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ABSTRACT

Purpose. To investigate the recurrence pattern and an-
nual recurrence risk after breast-conserving surgery
and compare them with those after mastectomy.

Methods. This retrospective analysis included 6,135
consecutive unilateral breast cancer patients undergoing
surgery in 1998–2008, with 847 lumpectomy patients and
5,288 mastectomy patients. Recurrence patterns were
scrutinized and annual recurrence rates were calculated.
Furthermore, a literature-based review including seven
relevant studies was subsequently performed to confirm
our single-institution data-based observations.

Results. After lumpectomy, 50.9% of recurrences oc-
curred within 3 years and 30.2% of recurrences were
detected at 3–5 years; after mastectomy, 64.9% of re-
currences occurred within 3 years and 20.4% occurred
at 3–5 years. The major locoregional recurrence pattern
after lumpectomy was ipsilateral breast tumor recur-
rence, which mainly (81.3%) occurred <5 years post-

surgery but with a low incidence of 37.5% <3 years
postsurgery. Annual recurrence curves indicated that
the relapse peak after mastectomy emerged in the first 2
years; however, recurrence after lumpectomy increased
annually with the highest peak near 5 years. By review-
ing relevant studies, we confirmed our finding of differ-
ent annual recurrence patterns for lumpectomy and
mastectomy patients. The hazard ratio of dying for
those recurring <5 years postlumpectomy relative to
patients relapsing >5 years postlumpectomy was 4.62
(95% confidence interval, 1.05–20.28; p � .042).

Conclusions. Different recurrence patterns between
mastectomy and lumpectomy patients imply that sched-
uling of surveillance visits should be more frequent dur-
ing the 4 – 6 years after lumpectomy. Further
prospective trials addressing the necessity of frequent
and longer surveillance after lumpectomy are war-
ranted. The Oncologist 2011;16:1101–1110

Correspondence: Zhi-Ming Shao, M.D., Department of Breast Surgery, Cancer Center/Cancer Institute, Fudan University, 399 Ling-Ling
Road, Shanghai, 200032, P.R. China. Telephone: 86-21-64175590; Fax: 86-21-64434556; e-mail: zhimingshao@yahoo.com Received
October 28, 2010; accepted for publication April 8, 2011; first published online in The Oncologist Express on June 16, 2011. ©AlphaMed
Press 1083-7159/2011/$30.00/0 doi: 10.1634/theoncologist.2010-0366

TheOncologist®

Breast Cancer

The Oncologist 2011;16:1101–1110 www.TheOncologist.com



INTRODUCTION

Breast cancer-related death is usually a result of disease re-
currence, which occurs even in early breast cancer patients
with small tumors and a negative lymph node status after
long-term follow-up [1, 2]. Previous studies indicated that
70% of recurrences occur �3 years postsurgery, and the re-
currence risk reaches a peak at 1–2 years after surgery [3,
4]. In 1997, the American Society of Clinical Oncology
(ASCO) published breast cancer surveillance guidelines for
the first time [5], in which the expert panel recommended
that all women have a careful history and physical exami-
nation every 3–6 months for the first 3 years after primary
therapy, then every 6–12 months for the next 2 years, then
annually. The rationale for such an approach is that, be-
cause 60%– 80% of all breast cancer recurrences are de-
tected �3 years postsurgery, scheduling of surveillance
visits should be more frequent during that time period [5].
Of note, the recurrence data that the guidelines were based
on were derived from early clinical studies in which most
patients underwent mastectomy rather than well-performed
breast-conserving surgery (BCS). ASCO subsequently up-
dated these guidelines several times, but the above-men-
tioned schedule of surveillance visits never changed despite
the fact that the target population could have received either
mastectomy or lumpectomy [6, 7].

