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Postoperative Radiotherapy After Breast-Conserving
Surgery for Early-Stage Breast Cancer
A Review
Corey Speers, MD, PhD; Lori J. Pierce, MD

The Benefit of Adjuvant Radiation Following
Breast-Conserving Surgery

A remarkably consistent local control benefit has been demon-
strated in multiple randomized phase 3 studies designed to assess the
role of adjuvant radiotherapy (RT) in women treated with breast-
conserving surgery. These trials1-11 (Table 1), initiated over 2 decades
(1976-1991), included a variety of surgical managements, systemic
treatments, radiation doses and fields, and baseline recurrence risks.
Despite these differences, all trials demonstrated a strikingly similar
risk reduction in the rates of local recurrence with the addition of ad-
juvant RT. No single trial, however, was able to individually demon-
strate an overall survival benefit. A survival benefit was not shown un-
til the publication of the Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) meta-analysis12 which, by aggregating the mature
data, achieved sufficient power to demonstrate an overall survival ad-
vantage with adjuvant RT.

A potential reason that a survival advantage was not demon-
strated in earlier randomized studies lies in the design of these
trials, which individually were underpowered to detect an overall
survival benefit. Furthermore, older RT techniques often used ex-
ternal-beam arrangements that delivered significant doses to the
heart, particularly for left-sided cancers. Thus, competing risks of
death from cardiac disease almost certainly overwhelmed any po-
tential survival benefit that would have been derived from reduc-
ing locoregional recurrences with adjuvant RT.

The Role of RT Treatment in Women
With Node-Positive Breast Cancer
The EBCTCG meta-analysis12 demonstrated that women with either
node-negative or node-positive disease derived a substantial ben-
efit from RT for both local control and overall survival. In the node-
negative group, local recurrence rates were 22.9% without RT and

IMPORTANCE Radiotherapy (RT) after breast-conserving surgery for early-stage disease has
become an integral part of breast cancer treatment. This article reviews the rationale and
indications for adjuvant radiotherapy to the breast and regional lymph nodes.

OBSERVATIONS Randomized trials have demonstrated a significant benefit in tumor control in
the treated breast following whole-breast RT that, in aggregate, has resulted in an overall
survival advantage compared with breast-conserving surgery alone. Recent studies have
further assessed the impact of regional nodal irradiation in women with either high-risk
node-negative or node-positive disease and suggest a significant benefit in regional control
and breast cancer recurrence, but not in overall survival. Toxic effects, including
lymphedema, were increased in the cohorts receiving comprehensive nodal RT. The benefits
from regional RT should be weighed against potential radiation-associated toxic effects.
Randomized trials have also demonstrated equal efficacy and toxic effects between
hypofractionated and conventionally fractionated RT in appropriately selected patients. In
addition, current efforts incorporating clinical, pathologic, and molecular features are under
way to identify patients for whom RT to the breast can be safely omitted.

CONCLUSIONS AND RELEVANCE Adjuvant RT in early-stage breast cancer significantly reduces
in-breast tumor recurrence and improves overall survival. Although risk reductions observed
in randomized trials have been relatively consistent across series, the absolute benefit of RT is
not equal for all women. Efforts are under way to identify which patients benefit the most
from local or locoregional RT vs those at very low risk for recurrence in whom RT can be
omitted. For patients who will benefit from RT and are appropriate candidates,
hypofractionated RT should be strongly considered.
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6.7% with RT at 5 years, and 15-year breast cancer mortality risks
were 31.2% and 26.1%, respectively. Corresponding estimates in
patients with positive axillary nodes were 41.1% without RT and
11.0% with RT at 5 years, and 55.0% and 47.9% at 15 years, respec-
tively. Given the competing risks for both local and distant failures,
particularly among node-positive women, subsequent EBCTCG
analyses focused primarily on the reporting of first recurrences.
Use of RT in patients with pathologic node-positive cancer signifi-
cantly decreased the risk of any first recurrence from 63.7% to
42.5% at 10 years (an absolute reduction of 21.2%) and the 15-year
risk of breast cancer death from 51.3% to 42.8% (an absolute
reduction of 8.5%).13

Since the EBCTCG reporting of the in-breast tumor recurrence
(IBTR) results in patients with node-positive disease, additional se-
ries have shown even higher rates of tumor control in the treated
breast using RT with contemporary systemic therapies. Wapnir et
al14 evaluated 2669 women with node-positive breast cancer en-
rolled in multiple National Surgical Adjuvant Breast and Bowel Proj-
ect (NSABP) trials. In these studies, the 10-year rate of isolated IBTR
was 8.7% and the other local or regional recurrence rate was 6.0%
suggesting that, even in the node-positive patient population, the
risk of locoregional recurrence was low with adjuvant RT therapy in
the presence of contemporary systemic therapy.

