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ABSTRACT
Background: Adjuvant radiotherapy (RT) after breast-conserving surgery for DCIS lowers the relative
local recurrence risk by half. To identify a low-risk group with the minimal benefit of RT could avoid
side effects and spare costs. In this study, the outcome was compared for different RT-strategies using
data from the randomized SweDCIS trial.
Material and methods: Five strategies were compared in a Swedish setting: RT-to-none or all, RT to
high-risk women defined by DCISionRT, modified Radiation Therapy Oncology Group (RTOG) 9804 cri-
teria, and Swedish Guidelines. Ten-year recurrence risks and cost including adjuvant RT and local
recurrence treatment cost were calculated.
Results: The mean age at recurrence was 64.4 years (36–90) and the mean cost for treating a recur-
rence was $21,104. In the SweDCIS cohort (n¼ 504), 59 women developed DCIS, and 31 invasive recur-
rence. Ten-year absolute local recurrence risk (invasive and DCIS) according to different strategies
varied between 18.6% (12.5–23.6%) and 7.8% (5.0–12.6%) for RT-to-none or to-all, with an additional
cost of $2614US dollars per women and $24,201 per prevented recurrence for RT-to-all. The risk differ-
ences between other strategies were not statistically significant, but the larger proportion receiving
RT, the fewer recurrences. DCISionRT spared 48% from RT with 8.1% less recurrences compared to RT-
to-none, and a cost of $10,534 per prevented recurrence with additional cost depending on the price
of the test. RTOG 9804 spared 39% from RT, with 9.7% less recurrences, $9525 per prevented recur-
rence and Swedish Guidelines spared 13% from RT, with 10.0% less recurrences, and $21,521 per pre-
vented recurrence.
Conclusion: It seems reasonable to omit RT in pre-specified low-risk groups with minimal effect on
recurrence risk. Costs per prevented recurrence varied more than two-fold but which strategy that
could be considered most cost-effective needs to be further evaluated, including the DCISionRT-test
price.
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Background

Ductal breast carcinoma in situ (DCIS) constitutes about 10%
of all diagnosed breast cancer in countries with mammog-
raphy screening programs, and about 20% in screened
populations [1,2]. Adjuvant radiotherapy (RT) after breast-
conserving surgery (BCS) for DCIS lowers the relative local
recurrence risk by approximately 50% after 10-years, but
with no effect on survival [3]. To identify a group with a low
absolute risk and with minimal, or no, benefit of RT has been
an aim for the last decades [4,5]. Different definitions of low

risk, where RT might be safely omitted, have been included
in different national guidelines [6,7]. Omitting RT could avoid
negative side effects but also spare money and resources.
However, data on the effect of using different low-risk defini-
tions to decide who should be offered RT or not is lacking.

DCISionRTVR is a biological signature for 10-years local
recurrence risk in those treated with BCS with or without RT,
based on seven biomarkers (PR, HER2, Ki67, FOXA1,
p16/INK4A, SIAH2 and COX2) and four clinical factors (age,
tumor size, surgical margins, and palpability). DCISionRT has
shown to be prognostic and divides women with DCIS into
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Low Risk and Elevated Risk [8] but also, it seems to be
predictive for RT-benefit [9,10].

In this retrospective study, we define treatment costs for
a recurrence after a primary DCIS and we compared different
strategies for deciding on using RT after BCS for DCIS and
the strategy impact on recurrence rate and costs, 10-years
after primary surgery, using data from the randomized
SweDCIS trial [11].

Material and methods

We compared five different RT strategies for oncological out-
come and costs after primary BCS for DCIS in a retrospective
study of the SwedCIS randomized trial. The results are
reported according to the REMARK guidelines [12]
(Supplementary Table 1). The different strategies were: (1)
RT-to-none, (2) RT-to-all, (3) No RT to women with low-risk
defined by DCISionRT, (4) No RT to women with low-risk
DCIS, according to the modified Radiation Therapy Oncology
Group 9804 study criteria (RTOG 9804) [12], and (5) No RT to
women with low-risk DCIS according to Swedish National
Guidelines [7].