BCS has been established as a local treatment for early-
stage breast cancer. Several randomized controlled trials
have shown no difference in overall survival (OS) rates af-
ter BCS or mastectomy [1, 2, 8], although BCS is associated
with a higher risk for local recurrence than mastectomy [2].
Of note, ipsilateral breast tumor recurrence (IBTR) after
lumpectomy might be a metastasis-related or survival-
threat event rather than only a cosmetic failure [9–12]. The
interval from lumpectomy to first recurrence is an impor-
tant prognostic indicator. Of those patients presenting with
IBTR �4 years postsurgery, 50% developed distant metas-
tasis, versus only 17% of those presenting �4 years post-
surgery (p � .01) [13]. Kurtz et al. [14] indicated that,
whereas recurrence in the breast �5 years postlumpectomy
profoundly affected survival, patients with late failure had a
15-year survival rate identical to that of other 5-year survi-
vors who never failed locally. It is likely that early identifi-
cation of recurrence in the breast �5 years postsurgery is
important because these early recurrences may be more fa-
tal than late recurrences. On the other hand, we also believe,
to a large extent, that if the in-breast local recurrence could
have been prevented, the breast cancer–specific survival
rate would have been higher, because an overview of the
“effects of radiotherapy and of differences in the extent of
surgery for early breast cancer on local recurrence and 15-
year survival” by the Early Breast Cancer Trialists’ Collab-

orative Group [15] indicated that differences in local
treatment that substantially affect local recurrence rates
would, in the hypothetical absence of any other causes of
death, avoid about one breast cancer death over the next 15
years for every four local recurrences avoided, and should
reduce the 15-year overall mortality rate.

Thus far, there are few prospective trials investigating
whether or not early detection of breast cancer recurrence
results in a better outcome. It seems that surveillance aimed
at early detection of “distant metastases” does not improve
survival [16]; however, the effect on survival of early de-
tection of “breast recurrences” is debatable [17–19].
Greater monitoring of the breast after BCS would identify
more signs of early recurrence, whereas early detection of
second breast cancers (either IBTR or contralateral breast
cancer [CBC]) in the asymptomatic phase could improve
relative survival by 27%–47%, as Houssami et al. [18] sug-
gested. Perrone et al. [20] also reported that early detection
of local recurrence might have a favorable impact on the
prognosis of patients followed after primary treatment for
breast cancer because a difference in survival was recorded
in favor of cases detected in the asymptomatic state (p �
.001). Another meta-analysis [17] found that recurrences
assessed in patients without symptoms were related to a
higher probability of survival than when symptoms were
present (hazard ratio [HR], 1.56; 95% confidence interval
[CI], 1.36–1.79). The authors thus concluded that detection
of isolated locoregional or CBC recurrences in patients
without symptoms has a beneficial impact on the survival of
breast cancer patients, when compared with late symptom-
atic detection. Besides the potential benefits in terms of sur-
vival, a few patients who refuse salvage mastectomy at
locoregional relapse after BCS could be treated with a sec-
ond lumpectomy, albeit the treatment choice for locore-
gional relapse historically has been salvage mastectomy
[3]. We believe that early detection of breast cancer allows
for a higher proportion of reconservation. Of course, the
safety and effectiveness of reconservation should be further
evaluated.

In most studies, the risk for recurrence is generally de-
scribed by survival curves rather than annual hazard rates.
In recent years, some investigators have scrutinized pat-
terns of recurrence and the annual recurrence rate (ARR) is
used to assess dynamic changes in recurrence risk by year.
Thus far, we have little information on the difference in the
recurrence pattern between lumpectomy and mastectomy
patients. The aim of the present study was to show the dif-
ferential recurrence pattern between these two surgical mo-
dalities using our single-institution data, as well as to
review relevant literature-based data to confirm our obser-
vations. A better understanding of the recurrence pattern
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with each type of surgery would be helpful in clinical sur-
veillance and monitoring.

