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BACKGROUND: The aim of this randomized clinical trial was to evaluate the overall survival (OS) data of pa-
tients diagnosed with de novo stage IV breast cancer (BC) who received locoregional treat-
ment (LRT) over a 10-year follow-up.

STUDY DESIGN: The MF07-01 is a 1:1 multicenter, randomized clinical trial comparing the LRT with sys-
temic therapy (ST), where ST was given to all patients either immediately after randomi-
zation or after surgical resection of the intact primary tumor.

RESULTS: A total of 278 patients were randomized and 265 patients were in the final analysis. At 10-
year follow-up, survivals were 19% (95% CI 13%e28%) and 5% (95% CI 2%e12%) in
the LRT group and ST group, respectively. Median survival was 46 months for the LRT
group and 35 months for the ST group, and hazard of death was 29% lower in the
LRT group compared with the ST group (hazard ratio [HR] 0.71; 95% CI 0.59e0.86;
p ¼ 0.0003).

CONCLUSIONS: Patients with a diagnosis of de novo stage IV BC who underwent LRT followed by ST had a
14% higher chance of OS by the end of the 10-year follow-up compared with the patients
who received only ST. The longer study follow-up revealed that LRT should be presented to
patients when discussing treatment options. (J Am Coll Surg 2021;233:742e752. � 2021
by the American College of Surgeons. Published by Elsevier Inc. All rights reserved.)
Although the incidence of synchronous distant metastatic
disease in newly diagnosed breast cancer (BC) patients has
been relatively constant over the last decades,1-3 advances
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in adjuvant therapies and a better understanding of tumor
biology appear to have improved patient overall survival
(OS).4-6 Systemic therapy (ST) was considered the first
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and only choice for care in this patient population inmost of
the institutes until more data showed that locoregional treat-
ment (LRT) provided better OS and locoregional control of
the disease.7-19 In the last 2 decades, evidence of an OS
benefit with primary surgery in de novo BC patients has
been substantially increasing in the literature.
In 2002, Khan and colleagues,7 using cases from the

National Cancer Data Base (NCDB) of the American
College of Surgeons, showed an OS benefit from local
therapy in the stage IV setting. Retrospective studies
and meta-analyses published between 2002 and 2013 sug-
gest that primary tumor resection in appropriately
selected de novo stage IV BC patients not only limits
locoregional progression, but also prolongs disease-free
survival and OS.7-19 These studies typically had selection
biases, and retrospective studies ended suggesting the
need for prospective studies. In 2015, Badwe and
coauthors20 presented the first randomized clinical trial
(RCT) to compare the effect of LRT vs no treatment
on outcomes in women with metastatic breast cancer at
initial presentation, suggesting that LRT is not associated
with improved OS in de novo metastatic BC patients.
Our group initiated the MF07-01 study in 2007 as a
phase III, multicenter clinical RCT. The MF07-01 study
comparing LRT with primary ST in de novo stage IV BC
patients found a statistically significant improvement in
OS with primary surgery at the median 40-month (range
1,131 mos) follow-up.21 Recently, Khan and colleagues22

presented the results of the multicenter, phase 3, ECOG-
ACRIN 2108 study at the plenary session of the American
Society of Clinical Oncology (ASCO) 2020 virtual
meeting. They found no statistical difference in terms of
3-year OS (68.4% vs 67.9%) (hazard ratio [HR] 1.09;
90% confidence interval [CI] 0.80e1.49; p ¼ 0.63). In
addition, no progression-free survival benefit was
observed between the ST and early LRT groups (p ¼
0.40).22 The objective of this study was to evaluate the
importance of LRT in patients diagnosed with de novo
stage IV BC on the OS over a 10-year follow-up.

