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Purpose
The aim of this study was to evaluate contemporary rates of local recurrence (LR) and regional

recurrence (RR) in young patients with breast cancer in relation to tumor biology as expressed by
biomarker subtypes.

Patients and Methods

Women < 35 years of age who underwent surgery for primary unilateral invasive breast cancer
between 2003 and 2008 were selected from the Netherlands Cancer Registry. Patients were
categorized according to biomarker subtypes on the basis of hormone receptor (HR) and human
epidermal growth factor receptor 2 (HER2) status. The 5-year risks of developing LR and regional
lymph node recurrence were estimated by using Kaplan-Meier statistics.

Results
A total of 1,000 patients were identified, of whom 59% had a known subtype: 39% HR-positive/HER2-

negative; 17% HR-positive/HER2-positive; 10% HR-negative/HER2-positive; and 34% HR-negative/HER2-
negative (triple negative). Overall 5-year LR and RR rates were 3.5% and 3.7 %, respectively. A decreasing
trend for both rates was observed over time and was accompanied by a significant decrease in the risk of
distant metastases (DM). LR occurred in 4.2%, RR in 6.1%, and DM in 17.8% of patients in 2003, and in
3.2%, 4.4%, and 10.0%, respectively, in 2008. LR and RR rates varied with biomarker subtype. These
differences were borderline significant when analyzed for the entire study period (P = .056 and P = .014,
respectively) and leveled off after the introduction of trastuzumab after 2005 (P = .24 and P = .42,
respectively). Patients with lymph node metastases at the time of diagnosis had an increased risk of RR.
The type of surgery performed—breast-conserving or mastectomy—did not influence rates of LR and RR.

Conclusion
Overall, the rates of LR and RR in young patients with early-stage breast cancer were relatively low
and varied by biomarker subtype.

J Clin Oncol 34:2107-2114. © 2016 by American Society of Clinical Oncology

more frequently observed as well as the occur-
rence of pathogenic germ-line mutations, such as
BRCAI and BRCA2.%”

Of all patients with breast cancer in the Neth- Previous studies observed significantly

erlands, 2% are younger than 35 years of age
at the time of diagnosis." Historically, young
patients with breast cancer have had a poorer
prognosis and a higher risk of locoregional recur-
rence (LRR).”* Younger patients with breast cancer
seem to possess a more aggressive tumor biology
compared with older women with breast cancer.
This is reflected by the high proliferation and poor
differentiation rates and by a higher frequency
of hormone receptor (HR)-negative tumors.” In
addition, unfavorable gene expression profiles are

higher rates of local recurrence (LR) in young
patients who underwent breast-conserving sur-
gery (BCS) compared with older patients and
those who underwent a mastectomy, even though
overall survival did not differ.'”'* Young age has
been considered a justification for more aggres-
sive surgical approaches to prevent LRs.'"* Until
2005, this was reflected in the Dutch Breast
Cancer Guideline, which stated that young age
(= 40 years) was an independent risk factor for
LR after breast-conserving therapy.'> During the
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last two decades, the occurrence of distant metastases(DM) has
decreased'®'” and the survival of patients with breast cancer
has greatly improved. At the same time, LRR rates have also
decreased.'® Developments in systemic treatment, such as the
introduction of trastuzumab,'**® are considered to be the most
important factor in both of these manifestations.'® The evolution
of radiotherapy techniques and regimes has also contributed to the
decreasing rates of LR. Furthermore, the introduction of advanced
computed tomography-based treatment planning has increased
the precision of dose delivery considerably, leading to reduced
toxicity.”!

The diminishing LRR rates in the overall population of
patients with breast cancer and the acknowledgment of tumor
biology and biomarker subtypes in relation to age has raised the
question of whether the historically high risk of LRR has decreased
in young women during a time in which systemic treatment has
evolved, in particular, for the aggressive tumor types that fre-
quently occur in young women. The aim of this study was to
evaluate contemporary rates of LR and regional recurrence (RR) in
young patients with breast cancer and the association with tumor
biology as expressed by tumor biomarker subtypes.