The oncological outcome was calculated from data in a
validation study of DCISionRT in the SweDCIS cohort [10]. In
SweDCIS, women with primary DCIS were randomized to RT
or not after BCS between 1987 and 1999, in Sweden [11].
Formalin embedded paraffin tumor blocks were collected in
Sweden and new slides were sent to PreludeDx, Laguna Hills,
CA, USA, for staining and scoring of the biomarkers and
nuclear grade (NG), by board-certified pathologists blinded
to outcome [8]. Of 1046 randomized women, 504 women
with all clinical and biomarker data and negative margins
were included in the study cohort. DCISionRT decision scores
(DS, range 0–10 points) were calculated and women were
divided into Low Risk, DS �3 and Elevated Risk, DS >3
(Figure 1). All statistical analyses were conducted in Sweden
independent from PreludeDx. The 10-year absolute and rela-
tive recurrence risks were calculated for total and invasive
breast cancer events. Invasive events were defined as either
local, regional, or metastatic. Total events were defined as
either a new DCIS or an invasive ipsilateral event. In the cur-
rent comparison of the different RT strategies, we only used
total events.

In the RTOG 9804 [13], good-risk patients were identified
as those with mammographically detected, non-palpable,
low- or intermediate-grade DCIS, measuring �2.5 cm and
margins >3mm. In this study, we had to modify this to
screen-detected, non-palpable, NG 1–2 lesions, size �2.5 cm,
and with negative margins. According to Swedish National
Guidelines [7], women with DCIS NG 1–2, <1.5 cm with nega-
tive margins and ‘preferably post-menopausal’ can be spared
RT after informed consent. We defined post-menopausal as
52 years or older.

We defined numbers needed to treat (NNT) as how many
women must be given adjuvant RT to prevent one recur-
rence, and an example of harm was defined according to ref-
erence 13 as breast pain due to RT at least once a week the

previous six months, 10–17 years post-radiotherapy. Harm
was estimated to occur in one of 12 having RT [14].

In 74 women from V€astra G€otaland, Uppsala, and V€asterås
health care regions in Sweden with a local ipsilateral recur-
rence as the first event after primary BCS for DCIS between
1988 and 1999, treatment of the recurrence was docu-
mented through medical records (Figure 1). The majority of
these women were from the SweDCIS cohort but some add-
itional women from the same region and time period were
included. Treatment included breast and axillary surgery,
additional re-operations, reconstruction either direct or
delayed (with an implant or autologous tissue), radiotherapy,
and chemotherapy. Costs were based on diagnostic-related
grouping (DRG) in Sweden, 2020 (SEK) and then converted
to US dollars ($1¼ 9.16 SEK, per 31st of May 2021). The initial
cost for adjuvant RT was also based on DRG. The cost for the
DCISionRT test was set to $1010 in a study by Kim et al. [15]
but as no fixed price is available in Sweden, we decided to
exclude test costs in our analyses. Mean recurrence costs for
four different treatment- and recurrence options were calcu-
lated, i.e., BCS with or without adjuvant RT, with either a
new DCIS or an invasive recurrence.

This study was approved by the ethics committee at
Umeå University, Sweden, Fek 8705052-2 and Dnr 05–65M
with amendment 2020-02132.

Statistical analyses

Absolute 10-year total recurrence rates were calculated by
Kaplan–Meier analyses, and rates and differences with 95%
confidence intervals (CI) were calculated using Cox propor-
tional models by means of flexible parametric survival model
(stpm2) [16] and standardized failure function (stand-surv)
[17]. A competing risk model was tested for DCISionRT with
a minor effect on estimated risks [10]. Hazard ratios (HR) for
association of RT, clinicopathologic factors, and year of diag-
nosis were determined by multivariable Cox proportional
hazards analysis. In the validation cohort, HRs for the associ-
ation of RT were determined within categorical DS groups
(DS �3, DS >3) or according to clinicopathology factors
defining low-risk or high-risk by RTOG 9804 and Swedish
Guidelines. Clinicopathologic and treatment factors were
summarized by counts and percentages. T-test or Fisher’s
exact testing was used to assess differences between sub-
sets. Statistical analyses were performed with Stata/MP 16.1.