METHODS
Between November 2007 and December 2012, 312 pa-
tients were recruited for the MF07-01 trial. Thirty-four
patients did not meet inclusion criteria, 13 withdrew
from the study during follow-up, and 265 patients were
evaluated in the final analysis (LRT group, n ¼ 134;
ST group, n ¼ 131) (Fig. 1). Patient and tumor charac-
teristics, treatment, and metastatic site distribution are
presented in Table 1.
The MF07-01 trial study protocol was published in

2009.23 Participating centers obtained local ethics commit-
tee approval before entering the study. Randomization of
subjects was done centrally by data center computer
through the Internet. Study design and accrual methods,
along with survival data for patients with a median 40-
month (range 1 to 131 months), follow-up were also pre-
sented in detail in our previous publication.21 However, we
want to express once again that the MF07-01 trial design is
different than most of the published or presented prospec-
tive series. In this trial, eligible patients were randomly
assigned to 1 of 2 study arms: LRT with subsequent ST,
or primary ST. Patients in the LRT group received ST after
primary tumor resection, whereas the ST group patients
began receiving ST immediately after randomization.
One of the pitfalls of the MF07-01 randomized study is

that LRT group patients had higher rates of estrogen re-
ceptor (ER)/progesterone receptor (PR) positivity (86%
vs 73%, p ¼ 0.01) and lower rates of triple negative



Figure 1. Consolidated Standards of Reporting Trials flow diagram.
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(TN) tumors (7% vs 18%, p ¼ 0.01) compared with pa-
tients in the ST group.

Statistical analysis

Kaplan-Meier survival curves were used, and the survival
curves for treatment arms were compared using log-rank
tests. Univariate and multivariable Cox models, adjusted
for clinical, tumor, and metastasis characteristics, were used
to estimate hazard ratio and 95% CI for survival. For all
Coxmodels, the proportional hazards assumption was tested
using the scaled Schoenfeld residuals (p values > 0.20).
Values of p < 0.05 were considered statistically significant.
Statistical analyses were conducted with R version 3.6.1 (R
Foundation for Statistical Computing) software packages.

RESULTS
At the 10-year follow-up, hazard of death was 29% lower
in the LRT group compared with the ST group (HR
0.71; 95% CI 0.59e0.86; p ¼ 0.0003) (Fig. 2). It is
important to note that OS was similar for the LRT and
ST groups (60%, 95% CI 51e68 and 51%, 95% CI
42e59, respectively, p ¼ 0.10) at 3-year follow-up. How-
ever, by the 5-year follow-up, 42% of patients had sur-
vived in the LRT group and only 24% (95% CI
32.5e50.4 and 95% CI 17e33, respectively, p ¼
0.005) had survived in the ST group.21 By the end of
the 10-year follow-up, 19% of patients had survived in
the LRT group and 5% had survived in the ST group
(p ¼ 0.0003).
Figure 3 shows a forest plot analysis of OS subgroup
analyses with HRs. At 10-year follow-up, OS was statisti-
cally higher in the LRT group than in the ST group with
respect to ER/PR (þ) (HR 0.71; 95% CI 0.58e0.88; p¼
0.002) (eFig. 1), HER2/neu (-) (HR 0.72; 95% CI
0.58e0.90; p ¼ 0.004) (eFig. 2), patients < 55 years
old (HR 0.67; 95% CI 0.53e0.87; p ¼ 0.002)
(eFig. 3), and patients with solitary bone-only metastases
(HR 0.55; 95% CI 0.36e0.86; p ¼ 0.009) (eFig. 4).
These data are very similar with respect to our previous
publication of 5-year follow-up analysis. However, at
the 10-year follow-up, we found that OS was also statis-
tically significant higher in the LRT group than in the
ST group in HER2/neu (þ) patients (HR 0.69; 95%
CI 0.85e0.98; p ¼ 0.04) (eFig. 5), and slightly better
in patients �55 years old (HR 0.75; 95% CI
0.57e0.99; p ¼ 0.045) (eFig. 6).
In patients with TN subtype, at 10-year follow-up, 9 of