Patient data were selected from the population-based Netherlands Cancer
Registry (NCR). The NCR contains data on patient and tumor charac-
teristics and information regarding the applied treatment. On the basis of a
notification from the Pathological Anatomy National Automated Archive,
trained NCR personnel register the information directly from patients’
medical records from all hospitals. The use of this data was approved by the
NCR Committee of Privacy.

Patients selected were women between the ages of 20 and 35 years
who were diagnosed with primary invasive, nonmetastatic breast
cancer and underwent surgery between 2003 and 2008. Patients
excluded from the study were those with a previous breast cancer
diagnosis, with synchronous contralateral breast cancer, who received
neoadjuvant treatment (n = 150), who lived or were treated outside the
Netherlands, and those with incomplete follow-up data (eg, no
information or missing event date). Only 43 hospitals (47%) provided
follow-up data during 2007 and 2008 compared with all hospitals
(n = 92) from 2003 to 2006.

Patient and tumor characteristics were collected from all patients.
Tumor size and metastatic lymph node involvement were recorded
according to the TNM system of the Union for International Cancer
Control and the American Joint Committee on Cancer that was applicable
at the time of diagnosis.”® Estrogen receptor and progesterone receptor
status were commonly available throughout the study period albeit fully
available only from 2005. Standard assessment of human epidermal growth
factor receptor 2 (HER2) status was implemented in the Netherlands in
mid-2005." Biomarker subtypes were defined on the basis of HR and
HER?2 status and were categorized as HR-positive/HER2-negative, HR-
positive/HER2-positive, HR-negative/HER2-positive, and HR-negative/
HER2-negative (triple negative [TN]).

Information was obtained regarding the type of surgery patients
underwent—BCS or mastectomy—as defined by the last surgical proce-
dure for the primary tumor. Positive tumor margins consisted of
microscopic margin involvement after final surgery. Information regarding
administered radiotherapy (yes or no), chemotherapy (yes or no), hor-
monal treatment (yes or no) and immunotherapy (yes or no) was obtained
from the NCR, although detailed data on specific treatment regimens were
not available. Five-year follow-up data for LR, RR, and DM, whichever
occurred first, were collected for all patients in retrospect by NCR

2108 © 2016 by American Society of Clinical Oncology

Table 1. Clinicopathologic Characteristics of Surgically Treated Patients With
Primary Breast Cancer Age < 35 Years Diagnosed Between January 1, 2003
and December 31, 2008 (n = 1,000)

Characteristic No. of Patients (%)

Tumor histologic type*

Ductal 897 (90)
Lobular 25 (3)
Ductal and lobular 27 (3)
Other* 51 (5)
pT
1A 36 (4)
1B 87 (9)
1C 379 (38)
2 429 (43)
3 47 (5)
4 5 (1)
X 17 (2)
pN
pNO 524 (52)
pN1 311 (31)
pN > 1 162 (16)
Unknown 3(0)
Grade
Well differentiated 55 (6)
Moderately differentiated 252 (25)
Poorly differentiated 627 (63)
Unknown 66 (7)
Multifocality
Yes 158 (16)
No 667 (67)
Unknown 175 (18)
HR status
Positive 489 (49)
Negative 374 (37)
Unknownt 137 (14)
Biomarker subtype
HR-positive/HER2-negative 230 (23)
HR-positive/HER2-positive 98 (10)
HR-negative/HER2-positive 59 (6)
TN 202 (20)
Unknownt 411 (41)
Final surgery
Breast conserving 449 (45)
Mastectomy 551 (55)
Positive tumor margins
Yes 36 (4)
No 939 (94)
Unknown 25 (3)
ALND
Yes 574 (57)
No 426 (43)
Radiotherapy
Yes 629 (63)
No 371 (37)
Chemotherapy
Yes 933 (93)
No 67 (7)
Hormone therapy
Yes 480 (48)
No 520 (52)
HER2 and trastuzumab
HER2-negative, no trastuzumab 452 (45)
HER2-positive, no trastuzumab 35 (4)
HER2-positive, trastuzumab 123 (12)
Unknown 390 (39)