MATERIALS AND METHODS

Patients
The study patients were from the Breast Malignancy Data-
base established by the Department of Surgery, Shanghai
Cancer Center of Fudan University. The information in this
database has been reported previously [21, 22]. All patients
provided informed consent for their information to be
stored in the hospital database and be used for research. The
present study was approved by the Ethical Committee of
Shanghai Cancer Center. In this study, we selected 6,135
consecutive unilateral breast cancer patients undergoing
surgery during the period 1998–2008, including 847 pa-
tients treated with BCS and 5,288 patients treated with
modified radical or radical mastectomy. In our hospital, pa-
tients eligible for lumpectomy should have a tumor �4 cm
in largest diameter, be without palpable axillary lymph
nodes on clinical examination, have no absolute contrain-
dication, and be willing to preserve their breast. The preop-
erative examination and performance of the surgical
technique have been described previously [23, 24]. All pa-
tients having invasive carcinoma or carcinoma in situ with a
microinvasion/invasion component undergo a level I and
level II axillary lymph node dissection or a sentinel lymph
node biopsy. Lumpectomy patients who were further
pathologically proven to have a close (�2 mm) or positive
margin undergo a secondary mastectomy. For all BCS pa-
tients with invasive carcinoma, whole-breast irradiation
was given as previously described [23]. Radiotherapy for
lumpectomy patients with carcinoma in situ was mainly ac-
cording to the Van Nuys Prognostic Index [25].

The postoperative recurrence risk category and adjuvant
therapy choice were mainly determined by the St. Gallen
consensus guidelines [26]. Patients having carcinoma in
situ with an invasive component also received adjuvant
chemotherapy. All patients with a positive hormone recep-
tor status took tamoxifen or aromatase inhibitors (only for
postmenopausal women) for 5 years. In this cohort, no one
used adjuvant trastuzumab treatment. Systemic treatments
were renewed according to updated St. Gallen consensus
guidelines [27].

Recurrence Definition and Follow-Up
Recurrence was defined as the occurrence of locoregional
relapse (LRR), distant metastasis, or CBC. In the present
study, LRR after lumpectomy includes IBTR and other
LRR (oLRR), whereas LRR after mastectomy includes
only oLRR. In our definition, IBTR denotes tumor recur-

rence “in” the ipsilateral breast (either in the same quadrant
or not), whereas oLRR indicates a first recurrence of a tu-
mor in the ipsilateral chest wall, in the locoregional skin, or
in regional lymph nodes (including the ipsilateral internal
mammary, supraclavicular, infraclavicular, and axillary
nodes). We specify that recurrence in the ipsilateral chest
wall and breast skin after lumpectomy would not be consid-
ered an IBTR event because women who undergo total
mastectomy are also at risk for such an event. Instead, only
the occurrence of a tumor “in” the ipsilateral breast was
classified as IBTR after lumpectomy, because women who
undergo total mastectomy are not at risk for such an event.
We made this classification in order to increase the compa-
rability of oLRR between lumpectomy and mastectomy.
Another notable issue is that CBC is usually considered as a
new primary breast cancer rather than recurrent disease. In
this paper, we defined “recurrence” in a broad sense rather
than in a narrow sense. “Recurrence-free survival” in this
paper is somewhat similar to “event-free survival.” Be-
cause we compare our ARR curve with those from other
studies, most of which [28–30] presented their ARR curves
derived from event-free survival or disease-free survival
curves, we included CBC within the recurrence events to
increase comparability, although this is flawed mechanisti-
cally. Recurrence time was defined as the interval between
primary surgical treatment and the occurrence of the earli-
est relapse. In the absence of relapse, the observation time
was censored at the date on which follow-up ended (date of
death or last follow-up). The analysis of OS included all
deaths. Follow-up was every 6 months during the first 2
years after surgery and every year since the third year. After
surgery, patients had mammography, whole-body ultra-
sonic detection (including ultrasonography examination of
the breast, axillary fossa, cervical parts, abdomen, and pel-
vis), and chest x-ray examination annually, as previously
described. Study patients were followed up until June 2009,
with median follow-up times of 61 months (range, 3–123
months) for patients receiving mastectomy and 53 months
(range, 3–120 months) for patients receiving lumpectomy.

Literature Search and Literature-Based Data
Extraction
We searched the MEDLINE, PubMed, and Web of Science
databases (updated to September 1, 2010) using the follow-
ing search terms: “annual” and “recurrence” and “breast
cancer.” Eligible studies were retrieved and examined care-
fully. References were checked as well for other relevant
publications. The literature inclusion criteria were as fol-
lows: (a) evaluation of ARR after surgery for primary breast
cancer, (b) availability of information for ARR (numerical
data or graphic data), and (c) full text published in English.
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Relevant information was carefully extracted from all eli-
gible publications.