10 (90%) patients had died, with a median survival of
17.5 months in the LRT group, and 21 of 23 (91%) pa-
tients died, with a median survival of 18 months in the ST
group (HR 0.88; 95% CI 0.51-1.54; p ¼ 0.66) (eFig. 7).
A similar OS was found for ER/PR (-) patients at 10-year
follow-up. Median survivals were 17 and 19 months for
the LRT and ST groups, respectively (HR 1.03; 95%
CI 0.69e1.55; p ¼ 0.88). Only 1 patient was alive in
each group (eFig. 8).
Median survival was 6.5 months longer in the LRT

group compared with the ST group in bone only



Table 1. Demographic, Clinical, Treatment, and Tumor Characteristics Comparisons Between the Locoregional Treatment
and Systemic Therapy Groups

Characteristic LRT (n ¼ 134) ST (n ¼ 131) p Value

Age, y mean � SD 51.9 � 12.7 51.7 � 13.5 0.93

BMI, kg/m2, mean � SD 27.4 � 5.1 27.9 � 5.1 0.43

Follow-up, mo, mean � SD 55.6 � 38.9 41.1 � 31.1 0.001

Follow-up, median (IQR) 46 (23,56) 35 (18,41) 0.01

Tumor size, cm, n (%) 0.24

T1 12 (9) 11 (8)

T2 68 (51) 55 (42)

T3 30 (22) 28 (21)

T4 24 (18) 37 (28)

Histologic grade*, n (%) 0.18

Grade I 6 (4) 9 (9)

Grade II 54 (40) 31 (31)

Grade III 74 (55) 60 (60)

Tumor type, n (%) 0.38

Invasive ductal 105 (78) 110 (85)

Invasive lobular 15 (11) 11 (8)

Mixed tumor type 10 (7) 5 (4)

Others 4 (4) 5 (3)

ER/PR(þ)y, n (%) 115 (86) 95 (73) 0.01

Her 2/neu(þ)y, n (%) 40 (30) 37 (28) 0.80

Triple negative, n (%) 10 (7) 23 (18) 0.01

Treatment, n (%)

BCS þ axillary evaluation 35 (26) e NA

M þ axillary evaluation 99 (74) e NA

SLNBz 21 (16) e NA

ALND 134 (100) e NA

Positive LN 120 (90) e NA

Intervention to metastasis 34 (25) 42 (32) 0.23

Anthracycline-based CT 124 (93) 115 (88) 0.26

Bisphosphonates 28 (28) 18 (20) 0.20

Metastasis site, n (%)

All bone 100 (75) 88 (67) 0.18

No bone 34 (25) 43 (33)

Solitary/multiple metastasis, n (%) 0.82

Solitary bone 31 (23) 20 (15)

Multiple bone 37 (28) 34 (26)

Solitary pulmonary or liver 13 (10) 15 (11)

Multiple pulmonary or liver 13 (10) 14 (11)

Distribution of categorical values between the 2 groups is tested with chi-square tests.
*Missing data; 31 patients in the ST group.
yPatients with ER/PR (þ) tumor received hormonal therapy, and patients with Her2/neu (þ) received trastuzumab.
zSLNB (þ) patients underwent ALND.
ALND, axillary lymph node dissection; BCS, breast-conserving surgery; CT, chemotherapy; ER, estrogen receptor; Her2, Her2/neu; IQR, interquartile range;
LN, lymph node; LRT, locoregional treatment; M, mastectomy; NA, not applicable; PR, progesterone receptor; SLNB, sentinel lymph node biopsy; ST,
systemic therapy.
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metastasis patients, but this difference was not significant
(HR 0.8; 95% CI 0.61e1.04; p ¼ 0.1) (eFig. 9). In the
solitary bone metastasis subgroup, median survival was 14
months longer in the LRT group compared with the ST
group (HR 0.55; 95% CI 0.36e0.86; p ¼ 0.009)
(Fig. 3). However, the difference was only 3 months in



