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IMPORTANCE Prognostic factors of ipsilateral breast tumor recurrence (IBTR) may change
over time following breast-conserving therapy.

OBJECTIVE The EORTC “boost no boost” trial showed that young age and high-grade invasive
carcinoma were the most important risk factors for IBTR. This study reanalyses pathological
prognostic factors related to IBTR using long-term follow-up.

DESIGN, SETTING, AND PARTICIPANTS Participants included 5569 early-stage breast cancer
patients, treated with breast-conserving surgery (BCS) and whole-breast irradiation (WBI),
who were randomized between no boost and a 16-Gy boost in the EORTC phase III “boost no
boost” trial (1989-1996). A total of 1616 patients with a microscopically complete resection
(according to local pathologists), included in the central pathology review, have been
analyzed in this study. Median follow-up was 18.2 years.

INTERVENTIONS No further treatment or 16-Gy boost, after BCS and 50-Gy WBI.

MAIN OUTCOMES AND MEASURES Time to ipsilateral breast tumor recurrence (IBTR)
as first event.

RESULTS The 20-year cumulative incidence of IBTR in 1616 patients (160 events observed)
was 15% (95% CI, 12%-17%). Young age (P < .001) and presence of ductal carcinoma in situ
(DCIS) (HR, 2.15; 95% CI, 1.36-3.38; P = .001) were associated with an increased risk of IBTR in
multivariable analysis. The cumulative incidence of IBTR at 20 years was 34% (95% CI,
25%-41%), 14% (95% CI, 10%-18%), and 11% (95% CI, 8%-15%), in patients 40 years or
younger, 41 to 50 years and 50 years or older, respectively (P < .001). This incidence was 18%
(95% CI, 14%-22%) and 9% (95% CI, 6%-12%) for tumors with and without DCIS (P < .001).
High-grade tumors relapsed more frequently early during follow-up but the relative effect of
age and presence of DCIS seemed stable over time. The boost reduced the 20-year IBTR
incidence from 31% (95% CI, 22%-39%) to 15% (95% CI, 8%-21%) (HR, 0.37; 95% CI,
0.22-0.62; P < .001) in high-risk patients (�50 years with DCIS present).

CONCLUSIONS AND RELEVANCE The association of high-grade invasive tumor with IBTR
diminished during follow-up, while the effect of DCIS adjacent to invasive tumor seemed to
remain stable. Therefore, patients with high-grade invasive tumors should be monitored
closely, especially in the first 5 years, while additional DCIS is an indication for longer
follow-up, emphasizing the importance of long-term trial follow-up to estimate absolute
effects accurately.
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S ince the introduction of breast-conserving therapy (BCT),
several retrospective and prospective studies have ana-
lyzed clinical and pathological prognostic factors influenc-

ing local control. These studies aimed to identify clinical, radio-
logical, and pathological criteria that would guide the individu-
alization of surgery (mastectomy vs breast-conserving surgery
[BCS]) and radiotherapy (treatment volume and dose: whole-
breast irradiation[WBI]withorwithoutatumorbedboostvspar-
tialbreastradiotherapyornoradiotherapyatall).Well-established
risk factors are first of all the conventional staging system (tumor
size and nodal presence) followed by several other criteria, such
as young age,1,2 mammographic density,3 margin status,4 peri-
tumoral vascular invasion,5 and molecular subtype.6

In the EORTC 10801 study, the long-term follow-up showed
a higher local recurrence rate after BCT compared with modi-
fied radical mastectomy. Despite this result, the survival was
equal in both treatment arms.7 Risk factors for local recur-
rence were studied combined with the Danish Breast Cancer
Cooperative Group 82TM study. Young age and the presence of
an extensive intraductal component (EIC) were associated with
an increased risk of local recurrence after BCT. Vascular inva-
sion was a risk factor independent of treatment. The subgroup
of patients with a lobular carcinoma fared better with BCT.5

More recently, Liu et al8 showed that the intrinsic sub-
type of breast cancer was significantly related to the 10-year
in-breast recurrence in node-negative early breast cancer pa-
tients older than 50 years, treated with tamoxifen and post-
operative radiotherapy or tamoxifen alone,9 varying from 5%
for luminal A tumors to 21% for high-risk tumors (Her2 posi-
tive or triple negative tumors). The subtype itself was not pre-
dictive of benefit from radiotherapy.