Results

Treatment and cost of recurrences

Of the 74 selected women with recurrence studied for the
cost calculations, 33 recurrences were new DCIS, and 41
invasive cancers. Fifty-four of those 74 primarily had BCS
without adjuvant RT and 20 had BCS with adjuvant RT (Table
1). The mean age at primary diagnosis was 58.4 years (range
30–84 years) and the mean time to recurrence was 6.0 years
(1–22 years). Time to recurrence was statistically significantly
longer for those with invasive recurrences than for those
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with a new DCIS: 7.2 vs. 4.6 years (p¼ .03), but similar after
BCS with RT and BCS without RT, 5.7 vs. 6.3 years (p¼ .79),
respectively. In all, 68.9% (51/74) had a salvage mastectomy:
70.0% (14/20) after BCS with RT and 68.5% (37/54) after BCS
without RT (p¼ 1.0). Of those having a mastectomy at the
time of recurrence, reconstruction was performed in 35.7%

(5/14) and 29.7% (11/37) (p¼ .74) of those with BCS with RT
and BCS without RT, respectively (Table 1). The reconstruc-
tion rate was higher, but not statistically significantly higher,
after a mastectomy due to a new DCIS compared to an inva-
sive recurrence, 40.9% (9/22) versus 24.1% (7/29) (p¼ .24).

The costs per treatment modality based on data from the
74 women are presented in Table 2. The mean cost for treat-
ing a recurrence was $21,104 and the median cost was
$16,904 (range $0–78,850). One woman, 82 years old at the
time of recurrence, did not receive any treatment due to
congestive heart disease and one woman aged 83 only
received antioestrogen treatment. The mean cost was used
for the calculation of cost per strategy and the costs were
not statistically significantly different for women who had
had adjuvant RT or not, or for the different types of recur-
rence. The mean recurrence costs were: BCS with RT and

Figure 1. Flow chart describing available tumor material from the randomized SweDCIS trial, for evaluation of 10-year absolute total local recurrence risk according
to five different radiotherapy strategies.

Table 1. Treatment of invasive or in situ recurrences in 74 women after initial breast conserving surgery for primary DCIS,
with or without adjuvant radiotherapy.

BCS without adjuvant RT BCS with adjuvant RT

Recurrence type Treatment In situ n¼ 25 Invasive n¼ 29 In situ n¼ 8 Invasive n¼ 12

Radiotherapya 5 (20%) 16 (55%) 1 (12%) 1 (8%)
BCSb 8 (32%) 8 (28%) 3 (38%) 3 (25%)
Mastectomyb 17 (68%) 20 (69%) 5 (62%) 9 (75%)
Reconstructionc 6 (24%) 5 (17%) 3 (38%) 2 (17%)
Chemotherapyd 1 (4%) 4 (14%) 1 (12%) 4 (33%)
a± boost.
b± axillary staging.
cAny reconstruction.
dAny chemotherapy regime.
DCIS: ductal breast carcinoma in situ; BCS: breast conserving surgery.

Table 2. Costs for different treatments according to diagnostic related group-
ing in Sweden 2020 and converted to US dollars.

Treatment cost US dollars

Radiotherapy breast (boost or no boost) $4900
Breast Conserving Surgery (Sentinel Lymph Node Biopsy or not) $6700
Mastectomy $12,900
Mastectomyþ axillary clearance $19,800
Mastectomyþ Implant Reconstruction $16,500
Delayed Implant Reconstruction $16,500
Immediate or Delayed Autologous Reconstruction $41,300
Chemotherapy (any regime) $6900
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DCIS recurrence $17,719 ($6707–47,986), BCS with RT
and invasive recurrence $22,506 ($0–66,709), BCS without RT
and DCIS recurrence $20,625 ($6707–78,850), and BCS with-
out RT and invasive recurrence $21,870 ($4900–66,709),
respectively.

RT-strategies

In the nationwide SweDCIS study cohort (n¼ 504), 90
women had developed a recurrence after 10-years, of which
59 were a new DCIS and 31 invasive recurrences. There were
no metastatic first events. The calculated 10-year absolute
total breast event risks according to the different strategies
and risk groups within the strategies are presented in Table
3. The difference in local recurrence risk was of borderline
statistical significance between Strategies 1 (RT-to-none) and
2 (RT-to-all), otherwise, the confidence intervals were over-
lapping between strategies and risk groups. Based on these
data, the number of recurrences and the total cost for adju-
vant RT, and treatment of recurrences, and per strategy are
presented in Table 4. The confidence intervals are not pre-
sented but were wide and overlapping. Comparing strategies
the larger proportion receiving adjuvant RT, the fewer
recurrences.