Figure 2. Comparison of overall survival between the locoregional treatment (LRT) and systemic therapy (ST) groups. HR, hazard ratio.
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the multiple bone metastasis group and was not signifi-
cant (p ¼ 0.59) (Fig. 3).
At the 10-year follow-up, solitary pulmonary/liver me-

tastases and multiple pulmonary/liver metastases patients
Figure 3. Forest plot of overall survival subgroup analyses
receptor; Met, metastasis; PR, progesterone receptor.
had no survival benefit from LRT (HR 0.69; 95% CI
0.37e1.29 and HR 1.14; 95% CI 0.63e2.08, respec-
tively) (Fig. 3). Locoregional progression (LRP) was
found higher in the ST group: it was 1% (n ¼ 2) in
with un-adjusted hazard ratio estimates. ER, estrogen



Table 2. Univariate and Multivariable Cox Model Analysis of Overall Survival for Clinically _Important Parameters

Parameter HR 95% CI p Value HR*adj 95% CI p Value

LRT 0.71 0.59e0.86 0.0003 0.79 0.65e0.96 0.02

Age < 55 0.78 0.60e1.02 0.07 0.97 0.71e1.33 0.87

T2 tumor 1.43 1.00e2.05 0.05 1.23 0.85e1.79 0.26

ER/PR (þ) 0.57 0.46e0.71 <0.0001 0.61 0.46e0.82 0.001

Triple-negative 1.53 1.16e-2.00 0.002 0.98 0.69e1.40 0.93

Bisphosphonate usagey 0.59 0.41e0.86 0.005 0.61 0.42e0.89 0.01

>2 organ metastases 1.48 1.12e1.97 0.006 1.54 1.15e2.05 0.003

*Adjusted HR results from multivariable Cox models constructed with only significant univariate model variables.
yConsidering patients with bone-only metastasis
ER, estrogen receptor; HR, hazard ratio; LRT, loco regional treatment; PR, progesterone receptor
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the LRT group and 14% (n ¼ 18) in the ST group (p ¼
0.001) at 10 years. Nine patients (50%) received loco-
regional radiation therapy and 3 (17%) patients under-
went loco-regional surgery in the ST group after locore-
gional progression.
In a multivariable Cox proportional model with sig-

nificant baseline and clinical characteristics, survival
was independently associated with LRT (HR 0.79;
95% CI 0.65e0.96; p ¼ 0.02), ER/PR (þ) (HR
0.61; 95% CI 0.46-0.82; p ¼ 0.001), bisphosphonate
use (HR¼ 0.61; 95% CI 0.42e0.89; p ¼ 0.01), and
more than 2 organ metastases at initial presentation
(HR 1.54; 95% CI 1.15e2.05; p ¼ 0.003) (Table 2).
DISCUSSION
Although conclusions about OS benefits with surgery in
de novo metastatic BC in the literature have been con-
flicting, National Comprehensive Cancer Network
guidelines and metanalysis recommends LRT in selected
patients.24 Recently published, the largest meta-analysis
and NCDB results showed that LRT resulted in a
31.8% to 36.2% reduction in mortality, and especially,
surgery followed by radiation therapy had the highest
3-year OS, of 69.4%, in addition to ST.25,26 The
MF07-01 trial is the first randomized study to show a
statistically significant improvement in median OS
with primary surgery; this benefit was found to be
more significant as the follow-up period increases. In
the first analysis after the 3-year follow-up, OS was
similar for the LRT and ST groups. In 2018, we pub-
lished the 5-year follow-up MF07-01 study data and
showed that 41.6% and 24.4% of patients were alive
in the LRT and ST groups, respectively (p ¼ 0.005).
In this analysis, OS was 19% (95% CI 13%e28%)
and 5% (95% CI 2%e12%) in the LRT group and
ST group, respectively, at 10-year follow-up. A similar
10-year survival benefit was seen in a study that reviewed
24,015 cases from the NCDB, where 5- and 10-year OS
were 41.1% and 14.4%, respectively, in the surgery
before ST group, compared with 27.5% and 8.5%,
respectively, in the ST alone group (p < 0.001).27