NOTE. Percentages may not add up to 100% as a result of rounding.
Abbreviations: ALND, axillary lymph node dissection; HER2, human epidermal
growth factor receptor 2; HR, hormone receptor; pN, pathological nodal status;
pT, pathologic tumor size; TN, triple negative.

*Tumor histologic type other (eg, mucinous, medullary, metaplastic carcinoma).
tUnknown biomarker subtype category mainly reflects the earlier years when
HER2 status was not determined.
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personnel. For all patients, vital status was ascertained through linkage
with the municipal registry through to December 31, 2013.

Definitions of End Points

Follow-up commenced at the date of final surgery and ended with any
type of recurrence (event), death (censored), or the date of last follow-up
(censored). LR was defined as the occurrence of breast cancer or ductal
carcinoma in situ in the ipsilateral breast or in the skin or subcutaneous
tissue of the ipsilateral chest wall. RR consisted of breast cancer recurrence
in the ipsilateral regional lymph nodes (eg, axillary, infra- or supra-
clavicular or internal mammary nodes). DMs were used as end point
to compare the previously reported downward trend in the occurrence of
DM with the LRR end points.

Statistical Analyses

The distribution of clinicopathologic and treatment factors in the
population of young patients with breast cancer was calculated and
compared for the various biomarker subtypes by using x* tests. Sub-
sequently, tumor characteristics in young patients were assessed over time.
Time trends of different treatment modalities were evaluated by linear
regression analyses.

Kaplan-Meier estimates were used to calculate univariate 5-year rates
for LR and RR in the group of young patients with breast cancer. The
trends of LR and RR and DM over time were evaluated by using linear
regression analyses. DMs were included in this analysis to evaluate whether
a similar trend could be observed between the occurrence of locoregional
and distant breast cancer relapse over time. Subsequently, LR and RR rates
were assessed according to biomarker subtypes for the entire study period
and for the period that trastuzumab was reimbursed by insurers and
routinely administered to patients (2005 to 2008). Within these groups, we
assessed the association between the type of surgery and lymph node
involvement with rates of LR and RR. Because the numbers of both LR and
RR were low, reliable multivariable Cox proportional hazards regression
analyses were not feasible. Therefore, all rates represent Kaplan-Meier
estimates. The differences between groups were assessed by using log-rank
tests.

STATA software version 13.1 (STATA, College Station, TX; Com-
puting Resource Center, Santa Monica, CA) was used for all analyses. All

statistical tests were two-sided, and P < .05 was considered statistically
significant.

During the study period, 1,000 women with breast cancer, age < 35
years at the time of diagnosis, underwent surgery for primary breast
cancer, constituting 2% of the total population of patients with breast
cancer who underwent surgery in that period in the Netherlands
(n=52,310). The mean age of the group of young patients with breast
cancer was 31 years (standard deviation = 2.83 years). The youngest
patient was 20 years old. Tumor and treatment characteristics of the
group of young patients are presented in Table 1. Between 2003 and
2008, the distribution of most tumor characteristics did not vary
significantly as tumor grade, HR status, and lymph node involvement
remained stable (Appendix Table Al, online only).

There was a significant proportional shift of tumor size
during the study period (P = .004): the proportion of Tlc
tumors increased, whereas the proportion of T2 tumors decreased
(P =.001 using linear regression analyses). Overall, 95% of patients
had early-stage breast cancer at pathology (stage I and II). The
distribution of patients who underwent BCS remained stable over
time. Axillary lymph node dissection was performed less often
during the study period (from 69% in 2003 to 46% in 2008;
P <.001). The proportion of patients receiving chemotherapy and
hormonal therapy did not increase significantly over time (Fig 1).
The proportion of patients receiving immunotherapy (trastuzumab)
increased steeply after 2004 with the introduction of standard
trastuzumab treatment in HER2-positive patients in 2005 (P <.001)
and has been stable from 2006 (P = .346).