Earlier analyses of the EORTC boost no boost study found
that young age and high-grade tumors were associated with a
higher risk of local recurrence after BCT.10 With a radio-
therapy boost dose of 16 Gy following WBI, the local recur-
rence rate could be reduced by nearly a factor of 2, resulting
in the greatest absolute benefit in the youngest patients.11 In
this trial a central pathology review was carried out in a sub-
group of patients with a complete resection of the breast tu-
mor according to the local pathologist.

In this article we reanalyze in the centrally reviewed sub-
set the effect of pathological factors on local control with long-
term follow-up, with a special focus on assessing the evolution
of these effects over time. We also analyze the long-term out-
come of subgroups resembling the intrinsic subtypes, and de-
scribe the effect of the radiotherapy boost in these subgroups.

Methods
Patients and Methods
The trial protocol can be found in Supplement 1. A total of 5569
early breast cancer patients were randomized in the EORTC
boost no boost trial from 1989 to 1996. The main aim of the
trial was to evaluate the influence of a boost dose in BCT in
terms of local control, survival, and cosmetic outcome. The pa-
tients were treated with lumpectomy, axillary dissection, and
WBI (25 times 2 Gy in 5 weeks). The 5318 patients with a mi-

croscopically complete resection according to the local pa-
thologist were randomized between no boost and a 16-Gy boost
to the tumor bed. According to the trial protocol, only pa-
tients with positive axillary lymph nodes received systemic
therapy: chemotherapy for premenopausal patients and ta-
moxifen for postmenopausal women. Details of the trial have
been published previously.11-13 Oral informed consent was ob-
tained according to EORTC guidelines and the local and na-
tional rules of the participating institutes. Ethics committees
of the participating institutes approved the protocol. Tissue
blocks of 1616 patients from the first years of the accrual pe-
riod underwent central pathology review, representing 30%
of the overall population. Data of this subgroup with a me-
dian follow-up of 18.2 years was analyzed.

Pathology Review
The tumor characteristics and margin status were reviewed by
the late breast pathologist J.L. Peterse. The extent of ductal car-
cinoma in situ (DCIS) was estimated by counting the number
of ducts involved in the breast tissue adjacent to the primary
invasive tumor. The presence of DCIS within the primary tu-
mor was not taken into account. Up to 3 ducts involved was
considered a minimal DCIS component; 4 to 9 ducts, a mod-
erate component; and 10 or more ducts involved was consid-
ered an extensive DCIS component. Tumors consisting mainly
of DCIS with focal areas of invasion were classified as inva-
sive carcinomas with an EIC. The margin status of the inva-
sive tumor as well as the DCIS component was defined as fol-
lows: a “positive margin” as tumor on ink, a “very close margin”
as tumor seen at 2 mm or less from the inked resection mar-
gin, a “close margin” as tumor seen between 3 and 4 mm and
a “free margin” as a tumor-free margin of 5 mm or more. The
margin status for invasive carcinoma could be scored in 1494
patients and for DCIS in 811 patients. The histologic grade of
the invasive tumor was defined according to the Elston/Ellis
modification of the Bloom-Richardson system14 and the his-
tologic grade of DCIS was classified as low, intermediate, or
high.15 The subgroup of hormone-receptor negative, high-
grade tumors was analyzed as surrogate for triple-negative tu-
mors, since the Her2 status was unknown for this population.
The subgroup of estrogen-receptor positive, low-grade
tumors was analyzed as surrogate for luminal A tumors.

Key Points
Question What is the long-term impact of prognostic factors on
ipsilateral breast tumor recurrence (IBTR) in patients treated with
breast-conserving therapy?

Findings Young age and the presence of ductal carcinoma in situ
(DCIS) adjacent to the invasive tumor were associated with an
increased incidence of IBTR at long-term follow-up, whereas
high-grade tumors relapsed more frequently only during the
first 5 years.