Although these data clarified the benefit of adjuvant whole-
breast RT in women who underwent breast-conserving surgery, the
role of nodal-directed RT was less clear. Historically, cancer in the
axilla has been managed surgically with axillary lymph node dissec-
tion (ALND), which is therapeutic and provides prognostic and stag-
ing information. Owing to the morbidity of ALND, particularly lymph-
edema, interest in using more conservative surgical approaches to
manage disease in the axilla grew. Thus, sentinel lymph node (SLN)
surgery was developed in an attempt to mitigate the morbidity of
ALND in a patient population that, because of more aggressive
screening, was at an ever-decreasing risk of having nodal metasta-
sis. Multiple randomized trials (NSABP B-32,15,16 Sentinella,17 Axil-
lary Lymphatic Mapping Against Nodal Axillary Clearance,18 and Mi-
lan Sentinel Lymph Node19) have demonstrated that SLN surgery is
an effective means of pathologically assessing the axilla in women
who are clinically node negative and results in rates of axillary con-
trol and survival comparable to those with ALND in patients with
pathologically node-negative disease.

In light of these results, investigators postulated that, even for
women with positive SLN, ALND dissection was perhaps unneces-
sary. To that end, both the International Breast Cancer Study Group
23-0120 and and American College of Surgeons Oncology Group
[ACOSOG] Z001121 trials were designed to determine whether
completion ALND was necessary for women with micrometastatic
and macrometastatic nodal disease. These trials suggested that there
are no significant differences in the rates of local, regional, distant
recurrence, or disease-free survival at 5 years between groups. These
results have been used to justify the omission of completion ALND,
and therefore its associated morbidity, in patients with limited SLN
involvement, particularly in those treated with whole-breast RT.
However, a recent analysis22 of the radiation fields from a subset of
patients enrolled in ACOSOG Z0011 suggests that the undissected
axilla was included in extended RT fields in some of the patients ran-
domized to the no-ALND arm, suggesting that nodal RT could have
contributed to the low axillary recurrence rate observed.

An additional question regarding axillary treatment was ad-
dressed by the European Organisation for Research and Treatment
of Cancer (EORTC) 10981-22023 (AMAROS) trial,23 which com-
pared ALND and axillary RT efficacy and morbidity. In this trial,
women with positive SLN were randomized to completion ALND vs
axillary-directed RT (50 Gy in 25 fractions [to convert gray to rad,
multiply by 100]). Although the median number of positive nodes
was only 1 and the event rates for both arms of this noninferiority
trial were lower than expected, the results showed comparable rates
of tumor control with either completion ALND or axillary RT in pa-
tients with T1 to T2, cN0 breast cancer. The findings also demon-
strated that there were significantly fewer toxic effects and less mor-
bidity, especially related to lymphedema, with RT compared with
surgery (5-year rates of 23% vs 11% for ALND vs RT, respectively) at
the cost of slightly increased rates of shoulder morbidity with re-
gional RT. The results from this trial suggest axillary RT as an alter-
native to ALND in patients with SLN involvement.

