. However we could not conﬁrm that
any subtype would respond better to radiation therapy nor identify
a subgroup where XRT can be safely omitted.
Our ﬁndings may contribute to understanding the associations
between intrinsic subtypes and clinical outcomes but calls for
further research to understand the risk of IBTR for the different
intrinsic subtypes with or without adjuvant radiation therapy.
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Purpose: The aim of this study was to verify if radiotherapy (RT) safely can be omitted in older women
treated for estrogen-receptor positive early breast cancer with breast-conserving surgery (BCS) and
endocrine therapy (ET).
Patients and Methods: Eligibility criteria were: consecutive patients with age !65 years, BCS þ sentinel
node biopsy, clear margins, unifocal T1N0M0 breast cancer tumor, Elston-Ellis histological grade 1 or 2
and estrogen receptor-positive tumor. After informed consent, adjuvant ET for 5 years was prescribed.
Primary endpoint was ipsilateral breast tumor recurrence (IBTR). Secondary endpoints were contralateral
breast cancer and overall survival.
Results: Between 2006 and 2012, 603 women were included from 14 Swedish centers. Median age was
71.1 years (range 65e90). After a median follow-up of 68 months 16 IBTR (cumulative incidence at
ﬁve-year follow-up; 1.2%, 95% CI, 0.6% to 2.5%), 6 regional recurrences (one combined with IBTR), 2
distant recurrences (both without IBTR or regional recurrence) and 13 contralateral breast cancers were
observed. There were 48 deaths. One death (2.1%) was due to breast cancer and 13 (27.1%) were due to
other cancers (2 endometrial cancers). Five-year overall survival was 93.0% (95% CI, 90.5% to 94.9%).
Conclusion: BCS and ET without RT seem to be a safe treatment option in women ! 65 years with early
breast cancer and favorable histopathology. The risk of IBTR is comparable to the risk of contralateral
breast cancer. Moreover, concurrent morbidity dominates over breast cancer as leading cause of death in
this cohort with low-risk breast tumors.
© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical
Oncology. All rights reserved.
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Introduction
Breast-conserving surgery (BCS) is the standard treatment for
early breast cancer. The addition of postoperative radiotherapy (RT)
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has, in a large meta-analysis, been shown to halve the rate of local
recurrences and reduce the breast cancer death by about a sixth [1].
However, the absolute beneﬁts from RT vary substantially according to patient- and tumor-characteristics. There are subgroups of
women where the adverse effects of RT, for instance ischemic heart
disease and lung cancer [2e4], may exceed the advantages of
postoperative RT, especially for long-term smokers [5]. Moreover,
some women may choose a mastectomy in order to avoid 3e5
weeks of RT. After adjustment for age, among women with breast
cancer in USA, the likelihood of receiving RT following BCS
decreased signiﬁcantly with increasing travel distance to the
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nearest radiation-treatment facility [6]. Assessment of the consequences of omitting RT for patients diagnosed with early-stage
breast cancer is therefore needed.
We deﬁned a cohort of women with low-risk-tumors were we
presumed that the risk of IBTR after breast-conserving surgery with
the addition of endocrine therapy (ET), even in the absence of
postoperative RT would be at most 1e2% per year or 10% at 10 years.
Methods
Study design and patient baseline characteristics
The study was designed as a multicenter national prospective
cohort study. Between 2006 and 2012, 603 women from 14
Swedish centers were included in the study. Every woman was
carefully informed about pros and cons of the treatment and after
written informed consent, adjuvant ET for 5 years was prescribed.
All women included were registered in a case report form (CRF),
which was sent to a local manager at the Clinical Research Support,
€
University Hospital Orebro.
Two patients did not fulﬁll the inclusion criteria (due to age <65 years) and were excluded from the
cohort.
Eligibility criteria were; consecutive patients with age !65
years, BCS (sector resection and sentinel node biopsy) with clear
margins (no tumor cells at inked border for invasive cancer, 2 mm
margin for in situ cancer), T1N0M0 non-lobular breast cancer tumor, Elston-Ellis histological grade [7] 1 or 2 and estrogen receptor
(ER) positive and/or progesterone receptor (PR) positive tumor. For
every woman, information was collected from the CRF regarding
initial treatment and tumor characteristics; type of adjuvant
endocrine therapy (tamoxifen (TAM) or aromatase inhibitors (AI)),
tumor size, histopathological type, Elston-Ellis histological grade,
ER, PR and human epidermal growth factor receptor 2 (HER2). All
variables were prospectively registered in the CRF (Table 1).
Follow-up
The procedures included mammography performed annually or
more often when indicated by clinical symptoms. Annual visit with
a physician was not mandatory, but the women were instructed to
contact the treating institution in case of suspicion of recurrence.
Table 1
Baseline characteristics. Calculated from the 601 participants.
Median (range)
Age, years
Tumor size, mm
Endocrine therapy
tamoxifen
aromatase inhibitor
Histopathology
ductal
Othera
NHG
grade I
grade II
unknown
Progesterone rec
positive
negative
unknown
Her-2
positive
negative
unknown
a

Mucinous, papillary, tubular.

71 (65e90)
11.0 [3e20]
N (%)
534 (88.9)
67 (11.1)
534 (88.9)
67 (11.1)
342 (56.9)
258 (42.1)
1 (0.17)
536 (89.1)
63 (10.5)
2 (0.33)
11 (1.8)
531 (88.4)
59 (9.8)

