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LINICAL INVESTIGATION Breast

LOCOREGIONAL RECURRENCE RATES AND PROGNOSTIC FACTORS FOR
FAILURE IN NODE-NEGATIVE PATIENTS TREATED WITH MASTECTOMY:

IMPLICATIONS FOR POSTMASTECTOMY RADIATION

RESHMA JAGSI, M.D., D.PHIL., RITA ABI RAAD, M.D., SAVELI GOLDBERG, PH.D.,
TIMOTHY SULLIVAN, B.A., JAMES MICHAELSON, PH.D., SIMON N. POWELL, M.D., PH.D.,

AND ALPHONSE G. TAGHIAN, M.D., PH.D.

Department of Radiation Oncology, Massachusetts General Hospital, Harvard Medical School, Boston, MA

Purpose: Postmastectomy radiation therapy (PMRT) reduces locoregional recurrence (LRR) of breast cancer.
Survival appears improved in patients at higher risk for LRR. This study addresses whether subsets of
node-negative patients with sufficiently high risk of LRR might benefit from PMRT.
Methods: Retrospective analysis of a cohort of 877 cases of node-negative breast cancer treated with mastectomy,
without adjuvant radiation, from 1980 to 2000.
Results: Median follow-up was 100 months. Ten-year cumulative incidence of LRR as first event was 6.0%. Size
greater than 2 cm, margin less than 2 mm, premenopausal status, and lymphovascular invasion (LVI) were
independently significant prognostic factors. Ten-year LRR was 1.2% for those with 0 risk factors, 10.0% for
those with 1 risk factor, 17.9% for those with 2 risk factors, and 40.6% for those with 3 risk factors. The chest
wall was the site of failure in 80% of patients.
Conclusion: Postmastectomy radiation therapy has not been recommended for node-negative patients because
the LRR rate is low in that population overall. This study suggests, however, that node-negative patients with
multiple risk factors, including close margins, T2 or larger tumors, premenopausal status, and LVI, are at higher
risk for LRR and might benefit from PMRT. Because the chest wall is the most common site of failure, treating
the chest wall alone in these patients to minimize toxicity is reasonable. © 2005 Elsevier Inc.
Breast cancer, Radiation therapy, Node negative, Local failure, Mastectomy.
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INTRODUCTION

ultiple retrospective and prospective studies have shown
hat postmastectomy radiation therapy (PMRT) leads to a
tatistically significant reduction in locoregional recurrence
LRR) of breast cancer by approximately two thirds (1).
ecent randomized trials as well as a large meta-analysis
ave indicated that survival is also improved in patients who
re at higher risk for LRR (2–5).

Postmastectomy radiation therapy has generally not been
ecommended in node-negative patients who have under-
one mastectomy, in light of the low LRR rates in that
roup as a whole (6). Yet, axillary nodal involvement,
lthough clearly an important prognostic factor, is not the
ole predictor of LRR in breast cancer patients. Indeed, the
merican Society of Clinical Oncology’s PMRT guidelines

onsider size as another potential risk factor, insofar as they
ecommend PMRT in all node-positive women with T3
umors, including the controversial group of patients with

Reprint requests to: Alphonse Taghian, M.D., Ph.D., Massachu-
etts General Hospital, Department of Radiation Oncology, 100
lossom Street, Cox 3, Boston, MA 02114. Tel: (617) 726-6050;
ax: (617) 726-3603; E-mail: ataghian@partners.org

These results were presented in preliminary form as an oral
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nly 1 to 3 positive lymph nodes. Still, little support cur-
ently exists for the role of PMRT in node-negative women,
egardless of tumor size or other prognostic factors. Previ-
us studies have failed to show benefit from PMRT in
ode-negative women (7), but these studies failed to select
or the subgroups of node-negative women at highest risk
or LRR.

Retrospective studies have identified a number of poten-
ial prognostic factors for LRR after mastectomy other than
odal status. Such prognostic factors include not only tumor
ize but also vessel invasion and margin status (8–12).
nfortunately, the absolute rates of LRR in node-negative
omen with these adverse prognostic factors have not been

s well documented. Recent data suggests that even node-
egative women with certain other adverse prognostic fac-
ors may have LRR risks in excess of 20% (10).

This study seeks to document the prognostic factors for
RR in node-negative patients after mastectomy, as well as

resentation at the 2003 annual ASTRO meeting in Salt Lake City,
T.
Received Nov 10, 2004, and in revised form Dec 14, 2004.

ccepted for publication Dec 14, 2004.