Statistical Analysis
Categorical variables were compared using Pearson’s �2

test or Fisher’s exact test as appropriate. Student’s t-test
was used to compare continuous variables between two
groups. The log-rank test was used for comparison of dif-
ferences between survival curves that were derived by the
Kaplan–Meier method. Cox proportional hazards regres-
sion was used to model the relationship between OS and re-
currence time after lumpectomy. The corresponding HR
was also calculated by the Cox model. All p-values were
from two-sided tests and a p-value �.05 was considered
statistically significant. Statistical analysis was performed
using Stata/SE, version 10.0 (StataCorp LP, College Sta-
tion, TX) and SPSS, version 12.0 (SPSS Inc., Chicago, IL)
software. To graphically present our single-institution ARR
data, annual hazard rates were estimated using the
“smoothed hazard estimate” function in Stata. To collect
ARR data from different publications, each annual hazard
curve was read and measured using the Measure Tool of
Adobe Acrobat 7.0 Professional (Adobe Systems Inc., San
Jose, CA). A hazard rate of a given time point (every half
year) was read and the corresponding ARR data were ob-

tained; then the new annual recurrence curve was rebuilt by
a nonparametric smoothing (LOWESS) method. The
curves were made using GraphPad Prism (GraphPad Soft-
ware, San Diego, CA).

RESULTS

Recurrence Patterns of Breast Cancer After
Mastectomy and Lumpectomy
The basic characteristics of study patients are displayed in
Table 1. Older age, postmenopausal status, invasive carci-
noma, positive lymph node status, and later stage were cor-
related with mastectomy. Correspondingly, the recurrence-
free survival interval of lumpectomy patients was longer
than that of those undergoing mastectomy (log-rank p �
.048) (Fig. 1A).

Table 2 displays the detailed recurrence type and recur-
rence time. During follow-up, 53 (6.3%) patients relapsed
after lumpectomy and 518 (9.8%) patients relapsed after
mastectomy. There were 28 patients (52.8%) with LRR af-
ter lumpectomy, 16 of whom (30.2%) developed IBTR; in
contrast, 173 patients (33.4%) recurred with LRR after
mastectomy. It seemed that the distribution of the recur-
rence types after lumpectomy were different from those af-
ter mastectomy (all LRR versus distant metastasis versus

Table 1. Clinical and pathologic characteristics of breast cancer patients undergoing mastectomy and lumpectomy

Characteristic
Mastectomy
(n � 5,288), %

Lumpectomy
(n � 847), % p-value

Median age (yrs) 50 45 �.001

Median follow-up time (mos) 61 53 NA

Menopausal status

Postmenopausal 2,879 (54.4) 382 (45.1) �.001

Premenopausal 2,409 (45.6) 465 (54.9)

Pathology type

Carcinoma in situ 419 (7.9) 94 (11.1) .002

Invasive carcinoma 4,772 (90.2) 744 (87.8)

Unknown 97 (1.8) 9 (1.1)

Stage

0–I 579 (10.9) 362 (42.7) �.001

II 3,575 (67.6) 405 (47.8)

III 534 (10.1) 29 (3.4)

Unknown 600 (11.3) 51 (6.0)

Lymph node status

Negative 2,479 (46.9) 519 (61.3) �.001

Positive 2,712 (51.3) 316 (37.3)

Unknown 97 (1.8) 12 (1.4)

Abbreviation: NA, not applicable.
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CBC; p � .011). More interestingly, of the 53 first recur-
rences after lumpectomy, 50.9% were detected �3 years

postsurgery, 30.2% were detected at 3–5 years, and 18.9%
were detected after 5 years, whereas of the 518 recurrences
after mastectomy, 64.9% were detected �3 years postsur-
gery, 20.4% were detected at 3–5 years, and 14.7% were
detected after 5 years. The time distribution of all recur-
rence events varied between lumpectomy and mastectomy
patients, although with a borderline significant p-value (�3
years versus �3 years and �5 years versus �5 years; p �
.125). Notably, the distribution of recurrences �3 years
versus �3 years postsurgery was significantly different be-
tween the two surgery types (p � .045).