All IBTR's were conﬁrmed by histopathology. Every year conﬁrmed
recurrences, cancers of other origin, discontinuation or change of
ET or withdrawal from the study had to be reported to the CRS from
each participating center.
A safety committee consisting of one statistician and two
physicians, who were not involved in the study, examined all reported events once a year. If the IBTR exceeded 2% per year the
study protocol recommended closure of the study.
The study was approved by the Regional Ethical Review Board at
Uppsala University, D n r 2005:321. It was also registered in the data
base “Research and Investigations in Sweden” (N r 53991).
Endpoints and outcome assessment
Primary endpoint was ipsilateral breast tumor recurrence
(IBTR). Secondary endpoints were contralateral breast cancer and
overall survival. Most of the women had a complete follow-up until
2017-03-01 (or could be followed until death), but 31 women were
lost to follow-up. All women who were lost to follow-up were
included in the analysis until withdrawal.
Statistics
It was decided that a ten year rate of IBTR of 10% would be
acceptable. The number of included cases enabled estimation of
IBTR with approximately 5% accuracy. E g, if 600 patients were
enrolled with an estimated IBTR of 8% at ten years then the corresponding 95% CI would be 5.7% to 10.3%. The cumulative incidence of IBTR was estimated by a competing risk regression
model implemented in Stata 12.1 (Stata/SE for Windows; Stata
Corp, College Station TX), with regional recurrence, distant metastases, other types of cancers and deaths as competing risk [8].
The same procedure was done with respect to contralateral breast
cancer. Overall survival was estimated with the Kaplan-Meier
method. 95% conﬁdence intervals (CI) were used for all
calculations.
Results
Median age was 71.1 years (range 65e90) and the median tumor
size was 11 mm. Only 1.8% of the women had tumors with overexpression of HER2 and 10.5% of the tumors were progesterone
receptor negative. All tumors were ER-positive. The majority of the
tumors were of ductal origin, low grade and PR-positive. Most of
the patients received TAM (Table 1).
IBTR and other new primary tumors
At a median follow-up of 68 months (range 2 dayse120 months)
16 IBTR, 6 regional recurrences (one combined with IBTR) and 2
distant recurrences both without IBTR or regional recurrence were
observed. The calculated cumulative incidence of IBTR at ﬁve years
was 1.2% (95% CI, 0.6% to 2.5%) (Fig. 1). Inclusion of the two excluded
women did not change the estimate.
Thirteen women had a contralateral breast cancer; cumulative
incidence at ﬁve years 1.8% (95% CI 0.9e3.2) (Fig. 3).
Thirty-four patients were diagnosed with tumors of other
origins. Three of these tumors were ovarian cancer, three were
lung cancer, nine were gastrointestinal cancer, eleven were other
types of cancer and eight were endometrial cancers. Seven of the
women with endometrial cancer were treated with TAM and one
woman had an AI. However, one woman had TAM for only two
weeks. For the others the duration range of intake was 1.5e7
years.
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Fig. 1. Cumulative incidence of IBTR at 5 years of follow-up: 1.2% (95% CI 0.6e2.5%). Competing risk; regional recurrence, distant metastases, other types of cancers, deaths.

Fig. 2. Five-year overall survival (hash marks indicate censored data): 93.0% (95% CI 90.5e94.9%).

Overall survival
There were 48 deaths. Only one death was due to breast cancer.
Two women died from endometrial cancer and 11 were due to
other cancers. Overall survival at ﬁve years was 93.0% (95% CI
90.5e94.9%) (Fig. 2).

moved abroad or to other parts of Sweden. In twelve cases the
reason for withdrawal was unknown.
Eleven out of thirty-one women stopped their ET due to adverse
effects. Nine of these women were lost to follow-up. Two of these
eleven women changed from TAM to AI which they did not tolerate
either. Compliance to ET with a median follow-up of 68 months
(range 2 dayse120 months) was 96%.

Withdrawal from follow-up and ET
Discussion
Thirty-one women withdrew from follow-up or ET ahead of
schedule. Three women withdrew due to serious illnesses (generalized cancer of different origin) and four women due to advanced
age or dementia. Three women were lost for follow-up as they

The cumulative incidence of IBTR at ﬁve years was 1.2% in this
cohort treated with BCS and ET. Only one out of forty-eight deaths
was attributable to breast cancer, which means that other diseases
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Fig. 3. Cumulative incidence of contralateral cancer at ﬁve-year of follow-up. 1.8% (95% CI 0.9e3.2%). Competing risk; regional recurrence, distant metastases, other types of cancers,
deaths.

pose a larger threat to the survival of women in this age group
during the ﬁrst ﬁve years after a low-risk breast cancer.
Postoperative RT after BCS is still a general recommendation
[1,9] although efforts have been made to identify a group of lowrisk tumors for which this treatment may be omitted. The Oxford
overview of studies of adjuvant RT after breast-conserving surgery
included 10 801 women [1]. In pN0 patients (7287 women), the
ﬁrst recurrence was locoregional for a higher proportion of women
allocated to surgery alone (22.8%) than for women allocated to
surgery and RT (7.3%), while the numbers of distant recurrences
were the same (8.2% and 8.3%). The group with pN0 disease was
divided into three categories based on the absolute reduction in the
10-year risk of any recurrence with RT; high (>20%), intermediate
(10e20%) or low (<10%). The categorization was based on age, tumor grade, ER-status, tamoxifen use, and extent of surgery. Patients
with !20% reduction in recurrence had a 7.8% (95% CI 3.1e12.5)
improvement in 15-year breast cancer mortality, which was in line
with pN þ disease. However, for the intermediate risk reduction
group, the decrease in mortality did not reach signiﬁcance 1.1%
(95% CI #2.0 to 4.2), and for the group with <10% improvement,
there was no decrease in mortality, point estimate 0.1% (95% CI -7.5
to 7.7). This supports the notion that it should be possible to deﬁne
a subgroup of patient for which RT after BCS safely can be omitted.
Although modern imaging and dose planning have reduced the
risks of RT, adjacent organs are still burdened by irradiation to some
extent. The magnitude of the risk of heart disease increase linearly
with whole-heart radiation dose [10] and there is a small but statistically signiﬁcant risk of lung cancer [4]. For a majority of the
patients the beneﬁts of RT far outweigh the risks, while in elderly
women with a shorter life expectancy, RT after BCS for low-risk
breast cancer can impose a non-justiﬁable risk for serious adverse
effects.
Several previous studies have assessed the risk factors for IBTR
in women treated with breast-conserving surgery without irradiation [11e19]. Documented risk factors for IBTR in these studies
were low age [11e14,18], large tumor size [14,20], extensive cancer
in situ [18], and lobular histology [11]. Based on these analyses low
age, large tumors, extensive cancer in situ, and invasive lobular
histology were decided to be exclusion criteria in our study.