Ten-year absolute local recurrence risk (invasive and DCIS)
was 18.6% (12.5–23.6%) for RT-to-none and 7.8% (5.0–12.6%)
for RT to all, with an additional cost of $2614US dollars per
women for RT-to-all and a cost per prevented recurrence of
$24,201. Strategy 3 (DCISionRT) spared 48% from RT with
8.1% less recurrences after 10-years compared to RT-to-none,
at a cost of $10,534 per prevented recurrence (additional
cost of the test is not included). Strategy 4 (RTOG 9804)
spared 39% from RT, with 9.7% less recurrences, at a cost of
$9525 per prevented recurrence and Strategy 5 (Swedish
Guidelines) spared 13% from RT, with 10.0% less recurrences,
at a cost of $21,521 per prevented recurrence. The corre-
sponding numbers for invasive recurrences (with even larger
confidence intervals) were 8.4% invasive recurrences after 10-
years for RT-to none and 3.7% for RT-to-all with a cost of
$70,649 per prevented invasive recurrence. Strategy 3
(DCISionRT) had a 5.3% absolute risk with a cost of $27,548
per prevented invasive recurrence, Strategy 4 (RTOG 9804)
had a 3.5% absolute risk with a cost of $18,857 per

prevented invasive recurrence, and finally Strategy 5
(Swedish Guidelines) with an absolute risk of 3.6% with a
cost of $44,833 per prevented invasive recurrence.

Looking at NNT and harm by RT for the different strat-
egies, for Strategy 2 (RT-to-all) the NNT was 9.3 and RT
caused breast pain at least once a week in 8.3% of women.
For Strategy 3 (DCISionRT) NNT was 6.4 and caused pain in
4.3% of women. The corresponding numbers for Strategy 4
(RTOG 9804) was: NNT 6.3 and causing pain in 5.1%, and for
Strategy 5 (Swedish Guidelines) NNT 8.7 and causing pain in
7.2% of women (Table 5).

Discussion

The main finding from this retrospective study of a random-
ized trial was that using DCISionRT, RTOG 9804 criteria, or
Swedish national guidelines criteria could spare 48%, 39%,
and 13%, of women radiotherapy respectively after breast-
conserving surgery for DCIS with a low impact on 10-year
recurrence risk. The excess 10-year recurrence rates were
2.7%, 1.1%, and 0.8% for the different strategies, compared
to giving radiotherapy to all. Cost comparisons between
strategies are presented but must be looked upon as
approximative. Also, the test cost for DCISionRT was not
included. However, the cost of preventing a recurrence var-
ied more than two-fold.

A strength of the study is that the calculations are based
on data from 504 women randomized to RT or not after BCS
for a primary DCIS in the SweDCIS study. RT was associated
with an absolute reduction of local recurrences of 16% at 10-
years [18]. At 20-years, the reduction was 12% of which only
2% were prevented invasive recurrences [11]. In our current
study, only women with free margins were included to make
the cohort more contemporary and representative of today,
making the 10-year local recurrences rates somewhat lower
than in the entire SweDCIS population, 7.8% vs. 10.3% and
18.6% vs. 21.6%, with and without RT, respectively. We
applied different criteria for giving RT on the cohort and
even if the initial study cohort was not designed for this and
the numbers were small in the different subgroups, the
results show that giving RT to all is a considerable
overtreatment.

Table 3. The calculated 10-year absolute total breast event risks (invasive and in situ) for patients treated with breast con-
serving surgery with negative margins and with adjuvant radiotherapy given according to different strategies in the
SweDCIS randomized study.