Distributions of tumor characteristics by biomarker subtypes
in the young age group are presented in Table 2. The unknown
biomarker subtype category reflects the earlier years when HER2
status was not routinely determined; 96% of the patients in this

100

Percentage of Patients Receiving Treatment

2003 2004 2005 2006
Year of Diagnosis
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B Chemotherapy P=.127
Hormonal therapy P=.678
B Immunotherapy P<.001

Fig 1. Time trends of systemic treatment
modalities applied to 1,000 patients with
breast cancer age < 35 years during the
study period of 2003 to 2008. P values for
time trends of different treatment modalities
were evaluated by linear regression analy-
ses. Immunotherapy constitutes treatment
with trastuzumab.

2007 2008
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Table 2. Distribution of the Cliniopathologic Characteristics of Young Patients With Breast Cancer Age < 35 in Relation to the Various Biomarker Subtypes (n = 1,000)
HR-Positive/ HR-Positive/ HR-Negative/
HER2-Negative HER2-Positive HER2-Positive TN Unknown
Characteristic (n = 230) (n =98) (n =59) (n =202) (n=411) P
Tumor histologic type*
Ductal 199 (87) 91 (93) 54 (92) 178 (88) 375 (91) < .001
Lobular 8 (3) 2(2) 1(2) 1(1) 13 (@)
Ductal and lobular 17 (7) 3 (3) 2 (3) 1(1) 4(1)
Other 6 (3) 2(2) 23 22 (11) 19 (5)
pT
1A 13 (6) 2(2) 5 (8) 5(2) 113 .001
1B 25(11) 8 (8) 4.(7) 15 (7) 35 (9)
1C 115 (50) 39 (40) 20 (34) 74 (37) 131 (32)
2 66 (29) 43 (44) 25 (42) 98 (49) 197 (48)
3 9 (4) 4 (4) 3 (B) 9 (4) 22 (5)
4 1(0) 00 0(0) 1(1) 3(1)
X 1(0) 2(2) 2 (3) 0 (0 12 (3)
pN
pNO 125 (54) 36 (37) 19 (32) 139 (69) 205 (50) < .001
pN1 75 (33) 41 (42) 18 (31) 38 (19) 139 (34)
pN > 1 30(13) 21 (21) 22 (37) 25(12) 64 (16)
Unknown — — — — 3 (1)
Grade
Well differentiated 25(11) 4 (4) 23 (1) 23 (6) < .001
Moderately differentiated 101 (44) 28 (29) 14 (24) 15 (7) 94 (23)
Poorly differentiated 93 (40) 64 (64) 38 (64) 174 (86) 258 (63)
Unknown 11 (5) 2(2) 5 (8) 12 (6) 36 (9)
Multifocality
Yes 50 (22) 22 (22) 19 (32) 22 (11) 45 (11) .001
No 176 (77) 71 (72) 36 (61) 174 (86) 210 (561)
Unknown 4 (2) 5 ( 4(7) 6 (3) 156 (38)
Final surgery
Breast conserving 107 (47) 33 (34) 18 (31) 112 (55) 179 (44) .001
Mastectomy 123 (53) 65 (66) 41 (69) 90 (45) 232 (56)
Positive tumor margins
Yes 12 (5) 1(1) 3 (5) 7 ) 13 (3) .379
No 213 (93) 96 (98) 55 (93) 191 (95) 384 (93)
Unknown 5(2) 1.(1) 1(2) 4(2) 14 (3)
ALND
Yes 130 (57) 64 (65) 47 (80) 83 (41) 250 (61) < .001
No 100 (43) 34 (3b) 12 (20) 119 (59) 161 (39)
Radiotherapy
Yes 143 (62) 53 (54) 34 (58) 141 (70) 258 (63) .086
No 87 (38) 45 (46) 25 (42) 61 (30) 153 (37)
Chemotherapy
Yes 207 (90) 97 (99) 57 (97) 198 (98) 374 (91) < .001
No 23 (10) 1(1) 2(3) 4 (2) 37 (9)
Hormone therapy
Yes 197 (86) 83 (85) 2 (3) 4(2) 194 (47) < .001
No 33 (14) 15 (15) 57 (97) 198 (98) 217 (63)
Trastuzumab
Yes 1(0) 80 (82) 43 (73) 1(1) 12 (3) < .001
No or unknown 229 (100) 18 (18) 16 (27) 201 (100) 399 (97)
NOTE. All data are given as No. of patients (%) unless otherwise noted. Percentages may not add up to 100% as a result of rounding. Pvalues were assessed using X2
test to compare the clinicopathologic characteristics with the various biomarker subtypes.
Abbreviations: ALND, axillary lymph node dissection; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; pN, pathological nodal status; pT,
pathologic tumor size; TN, triple negative.
*Tumor histologic subtype other (eg, mucinous, medullary, metaplastic carcinoma).