In one of the earlier RCTs, an Indian study, LRT did
not show an OS benefit compared with no LRT. Howev-
er, 26% of LRT patients and 35% of no-LRT patients
had tumors positive for Her2/neu; none of those patients
received targeted therapy in the LRT group, and 15%
received such therapy in the no-LRT group.20 Khan and
colleagues22 presented the results of the multicenter, phase
3, ECOG-ACRIN 2108 study at the plenary session of
the ASCO 2020 virtual meeting. They assigned 256
eligible patients to ST based on patient and tumor char-
acteristics. Those who did not progress during 4 to 8
months of treatment were then assigned to continue ST
alone (n ¼ 131) or ST plus LRT � radiation (n ¼
125). They found no statistical difference between 2
groups in terms of 3-year OS (68.4% vs 67.9%) (HR
1.09, 90% CI 0.80e1.49; p ¼ 0.63). In addition, no
progression-free survival benefit was observed between
the ST and early LRT groups (p ¼ 0.40). However,
LRP or progression was significantly higher in the ST
arm alone (25.6% vs 10.2%; p ¼ 0.003). They concluded
that based on the available data, patients with de novo
metastatic BC should not be offered LRT for primary tu-
mor with the expectation of OS benefit.22 This study pre-
sentation is criticized for its failure to obtain negative
surgical margins in 20% of patients in the LRT group.
Another criticism of this study is its significant portion
of patients with high tumor burden; 44% of patients
had fascia and skin invasion with nodules and 48% had
T4 and/or N2/3 disease. We will get answers to questions
about this RCT when the manuscript is published.28

Regarding our analysis and previous studies, ER status,
young age, and tumor burden are important risk factors in
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determining good candidates for initial surgery. At 5-year
and 10-year follow-up, we found a significant OS benefit
with primary surgery in patients with ER/PR (þ), HER2/
neu (-), patients with solitary bone metastasis, and
younger patients < 55 years old. Co and colleagues29 eval-
uated de novo metastatic BC patients between 2007 and
2016, from a prospectively maintained database. They
found that 5-year OS in the surgical group was signifi-
cantly better than that in the nonsurgical group (43.9%
vs 33.9%; p ¼ 0.026). Multivariable analysis found that
positive ER status was the only positive prognostic factor
in the analysis (HR 0.42, 95% CI 0.25e0.68; p ¼
0.001).29

One of the important findings from 10-year follow-up
data that differs from our previous publication was the
benefit of LRT in HER2/neu (þ) patients. A median 8-
month OS benefit was found between the LRT and ST
groups (HR 0.69, 95% CI 0.85e0.98; p ¼ 0.04). Mudg-
way and associates30 evaluated the impact of primary tu-
mor resection on OS in HER2/neu (þ) stage IV BC
patients by using the NCDB. They found that surgery
was associated with improved OS (HR 0.56, 95% CI
0.40e0.77), and in the subgroup analysis of LRT of
the primary site for metastatic HER2/neu (þ) BC, it
was found to be associated with improved OS in selected
patients.30

In the MF07-01 study, most patients with TN subtype
and ER/PR (-) died during follow-up. Median OS for TN
patients was 17.5 and 18 months for the LRT and ST
groups, respectively (HR 0.88, 95% CI 0.51e1.54; p ¼
0.66). In ER/PR (-) patients, the median OS was 17
and 19 months in the LRT and ST groups, respectively
(HR1.03, 95% CI 0.69e1.55; p ¼ 0.88). OS was similar
in these TN and ER/PR (-) patients. Pons-Tostivint and
coworkers31 conducted a multicenter retrospective study
of 4,276 women diagnosed with de novo metastatic
BC, selected from the French Epidemiological Strategy
and Medical Economics database between 2008 and
2014. LRT was associated with a significantly better OS
in de novo metastatic BC patients, including patients
with visceral involvement at diagnosis. However, LRT
did not affect OS in TN patients.31 In a previous retro-
spective study, Neuman and associates32 stated that the
OS benefit with primary breast surgery in stage IV BC
was limited to patients with ER/PR (þ) or HER-2/neu
(þ) tumors, but patients with TN disease did not experi-
ence any differential improvement in OS.32