Total breast event risk at 10-years
Strategy Treatment (numbers) Absolute risk (CI 95%)

Strategy 1 RT to none 18.2% (12.5%–26.3%)
Strategy 2 RT to all 7.9% (5.0%–12.6%)
Strategy 3 No RT tot DCISionRT Low Risk (n¼ 264) 12.9% (6.9%–23.5%)

RT to DCISionRT Elevated Risk (n¼ 240) 8.3% (4.5%–5.3%)
Strategy 4a No RT to RTOG 9804 good-risk (n¼ 197) 11.6% (5.7%–23.9%)

RT to RTOG 9804 high-risk (n¼ 306) 7.1% (3.9%–13.2%)
Strategy 5b No RT to SwG low-risk (n¼ 65) 15.9% (4.8%–52.5%)

RT to SwG high-risk (n¼ 439) 7.5% (4.6%–12.5%)

CI 95%: 95% Confidence Interval; DS: Decision Score; RT: Radiotherapy; SwG: Swedish National Guidelines.
aGood-risk clinicopathologic DCIS criteria modified from RTOG 9804, consisting of screen detected, non-palpable lesions with
a size �2.5 cm, NG I-II, and negative margins.
bLow-risk criteria from modified Swedish National Guidelines NG I-II, size <1.5 cm, negative margin, and age �52years
years.
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One could argue that patients today do better in general
but in a study by Chua et al. non-low-risk DCIS patients from
2007 to 2014, had a 5-year local recurrence rate of 7.3% after
RT [19], which is in line with the results for the different
high-risk groups receiving RT in this study. Also, the better
the patients do, the stronger the concern of overtreatment.
In two low-risk populations using the RTOG 9804 and ECOG
criteria, the recurrence rate at 10-years without RT was still
about 10% [20,21]. Altogether, applying low-risk criteria for
RT treatment omission seems to be a reasonable and cost-
effective practice [22,23], even if the relative benefit of RT
still is about 50%. On an individual level, however, it must
be a joint decision between physician and patient to
omit RT.

The treatment cost calculations in this study were built on
74 women and the treatment they received for their recur-
rence according to medical records. Costs were added for
surgery and oncological treatment and the costs were very
similar regardless of if they had RT or not at primary surgery,
and regardless of if the recurrence was a new DCIS or inva-
sive. We did not have data on RT-boost, a specific type of
chemotherapy, or exact type of axillary staging, making the
cost calculations approximative. About the same proportion
of women had a salvage mastectomy at the time of recur-
rence even if the option of a new BCS with adjuvant RT
would have been possible. To find the reasons behind these
treatment decisions was not within the scope of this study
but maybe the fear of having yet another recurrence drives
the patient’s decision toward mastectomy. It is difficult to
compare costs as treatment policies and prices might vary
between countries. As an example of this, in a Swedish study
from 1997 the treatment cost for a recurrence after BCS for
early invasive breast cancer was about $3000 (adjusted to
$4000 for 2020) [24], the 10-year cost per local recurrence
was $19,596 in another study from the USA, based on SEER
and Medical Claims linked data from 2008 [25], and in a pos-
ter presentation at the San Antonio Breast Cancer
Symposium 2022, the full cost after early breast cancer recur-
rence, also based on SEER and Medical Claims data, was

$96,465 [26]. We did not do a cost-effectiveness analysis
according to the CHEERS [27] criteria as we missed some cru-
cial information.

The comparison of the effect of different strategies and
the corresponding cost per woman and cost per prevented
recurrence can be seen mainly as an eye-opener regarding
overtreatment. The estimated cost per prevented recurrence
by RT was in the range of $9500 to $24,000 for any recur-
rence and $20,000 to $70,000 for invasive recurrences, and
the cost was lower for Strategies 3, 4, and 5 compared to
giving RT to all. In the study by Liljegren et al. [24], the esti-
mated cost to prevent a local recurrence was about $44,000
(adjusted to $57,000, 2020) including indirect costs as travel
expenses and lost production. The authors also calculated
the cost for every gained quality adjusted life-year (QALY) for
RT after BCS for early breast cancer. The cost was estimated
to $210,526 ($26,315–$513,158) (adjusted to $274,800, 2020)
[24]. The cost per prevented recurrence and gained QALY
was estimated to be reduced by 38%–45% by giving RT only
to high and intermediate-risk patients [24].

The least costly strategy, just looking at money, was to
omit RT for all. To balance the harm and the benefit in rela-
tion to the cost is, however, something that must be done.
Based on the data from this study, we cannot draw any far
going conclusion on what is the preferred strategy. Also, we
only used one side effect as a representative for harm. We
did not include data on possible side effect caused to the
lungs or heart. Notwithstanding, RT to all seems to be a
costly overtreatment with an NNT of 9.3. By using the
Swedish National Guidelines 87% received RT. For DCISionRT
and RTOG 9804, 52% and 61% were irradiated with 1.9% and
0.3% over risk at 10-years. In Sweden, a switch to RTOG 9804
criteria for omitting RT could be proposed while awaiting
more DCISionRT data and cost.