Considering the recurrence type and recurrence time to-
gether, we found that 37.5% of IBTR, 66.7% of oLRR (all
LRRs except for IBTR), 63.2% of distant relapse, and
16.7% of CBC events occurred �3 years postlumpectomy,
whereas 79.2% of LRR, 63.5% of distant metastasis, and
25.0% of CBC events happened during this same period
postmastectomy. Most IBTRs (81.3%) after lumpectomy
occurred �5 years postsurgery, with a relatively low pro-
portion of 37.5% in the first 3 years postsurgery. The time
distributions of oLRR (p � .515), distant metastasis (p �
.943), and CBC (p � .901) showed no significant difference
between lumpectomy and mastectomy patients.

More interestingly, an evident association between
early recurrence after lumpectomy and a lower OS rate was
observed. Figure 1B shows that patients suffering early re-
currences, either �3 years or at 3–5 years, had a lower OS
rate than women not recurring until 5 years postsurgery
(overall log-rank p � .025; �3 years versus 3–5 years, p �
.140; �3 years versus �5 years, p � .034; 3–5 years versus
�5 years, p � .056). Similarly, patients with recurrences
�5 years postsurgery (�3 years plus 3–5 years groups) had
a significantly shorter OS time than patients without relapse
until 5 years after lumpectomy (log-rank p � .027), with an
HR of 4.62 (95% CI, 1.05–20.28; p � .042).

Annual Recurrence Pattern According to Our
Single-Institution Experience and Literature-
Based Data
Figure 1C shows the smoothed ARR curves of breast cancer
after mastectomy and lumpectomy. The ARR curve after
mastectomy displayed a double-peaked pattern, with the
major high peak at 2 years and a low flat peak at 5 years
(3.4% and 2.3% per annum, respectively). In contrast, the
ARR curve after lumpectomy exhibited one peak near 5–6
years (2.8% per annum). The first recurrence surge ob-
served after mastectomy was not obvious after lumpec-
tomy. In order to confirm the influence of menopausal
status on recurrence timing and pattern, we performed an
additional subgroup analysis according to menopausal sta-
tus in women who underwent lumpectomy. The result (Fig.
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Figure 1. Survival curves and annual recurrence rate curves after
mastectomy and lumpectomy. (A): Kaplan–Meier curves for recur-
rence-free survival in breast cancer patients by surgical modality.
(B): Kaplan–Meier curves for overall survival in relapsed breast can-
cer patients undergoing lumpectomy by recurrence time. (C): An-
nual recurrence hazard rate for breast cancer patients by surgical
modality according to our single-institution data. (D): Annual recur-
rence hazard rate for breast cancer patients who undergo lumpec-
tomy by menopausal status according to our single-institution data.
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1D) shows that there was a difference in recurrence timing
between premenopausal and postmenopausal women who
underwent lumpectomy. However, the timing difference is
only about 1 year, which indicates that our observation of
an obvious difference in recurrence timing (about 3– 4
years) between lumpectomy and mastectomy is not a result
of the higher proportion of premenopausal women in the
lumpectomy group.

To further confirm the difference in the recurrence pat-
tern between lumpectomy and mastectomy, we searched
relevant literature for evidence. Seven publications that re-
ported ARRs after surgery for primary breast cancer were
identified as eligible [4, 24, 28–32]; another paper report-
ing the relapse pattern following LRR of breast cancer was
excluded [33]. The basic characteristics of the seven studies
are displayed in Table 3. Among them, three studies re-
ported ARRs from mixed surgery populations (lumpec-
tomy and mastectomy) [24, 28, 32], two studies were
restricted to a lumpectomy population [29, 32], one study
was performed mainly in a mastectomy population [4], and
the remaining study did not specify the surgery type [31].
Figure 2A illustrates the ARR curves of all seven studies as
well as our study by extracting ARR data from the original
curve plots. We observed that lumpectomy populations had
a recurrence peak at 4–6 years; in contrast, mastectomy pa-
tients had an earlier peak at 1–2 years. Interestingly, the re-
currence pattern of the mixed surgery population had two
comparable peaks at 1–2 years and near 5 years (refer to the
curves from the Arimidex�, Tamoxifen, Alone or in Com-
bination [ATAC] trial [30] and the study of Mansell et al.