Sam
Highlight



t
h
p
P

c
t
T
N
c

h
t
d
r
c
w
b

f
c
a
w
o
g
p
o
a
a
w
r

e
o
s
M
n
f
C
s
m
0
f
1
w
S
o

p
e
i
t
2
h

a
T
t

3
T
4
6
t
o
S

a
“
p
s
t
c

M

M

T

L

S

C
A
S
I
T

1036 I. J. Radiation Oncology ● Biology ● Physics Volume 62, Number 4, 2005
he absolute risks of LRR in patients identified to be at
igher risk, to identify whether a subset of node-negative
atients might be at sufficiently high risk of LRR that
MRT might be of benefit.

METHODS AND MATERIALS

This article presents the retrospective analysis of a cohort of 877
ases of node-negative invasive breast carcinoma in 870 patients
reated at Massachusetts General Hospital between 1980 and 2000.
reatment consisted of mastectomy and axillary nodal dissection.
o patients received PMRT. Patients with T4 tumors were ex-

luded from this series.
Patients who met these criteria were identified through the

ospital tumor registry and breast center databases, in an attempt
o include all possible cases that were treated at the institution
uring the study period. Hospital and clinic charts were then
eviewed to obtain information regarding a number of potential
linical and pathologic prognostic factors, as listed in Table 1, as
ell as clinical outcomes in follow-up. This study was approved
y the appropriate institutional review board.
Cases in which information regarding a particular prognostic

eature was not available were excluded from analyses that in-
luded that feature as an independent variable. The exception was
nalysis based on lymphovascular invasion (LVI). After discussion
ith the senior pathologist who personally examined the majority
f the breast cancer slides in this series, we decided that patholo-
ists routinely examined the slides to determine whether LVI was
resent throughout the time period of this study. In the earlier years
f the study, the tendency was only to record LVI when present
nd not document its absence. Because LVI was routinely sought
nd recorded when present, we analyzed the cases in which LVI
as not recorded as part of the same group as those in whom it was

ecorded as absent.
The rates of “isolated” LRR (LRR as the first event, without

vidence of distant metastases for at least 4 months after the date
f LRR) and “total” LRR (LRR as first event, with or without
imultaneous distant metastases) were calculated by both Kaplan-
eier and cumulative incidence frequency (CIF) analysis, and a

umber of characteristics were examined as potential prognostic
actors. Multivariate analysis was performed by application of a
ox proportional-hazards model. All factors that were statistically

ignificant on univariate analysis were included in the initial
odel, and then those that did not achieve a significance of p �

.05 were removed stepwise until the remaining factors were all
ound to be statistically significant at the 0.05 level. R version
.9.1 (The R Project for Statisitcal Computing, Vienna, Austria)
as utilized for the cumulative incidence frequency analyses, and
AS version 8.2 (SAS, Cary, NC) was utilized for the remainder
f the analyses.

RESULTS

The median follow-up was 100 months, with a median
atient age of 64. The median number of lymph nodes
xamined was 15. Adjuvant systemic treatment was utilized
n a subset of 276 cases, whereas no form of systemic
reatment was administered in the other 601 cases. Of the
76 cases that received systemic therapy, 148 received

ormonal therapy alone, 74 received chemotherapy alone,
nd 54 received both chemotherapy and hormonal therapy.
able 1 summarizes the characteristics of the case popula-

ion.
The proportion of isolated LRR in the entire cohort was

2 of 877, and the proportion of total LRR was 46 of 877.
he cumulative incidence of “isolated” LRR at 10 years was
.3% and the cumulative incidence of “total” LRR was
.0% in the entire node-negative cohort. The chest wall was
he site of failure in the vast majority of these cases: 87.5%
f the “isolated” failures and 80.4% of the “total” failures.
ite of failure is documented in Table 2.
A number of potential prognostic factors were then ex-

mined. Because the differences between “isolated” and
total” LRR rates were minimal, only “total” LRR rates are
resented here. As shown in Fig. 1, menopausal status was
ignificantly correlated to LRR rates, with 10-year cumula-
ive incidence rates of 11.1% in premenopausal patients
ompared with 5.1% in postmenopausal patients (p � 0.01).