Three studies have studied populations of elderly breast cancer
patients treated with BCS with an anticipated low risk of local
recurrence, even without RT [15,16,20,21]. The Cancer and Leukemia Group (CALGB) 9343 randomized study tested omission of
adjuvant whole-breast RT in women aged !70 years with T1
tumors ($2 cm) receiving adjuvant TAM after BCS. A 3% gain in
locoregional control from RT was observed after 5 years of followup (1% vs 4%) and a 7% gain in locoregional control after 10 years
(2% vs 9%) [15,16]. No difference was found concerning overall
survival or distant metastatic disease. The authors concluded TAM
alone to be a reasonable adjuvant treatment for this group.
In the Prime II-study [21] 1326 women aged >65 years with
early breast cancer judged as low-risk patients, were randomized to
TAM plus whole breast RT or TAM alone. After 5 years the cumulative incidence of IBTR was 1.3% and 4.1% respectively. Even though
the difference is statistically signiﬁcant the absolute risk difference
is small. The authors considered the incidence of IBTR low enough
to omit RT for some patients.
In our cohort of non-irradiated women, the cumulative incidence of IBTR was even lower at ﬁve years than the CALGB-study
that also included stage I tumors [15]. In the Prime II-trial the
incidence of IBTR was higher than in our study which could be due
to larger tumor size, even though the age span was the same [21]. In
both these studies lumpectomy was used rather than sector
resection as in our study. Sector resection [22], represents a more
extensive surgical approach, compared to lumpectomy. The procedure includes the periphery of the parenchyma and all tissue to
the mammilla. The dissection goes down to the pectoral fascia and
aims at a macroscopic or mammographic margin of one centimeter
on the specimen. This probability contributes to the low incidence
of IBTR in the present study.
The cumulative incidence of contralateral cancer was of the
same magnitude as the incidence of IBTR, while in other studies,
where radiotherapy was delivered, excess rates of contralateral
€
breast cancer have been observed. In the Uppsala-Orebro
study
cumulative incidence of contralateral cancer in women treated
with BCS alone was 11.2% at 20 years and in the group treated with
both BCS and RT it was 16.4% (absolute risk difference 5%; 95%
CI, #2% to 12%). None of these women were treated with ET [23]. In
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a meta-analysis from EBCTCG [4] the excess rate of contralateral
breast cancer after radiotherapy appears mainly during years 5e14
after randomization. After 5 years the incidence of contralateral
breast cancer in the group treated with BCS alone was one per cent
more than in our study (2.9%).
A majority of women in our cohort, 89%, were treated with TAM,
the others with AI. TAM has shown substantial protective effect
against IBTR (rate ratio 0.53, SE 0.03) and breast cancer death (rate
ratio 0.71, SE 0.05) in estrogen receptor positive disease [24].
However, TAM as a selective estrogen receptor modulator (SERM)
exerts a mixed estrogen receptor agonist and antagonist activity,
depending on the target tissue. In the uterus TAM exhibits ER
agonist activity and is associated with an increased risk of endometrial hyperplasia and malignancy. Five years of TAM was, in a
large meta-analysis, associated with a small but signiﬁcant absolute
increased risk of dying from endometrial cancer [24], only seen in
women older than 55 years. In a large systematic review and metaanalysis by Amir et al. [25], AI use was associated with a 66%
reduction in the relative odds of endometrial carcinoma compared
with TAM (OR ¼ 0.34, 95% CI ¼ 0.22 to 0.53, P < .001). In this cohort
8 women were diagnosed with endometrial cancer which corresponds to a ﬁve year incidence of 1.3% and two out of eight died
from the disease. Although seven out of these eight women were
treated with TAM, the low number of events in our cohort makes it
inappropriate to test the difference between tamoxifen and aromatase inhibitors statistically. At present AIs have become standard
adjuvant ET for postmenopausal women with estrogen receptorpositive breast cancer due to the superior efﬁcacy of AIs
compared with TAM. Speculatively, the incidence of breast cancer
events could have been even lower if AI had been predominant in
this study [26e28].
It is reasonable to believe that more than 11/601 women
stopped their endocrine therapy due to adverse effects. Among the
twelve study participants who stopped in advance for unknown
reason some of them might have taken this decision due to side
effects of the ET. In a retrospective Swedish study, 31% of the
women stopped ET within three years, and half of them stopped
within the ﬁrst year [29]. Early discontinuation of and nonadherence to ET has been associated with increased mortality [30].
A limitation of this study might be the short follow-up. However, ﬁve years might be adequate to evaluate the risk difference of
IBTR between patients treated with or without RT, since most of the
local recurrences in non-irradiated patients occur during the ﬁrst
few years [1,23]. Ideally a cohort study should have a control group,
which our study does not have. However, with the very low risk of
recurrence in this study a randomized trial with an active treatment
arm would have had a low power of detecting a clinically meaningful difference.
In conclusion, BCS and ET without RT seem to be a safe treatment option in women !65 years with early breast cancer and
favorable histopathology. The risk of IBTR is comparable to the risk
of contralateral breast cancer. Moreover, concurrent morbidity
dominates over breast cancer as leading cause of death in this
cohort with low-risk breast tumors. Clinicians need information on
the absolute size of beneﬁts and risks in order to recommend the
best possible treatment for each individual.
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Abstract
Purpose
To evaluate feasibility, patient´s satisfaction, toxicity and cosmetic outcome for intraoperative breast
cancer brachytherapy (IOBT) after breast-conserving surgery (BCS) using high does rate (HDR)
therapy.
Methods and materials
Fifty-two consecutive women, ≥50 years old, diagnosed with a unifocal non-lobular breast cancer
≤3cm, N0, underwent BCS and sentinel node biopsy. Twenty-five women received IORT
prepathology at primary surgery, and the others post-pathology, during a second procedure. A new
applicator, connected to HDR equipment was used. Two of the women were excluded due to
metastases found per-operatively at a frozen section from the sentinel node. Quality of life was
evaluated using two validated health questionnaires. Treatment toxicity was documented according to
the LENT-SOMA scale by two oncologists. The cosmetic result was evaluated using the validated
software BCCT. Core 2.0.
Results
The clinical procedure worked out well logistically. Seven women received supplementary external
radiotherapy due to insufficient margins and, in one case, poor adaptation of the breast parenchyma to
the applicator. No serious adverse effects from irradiation were registered. The results from the health
questionnaires showed no differences compared with reference groups from the Swedish population.
Only two women were registered as having a “poor” cosmetic result while a majority of the women
had a “good” outcome.