Meaning Patients with high-grade invasive tumors should be
monitored closely, especially in the first 5 years. The impact of
DCIS remained constant over time, indicating that long-term
follow-up is necessary. The boost significantly reduced IBTR in
these patients.
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Statistical Analysis
Time to ipsilateral breast tumor recurrence (IBTR) as first event
was calculated from the date of randomization. Since it is dif-
ficult to differentiate between a local recurrence and a new pri-
mary tumor in the treated breast, all invasive recurrences found
in the ipsilateral breast during follow-up were classified as IBTR.
Patients alive without IBTR were censored at the date of last
follow-up. Patients who first experienced another event (re-
gional recurrence, new tumor, distant metastasis, or death)
were censored at the date of this event. In addition, patients
were censored if they experienced any of these other events
within 4 months of their IBTR (assuming the other event was
already present at the time of local recurrence), except if this
concerned a regional recurrence only.

The Cox proportional hazards model was used to analyze
the cause-specific hazard of IBTR, where variables included
in multivariable analysis were selected based on clinical ex-
pertise and supported by univariable analysis. Interactions with
time were assessed by the Pearson product-moment correla-
tion between the scaled Schoenfeld residuals of the Cox model
and log(time). A global test for interactions was significant
(P = .002). For a visual inspection of possible interactions with
time, the residuals were plotted against time along with a

smooth curve.16 A restricted cubic spline with 3 knots was used
for age. Kaplan-Meier estimates of cumulative incidence were
reported at 20 years, or at 15 years for subgroups with fewer
than 20 subjects at risk at 20 years. Cox models with interac-
tions were used to compare the effect of boost treatment be-
tween subgroups. Subjects with missing data necessary for
analysis were removed from that particular analysis. Results
with a P value <0.01 were considered statistically significant.

Results
The median age of the patients was 54 years (eTable 1 in
Supplement 2). After lumpectomy and 50-Gy WBI, no boost
was given in 801 patients, while 815 patients received a 16-Gy
boost (Figure 1). The median tumor size was 15 mm, most of
the tumors were hormone receptor positive and 78% of pa-
tients had negative axillary lymph nodes. Patients with axil-
lary lymph node involvement received adjuvant systemic treat-
ment: 16% of premenopausal patients received chemotherapy
and 23% of postmenopausal patients received tamoxifen (20
mg per day for 2 years). The majority of tumors were invasive
ductal carcinomas, in 58% of patients associated with a DCIS
component (eTable 1 in Supplement 2).

Ipsilateral Breast Tumor Recurrence
A total of 160 IBTR as first event were found, 99 in the no boost
arm and 61 in the boost arm. The 20-year cumulative risk of
IBTR was 17% (95% CI, 13%-20%) and 12% (95% CI, 9%-16%),
respectively (P < .001) (Table 1). The patient characteristics of
the subgroup with central pathology review did not differ sig-
nificantly from the population without review,10 and neither
did local control. The cumulative incidence curves of IBTR
never reached a plateau and the favorable absolute effect of
the boost increased over time as the curves continued to di-
verge (eFigure 1 in Supplement 2).

In the univariable analysis, the boost treatment and use
of tamoxifen were significantly associated with improved lo-
cal control, whereas young age and the presence of DCIS were
prognostic of increased risk of IBTR (eTable 2 in Supplement
2). Patients with high invasive grade were at greater hazard of
IBTR in the first 5 years of follow-up, but the effect declined
in the course of time (interaction with time P < .001, Figure 2A),
with more than 250 high-grade patients at risk after 5 years
(eFigure 2 in Supplement 2). For the presence of additional DCIS
no such change in hazard over time was observed (interac-
tion with time P = .41, Figure 2B). In patients receiving sys-
temic therapy, the boost still had a significant influence on IBTR
(eFigure 3, in Supplement 2). Neither incomplete resection of
invasive tumor nor tumor-free margin distance in millime-
ters for complete resection was significantly related to local
control. Also for the additional DCIS component, tumor-free
margin in millimeters for complete resection or even incom-
plete resection did not appear to influence local control.