Regarding treatment of the internal mammary and supracla-
vicular nodes, several trials were designed to assess the effect of
regional RT on these nodal regions in early-stage disease. A French
randomized clinical trial24 of internal mammary node (IMN) RT for
node-positive or high-risk node-negative cancers treated with mas-
tectomy demonstrated that, although the overall survival rate was
not significantly improved at a median follow-up of 11.3 years (62.6%
with vs 59.3% without RT) with IMN RT, certain subsets of patients
benefited from IMN treatment, including those with node-positive
disease. Further evidence of benefit was observed in a more re-
cently published Danish population study25 that looked at whether
IMN treatment improved overall survival as a primary end point. In
that study, patients who underwent operations for unilateral, early-
stage, node-positive breast cancer were allocated to IMN treat-
ment for right-sided disease, whereas those with left-sided disease
were allocated to no IMN treatment because of the risk of radiation-
induced heart disease. At a median follow-up of 8.9 years, the 8-year
overall survival rate was significantly improved for those receiving
IMN RT (75.9% vs 72.2%; P = .005). Other metrics, including disease-
free survival and distant metastasis–free survival, were also im-
proved with IMN RT.

Although these studies looked at the role of IMN RT specifi-
cally, a more recent Intergroup/National Cancer Institute of Canada
Clinical Trials Group (NCIC-CTG) MA.20 trial26 was developed to test
whether comprehensive nodal irradiation (treatment of the supra-
clavicular and IMN regions) would benefit patients with high-risk,
node-negative (pT3, pT2 with <10 nodes removed, and grade 3/es-
trogen receptor−/lymphovascular space invasion) and node-
positive cancers. All women with node-positive disease under-
went a complete level I or II ALND. Patients were randomized to
undergo whole breast RT (50 Gy in 25 fractions with or without boost
doses) vs whole-breast and comprehensive nodal (supraclavicular
and internal mammary nodes with or without the axilla) RT (50 Gy
in 25 fractions). With a median follow-up of 9.5 years, this trial
showed a significant but modest improvement in locoregional dis-
ease–free survival with the addition of comprehensive nodal RT
(95.2% vs 92.2%), which translated into a more robust improve-
ment in distant disease–free survival (86.3% vs 82.4%) and disease-
free survival (82% vs 77%). The absence of a more pronounced im-
provement in locoregional control may be explained by the delivery
of whole-breast RT to both randomized groups and the difficulty in
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documenting supraclavicular and internal mammary nodal recur-
rences. Overall survival was not significantly improved with
(82.8%) vs without (81.8%) nodal RT. Thus, the investigators con-
cluded that, although there was no improvement in overall sur-
vival, there was a significant decrease in breast cancer recur-
rences with the addition of adjuvant, comprehensive nodal RT in
women predominantly with 1 to 3 lymph nodes involved after a
completion ALND. Longer follow-up is needed to determine
whether survival will be improved since benefits in survival often
lag behind benefits in locoregional control as demonstrated in the
EBCTCG meta-analyses.12,13

Results from the EORTC 22922 trial27 that also tested the ef-
fects of comprehensive nodal RT were recently reported. In this ran-
domized clinical trial of 4004 women with stage I to III disease, pa-
tients were randomized to undergo whole breast and/or chest wall
RT or whole breast and/or chest wall RT plus IMN and supraclavicu-
lar lymph node irradiation (50 Gy in 25 fractions). With a median fol-
low-up time of 10.9 years, the 10-year risk-adjusted overall survival
(as a primary end point) was improved from 80.7% to 82.3% in the
regional irradiation group (P = .06). Secondary end points, includ-
ing disease-free survival (improved from 69.1% to 72.1%), distant dis-
ease–free survival (improved from 75.0% to 78.0%), and breast can-
cer mortality (improved from 14.4% to 12.5%) were also each
significantly improved following regional RT.

However, the potential benefits of comprehensive nodal therapy
must be weighed against the potential toxic effects of treatment.
As shown in the NCIC-CTG MA.20 trial,26 rates of pneumonitis were
modestly increased with and without regional RT (1.2% vs 0.2%;
P = .01); and lymphedema rates were almost doubled following RT
(8.4% and 4.5%; P = .001). In addition, although increased cardiac
toxic effects following RT have not been demonstrated thus far in
the NCIC-CTG MA.20 study, multiple reports28 have correlated car-
diac injury with cardiac exposure to RT, implicating specific treat-
ment techniques. The importance of individual treatment plan-
ning cannot be overemphasized to ensure that the heart is excluded
from the radiation field.