Conclusion
This pilot study shows that IOBT is a feasible procedure and encourages further trials evaluating its
role in treatment of early breast cancer.

Introduction
Breast cancer is the most common type of cancer among women in Sweden and nowadays a majority
of women is treated with breast-conserving surgery (BCS)1. The benefit of postoperative radiotherapy
to the remaining breast tissue is well established in several randomized trials and in a large
metaanalysis from Early Breast Cancer Trialists´Collaborative Group (EBCTG) 2. Conventional
external radiotherapy is delivered at a dose of 40-50 G y over 3-5 weeks postoperatively. In order to
avoid the prolonged treatment and, for some patients, excessive travel time to the hospital, some
women choose a mastectomy 3,4. Moreover, screening programs and increased public awareness have
led to earlier diagnosis, with many early and small tumors diagnosed. Using existing treatment
routines may result in overtreatment of some of these breast tumors, which perhaps never would have
been of any clinical importance.
At the latest St. Gallen-meeting in Vienna 2017, the issue of escalating/de-escalating breast cancer
treatment was highlighted 5. The panel suggested that partial breast irradiation (PBI) may be
considered for a low-risk group of tumors defined by the American Society for Radiation Oncology,
ASTRO 6 and the Breast Cancer Working Group of the Groupe Européen de Curiethérapie-European
Society for Therapeutic Radiology and Oncology (GEC-ESTRO) 7, especially when endocrine therapy
is prescribed. In brief, this low-risk group would include women age ≥50-60 years with non-lobular T1
–T2 N0 tumors, even if the selection criteria differ between different national societies8.
Since early local recurrences after BCS most commonly occur in the near vicinity of the primary
tumor 9,10, it seems logical to concentrate radiotherapy to this volume of the breast parenchyma.. In
the TARGIT-A trial 11 women with early breast cancer who underwent BCS were randomized to
receive conventional external beam radiotherapy (EBRT) or intraoperative radiotherapy (IORT) using
the Intrabeam® system. Feasibility and safety were reported after a median follow-up of 29 months.
The treatment was well tolerated 8. The estimated 5-year risk for local recurrence for the IORT group
was 3.3% and 1.3% for the EBRT group, and so the pre-defined non-inferiority margin of a 2.5%
increase was not reached. IORT concurrently with BCS (pre-pathology group) showed the same
results (2.1% versus 1.1%) while with delayed IORT (post-pathology group), the difference between
the groups were larger (5.4% versus 1.7%). The authors concluded that IORT should be considered as
an option for carefully selected patients.
Partial breast irradiation (PBI) after BCS, as an alternative to conventional external radiotherapy, may
be delivered in different forms. Pulse dose rate brachytherapy (PDR), is already in use at the
University Hospital of Örebro and a previous clinical trial show promising outcomes after a median
follow-up of 7 years 12. PBI has also been delivered using a balloon device 13. Intraoperative
brachytherapy (IOBT) is in use in many countries all over the world, but so far no attempt has been
made to implement this technique in Sweden. The breast team at the University Hospital of Örebro has
taken advantage of the opportunity to use a novel brachytherapy applicator connected to a high dose
rate afterloading machine (HDR) to treat 50 women with early breast cancer in a pilot study. Primary
end-points were feasibility, treatment side-effects and expenses. Secondary end-points were patient´s
satisfaction and quality of life, evaluated by two health questionnaires. We also evaluated the cosmetic
outcome.

Methods and materials
Patients
The study was performed at the University Hospital of Örebro, Sweden. Fifty-two consecutive women,
≥50 years old, diagnosed with breast cancer who underwent breast-conserving surgery, were included.
Written informed consent was obtained. Two of the women were excluded due to metastases found
per-operatively at a frozen section from the sentinel node. All of the remaining women had a
mammographically unifocal breast cancer, ≤30 mm and an axilla free from metastases. Patients with
lobular cancer either on the preoperative biopsy or at final histopathological report were excluded.
Patients with positive margins at the final histopathological report or extensive ductal cancer in situ,
received conventional external beam radiotherapy as a complement to IOBT. Patients, tumors and
treatment characteristics are shown in table 1.