unknown category were treated between 2003 and 2005. HR-
positive/HER2-negative tumors were present in 23% of patients
and were generally smaller and of a lower malignancy grade
compared with other subtypes (P < .001). Patients with HER2-
negative tumors presented less often with lymph node metastases
than did patients with HER2-positive breast cancer. Mastectomy
was performed more frequently in patients with HER2-positive
tumors compared with patients with HER2-negative tumors

2110  © 2016 by American Society of Clinical Oncology

(68% v 49%; P < .001). The proportion of patients receiving
chemotherapy did not vary significantly between the different
subtypes.

The overall 5-year rates for development of local and regional
breast cancer recurrence were 3.5% and 3.7%, respectively
(Table 3), and both rates showed a decreasing trend over time,
although this was not significant. During the same period, the risk
of DM decreased significantly in the entire cohort (P = .040). The
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Table 3. Overall 5-Year Local, Regional, and Distant Recurrence Rates Over
Time in Patients With Breast Cancer Age < 35 Years Treated Between 2003
and 2008 (n = 1,000)

Local Regional Distant
No. of Recurrence, Recurrence, Metastases,

Year Patients No.(%)* No.(%)t No.(%)t
Overall 1,000 31 (3.5) 33 (3.7) 131 (13.9)
2003 213 8 (4.2) 11 (6.1) 36 (17.8)
2004 212 10 (5.6) 10 (5.1) 38 (19.2)
2005 182 3(2.0) 5(3.1) 25 (14.6)
2006 170 5 (3.2) 2(1.2) 13 (8.2)
2007+ 117 2(2.1) 1(0.9 9 (8.1)
2008+ 106 3(3.2) 4 (4.4) 10 (10.0)

NOTE. Rates represent Kaplan-Meier estimates.

*Local recurrence (ipsilateral in-breast recurrence and new primary).

TP < .05 for trend in recurrence risk over time using linear regression analyses.
FOnly 43 of 92 hospitals were included in the years 2007 and 2008.

5-year LR rate in the unknown subtype group, mainly treated
between 2003 and 2005, was 5.0% compared with 2.6% when the
biomarker subtype was known (P = .039).