[28]). Some studies with a long follow-up time also exhib-
ited a less prominent peak at 8–9 years.

DISCUSSION

The present study is, to the best of our knowledge, the first
retrospective analysis of the annual recurrence pattern for
breast cancer patients after mastectomy or lumpectomy
(BCS in this study). We observed a double-peaked time dis-
tribution (a major peak at 2 years and a moderate peak at 5
years) of recurrence risk in women undergoing mastec-
tomy; however, in patients receiving lumpectomy, there
was no first peak at 2 years and the recurrence risk kept ris-
ing with a peak at 5 years. We confirmed the double-peak
recurrence surge after mastectomy and the single-peak re-
lapse surge at 4–6 years after lumpectomy by reviewing
relevant literature. Moreover, different from mastectomy, a
large proportion of recurrence events after lumpectomy oc-
curred �5 years postsurgery, rather than �3 years postsur-
gery. Early recurrence (�5 years) after lumpectomy
resulted in worse survival than later relapse after lumpec-
tomy. Our findings suggest that the recurrence risk after pri-
mary tumor removal appears to have a different pattern
between mastectomy and lumpectomy patients; therefore,
the postoperative recurrence monitoring and follow-up
strategy should be determined individually according to the
patient’s surgery type. We propose that a greater breast sur-
veillance frequency after BCS at the recurrence peak would
identify more early recurrences, whereas early detection of
either IBTR or CBC in the asymptomatic phase might lead
to a longer relative survival duration, as previous studies

Table 2. First recurrence events according to surgical modality and recurrence time

Recurrence event type

n of women (%) by yrs of follow-up

Total n p-value<3 yrs >3 and <5 yrs >5 yrs

IBTR

Mastectomy NA NA NA NA NA NA NA NA

Lumpectomy 6 37.5% 7 43.8% 3 18.7% 16

Other LRR

Mastectomy 137 79.2% 23 13.3% 13 7.5% 173 .515

Lumpectomy 8 66.7% 3 25.0% 1 8.3% 12

Distant metastasis

Mastectomy 186 63.5% 68 23.2% 39 13.3% 293 .943

Lumpectomy 12 63.2% 4 21.1% 3 15.8% 19

CBC

Mastectomy 13 25.0% 15 28.8% 24 46.2% 52 .901

Lumpectomy 1 16.7% 2 33.3% 3 50.0% 6

Abbreviations: CBC, contralateral breast cancer; IBTR, ipsilateral breast tumor recurrence; LRR, locoregional recurrence;
NA, not applicable.
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have implied [17, 18]. As well, we believe that early detec-
tion of breast cancer recurrence allows for a higher chance
of reconservation for a few patients who refuse salvage
mastectomy at LRR after lumpectomy.

For mastectomy, it has been established that 60%–80%
of recurrences occur �3 years postsurgery; the recurrence
risk reaches a peak at 1–2 years after surgery [3]. The pres-
ent data reconfirmed the first peak at 2 years. The second
peak at 5 years was absent in early reports [4] but observed
in some recent studies [28, 30], indicating that the peak was
not specific to the Chinese population. For lumpectomy,
however, there was no first peak at 2 years, with the major
peak emerging at 5 years. Our observations are consistent
with a previous study [32] that showed a peak in IBTR at
3–5 years after primary operation and then a gradually de-
creasing ARR thereafter. Another report of lumpectomy
showed an early peak in recurrence at 3 years [29]. There
are some explanations. First, that study was restricted to
young women treated with BCS, who tend to recur at an
earlier time after surgery [34]. Second, the recurrence
events used for ARR curve plotting were local relapse and
CBC, but did not include distant recurrence that occurred at
a later time after surgery [1].