Radiotherapy
HDR brachytherapy has for a long time been used for the treatment of prostatic- and gynecological
cancer. The current isotope is Iridium 192, which is the most commonly used isotope for HDR
brachytherapy applications. A reusable applicator of a plastic material, PEEK®, shaped according to
the anisotropic radiation dose distribution was developed. The applicator was attached to a pole
approved to be connected to a MicroSelectron® HDR machine (Elekta AB, Stockholm, Sweden). Four
sets of applicators with a diameter of 25, 30, 35, 40 and 50 mm respectively, were constructed. A
single dose of 20 Gy, prescribed at the applicator surface was delivered in the wound cavity. The dose
fall from the applicator surface varied due to the diameter of the applicator (table 2). A hospital
physicist calculated the treatment time from a dose-plan library depending on source strength and
applicator dimension.
Using the pre-treatment CT study and the computer software Oncentra Brachy® (Elekta AB Stockholm,
Sweden), the volume of the shell outside the applicator, enclosed by the 10 Gy-isodose, was determined.
Air cavities inside this shell were outlined and their volumes were calculated as a measure of the tissue
adaption to the applicator.
Clinical procedure
Twenty-five women were treated with IOBT during the primary surgery (pre-pathology group) and 25
women had IOBT during a secondary procedure, a few weeks after primary surgery when the full
pathological report was known (post-pathology group). All IOBT-procedures took place at the
department of brachytherapy.
In the operating room, wide local excision of the primary tumor and a sentinel node biopsy was carried
out. Applicators of different sizes were tried out until the one that best fitted into the wound cavity was
found. Two to four sutures were used to approximate the breast parenchyma to the applicator surface.
A surgical gauze was inserted subcutaneously in order to protect the skin by creating a distance to the
applicator. Local anesthesia with long duration was infiltrated around the surgical cavity. After
bandaging, the patient was taken to the postoperative ward and shortly after that was transported to the
department of brachytherapy. Before the start of brachytherapy, a CT-scan of the thorax was
performed to visualize the applicator´s adaption to the parenchyma in the breast cavity. The patients
were fully awake when transported from the postoperative care unit for the IOBT procedure. The
applicator was then removed, the breast parenchyma adapted and the wound was closed. When
receiving the IOBT during a secondary session, the whole procedure took place at the department of

brachytherapy. The wound was reopened under local anesthesia and the remaining procedure was the
same as described above.

Follow-up
The women were followed-up with a clinical control which included filling in health questionnaires
(EORTC-QLQ-C3014 and EQ-5D, (see appendix) and photographing of the breasts, at 2-4 weeks and 6
months postoperatively and then annually.
Treatment toxicity
Classification and grading of surgical and radiation side effects were documented according to the
LENT (late effects to normal tissue)-SOMA (Subjective, Objective, Management and Analytical
evaluation of injury) scale subjectively by two oncologists 15 16. Symptoms were graded at a scale from
0-5 with the higher value the worse the outcome. Breast edema was defined as a swelling with an
increased volume of the treated breast, either asymptomatic or symptomatic. Fibrosis was detected by
palpation of the treated breast in comparison with the untreated side. The highest detectable grade of
fibrosis in any quadrant of the breast was set as the final grade. Retraction and atrophy of the treated
breast were defined as volume loss due to radiotherapy and surgery.

Quality of life
Patient´s satisfaction and quality of life after treatment were assessed by two health questionnaires –
EQ-5D-3L and the European Organization for Research and Treatment of Cancer (EORTC) score
30item quality of life questionnaire QLQ-C30.
EQ-5D-3L, 3-level EuroQoL group’s 5-dimension questionnaire, is a generic instrument for health
outcome assessment 17. It contains five dimensions; mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. Each dimension comprises three levels; no problems, some or
moderate problems, and severe problems (see APPENDIX). In addition, the patient is asked to indicate
her health on a scale called the EQ VAS (visual analogue scale). As a measure of health of the study
group, the EQ-5D-3L scores were compared with the scores from the 1996-1997 Survey of Living
Conditions, with a representative sample (16-84 years) of the Swedish population (n=11 698)18.
EORTC-QLQ-C30 is an integrated system for assessing the health-related quality of life of cancer
patients participating in clinical trials 19. We used the latest version 320. The EORTC-QLQ-C30 has
been developed for several types of cancers, including a specific questionnaire for breast cancer
(QLQ-BR23). Since this version includes several systemic therapy side effects such as hair loss,
neurological symptom not applicable to our study group, we decided to use the general version
consisting of 30 labels. This questionnaire evaluates five functional scales (physical, role, cognitive,
emotional and social), four symptom scales (fatigue, nausea, appetite and pain), five single items
(constipation, diarrhea, sleep, dyspnea, financial) and a global health scale. The scoring of the EORTC
QLQ-C30 was performed according to the EORTC scoring manual 21. All scores were linearly
transformed to a 0 to 100 scale. A high score for a functional scale represents a high / healthy level of
functioning, a high score for the global health status / QoL represents a high quality of life, but a high
score for a symptom scale / item represents a high level of symptomatology / problem.
Our results were compared to reference values for the EORTC QLQ-C30 in the Swedish population22.

Cosmetic outcome
To evaluate the cosmetic outcome we used an objective assessment tool. Frontal digital photographs
were taken 2-4 weeks, 6 months and then annually after surgery. The photographs were analyzed by
BCCT. core 2.0, a validated software which produces a composite score based on symmetry, color and
scar. Forty-eight patients were assessed one year after surgery. The scores were categorized into
Excellent (E), Good (G), Fair (F) or Poor (P).

Statistics
We estimated a pilot trial of 50 women to be sufficient to implement the new procedure and to
evaluate potential flaws. Data from the QLQ-C30 health questionnaire were analyzed using Statistical
Package for Social Science (SPSS)-Version 22, IBM, Armonk, NY. All the scores from the QLQ-C30
health questionnaire were linearly transformed into a 0-100 scale according to the manual. The data
were continuous and presented in mean, range and standard deviation. Differences in mean values for
the women in the study at one-year of follow-up were compared to the reference values of the Swedish
population (see table 4.)
We used unpaired t-test to compare the continuous QLQ-C30 scores. Fisher´s exact test was used to
compare the categorical EQ-5D-3L proportions of the study group with reference values from the
Swedish population 18,22. The unpaired t-test analyses were performed with STATA release 14 (Stata
Corp, College station, TX) and Fisher´s exact test with SPSS version 22. In order to evaluate the effect
size, Cohen´s d was calculated for every difference in mean between the groups 23. According to this
concept a low Cohen's d indicates the necessity of larger sample sizes, and vice versa. “Low” are
values <0.2, “moderate” are values around 0.5 and “high” are values >0.5.
The study was approved by the Regional ethics committee, Uppsala, Sweden, Dnr 2013/028.
Results
Feasibility
The clinical procedure worked out well logistically, both pre- and post-pathologically. Of the
original 52 women, two were excluded due to metastases in the sentinel node, found peroperatively.
Two women who received IOBT in a second procedure felt uncomfortable while positioning the
applicator. One woman reacted with hypotension and nausea after administration of local anesthesia.
A few women needed an extra injection of local anesthesia when closing the wound. In the postpathology group one woman had a CT-scan were the applicator turned out to be separated from the
breast parenchyma, due to a large wound cavity and difficulties to mobilize the tissue. This woman
had conventional external beam radiotherapy instead of IOBT.
Six women in the pre-pathology group received additional external radiotherapy due to the final
histopathology report. In all six cases the in situ component presented with insufficient or indistinct
margins.
Mean total surgical duration (time in operating room + IOBT time + time for wound-closure) for the
pre-pathology procedure was 75 minutes and for the post-pathology procedure (time to re-open the
wound and place the applicator + IOBT time + time for wound-closure) 38 minutes. Mean time in the
operating room for the pre-pathology group was 62 minutes.
The one-off cost for developing the applicators was 30 000 €. The cost for treating one woman with
IOBT was 1950 €, which can be compared with a 3-weeks treatment of conventional external
radiotherapy (15 sessions) - 5330 € or a 5-weeks treatment (25 sessions) – 7640 €, which are the costs
according to the Örebro University hospital´s 2017 price list.