Given the preponderance of recent data (Danish, French, EORTC
22922, and NCIC-CTG MA.20 trials) suggesting not only a locore-
gional benefit but also a systemic benefit from nodal RT, our prac-
tice is to generally recommend regional RT planned with conformal
3-dimensional techniques for women with macroscopic nodal me-
tastasis if treatment can be delivered excluding the heart from the
radiation field. However, the recommendation to treat is made only
following a detailed risk-benefit assessment estimating the pa-
tient’s baseline risk using factors such as patient age, extent of nodal
involvement, tumor size and grade, receptor status, presence of lym-
phovascular invasion and comorbid conditions, the predicted lo-
coregional and systemic benefit of treatment, and the potential for
treatment-related complications.

Omission of RT in Women Treated
With Breast-Conserving Surgery
Although adjuvant RT decreases the risk of local recurrence after
breast-conserving surgery in patients with early-stage disease, data
from the Oxford EBCTCG meta-analysis12,13 demonstrated that most
of these women are cured with surgery alone. With this realization,

attempts have been made to define a sufficiently low-risk popula-
tion for recurrence in whom adjuvant RT could be avoided. Al-
though the factors previously noted have been associated with in-
creased rates of local recurrence, other factors have been associated
with reduced risk, and these selection factors have provided the plat-
form from which randomized clinical trials looking at the feasibility
of the omission of RT in patients with favorable risk have been gen-
erated. Factors such as older age, small tumor size, and estrogen re-
ceptor positivity have been most reproducibly linked to a lower risk
of local recurrence. Based on these observations, several random-
ized clinical trials have looked at the omission of RT for these low-
risk patients. One of the first of these trials was the NSABP B-21 study7

(Table 1). The 8-year IBTR rate was 16.5% in the tamoxifen-alone arm,
9.3% in the RT-alone arm, and 2.8% in the combination arm. The rela-
tively high rate of local recurrence in this low-risk patient popula-
tion in the absence of RT demonstrated that adjuvant RT was still
indicated as an important component of care.

In a similar study, investigators in Canada randomized 769
women 50 years or older with small (T1 to T2) tumors to receive ta-
moxifen with or without RT (40 Gy in 16 fractions followed by a boost
of 12.5 Gy in 5 fractions).29 Median patient age was 68 years and 81%
of the cancers were estrogen receptor positive. The addition of RT
significantly decreased the rates of local recurrence (from 7.7% to
0.6% at 5 years and 17.6% to 3.5% at 8 years). Thus, the impor-
tance of breast RT was again demonstrated despite the enrollment
of a favorably selected patient cohort.

To further identify a low-risk patient population in whom RT
could safely be omitted, investigators in the Cancer and Leukemia
Group B (CALGB) and ECOG groups randomized 636 women 70
years or older with 2-cm or smaller estrogen receptor–positive, clini-
cally node-negative breast cancers in CALGB 9343.29,30 Patients
received tamoxifen with or without RT (45 Gy in 1.8-Gy daily frac-
tions with up to a 14-Gy in 7 fractions electron boost). Although there
was a significant decrease in the rates of local recurrence at 5 and
10 years with RT (5% vs 1% and 9% vs 2%, respectively), the rates
of IBTR in women receiving only tamoxifen was believed to be low
enough that omission of RT in this patient population was clinically
feasible.

More recently, investigators in the United Kingdom reported the
first analysis of a multinational phase 3 trial that randomized women
65 years or older to receive 45 to 50 Gy in daily doses of either 2.0
or 2.66 Gy per fraction (boost permitted) or observation (Postop-
erative Radiotherapy in Minimum-Risk Elderly II).31 This trial in-
cluded 1326 women with small (�3-cm), estrogen receptor–
positive, node-negative tumors. At median follow-up of 5 years, the
women who received RT had a significantly lower rate of IBTR (1.3%)
compared with women who did not receive RT (4.1%). There was
no difference in metastasis-free or overall survival noted after 5 years.
The maturation of these data will be important in determining
whether the rates remain acceptably low.