Table 1. Patient characteristics

Number

enopausal status
Premenopausal 165
Postmenopausal 584
Unknown 128
argin status
Positive 19
Close (�2 mm) 45
Negative (�2 mm) 662
Unknown 151

umor stage
T1 461
T2 296
T3 25
Unknown 95

ymphovascular invasion
Present 59
Absent 215
Not described 603

ystemic treatment
Hormonal therapy alone 148
Chemotherapy alone 74
Both chemo and hormones 54
Neither chemo nor hormones 601

Table 2. Sites of failure

Number of
isolated

locoregional
recurrences

(%)

Number of
total

locoregional
recurrences

(%)

hest wall 28 (87.5%) 37 (80%)
xilla 2 (6%) 3 (7%)
upraclavicular region 1 (3%) 5 (11%)
MC 1 (3%) 1 (2%)
otal 32 (100%) 46 (100%)
Abbreviation: IMC � internal mammary chain.
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Figure 2 shows that pathologic deep-margin status was
trongly correlated with LRR. Patients with negative mar-
ins had a 10-year LRR of 5.1%, as compared with 22% in
atients with close margins and 21% in patients with posi-
ive margins (p � 0.001). Lymphovascular invasion (LVI)
as also significantly correlated with LRR, with 10-year
RR of 19.8% in patients documented to have LVI com-
ared with 5.0% in the other patients (p � 0.0001), as
hown in Fig. 3.

Tumor size was correlated to LRR, with 10-year LRR
ates of 11% in patients with tumors greater than 2 cm vs.
.1% in patients with tumors up to 2 cm in size (p � 0.001),
s shown in Fig. 4. Pathologic grade was also correlated to
RR, with 10-year LRR of 0% in patients with Grade 1

umors, 5.3% in patients with Grade 2 tumors, and 10% in
atients with Grade 3 tumors (p � 0.03).
When cases treated with systemic therapy were compared

s a group against those that were not treated with systemic
herapy, no statistically significant difference was seen (p �
.37). When the systemic therapy cases were broken down
nto subgroups based on type of systemic therapy, a statis-
ically significant difference was seen, with 10-year actuar-
al rates of failure of 6.5% in the group that received no

ig. 1. Premenopausal patients had a higher rate of locoregional
ecurrence (p � 0.01, log-rank).

ig. 2. Patients with close or positive deep margins of resection
�2 mm) had a higher rate of locoregional recurrence (p � 0.001,

og-rank). r
ystemic therapy, 4% in the group that received chemother-
py alone, 2.4% in the group that received hormonal therapy
lone, and 12.6% in the group that received both treatments
p � 0.04).

Multivariate analysis by a Cox proportional-hazards
odel revealed that only size, margin, LVI, and menopausal

tatus were independently significant predictors of LRR.
he hazard ratios for the 4 risk factors identified were
imilar, as shown in Table 3.

The rates of LRR with 0, 1, 2, or 3 risk factors are shown
n Fig. 5. The 10-year LRR rate was 1.2% � 0.9% for those
ith 0 risk factors, 10.0% � 2.9% for those with 1 risk

actor, 17.9% � 7.5% for those with 2 risk factors, and
0.6% � 13.8% for those with 3 risk factors. Only 1 patient
ad all 4 risk factors, and this patient experienced an iso-
ated LRR.

DISCUSSION

Adjuvant radiation therapy has not been routinely recom-
ended for node-negative patients after mastectomy be-

ause the rate of LRR has been low in that population as a

ig. 3. Patients in whom lymphovascular invasion was identified
ad a higher rate of locoregional recurrence (p � 0.0001, log-
ank).

ig. 4. Patients with larger tumors had a higher rate of locoregional

ecurrence (p � 0.001, log-rank).
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hole. This study confirms the low overall rates of LRR in
ode-negative patients treated with mastectomy.
This study also suggests, however, that a subset of even

ode-negative patients exist who are at higher risk for LRR,
or whom further treatment such as PMRT might be con-
idered. Strikingly, this study found LRR rates well in
xcess of 30% when node-negative patients had 3 or more
f the identified risk factors for recurrence. Thus, to only
onsider nodal involvement when determining whether to
roceed with measures to reduce LRR seems overly sim-
listic.
The recent analysis of 1,275 node-negative women

reated on the International Breast Cancer Study Group
IBSCG) protocols found size, LVI, and menopausal status
o be predictive of failure (10). The influence of margin
tatus could not be assessed by the IBSCG investigators
ecause of the exclusion of patients with positive margins
rom their trials. Other investigators, however, including
hose in 2 other single institutional studies that worked with
maller numbers of node-negative patients, (9, 11) have
dentified the importance of margin status as a predictor of
RR. This study emphasizes the quantification of risk of

ecurrence by using multiple factors.
Absolute quantification of LRR rates is important be-

ause different clinicians have different thresholds for rec-
mmending PMRT, and patients should be given as much
nformation as possible to allow them to balance the risks
nd benefits of treatment in their own cases. In light of the
andomized studies (2–4) that showed a 9% absolute in-