The absence of a recurrence peak after lumpectomy at
1–2 years (during which time most relapses were local re-

currence) in our study might be a result of the fact that we
performed secondary mastectomy in patients with a close or
positive margin after lumpectomy, treated with standard ra-
diotherapy for patients undergoing lumpectomy, and had a
relatively restrictive indication for BCS (i.e., tumor size �4
cm, distance between tumor and nipple–areola complex �3
cm). It has been well established that a close or positive
margin, large tumor size, and involvement of the nipple–
areola complex are associated with early local recurrence
[3, 35, 36]. It has also been established that, compared with
patients with estrogen receptor (ER)� tumors, those with
ER� breast cancers are more likely to recur earlier and the
risk for the first peak is higher [24]. In our study, women
who underwent lumpectomy were younger and more likely
to be premenopausal, and premenopausal patients tend to
have ER� tumors. We further performed an additional sub-
group analysis according to menopausal status in women
who underwent lumpectomy, and the result indicated that
our observation of an obvious difference in the recurrence
timing (about 3–4 years) between lumpectomy and mastec-
tomy patients was not a result of the relatively higher pro-
portion of premenopausal women in the lumpectomy
group. Furthermore, there are other pieces of evidence in
our previous study [24] showing that, in patients who un-
dergo mastectomy, although premenopausal patients

Table 3. Basic information of eligible studies regarding annual recurrence pattern after breast cancer surgery

No. Study
Ethnicity
(country) Patients n (surgery) Definition of recurrence

Median
follow-up Peak (yrs)

1 Mansell et al.
(2009) [28]

White (U.K.) ER� EBC with
TAM

3,614 (mixed) Locoregional (ipsilateral breast,
axilla, or supraclavicular fossa),
contralateral breast, or distant
(any other site)

5 yrs 2; 3.5–4.5

2 Yin et al. (2009)
[24]

Asian (China) EBC 2,213 (mixed) Relapse (locoregional or distant)
or death from any cause

3.17 yrs 2; 9.5

3 Forbes et al.
(2008) [30]

Mixed HR� EBC with
TAM

3,116 (mixed) Occurrence of local or distant
recurrence, new primary breast
cancer, or death from any cause

100 mos 2; 5

4 Bollet et al.
(2007) [29]

White (France) EBC (age �40
yrs)

209 (lumpectomy) Local relapses (occurrence of
breast carcinoma in the treated
breast) and contralateral breast
cancer

12 yrs 3; 8

5 Kimura et al.
(2007) [31]

Asian (Japan) Operable EBC 2,209 (unknown) Undefined Unknown 2

6 Komoike et al.
(2006) [32]

Asian (Japan) Unilateral breast
cancer (size �3
cm)

1,901 (lumpectomy) All events occurred in the
remaining breast after BCS

107 mos 2; 4

7 Saphner et al.
(1996) [4]

Mixed (USA) Operable EBC 3,585 (mainly
mastectomy)

Not described clearly (including
7 ECOG studies)

8.1 yrs 1–2

8 Yu et al.
(present study)

Asian (China) Unilateral
operable EBC

5,288 (mastectomy) Occurrence of locoregional
relapse, distant metastasis, and
contralateral breast cancer

61 mos 2; 5

Unilateral
operable EBC
(size �4 cm)

847 (lumpectomy) 53 mos 5

Abbreviations: BCS, breast-conserving surgery; EBC, early breast cancer; ECOG, Eastern Cooperative Oncology Group;
ER, estrogen receptor; HR, hormone receptor; TAM, tamoxifen.
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showed an earlier recurrence peak after surgery than their
postmenopausal counterparts, the difference in timing was
only about 1 year (peaks at 1.5 years and 2.5 years, respec-
tively). Similarly, compared with patients with ER� tu-
mors, those with ER� breast cancers are more likely to
recur early, but the difference in timing is still �1 year
(peaks at 1.5 years and 2.5 years, respectively). Taken to-
gether, we suggest that the different recurrence patterns in
mastectomy and lumpectomy patients are not a result of the
different menopausal status between the two groups.