The risk of LR and RR varied with biomarker subtype. When
the entire study period was considered, the differences between
subtypes were borderline significant (P = .056 and P = .014 for LR
and RR, respectively); however, when analyzed for the period after
the introduction of trastuzumab (2005 to 2008), the observed
differences leveled off (P = .24 and P = .42 for LR and RR,
respectively; Figs. 2A and 2B). Patients with HR-negative/HER2-
positive tumors displayed the highest rate of LR (5.6%), whereas
patients with the TN subtype demonstrated the higher risk of RR
(3.4%). Patients with HR-positive breast cancer had a 1% risk of
LR, regardless of HER2 status, and similar low rates of RR were
observed. In the 22 patients with HER2-positive status who were
treated before 2005 and who did not receive trastuzumab, LRR was
observed in four patients (18.2%; 1 LR and 3 RR). In the 136
patients with HER2-positive statues who were treated from 2005
onward, including the administration of trastuzumab, locoregional
events were observed in five patients (3.3%; 3 LR and 2 RR).

The type of surgery did not influence the risk of LR. Overall,
LR was 3.2% after BCS versus 3.8% after a mastectomy (P = .617).
Lymph node involvement at the time of surgery increased the risk
of RR in the total population (P = .035) as well as in all biomarker
subtypes, albeit only significantly in the TN group (P = .04).

In the present population-based cohort study of young patients
with breast cancer, we observed a decreasing trend in the rates of
LR and RR. This improved outcome concurred with increased
knowledge of tumor biology (ie, different biomarker subtypes)
combined with developments in systemic treatment, such as the
introduction of trastuzumab, improvements in diagnostic imaging,
and radiotherapy techniques and schedules. Both the LR and RR
rates varied with biomarker subtype. Although low rates of
recurrence were observed in HR-positive tumors, regardless of
HER?2 status, these rates were higher in TN and HR-negative/
HER2-positive tumors.

WwW.jco.org

The overall 5-year rates of developing LR and RR were 3.5%
and 3.7%, respectively. These rates showed a decreasing trend over
time, and are lower than previously reported. In patients with stage
I and II breast cancer age < 35 years treated between 1989 and
1996, a study by Bartelink et al** described a 5-year cumulative
incidence of LR of approximately 9% after radical excision, fol-
lowed by 50 Gy radiotherapy with a boost. A decade later, a study
by Van der Sangen et al' reported a 5-year LR rate of 4.4% after
mastectomy versus 8.3% after breast-conserving therapy in patients
age = 40 years with early-stage breast cancer who underwent surgery
between 1988 and 2005. The data from the current study prove
that the decreasing trend in the risk of locoregional breast cancer
recurrence deducted from these previous studies continues, even
when including higher stage disease.

Simultaneously, we observed a significant decrease in the
occurrence of DM, also reported in previous studies,'®!” which is
in line with reports that overall survival in patients with breast
cancer has improved substantially in the last two decades.'®**

Throughout the study period, more than 90% of patients
received chemotherapy and more than 95% hormonal treatment in
case of HR-positive disease. The proportion of patients who
received chemotherapy increased only slightly during the study
period; therefore, an increasing proportion of patients receiving
systemic treatment in itself is not a likely explanation for the
reduction of locoregional and distant recurrences observed in the
current study. Improvements in systemic therapy and the use of
targeted drugs, such as trastuzumab, may have played an important
role. This is supported by the fact that rates of LR and RR were
lower in patients with a known biomarker subtype compared with
patients with an unknown subtype who mainly received treatment
in earlier years when HER?2 testing and treatment with trastuzu-
mab was not routinely applied. Earlier studies from Kiess et al*®
and Lanning et al*° also observed lower rates of LRR in patients
treated with trastuzumab.

Previous studies have stated that young age should be con-
sidered an independent risk factor for poor prognosis in patients
with breast cancer’”*®; however, the results of this study dem-
onstrate that young age itself does not imply an increased 5-year
rate of LRR . In patients with HR-positive breast cancer, the overall
5-year LR rate was comparable to LR rates previously reported for
older patients, regardless of HER2 status.””"