Table 3. Multivariate analysis

Hazard ratio p Value

argin (�2 mm vs. �2 mm) 2.6 0.0210
enopausal status (pre vs post) 2.8 0.0051

ize (�2 cm vs. �2 cm) 3.8 0.0024
ymphovascular invasion
(positive vs. negative)

3.2 0.0088

ig. 5. Risk of locoregional recurrence increased with increasing

eumber of risk factors (p � 0.0001, log-rank).
rease in survival from PMRT in patients with positive
odes and T3 tumors whose LRR rates approached 30%, a
onsideration of PMRT in node-negative patients with a
imilar risk of LRR seems reasonable. Our study shows that
ode-negative patients with 3 or more risk factors appear to
ave similar risk of LRR as the node-positive patients
ncluded in the randomized trials that showed a survival
dvantage with PMRT.

This study has certain limitations, however. Many pa-
ients in this study were treated before the era in which
hemotherapy and hormonal therapy were routinely em-
loyed. To the extent that the systemic therapy now com-
only employed may reduce LRR rates, the risks faced by

he patients in this study may be higher than the risks faced
y patients who uniformly receive systemic therapy.
Published findings regarding the effect, if any, of sys-

emic therapy upon LRR after mastectomy are mixed. Of
he 2 other large studies of LRR in node-negative patients
reated with mastectomy, the M. D. Anderson study, which
ncluded 141 node-negative patients, included adjuvant che-
otherapy (9). In the IBSCG study, patients received either

o chemotherapy or only 1 cycle of perioperative chemo-
herapy on trial (10). Unfortunately, the M. D. Anderson
tudy, which also included a large number of node-positive
atients, did not report individual absolute LRR rates for
heir node-negative subset. Furthermore, the patients who
eceived chemotherapy in that era for node-negative disease
ay have had more aggressive disease than those who
ould receive chemotherapy today. Therefore, data regard-

ng the absolute risks of LRR in node-negative patients
reated with mastectomy and systemic therapy are not avail-
ble. Systemic therapy was utilized in only a minority of
atients in this study, and selection bias almost certainly
lays a role in explaining the higher rate of LRR in the
roup that received both chemotherapy and hormonal ther-
py in our series. Thus, definitive conclusions regarding the
mpact of systemic therapy based upon these results are not
ossible. Because systemic therapy has become more wide-
pread in recent years, future studies will be better able to
ddress this question, as more recent cohorts of patients
ature.
The statistical analysis in this study was performed by

pplication of both Kaplan-Meier and cumulative incidence
requency estimates. The 2 methods differ in the way in
hich competing events are treated. Because competing

vents such as distant failure are censored in Kaplan-Meier
nalyses, thereby reducing the denominator from which the
RR rates are calculated, the concern has been raised that
aplan-Meier analysis may overestimate the risk of LRR.
ecause of the considerable debate on this point (13), and
ecause the other 2 large studies of LRR in node-negative
atients after mastectomy have differed in the statistical
ethods used, we initially analyzed the data by both meth-

ds. In cases such as that of node-negative patients who
ave undergone mastectomy, the risks of competing events
s low, so that the difference between the 2 methods was

xpected to be relatively insignificant. This expectation was
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ltimately the case, with the Kaplan-Meier results generally
lightly higher but not substantially different from the CIF
stimates. Therefore, only the CIF results are actually pre-
ented in this manuscript.

In summary, this study suggests that although LRR is
ncommon in node-negative patients as a whole, a subset of
ode-negative patients appears to be at sufficiently high risk
f LRR that PMRT might be beneficial. Relevant factors
hat should be considered in addition to axillary involve-
ent include tumor size, vessel invasion, margin status, and
enopausal status. Specifically, physicians should consider
MRT for postmenopausal patients with all 3 of the other
isk factors: T2 or larger tumors, close or positive margins,
nd LVI. For premenopausal patients with any 2 of the other
risk factors, PMRT should be considered. Because the u
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hest wall was by far the most common site of failure in this
tudy, treatment of the chest wall, without regional lymph
odes, in the subsets of patients identified as higher risk,
ay be reasonable. The side effects of PMRT might thus be
inimized.
While research is ongoing to identify biomarkers that will

ne day allow us to tailor our therapies in response to highly
ccurate predictions of risk for failure (14–16), we must
uddle through for the time being with the best estimates

hat can be devised from the clinical and pathologic factors
urrently discernible. By including a larger number of fac-
ors in our assessments, we may improve the accuracy of
ur risk estimates and, thereby, formulate more appropriate
reatment recommendations. Studies such as this one are

seful in refining models for risk estimation.
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