Interestingly, the mixed surgery population displayed
an ARR curve with a merged shape of the recurrence curves
from the lumpectomy and mastectomy populations. ARR
curves from the ATAC trial (mastectomy, 47.7%; lumpec-
tomy, 52.3%) [30] and the study of Mansell et al. [28] (mas-
tectomy, 47.5%; lumpectomy, 52.5%) showed an equal or
similar height of first peak at 2 years and a second peak at 5
years. Accordingly, we propose theoretical recurrence pat-
terns for breast cancer after lumpectomy, mastectomy, and
mixed modalities (Fig. 2B). The recurrence surge for mas-
tectomy quickly increases to its highest peak within the first
2 years then decreases gradually, and then increases up to a
low and flat peak at 5 years. In contrast, the recurrence
surge after lumpectomy increases gradually and reaches a
peak at 5 years.

Differences in the recurrence pattern after mastectomy
and lumpectomy might have some implications for breast
cancer follow-up and surveillance. The currently newest
edition of the ASCO breast cancer surveillance guidelines
suggests the same history and physical examination sched-
ule for all breast cancer patients regardless of surgery type
[6]. Examinations should be performed every 3–6 months
for the first 3 years, every 6–12 months for years 4 and 5,
and annually thereafter. As we propose, different from mas-
tectomy, the recurrence peak after lumpectomy emerges
near 5 years, rather than 2 years. According to our data,
80% of LRRs occur �3 years postmastectomy, whereas
only 50% of LRRs and 37.5% of IBTRs occur postlumpec-
tomy in this period. The current examination schedule is
unfit for the features of relapse after lumpectomy, and in-
cautious surveillance at 4–6 years might lead to failure in
identification of recurrences. Recurrences within 5–6 years
might be associated with shorter survival. Brooks et al. [37]
observed a worse survival rate for patients with an IBTR
�5.3 years after lumpectomy than for those who recurred
�5.3 years postlumpectomy (HR, 2.49). We consistently
observed an HR of 4.62 for patients recurring �5 years
compared with �5 years postlumpectomy. Accordingly,
we propose a modification of the current breast cancer sur-
veillance guidelines: for patients treated with BCS, fre-
quent examinations should be performed during years 4–6.
Some investigators have suggested that in-breast recur-
rence is not a cause of systemic recurrence but rather is a
marker of aggressive cancer biology [13]. Because early re-
currence in the breast is a predictor of aggressive disease,
we need to capture it through intensive monitoring, espe-
cially during the time of the recurrence peak. By identifying
patients with aggressive disease, we could treat them with a
positive strategy such as individualized chemotherapy, en-
docrine therapy, and targeted therapy. Currently, given the
lack of prospective data, it seems reasonable to use the best
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Figure 2. Annual recurrence rate curves derived from our
data and relevant studies. (A): Annual recurrence rate plots for
seven eligible studies and the current study. (B): Theoretical
annual recurrence rate plots for lumpectomy, mastectomy, and
mixed surgical modalities.
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available adjuvant systemic therapy for patients with ag-
gressive early recurrences, because their metastatic poten-
tial approaches or exceeds that of newly diagnosed patients
with node-positive disease [13]. However, consideration
should be given to establishing guidelines for entering these
patients into prospective protocols to evaluate systemic
therapy [13].

Some limitations of our study should be acknowledged.
First, as a retrospective study, recurrence events were prob-
ably underreported or misreported. Second, in the litera-
ture-based analysis, different studies have distinct
definitions of “recurrence.” Our study is not an original data-
based pooling analysis, and we could have overlooked the
heterogeneity among different reports and curves. Third,
we did not further scrutinize whether or not other clinico-
pathological factors and treatments would affect the ARR.
Fourth, the current analysis is based on only a short fol-
low-up and a small sample size of BCS patients; a more ac-
curate annual recurrence pattern might be seen by analyzing
more patients with a longer follow-up. Ideally, our obser-
vations should be validated in well-designed phase III clin-
ical trials.

In conclusion, the recurrence pattern was different be-
tween mastectomy and lumpectomy patients. The relapse
peak with mastectomy emerges in the first 2 years postsur-
gery, whereas the recurrence surge for lumpectomy in-
creases annually with a peak near 5 years. The present
breast cancer surveillance strategy for BCS patients should

be modified because early detection of breast cancer recur-
rence in the asymptomatic phase might have a favorable im-
pact on prognosis. Further large, prospective trials are
needed to replicate our findings.
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