Treatment toxicity
Few acute side effects were recorded at the initial follow-up visits. According to the LENT-SOMA
scale, 11 women had no symptoms at all at 2-4 weeks and 37 women had mild (grade 1-2) side effects.
Among the women who underwent complementary external radiotherapy, one was diagnosed with a
radiotherapy-related breast edema 2-4 weeks after treatment. The condition was successfully treated
with cortisone. Three women had a wound infection, which in two cases needed antibiotic treatment.
One of these women had a wound infection (treated with antibiotic) three months postoperatively.
The woman with poor adaption of breast parenchyma, who received external radiotherapy instead of
IORT, was missing in this first follow-up but not excluded. At the 6 and 12 months visit most of the
grade 1-2 side effects had resolved and all the women had a satisfactory outcome (data not shown).
Quality of life
The one-year results from the EORTC-QLQ-C30 health questionnaires are illustrated in table 3. The
numbers of missing items were low. At one-year of follow-up scores from three women were missing.
For one additional woman three items from the scale were missing and for another woman two items.
Four additional women missed one item each. Almost all missing items differed from each other, thus
biasing should not be a matter of concern. Overall the women in the study reported a high score on the
functional scales and quality of life and a low score on the symptomatic scales. The outcome was
compared to a subgroup of women 60-69 years old in a random sample of adults from the Swedish
population (table 4) 22. Concerning global health and functional scales the women in our study scored
higher than the reference population, but the difference showed statistical significance only for
“cognitive functioning” (table 5). The study participants also reported a higher frequency of fatigue,
insomnia and appetite loss. The unpaired t-test showed statistically significant differences in the
“appetite loss”, “pain” and “financial difficulties” parameters (table 5). Cohen´s d was low for almost
all mean differences which indicates that larger samples are needed,
The EQ-5D analysis revealed for the study group better score on the EQ VAS (table 6). Fisher´s exact
test showed no significant difference between the groups (p=0.22).
Cosmetic outcome
We decided to present the cosmetic results after one year when the wound and possible wound
infections were healed. One woman was excluded due to an incomplete photographing at the one-year
control. Another woman was diagnosed with subcutaneous metastases after one year and therefore was
excluded. The woman with a large wound cavity described earlier did not receive IOBT due to poor
adaption of the breast tissue to the applicator. She was still assessed in IOBT group according to the
intention-to-treat concept and was assessed with “good” in the BCCT software. The pre-pathology
group and the post-pathology group turned out to be evenly distributed among the five categories. The
evaluation program reported “good” results in 14 women in the pre-pathology group and in 11 women
in the post-pathology group (table 7). Only one woman in each group was registered as having “poor”
cosmetic result.

CT scan results

The median of the air proportion inside the 10 Gy-shell were, for the pre- and post-pathology groups
0.9% and 1.2% respectively. The median value for the size of the applicator in the pre-pathology- and
post-pathology groups was 25 mm and 30 mm respectively (data not shown). The results from one
woman could not be found so the calculated number of study participants in the pre-pathology group
was 24. The woman that received external RT instead of IOBT due to poor adaption to the applicator
had a proportion of 32% air in her 10 Gy-tissue shell. She was still included in the calculation since
she received the applicator. The median values for irradiated tissue (e.g. the 10 Gy-shell) were 25 cm³
in the pre-pathology group and 15 cm³ in the post-pathology group.
Breast cancer recurrence
After a median follow-up of 3.1 years, no study participant in the pre-pathology group had experienced
a recurrence. One woman in the post-pathology group had an ipsilateral recurrence one year after
primary treatment. The recurrence was located in a different quadrant than the primary tumor. She was
treated with mastectomy. Another woman in this group had a contralateral cancer three years after
IOBT. She was treated with BCS, sentinel biopsy and IOBT for a second time. An additional woman
in the post-pathology group received IOBT to the left breast after earlier had been treated for a cancer
in her right breast. She was shortly afterwards found to have a recurrence in her right breast with
distant metastases.