In a Markov modeled study, the cost-effectiveness of
DCISionRT was examined in an American setting. Using
DCISionRT was not cost-effective compared to RT-to-none
[28]. In another cost-effectiveness analysis by Kim et al. [14],
RT decisions were simulated based on traditional

Table 4. Proportion of women having adjuvant radiotherapy, number of recurrences at 10-years, and mean total cost per RT-strategy per woman undergoing
breast conserving surgery for DCIS.

DCIS BCS ± RT RT%
Recurrences at 10-years

(invasive/in situ)
Cost (including adjuvant RT
and treatment of recurrence)

Strategy 1, RT to none 0% 18.6% (8.4/10.2) $3927
Strategy 2, RT to all 100% 7.8% (4.7/3.1) $6541
Strategy 3, RT per DCISionRT 52% 10.5% (5.3/5.2) $4781
Strategy 4, RT per RTOG 9804 61% 8.9% (3.5/5.4) $4851
Strategy 5, RT per SwG 87% 8.6% (3.6/5.0) $6079

BCS: breast conserving surgery; RT: radiotherapy; SwG: Swedish National Guidelines. $: US dollars.

Table 5. Numbers needed to treat (NNT) and harm for the different radiotherapy strategies in relation to cost and recurrence risk at 10-years compared to RT
to none, in the SweDCIS cohort with women undergoing breast conserving surgery for primary DCIS.

Treatment Adjuvant RT (%) NNT
Prevented

recurrences (%)
Caused

harma (%)
Incremental cost
per woman (US $)

Cost per prevented
recurrence (US $)

Strategy 1, RT to none 0 – – – – –
Strategy 2, RT to all 100 9.3 10.8 8.3 $2,614 $24,201
Strategy 3, DCISionRT 52 6.4 8.1 4.3 $853 $10,534
Strategy 4, RTOG 9804 61 6.3 9.7 5.1 $929 $9,525
Strategy 5, SwG 87 8.7 10.0 7.2 $2,152 $21,521
aAccording to reference 13.
RT: adjuvant radiotherapy; DCIS: ductal breast carcinoma in situ; SwG: Swedish National Guidelines; $: US dollars; NNT: numbers needed to treat.
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clinicopathological factors or DCISionRT. The test cost was
set to $1010 and an acceptable threshold of $100,000 per
QALY was assumed. DCISionRT was cost-effective, costing
$177.20 more per treated woman, compared to treatment
based on clinicopathological factors. This is of course
depending on the test price.

The psychological effects of a recurrence, QoL, or QALY
were not included in our calculations. In SweDCIS the adjuvant
RT was routinely given for five weeks. The proportion of
women with pain was 21% in the Swedish population under-
going such a regime [14]. In an Australian study, 80% of
women receiving RT reported a difference in breast pain
between sides (34% moderate to large) after at least
12months [29]. Today, hypo-fractionation is becoming more
common, and it seems like the preventive effect is as good as
for five weeks RT, but long-term side effects may still be
underestimated, e.g., regarding cardio-pulmonary effects.
However, in a cost-effectiveness analysis in the UK, a five-day
hypo-fractioning had both the least cost and greatest expected
QALYs compared to 15-d RT [30]. The psychological effect of a
recurrence might also be different between in situ and invasive
recurrences as a new DCIS does not have any effect on sur-
vival while the risk of breast cancer death is reported to be
18-fold higher after an invasive recurrence [31,32]. There is also
an increased risk of secondary cancers including angiosarco-
mas after breast radiation. The risk is small but nevertheless, it
may affect the individual therapy decision [33–35].

To conclude, it seems reasonable to omit RT in pre-specified
low-risk groups with minimal effect on recurrence rates at
10-years. The total cost per woman (adjuvant radiotherapy and
cost for treating the recurrences) varies almost two-fold
between RT-strategies. The cost per prevented recurrence
varies even more, especially regarding invasive local recur-
rences. Risk perception is however individual and the decision
to give, or omit RT, must be discussed with every woman
based on available scientific data.
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