Although compelling, these trials make clear that not all pa-
tients at low risk for recurrence are identified using clinical criteria
and additional biomarkers, including molecular biomarkers, could
be useful in the identification of a true low-risk population. Indeed,
the integration of clinicopathologic features and immunohistochemi-
cal markers to identify a surrogate luminal A subtype population in
the previously described Canadian study29 looking at the omission
of RT showed that the luminal A subtype (as defined by immuno-
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histochemical but not gene expression profiling) was prognostic but
not indicative of response to RT.32 The investigators32 suggested that
this population (defined as very low-risk by this group) may be spared
breast RT subject to further validation. In addition, several other trials
(Endocrine Therapy in Low Risk Luminal A Breast Cancer [Ontario,
Canada], Profiling Early Breast Cancer for Radiotherapy Omission
[Dana-Farber Cancer Institute], Individualized Decisions for Endo-
crine Therapy Alone [University of Michigan], and Examining Per-
sonalized Radiation Therapy Trial [Australia and New Zealand Breast
Cancer Trials Group]) are currently evaluating the usefulness of gene
expression signatures or OncotypeDx recurrence scores with clini-
copathologic factors in the context of omission of RT.

The Evolution of Radiation Techniques
and Fractionation
Radiotherapy techniques have evolved significantly over the past
4 decades. In the early era of breast-conserving surgery and RT, many
radiation fields were planned using 2-dimensional techniques with-
out the ability to clearly define the cardiac borders or limit the amount
of lung in the treatment field. This technique led to the subsequent
inclusion of portions of the heart and increased lung volumes in the
primary RT field in some patients and markedly increased doses to
the heart and lungs compared with more modern techniques. Re-
ductions in cardiac and lung exposure are now achieved using 3-di-
mensional conformal RT planning systems, breath-holding tech-
niques, normal tissue blocking, prone positioning, and other
practices. More recently, with the development of intensity-
modulated RT, which allows for the modulation not only of the ra-
diation beam field size, but also the beam intensity, radiation doses
to the heart and lung can be further reduced in some patients. This
modulation allows for a more conformal and homogeneous dose dis-
tribution (compared with 2-dimensional planned, opposed tangen-
tial fields). In addition, studies with proton treatment are ongoing
to test for additional heart and lung sparing over readily available pho-
ton treatment.33 Even more recently,34 partial breast irradiation tech-
niques (using either balloon-based, interstitial brachytherapy treat-
ment, or external-beam RT) seek to condense the duration needed
to treat women with breast cancer after breast-conserving surgery
from the traditional 5 to 6 weeks for conventionally fractionated ra-
diation to a week or less using very conformal radiation doses im-
mediately surrounding the lumpectomy cavity, a technique termed
accelerated partial breast irradiation (APBI).

Discussion of the varying types of APBI and each trial compar-
ing APBI with conventional whole-breast RT is not provided here;
however, a meta-analysis34 of APBI trials with 1140 patients dem-
onstrated that, although there was no significant difference in over-
all survival, distant metastasis, or supraclavicular recurrences, there
was an increased risk of local (odds ratio, 2.1) and axillary (odds ra-
tio, 3.4) recurrences with APBI compared with whole-breast RT.
These differences in outcome, in part, have been attributed to in-
clusion of patients unsuitable for APBI.35,36 A significant portion of
the lower axilla is treated with standard whole-breast RT, perhaps
explaining the decreased rates of axillary recurrence in the whole-
breast RT arm. Subsequent reports37-39 suggest that, in appropri-
ately selected patients, APBI may be an equally effective treat-
ment option for women with breast cancer. With the maturation of

multiple randomized clinical trials assessing the effectiveness of APBI,
including the NSABP B-39/Radiation Therapy Oncology Group
0413, Randomized Trial of Accelerated Partial Breast Irradiation, UK
Medical Research Council, Intensity Modulated and Partial Organ
Radiotherapy Trial LOW, and the Intraoperative Radiotherapy trials,
extensive data will be forthcoming.

Not surprisingly, the appropriate selection of patients for partial
breast irradiation is critical since young age, multifocal or multicen-
tric disease, positive margins, and the presence of an extensive intra-
ductal component may lead to increases in local recurrence rates in
women treated with APBI. Consensus statements from the Ameri-
can Society of Radiation Oncology,40 the American Society of Breast
Surgeons,35 and the American Brachytherapy Society,36although
slightly different from one another in their designation of suitable can-
didates, should be considered when determining whether APBI is ap-
propriate treatment for a patient outside of a prospective study.