The OS benefit offered by surgery for de novo stage IV
BC varies by metastatic tumor burden. The incidence of
solitary bone metastases was similar between cohorts
(23% in the LRT group and 15% in the ST group,
p > 0.05) in the MF07-01 study. Solitary bone metastasis
patients’ median OS was 14 months longer in the LRT
group compared with the ST group (HR 0.55, 95% CI
0.36e0.86; p ¼ 0.009). Hazard of death was 45% less
in the solitary bone metastasis group in the LRT group
compared with the ST group. Based on retrospective
studies and the prospectively maintained database by Co
and colleagues,29 the presence of visceral metastasis (HR
1.67, 95% CI 1.03e2.72; p ¼ 0.038) was a significant
adverse prognostic factor through multivariable anal-
ysis.11,28,33 This finding was similar in the MF07-01 trial
showing that upfront LRT had a significantly worse prog-
nosis in patients with liver/pulmonary metastases.
Although a limited number of patients were included in
this analysis, only 20% of patients (n ¼ 11) had survived
at the 10-year follow-up in pulmonary/liver metastasis.
However, in solitary pulmonary/liver metastatic patients,
the scenario may be different. Ten-year follow-up data
from the MF07-01 trial showed that 38% of patients
(n ¼ 5) in the LRT group and 7% (n ¼ 1) in the ST
group with solitary liver/pulmonary metastases had sur-
vived at 10-year follow-up. Two patients in the LRT
group had liver metastasis interventions. The prognosis
of patients with solitary solid organ metastasis may differ
from that of patients with multiple metastases. Wang and
associates34 conducted a retrospective cohort study with
de novo stage IV BC patients diagnosed between 2010
and 2015 based on the SEER database, aiming to deter-
mine the OS benefit of primary surgery on the basis of
metastatic pattern. The weighted 3-year OS for the sur-
gery group was 54.5%, compared to 47.7% (p <
0.001) for the nonsurgery group. The magnitude of dif-
ference in OS with surgery was significantly correlated
with metastatic patterns (p < 0.05). Significant survival
improvements in the surgery group compared with the
nonsurgery group were observed in patients with bone-
only metastasis (adjusted HR 0.83, p < 0.05) or multiple
metastases with bone involved (adjusted HR 0.76, p <
0.05), whereas an OS inferiority of surgery was found
for patients with multiple visceral organ-only metastases
(adjusted HR 2.08, p < 0.05).34 By the end of the 10-
year analysis of the MF07-01 study, the percentage of sur-
viving patients in all bone (solitary bone, multiple bone,
bone with visceral organ metastasis) group was 44%
(n ¼ 15); in the no bone metastasis group (visceral organ
only metastasis), it was 15% for the LRT group, whereas
in the ST group, the percentages of surviving patients
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were 32% (n ¼ 11) and 9% (n ¼ 3) for all bone and no
bone metastasis groups, respectively.
Meta-analyses showed that the OS advantage of LRT is

more pronounced in patients with less metastatic burden
and metastasis in only 1 site, especially those with bone
only metastasis.18,19 In our analysis at the 10-year
follow-up, the multivariable Cox proportional model
showed that the hazard of death was higher in patients
with more than 2 organ metastases at initial presentation
(HR 1.54, p ¼ 0.003). Multivariable logistic regression
models also indicated that 2 or more organ metastases
(OR 0.44, p ¼ 0.01) were associated with adverse prog-
nostic factors with OS beyond 5 years.
At the 10-year follow-up, we found that the rate of LRP