Risk Factors for Local Recurrence
After adjustment for treatment and known prognostic fac-
tors, young age (P < .001) and presence of DCIS (HR, 2.15; 95%

Figure 1. Trial Population

5318 Complete resection

2657 No boost 266116 Gy boost

1856 No review 
pathology

801 Analysis 815 Analysis 1846 No review
pathology

Table 1. Cumulative Incidence of Ipsilateral Breast Tumor Recurrence
as First Event at 20 Years of Follow-up (Univariate Effects)

Variable Subjects Events

Cumulative Local
Recurrence
Probability,
% (95% CI) P Value

Treatment <.001

No boost 801 99 17 (13-20)

16-Gy boost 815 61 12 (9-16)

Age, y <.001

27-40 183 49 34 (25-41)

41-50 442 44 14 (10-18)

>50 991 67 11 (8-15)

Presence of DCIS <.001

No 664 44 9 (6-12)

Yes 914 110 18 (14-22)

Histological grade
of invasive tumor

.08

Low 784 70 12 (10-15)

Intermediate 398 35 14 (9-18)

High 363 42 16 (10-22)

Abbreviation: DCIS, ductal carcinoma in situ.
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CI, 1.36-3.38; P = .001) were statistically significant predic-
tors of IBTR (Table 2). The histological grade of the invasive
tumor did not significantly influence long-term local control.
The association between age at randomization and IBTR was
nonlinear (eFigure 4 in Supplement 2), but similar in both treat-
ment arms. The risk of IBTR decreased from age 30 to about
50 from 34% (95% CI, 25%-41%) to 11% (95% CI, 8%-15%)
(Table 1). As of the age of 50, the risk more or less stabilized.
In tumors with and without additional DCIS, the cumulative
incidence of IBTR at 20 years was 18% (95% CI, 14-22) and 9%
(95% CI, 6%-12%), respectively (P < .001) (Table 1).

A total of 124 patients had estrogen receptor (ER) and pro-
gesterone receptor-negative, high-grade tumors. In this group
were 16 events. The 15-year cumulative incidence of IBTR in this
population was 16% (95% CI, 8%-23%). The IBTR incidence re-
lated to age showed the following trend: 15-year cumulative in-
cidence of IBTR was 34% (95% CI, 9%-53%) in patients younger
than 40 years of age, 19% (95% CI, 2%-32%) in patients aged 41
to 50, compared with 6% (95% CI, 0%-12%) for patients older
than 50 years (P = .04). The presence of additional DCIS did not
influence local control in this population.

464 patients had ER-positive, low-grade tumors. In this
group were 43 events. The 15-year cumulative incidence of IBTR
in this subgroup was 11% (95% CI, 8%-14%). Age had a signifi-
cant influence also in this population: patients younger than
40 years had a 15-year IBTR incidence of 34% (95% CI, 14%-
49%) compared with 10% (95% CI, 5%-15%) for patients 40
years or older (P < .001). The presence of DCIS in this popula-
tion showed a trend in 15-year IBTR incidence: 14% (95% CI,
9%-19%) for patients with additional DCIS vs 7% (95% CI, 3%-
11%) for patients without (P = .02).

Effect of the Boost Treatment in High-Risk Patients
The influence of the radiotherapy boost on the different sub-
groups is shown in Figure 3.

For patients younger than 50 years, the 16-Gy boost dose
reduced the 20-year cumulative incidence of IBTR from 24%
(95% CI, 18%-30%) to 15% (95% CI, 10%-20%) (HR, 0.51; 95%
CI, 0.33-0.77; P = .002). In patients with additional DCIS, the
boost dose reduced the 20-year cumulative incidence of IBTR
from 22% (95% CI, 17%-27%) to 14% (95% CI, 9%-19%) (HR,
0.47; 95% CI, 0.31-0.69; P < .001). In the population with both
risks combined, the boost dose reduced the 20-year cumula-
tive incidence of IBTR from 31% (95% CI, 22%-39%) to 15% (95%
CI, 8%-21%) (HR, 0.37; 95% CI, 0.22-0.62; P < .001). The in-
fluence of the boost in the older patients with DCIS (545 pa-
tients with 45 events) was not significant: a 20-year cumula-
tive incidence of IBTR of 15% (95% CI, 9%-21%) without vs 14%
(95% CI, 5%-23%) with the boost (P = .11).