Biomarker subtype was a prognostic factor for both LR and
RR, as has also been reported by others.”">* The rate of LR was
highest in patients with HR-negative/HER2-positive tumors
followed by patients with TN tumors, whereas TN tumors
displayed the highest RR rate. In the current study, the
unfavorable HR-negative/HER2-positive and TN subtypes
constituted approximately one half of all cases in the young age
category after HER2 typing became common practice. In HR-
positive breast cancer, the LR and RR risks were < 2%, whereas
in the HR-negative subtypes, these rates were higher. The fact
that the differences between subtype-specific recurrence rates
decrease when taking into account only patients that were
treated after trastuzumab was reimbursed emphasizes that some
improvement has already been accomplished. The range of LRR
rates within the population of young patients with breast cancer
proves that generalization of this young group regarding
treatment choice would be incorrect.
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In the past, the high recurrence rates in young women have
frequently led to the concept that mastectomy should be the
preferred type of surgery in this patient population.'* Older studies
on LRR, in times that HER2 status was not addressed, showed
striking differences in the risk of developing LR after BCS versus
mastectomy in young patients with breast cancer'® but with no
influence on overall survival.”>** In the current study, the type of
surgery did not significantly affect risk of LR and RR; this was true
for the entire cohort and the biomarker subtype subsets of patients.

A 5-year follow-up period is possibly too short to draw firm
conclusions on the basis of the presented recurrence rates, espe-
cially in these young women with breast cancer. Although patients
with breast cancer experience relapse most frequently in the first
5 years after primary treatment, HR-positive tumors, in particular,
can have a longer time to recurrence.”>® However, the LRR rates
in this study were still substantially lower compared with previous
reports.'”'" Longer follow-up is required to demonstrate whether
the decreasing trend of the current study will extend to the 10-year
and even 20-year recurrence rates.

The major strengths of this study are the population-based
design and large study population with complete 5-year follow-up
data, making the results generally applicable. Furthermore, data
were registered in the NCR by trained personnel using a stand-
ardized coding manual. The definitions for LR and RR as used in
this study are consistent with the definitions as established by
consensus by Moossdorff et al.*

This study also has important limitations. Fewer patients were
included from 2007 and 2008 because some hospitals did not
provide follow-up data for those years. These patients’ data con-
sisted of a heterogeneous group in which exclusion on the basis of
clinicopathologic and recurrence data in previous years should not
have affected the representativeness of the nationwide breast cancer
population for the period of 2007 and 2008. Although we aimed to
include all stages of nonmetastatic breast cancer for analysis, the
vast majority of patients (95%) had early-stage breast cancer. Some
selection resulted from the exclusion of patients treated with
neoadjuvant chemotherapy as 50% of these patients had ¢T3 or
cT4 tumors. The increased application of neoadjuvant treatment in
smaller tumors could explain the observed proportional shift of
tumor size over time. Data on biologic tumor factors, such as HR
and, in particular, HER2 status, were limited before 2005 as they
were not yet routinely assessed and central pathology review was
not performed. In this study we stratified LRR rates according to

biomarker subtype as defined by HR and HER2 expression. This
classification, however, may not be as accurate as biomarker subtype
classification on the basis of gene expression. In addition, information
concerning specific radiotherapy and systemic therapy regimes, other
than being administered or not, was not available. The administration
of a boost dose could have played an important role in the reduction
of LR. National guidelines at the time advised the routine admin-
istration of an additional radiotherapy boost to the primary tumor
bed, and the Young Boost trial*® was conducted in the Netherlands
during the study period comparing a standard 16-Gy boost with a
26-Gy boost.

As a result of the observational study design, there is the
possibility of confounding by indication, which remains unsolvable
even after using multivariable analysis as there will always remain
the possibility of unknown or unmeasured risk factors.*"** Because
the number of recurrences was so low, multivariable analyses to
correct for confounding and interaction were not feasible; results
should be interpreted with this limitation in mind.