was 14 times higher in the ST group (14% in the ST vs
1% in the LRT group) and concluded that LRT controls
LRP in de novo stage IV BC patients, in whom long OS is
expected. The results of the studies showing an OS benefit
from LRT in patients with de novo metastatic BC pre-
sents the question of whether the advantage of surgery
causes a worse quality of life (QoL) in those patients.
One of the secondary endpoints of the MF07-01 study
was QoL measurements. The MF07-01Q study aimed
to evaluate QoL in patients who had LRT in order to
learn whether prolonged OS after LRT is accompanied
by a decline in QoL. The MF07-01Q study demonstrated
that LRT has no detrimental effect on QoL compared
with ST only in patients who lived longer than 3 years.
However, we found that the toxic effects of continued
ST may cause lower physical QoL scores when compared
with those of the general population and stage I-III BC
patients.35 Khan and coworkers22 also presented health-
related QoL measurements from their study at ASCO
2020. Although there was no significant difference in
health-related QoL measurements between both groups
at 6 and 30 months, it was worse in the early LRT arm
at the 18-month evaluation.22 Si and colleagues36 evalu-
ated the effect of local resection on controlling local
symptoms and improving QoL in de novo stage IV BC
patients. They defined a new term, “local progress/recur-
rence of symptoms” (LPRS) to refer to the local problems
caused by tumor progression/recurrence. They found that
primary surgery could reduce the occurrence of LPRS,
and patients without LPRS had longer OS (45 months
vs 2.9 months, p ¼ 0.001). QoL in patients with de
novo stage IV BC can be improved by reducing the inci-
dence of local symptoms through primary tumor
surgery.36
CONCLUSIONS
Patients’ OS in the setting of de novo metastatic BC is
better today than it was a decade ago, and 10-year
follow-up of the MF07-01 study suggests that primary
surgery plays a role, especially in some of the patient
groups. While waiting for the JCOG 1017 trial results, re-
sults from studies with methodologies similar to those of
the MF07-01 study should be considered for future treat-
ment of de novo stage IV BC patients, and the possibility
of LRT to prolong the OS and for loco-regional control
should be discussed by the tumor board. Younger age, tu-
mor molecular type, less metastatic disease burden (espe-
cially bone only and solitary bone), and performance
status and comorbidities are important factors in favor
of surgery in such patients.
Author Contributions

Study conception and design: Soran, Ozmen, Ozbas
Acquisition of data: Ozmen, Ozbas, Karanlik, Muslu-
manoglu, Igci, Canturk, Utkan, Evrensel

Analysis and interpretation of data: Soran, Ozbas, Sezgin
Drafting of manuscript: Soran, Ozbas, Sezgin
Critical revision: Soran, Ozbas, Sezgin
APPENDIX
Members of the MF07-01 Study Group: Cihangir Ozas-
lan, MD, Department of Surgery, Ankara Oncology
Teaching and Research Hospital, Ankara, Turkey, Cihan
Uras, MD, Department of Surgery, Acibadem University
School of Medicine, Istanbul, Turkey, MD, Erol Aksaz,
MD, Mamer Medical Center, Bursa, Turkey, Aykut
Soyder, MD, Department of Surgery, Acibadem Altuni-
zade Hospital, Istanbul, Turkey, Cavit Col, MD, Depart-
ment of Surgery, Middle East Hospital, Ankara, Turkey,
Neslihan Cabioglu, MD, Department of Surgery, Istan-
bul University Istanbul School of Medicine, Istanbul,
Turkey, Bahadir M Gulluoglu, MD, FACS, Department
of Surgery, Marmara University School of Medicine,
Istanbul, Turkey, Ergun Erdem, MD, Department of
Surgery, Pamukkale University School of Medicine,
Denizli, Turkey.



750 Soran et al Primary Surgery in Stage IV Breast Cancer J Am Coll Surg
Acknowledgments: Thanks to Christine Burr, Scientific
Writer, from the University of Pittsburgh, for her assistance
with language editing, and as well as Umit Ugurlu, MD,
from Marmara University, Betul Bozkurt, MD, from Hitit
University, Ali Uzunkoy, MD, from Harran University,
Neset Koksal, MD, from Yeditepe University, Bulent
Unal, MD, from Osmangazi University, Can Atalay, MD,
from VKV Amerikan Hospital Istanbul, Semra Salimoglu,
MD, from Izmir SBU Tepecik Teaching and Research Hos-
pital, Atakan Sezer, MD, from Trakya University, Ayhan
Koyuncu, MD, from Medicana Sivas Hospital, Gunay Gur-
leyik, MD, from Haydarpasa Numune Teaching and
Research Hospital, Nalan Ulufi, MD, from Medical Park
Pendik Hospital, Omer Cengiz, MD, from Koru Ankara
Hospital, Mustafa Dulger, MD, from Kocaeli Cihan Hospi-
tal, and Ugur Berberoglu, MD, Emin Yildirim, MD, Haluk
Alagol, MD, and Temel Dagoglu, MD for patient
recruitment.