Forthesubgroupofpatientswithhormonereceptor-negative,
high-grade tumors, the 16-Gy boost dose reduced the 15-year cu-
mulative incidence of IBTR from 31% (95% CI, 14%-44%) to 5%
(95% CI, 0%-9%) (HR, 0.23; 95% CI, 0.07-0.70; P = .01).

For patients with ER-positive, low-grade tumors, the 16-Gy
boost dose did not change the IBTR rate. Neither was this the
case for patients with ER positive, low-grade tumors and ad-
ditional DCIS.

Discussion
This long-term analysis of randomized BCT patients with a cen-
tral pathology review showed that 2 factors had a significant

Figure 2. Log HR Over Time
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negative impact on local control: young age and the presence of
an additional DCIS component adjacent to the primary tumor.

The negative impact of young age on local control could
be reduced by the boost in radiation therapy dose. Bartelink
et al11 showed that the relative improvement in local control
by the boost was similar for the different age groups; how-
ever, the absolute risk reduction in local recurrence was the
largest in the younger patients. Younger patients were not at
higher risk for adverse effects of the boost dose in terms of cos-
metic outcome or fibrosis development, which remained in-
dependent from age.17

In our previous analysis,10 we showed that the grade of in-
vasive cancer, together with boost and age, remained signifi-
cant in the final multivariable analysis. With longer follow-
up, the relative effect of invasive tumor grade decreased rapidly
within the first 5 years, losing its significance with longer fol-
low-up, whereas the relative effect of presence of DCIS did not
diminish over time (Figure 2), doubling the IBTR incidence at
20 years. This factor has a constant relative effect on local con-
trol over time, meaning that the absolute difference between
the cumulative incidence curves continues to widen, empha-
sizing the importance of long-term follow-up.18

All excisions were complete according to local patholo-
gists, but resection margin width was analyzed from central re-
view data. Neither the margin for the invasive tumor nor for the

Figure 3. Effect of the Radiotherapy Boost Dose on IBTR for the Different Subgroups

0 1.50 2.501.00 2.00

Hazard Ratio (16 Gy Boost vs No Boost)

0.50

Interaction
P Value

16 Gy Boost
Better

No Boost
Better

Age (grouped)
27-50 0.51 (0.33-0.77) .31
51+ 0.70 (0.43-1.14)

Positive nodes
No 0.56 (0.39-0.80) .56

.52

Yes 0.71 (0.35-1.44)
Diameter, mm (grouped)

0-20 0.67 (0.46-0.98)

.19

21-50 0.53 (0.29-0.99)
Oestrogen

Negative 0.43 (0.22-0.81)

.61

Positive 0.71 (0.45-1.11)
Chemotherapy

No 0.56 (0.39-0.80)

.73

Yes 0.70 (0.34-1.44)
Tamoxifen administration

No 0.60 (0.43-0.83)

.03

Yes 0.49 (0.17-1.43)
Histologic grade

Low/intermediate 0.79 (0.54-1.16)

.015

High 0.36 (0.18-0.70)
DCIS

No 1.13 (0.63-2.05)

.63

Yes 0.47 (0.31-0.69)
Margin invasive tumor

Close/very close 0.52 (0.28-0.94)

.22

Free 0.61 (0.41-0.92)
Margin DCIS

Close/very close 0.63 (0.33-1.20)
Free 0.35 (0.18-0.68)

Group HR (95% CI)

DCIS indicates ductal carcinoma in
situ; IBTR, ipsilateral breast tumor
recurrence.

Table 2. Multivariable Analysis for Ipsilateral Breast Tumor Recurrence
as First Event