Discussion
The trial shows that the procedure with BCS with pre- or post-pathology IOBT is feasible. No logistical
problems were reported. No serious toxic side effects from IOBT were registered and the grade 1-2 side
effects had almost disappeared six months after treatment. Three postoperative infections were noted.
With the reservation of low power, quality of life did not differ significantly in this pilot group compared
to reference groups from the Swedish population. The cosmetic outcomes were good in the vast majority
of patients and evenly distributed between the pre- and post-pathology group.
There are different methods of delivering partial breast irradiation of which IOBT is one. The safety of
partial- breast and reduced-dose radiotherapy is supported by a randomized, controlled, noninferiority
trial done in 30 radiotherapy centers in the United Kingdom and published recently in the Lancet24.
Patients were randomly assigned to receive 40 Gy whole-breast radiotherapy, 36 Gy wholebreast
radiotherapy and 40 Gy to the partial breast (reduced-dose group), or 40 Gy to the partial breast only
(partial-breast group) in 15 daily treatment fractions. In terms of local recurrence non-inferiority of
partial-breast and reduced-dose radiotherapy compared with the standard whole-breast radiotherapy was
found. However, the Groupe Europeen de Curie-therapie of European Society for Radiotherapy and
Oncology (GEC-ESTRO) presented data from a non-inferiority, randomized trial. After a median
follow-up of 6.6 years, the preset difference margin of 3 % was not reached 25.
In the TARGIT-A trial 11 3451 patients were enrolled at 33 centers in 11 countries and randomized to
IORT with Intrabeam® or external XRT. The 5-year risk for local recurrence overall was 3.3% (95% CI
2.1-5.1) for IORT versus 1.3% (95% CI 0.7-2.5) for external XRT (p=0·042).
Apart from the TARGIT-A trial, there is another large randomized trial - the ELIOT trial 26 . In this
trial ipsilateral breast cancer recurrence after a median follow-up of 5.8 years was 0.4% in the group
receiving external radiotherapy and 4.4% in the ELIOT-group. The non-inferiority margin of 4.5%
was not exceeded but still, the numerical difference was 4 % which prompted the authors to

recommend an improved selection of patients to the ELIOT-method. Inclusion criteria in the ELIOT
trial were invasive breast cancer tumor ≤2.5 cm with no restrictions regarding axillary nodal status.
Lobular tumors were also eligible.
The techniques in these two trials are fundamentally different. Whereas Intrabeam® delivers
irradiation from within the undisturbed tumor bed, in the ELIOT trial, the mammary gland is
mobilized, a pre-pectoral lead shield is inserted, the edges of the tumor bed are joined, and radiation is
delivered. Intrabeam® uses 50 kV x-rays delivering 20 Gy to the tumor bed surface and 5–7 G y at 1
cm depth, in 20–45 min. ELIOT uses electrons at 4–12 MeV delivering 21 G y in 3–5 min. The
TARGIT-A trial has been criticized for its short follow-up – median time 29 months, only 611 (18%)
patients had a 5-year follow-up, and for misinterpretation of the non-inferiority criterion, which
requires the upper confidence interval (CI) to be less than the predefined non inferiority level of 2.5%
(difference between IORT group and external XRT group 1.0 per cent unit (95 % CI, –0.68 to 2.68,
pre-pathology group) 27. Breast cancer mortality was much the same for IORT and external XRT, but
significantly fewer non-breast-cancer deaths occurred in the IORT group than in the external XRT
group. The authors´ explanation is fewer deaths from cardiovascular causes and other cancers in the
IORT group.
The primary aim of this pilot study was to investigate feasibility and safety of a concept that was new
for our breast surgical and radiotherapy team.
The Iridium 192 HDR source release photons of 374kV energy giving a deeper tissue penetration
around the applicator although treatment has to be given in a shielded room. This differs from
Intrabeam®, which uses 50 kV photons with lower penetration but with the possibility of delivering
the treatment in an unshielded operating room. Both methods have the ability to deliver high doses to
the tumor bed while reducing doses to nearby critical structures which makes them suitable for the
purpose of PBI. Many centers already own a HDR equipment, which should reduce the cost of
initiation of the procedure. However, a shielded (operating) room is mandatory. In our trial all IOBT
treatments took place in a shielded room at the department of oncology. In this way, the duration time
in the operating room for the pre-pathology group was prolonged for only 2 minutes which made room
free for the next surgical procedure without delay. The TARGIT trial reports a prolongation of surgical
procedure duration time of 30 minutes 11.
The TARGIT-A trial found a larger absolute risk of recurrence in the post-pathology group. The
authors´ explanation is that the fresh tissue is compromised after several weeks of healing process and
consequently that the treatment is not as effective as in the pre-pathology group. In our trial we
objectively investigated the contact between the applicator and the target tissue through a CT scan and
found a poorer adaptation between the applicator and the target tissue in the post-pathology group. To
the best of our knowledge, no previous study has carried out a CT scan before start of IOBT. During
the post-pathology procedure we experienced the same compromised tissue as in the TARGIT-A trial,
which, together with our CT scan results, points towards performing IOBT only during primary
surgery. However, waiting for definitive histopathological report could possibly limit the usefulness of
the pre-pathological procedures since some patient will need the addition of complementary external
XRT. In our trial there were six women (24%) in the pre-pathology group who underwent external
XRT after the final histopathological report. In the TARGIT-A trial the corresponding percentage was
15%.
The frequency of additional external XRT after IORT depends on selection criteria 28 and the inclusion
criteria differs between different radiotherapy societies 29. Exclusion criteria in our trial were lobular
cancer and metastases in the axilla. In this manner we wanted to reduce the need for additional
external XRT. However, we did not succeed in our preoperative selection of patients to prevent this to
happen for every fourth woman.