In conclusion, LRR rates in young patients with early-stage
breast cancer decreased between 2003 and 2008, ending up rela-
tively low. The higher recurrence rates in this young population
were associated with the presence of more aggressive biomarker
subtypes. Although longer follow-up is required, especially in these
young women with breast cancer, the results of this study provide
important insight into the LRR risks for this historically high-risk
population.
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Appendix

Table A1. Tumor Characteristics per Incidence Year for Patients With Breast Cancer Age < 35 Years at the Time of Diagnosis (n = 1,000)
2003 2004 2005 2006 2007 2008
Characteristic (n=213) (n=212) (n=182) (n=170) (n=117)* (n =106)* P
Tumor histologic typet
Ductal 193(91) 193 (91) 157 (86) 165 (91) 104 (89) 95 (90) 278
Lobular 8 (4) 6 (3) 5(3) 2 (1) 3(3) 1.(1)
Ductal + lobular 4 (2) 1(0) 11 (6) 4(2) 4 (3) &) ()
Other 8 (4) 12 (6) 9 (5) 9 (5) 6 (5) 7(7)
pT
1a 2(1) 8 (4) 9 (5) 8 (5) 3(3) 6 (6) .004
1b 14 (7) 16 (8) 20 (1) 16 (9) 119 10 (9)
1c 60 (28) 75 (35) 75(41) 67 (39) 57 (49) 45 (42)
2 113 (63) 95 (45) 68 (37) 71 (42) 42 (36) 40 (38)
3 12 (6) 12 (6) 8 (4) 7 (4) 3(3) 5 (5)
4 4(2) 0 (0) 1(1) 0 (0) 0 (0) 0 (0)
X 8 (4) 6 (3) 1(1) 1(1) 1(1) 0 (0)
pN
pNO 99 (46) 103 (49) 105 (58) 89 (562) 68 (58) 60 (57) 443
pN1 71 (33) 74 (35) 47 (26) 56 (33) 33 (28) 30 (28)
pN > 1 42 (20) 33 (16) 30 (16) 25 (15) 16 (14) 16 (15)
Unknown 1(0) 2(1) 0(0) 0(0) 0(0) 0 (0)
Grade
Well differentiated 10 (5) 10 (5) 11 (6) 12 (7) 8(7) 4 (4) .664
Moderately differentiated 51 (24) 48 (23) 54 (30) 37 (22) 36 (31) 26 (25)
Poorly differentiated 127 (60) 143 (67) 103 (57) 111 (65) 70 (60) 73 (69)
Unknown 25 (12) 11 (5) 14 (8) 10 (6) 3(3) 3(3)
Multifocal
Yes 14 (7) 30 (14) 38 (21) 26(15) 24 (21) 26 (25) 157
No 99(46) 122 (58) 135(74) 141 (83) 91 (78) 79 (75)
Unknown 100 (47) 60 (28) 9 (5) 3(2) 2(2) 1.(1)
HR status
Positive 76 (36) 91 (43) 110 (60) 92 (54) 61 (52) 59 (56) 776
Negative 55 (26) 68 (32) 72 (40) 77 (45) 56 (48) 46 (43)
Unknown 82 (39) 53 (25) — 1(1) — 1(1)
Biomarker subtype
HR-positive/HER2-negative 14 (7) 0 (0) 67 (37) 61 (36) 45 (38) 43 (41) < .001
HR-positive/HER2-positive 13 (6) 0 (0) 29 (16) 26 (15) 15 (13) 15 (14) (2005-2008, .279)
HR-negative/HER2-positive 9 (4) 0 (0) 13 (7) 15 (9) 14 (12) 8 (8)
™ 8 (4) 2 (1) 56 (31) 57 (34) 41 (35) 38 (36)
Unknown 169 (79) 210 (99) 17 (9) 11 (6) 2(2) 2 (25)
NOTE. Data are given as No. (%) unless otherwise noted. Percentages may not add up to 100% as a result of rounding.
Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; pN, pathological nodal status; pT,pathologic tumor size; TN, triple negative.
*Fewer patients were included in the years 2007 and 2008 compared with earlier years because some hospitals did not provide data for those years.
TMorphology other (eg, mucinous, medullary, metaplastic carcinoma).
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