Variable HR (95% CIs) P Value
Treatment

No Boost vs 16 Gy Boost 0.62 (0.41-0.92) .02

Age

Per yeara <.001

Positive nodes

No vs yes 0.82 (0.43-1.56) .55

Systemic therapyb

No vs yes 0.76 (0.44-1.29) .31

Diameter

Per mm 1.03 (1.00-1.06) .05

Grade invasive tumor

Intermediate/low vs high 0.87 (0.52-1.46) .60

DCIS

No vs yes 2.15 (1.36-3.38) .001

Estrogen

Negative vs positive 1.11 (0.67-1.85) .67

Progesterone

Negative vs positive 0.79 (0.48-1.29) .34

Abbreviations: DCIS, ductal carcinoma in situ; mm, millimeter.
a See eFigure 5 in Supplement 2.
b Systemic therapy indicates tamoxifen or chemotherapy.
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associated DCIS component was associated with IBTR. These
results confirm the Society of Surgical Oncology–American So-
ciety for Radiation Oncology consensus guidelines on margins
in BCS for invasive cancer.4 These guidelines concluded that
positive margins (ink on tumor) were associated with a 2-fold
increase in the risk of local recurrence, but if the margins were
negative (no ink on tumor) an increase in margin width did not
significantly decrease the risk of local recurrence.

Based on the risk factors for local control, we defined high-
and low-risk populations. The high-risk group consisted of pa-
tients 50 years or younger with DCIS in addition to the inva-
sive tumor, in which the boost dose reduced the incidence of
IBTR with a HR of 0.37 (95% CI, 0.22-0.62) translating in an
absolute decrease of 16% at 20 years.

A low-risk group was defined as patients having
ER-positive, low-grade tumors (as an approach for the selec-
tion of luminal A tumors). The radiotherapy boost did not ap-
pear to modify the risk of local relapse in this subgroup. We
know that overall the percentage of local recurrences in early
breast cancer patients is decreasing.19,20 In this favorable popu-
lation, the question is whether they need any radiotherapy at
all.6,21 Three different studies randomized postmenopausal
women with low-risk hormone receptor-positive early-
breast cancer treated with BCS and endocrine therapy be-
tween WBI and no further treatment.22-24 The 5-year results
show an IBTR incidence of 0.6% to 1.3% in the WBI group com-
pared with 4.0% to 7.7% in case of no RT. Only Hughes
et al25 published the long-term follow-up results: a 10-year
loco-regional recurrence rate of 2% in the WBI group com-
pared with 10% in the no RT patients. This result underlines
the need for long-term follow-up given the pattern of late re-
currences in these favorable tumors.26 Liu et al8 concluded that
patients older than 60 years with T1 luminal A tumors, treated
with lumpectomy and tamoxifen alone, had a 10-year IBTR of
only 3.1%. Currently, several single-arm trials of BCS and en-
docrine therapy without radiotherapy in post-menopausal
patients with small luminal A tumors are initiated
(Cl inic altr ia ls .gov NCT01791829, NCT02 400190,
NCT02653755). The development of gene-expression signa-
tures related to local control in breast cancer is another im-
portant tool in the selection of patients benefiting from post-

operative radiotherapy,27 but a reliable and validated profile
predicting the need for postoperative radiotherapy is cur-
rently not yet available.

Limitations
There are limitations to this study. The pathology review
population was limited to less than one-third of the whole
trial population. Therefore, the subgroup analysis does not
have much power, and although the forest plot indicates
homogeneity of the effect of radiotherapy boost treatment,
the nonsignificance of interactions should be interpreted
with caution. Furthermore, the IBTR rates have fallen
greatly in the past years, so the absolute risk reduction
caused by the boost is currently probably smaller. Owing to
the absence of a treatment arm without radiotherapy we
could not study the possibilities of omitting radiotherapy
for favorable subgroups. As the measurement of HER2/neu
was not standard during the course of the trial, we
were unable to fully assess the impact of subtyping on
local control.

Conclusions
The long-term follow-up analysis of pathological prognostic
factors associated with local control in the EORTC boost no
boost trial showed that young age and the presence of associ-
ated DCIS increase the risk of IBTR. In patients with both fac-
tors the radiotherapy boost dose reduced the IBTR risk with
an HR of 0.37, leading to an absolute risk reduction of 16% at
20 years. The proportional hazards assumption of a constant
hazard was valid for almost all variables, except for the effect
of high histologic grade, which diminished over time. The fact
that the relative impact of additional DCIS on local control
seemed to remain constant over time, whereas the impact of
high grade decreased over time, underlines the importance of
long-term trial follow-up to correctly estimate absolute ef-
fects. Patients with high-grade invasive tumors need to be
monitored closely especially in the first 5 years, whereas pa-
tients with invasive tumors with associated DCIS need
long-term follow-up, at least 20 years.
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