No serious adverse toxic effects were registered which is in line with previously reported results from
IORT trials 30,31.
In the TARGIT-A trial IORT was found to significantly improve quality of life 32. In our trial
evaluation of the two health questionnaires should be interpreted with caution, due to potentially low
power. While a few items in the QLQ-C30 health questionnaire showed statistically significant
differences compared to the reference Swedish population, no signs of a lower state of health for the
women in the study where found in the EQ-5D questionnaire. A drawback of this study is the lack of
known state of health before treatment and cancer diagnosis. It is also fair to believe the results to be
affected more by the diagnosis of cancer rather than by the IOBT procedure. Thus, giving a health
questionnaire after the cancer diagnosis could also be misleading.
Since our trial was designed as a pilot study we did not include a control group. Instead, we compared
the BCCT software results from the pre-pathology group with the results from the post-pathology
group and found no differences. On the contrary, in the TARGIT-A trial, the cosmetic outcome for
those treated with Intrabeam® was found to be superior to those patients who received conventional
external beam radiotherapy 33.
One of the strengths with our trial is the CT scan images, which will possibly facilitate the
identification and documentation of where the dose is delivered with respect to the excision cavity as
well as the organs at risk including the skin and chest wall. It also improves surgical technique to
avoid bad tissue adaptation. This will increase the quality of treatment or, in cases where re-treatment
is needed, to identify previously delivered dose to organs at risk.
We also believe that our careful selection of patients and tumour characteristics are necessary when
offering IOBT. The TARGIT-A trial had relatively wide inclusion criteria. We included tumors with
smaller sizes and excluded lobular cancer and tumors presented with metastases in the axilla. Further
trials are needed to find the best suitable group of patients for this treatment.
The National Institute of Health and Care Excellence (NICE) in England concludes in their latest
report that there are some patients who could particularly benefit from Intrabeam®, but the patients
should be fully informed of the evidence and treatment options available. Moreover, they conclude
that Intrabeam® can only be recommended if its use is accompanied by the gathering of additional
information on clinical effectiveness by data collection34.
In conclusion, IOBT represents a promising alternative of postoperative radiotherapy for selected
patients. In the absence of reliable data and longer follow-up it should remain as a technique under
investigation. Our pilot trial urges for further larger trials using this concept, which already has started
at our center.
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Table 3Scores QLQ-C30 follow-up 12 months

N

Minimum

Maximum

Mean

Std. Deviation

Global health

47

,0

100,0

80.7

19.6

Physical functioning

47

20,0

100,0

88.1

17.6

Role functioning

47

16,7

100,0

91.1

19.6

Emotional functioning

47

8,3

100,0

87,0

18,0

Cognitive functioning

47

66,7

100,0

92.9

10,3

Social functioning

47

,0

100,0

92.9

19.0

Fatigue

47

,0

100,0

19.9

22.9

Nausea

47

,0

83,3

5.7

14.4

Pain

47

,0

100,0

11.7

21.7

Dyspnoe

47

,0

100,0

15.6

23.9

Insomnia

47

,0

66,7

21.3

22,4

Appetite loss

47

,0

66,7

7.1

18.3

Constipation

47

,0

100,0

5.0

18.3

Diarrhoea

47

,0

100,0

5.0

17.0

Financial difficulties

47

,0

33,3

1.4

6.8

Valid N (listwise)

47

Table4.Scores QLQ-C30 reference values from the Swedish population. Women 60-69 years old,
N=16861.
Mean
Std. Deviation
Global Health

77,2

15,1

Physical functioning

87,3

24,9

Role functioning

88,1

10,9

Emotional functioning

84,4

16,4

Cognitive functioning

89,0

8,0

Social functioning

91,1

7,8

Fatigue

19,1

22,3

Nausea

3,6

9,6

Pain

23,2

27,8

Dyspnoea

12,6

21,8

Insomnia

21,4

15,1

Appetite loss

3,7

1,7

Constipation

6,3

3,2

Diarrhoea

6,0

3,7

Financial difficulties

4,6

3,2

Table5.Scores QLQ-C30 reference values from the Swedish population compared to study group using
unpaired t-test.

Mean

95% CI interval

Cohen´s d2

p-value

difference
Global Health

3.5

-0.9 to 7.9

0.12

0.2

Physical functioning

0.8

-6.4 to 8.0

0.83

0.03

Role functioning

3.0

-0.2 to 6.2

0.07

0.3

Emotional functioning

2.6

-2.2 to 7.4

0.28

0.2

Cognitive functioning

3.9

1.5 to 6.2

<0.001

0.5

Social functioning

1.8

-0.6 to 4.2

0.14

0.2

Fatigue

0.8

-5.7 o 7.3

0.81

0.04

Nausea

2.1

-0.7 to 4.9

0.15

0.2

-11.5

-19.5 to -3.5

0.005

0.4

Dyspnoea

3.0

-3.0 to 9.3

0.35

0.1

Insomnia

-0.1

-4.5 to 4.3

0.96

0.1

Appetite loss

3.4

2.4 to 4.4

<0.0001

2.0

Constipation

-1.3

-2.6 to -0.1

0.04

0.4

Diarrhoea

-1.0

-2.3 to 0.3

0.14

0.3

Financial difficulties

-3.2

-4.2 to -2.2

<0.0001

1.0

Pain

Table6.EQ-5D-3L; Frequency of respondents (%) reporting moderate or severe problems in different
dimensions, pilot study group n=50 and reference group n=4738, female aged 50-84 years, from a
reference population in Sweden3. The numbers for the EQ VAS represent mean values for the
respondents. Follow-up one year
Dimensions

N=50

N=4738

Mobility

5

944

Self-care

1

47

Usual activities

2

1532

Pain/discomfort

14

2332

Anxiety/depression

15

1040

EQ VAS (mean value)

82.1

69.5

Fisher exact test

P= 0.22

Table 7.BCCT results. One year follow-up. The numbers represent number of patients in the different
categories.

BCCT

Prepath.group

Postpath.group

Total

Excellent

2

3

5

Fair

8

9

17

Good

14

11

25

Poor

1

1

2

Missing

0

1

1

Total

25

25

50

1.
Derogar M, van der Schaaf M, Lagergren P: Reference values for the
EORTC QLQ-C30 quality of life questionnaire in a random sample of the Swedish population. Acta
Oncol 51:10-6, 2012
2.
Cohen J: Statistical Power Analysis for the Behavioral Sciences.
Routledge ISBN:1-134-74270-3, 1988
3.
Burstrom K, Johannesson M Fau - Diderichsen F, Diderichsen F:
Healthrelated quality of life by disease and socio-economic group in the general
population in Sweden.

APPENDIX
EQ-5D-3L
By placing a tick in one box in each group below, please indicate which statements best describe your own
health state today.

To help people say how good or bad a health state is, we have drawn a scale (rather like a thermometer) on
which the best state you can imagine is marked 100and the worst state you can imagine is marked 0.We would
like you to indicate on this scale how good or bad your own health is today, in your opinion. Please do this by
drawing a line from the box below to whichever point on the scale indicates how good or bad your health state
is today.