Recent data have emerged41-44 regarding optimal dose and frac-
tionation schemes to the whole breast in early-stage disease. Based
on the radiobiology of normal and cancerous breast tissue and in an
effort to limit late normal tissue toxic effects, fractions of 2 Gy/d or
less were previously believed to be most effective and least toxic in
the treatment of breast cancer. In recent decades, however, this
dogma has been challenged and recent randomized clinical trials41-44

have now proven the equivalence of whole-breast hypofraction-
ated (fractions �2 Gy/d) RT with respect to tumor control and toxic
effects compared with standard fractionation. At least 3 prospec-
tive randomized clinical trials of hypofractionated RT (Table 2)41,42,44

have been reported in women with stage I or II disease, and all 3 have
found no decrement in locoregional disease control and perhaps de-
creased toxic effects with hypofractionated radiation (39-42.5 Gy
in 13-16 fractions).41-44

Based on this compelling evidence, the American Society for
Radiation Oncology45 has recommended that hypofractionation with
a dose of 42.5 Gy in 16 fractions (as in the Canadian study41) be con-
sidered in appropriate patients older than 50 years with pT1-T2 pN0
disease in whom a relatively homogeneous dose distribution can be
achieved.

Biomarkers and Future Directions
There has been much interest recently in developing better bio-
markers to identify patients at sufficiently low risk of recurrence such
that adjuvant RT can safely be omitted. As discussed above, clini-
copathologic factors, including age, tumor size, and hormone re-
ceptor status, remain imperfect in their risk stratification, and it is
clear that finding more reliable markers is an area of unmet clinical
need. Furthermore, previous studies46-49 have attempted to ana-
lyze rates of IBTR by subtype defined by immunohistochemical mark-
ers. These studies have consistently found that luminal A cancers
are associated with extremely low rates of local recurrence com-
pared with ERBB2 (formerly HER2)-overexpressing or basal-like (in-
cluding triple-negative breast cancer) tumors.46-49 These data from
ERBB2-associated cancers are confounded by the varying rates of
anti-ERBB2 therapy in these studies since ERBB2 inhibition has been
demonstrated50,51 preclinically to be associated with radiosensiti-
zation. Conflicting data on the validity of these proposed biomark-
ers underscore the need for additional research regarding the role
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of RT in cohorts of patients treated uniformly and for whom gene
expression profiling is the determinant of intrinsic molecular sub-
type. Decisions regarding the usefulness and efficacy of adjuvant che-
motherapy have been greatly improved with the development of
tests such as OncotypeDx and Mammaprint, but no such test cur-
rently allows for similar risk stratification for adjuvant RT. Multiple
groups are currently working on this issue, including Genomic Health
(OncotypeDCIS), CyvergenX (a radiosensitivity index), and PFS Ge-
nomics (RadiotypeDx).52-54 Furthermore, recent publications55,56

have begun to inform this discussion, at least as it relates to the use-
fulness of RT in the postmastectomy setting, and further validation
of these intriguing findings is eagerly awaited. The Danish group55

recently published a 4-gene signature that, at least within the con-
text of the Danish 82b/c trials, was predictive of benefit from post-
mastectomy RT and was able to identify a patient population at
very low risk of local recurrence with the omission of RT. Similarly,
researchers are investigating whether the OncotypeDx score may
be predictive of the need for RT after mastectomy, even for node-
positive participants in the NSABP trials.56,57 Whether any of the
developed biomarkers will be validated in phase 3 randomized

clinical trials remains to be seen and, until such data are obtained, it
is our opinion that these markers should not be adopted into clini-
cal practice.

Conclusions
Radiotherapy is an important component of care in the manage-
ment of early-stage breast cancer based not only on its ability to re-
duce tumor recurrence in the breast, but also on its ability to sig-
nificantly improve breast cancer–specific survival. Recent
randomized clinical trials have provided additional data regarding
appropriate fields, radiation doses, and fractionation schemes based
on clinical and pathologic features, and treatment outcomes and
have helped to inform the next generation of trials that seek to iden-
tify patients and cancers with low-risk features in whom radiation
can be safely omitted. Finally, as we look to the future, much work
is ongoing to develop additional molecular markers that, in conjunc-
tion with readily available clinical markers, will further refine the se-
lection of patients who benefit from breast RT.
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