We also thank Ronald Johnson, MD, FACS, Depart-
ment of Surgery, UPMC Magee-Womens Hospital, Pitts-
burgh, PA, for his guidance and contributions during the
data analysis.

REFERENCES

1. Carmichael AR, Anderson EDC, Chetty U, Dixon JM. Does
local surgery have a role in the management of stage IV breast
cancer? Eur J Surg Oncol 2003;29:17e19.

2. Gnerlich J, Jeffe DB, Deshpande AD, et al. Surgical removal of
the primary tumor increases overall survival in patients with
metastatic breast cancer: analysis of the 1988e2003 SEER
data. Ann Surg Oncol 2007;14:2187e2194.

3. Blanchard DK, Shetty PB, Hilsenbeck SG, Elledge RM. Does
surgical management of stage IV breast cancer affect outcome?
Ann Surg 2008;247:732e738.

4. Hortobagyi GN. Treatment of breast cancer. N Eng J Med
1998;339:974e984.

5. Giordano SH, Buzdar AU, Smith TL, et al. Is breast cancer
survival improving? Cancer 2004;100:44e52.

6. Andre F, Slimane K, Bachelot T, et al. Breast cancer with syn-
chronous metastases: trends in survival during a 14-year
period. J Clin Oncol 2004;22:3302e3308.

7. Khan SA, Stewart AK, Morrow M. Does aggressive local ther-
apy improve survival in metastatic breast cancer? Surgery 2002;
132:620e627.

8. Khan SA. Primary tumor resection in stage IV breast cancer:
consistent benefit, or consistent bias? Ann Surg Oncol 2007;
14:3285e3287.

9. Babiera GV, Rao R, Feng L, et al. Effect of primary tumor
extirpation in breast cancer patients who present with stage
IV disease and an intact primary tumor. Ann Surg Oncol
2006;13:776e782.

10. Rapiti E, Verkooijen HM, Vlastos G, et al. Complete excision
of primary breast tumor improves survival of patients with
metastatic breast cancer at diagnosis. J Clin Oncol 2006;24:
2743e2749.

11. Fields RC, Jeffe DB, Trinkaus K, et al. Surgical resection of
the primary tumor is associated with increased long-term
survival in patients with stage IV breast cancer after control-
ling for site of metastasis. Ann Surg Oncol 2007;14:
3345e3351.

12. Arriagada R, Rutqvist LE, Mattsson A, et al. Adequate locore-
gional treatment for early breast cancer may prevent secondary
dissemination. J Clin Oncol 1995;13:2869e2878.

13. Hazard HW, Gorla SR, Scholtens D, et al. Surgical resection
of the primary tumor, chest wall control, and survival in
women with metastatic breast cancer. Cancer 2008;113:
2011e2019.

14. Nieto Y, Nawaz S, Jones RB, et al. Prognostic model for
relapse after high-dose chemotherapy with autologous stem-
cell transplantation for stage IV oligometastatic breast cancer.
J Clin Oncol 2002;20:707e718.

15. Bafford AC, Burstein HJ, Barkley CR, et al. Breast surgery in
stage IV breast cancer: impact of staging and patient selection
on overall survival. Breast Cancer Res Treat 2009;115.
117e112.

16. Ruiterkamp J, Ernst MF, van de Poll-Franse LV, et al. Surgical
resection of the primary tumour is associated with improved
survival in patients with distant metastatic breast cancer at
diagnosis. Eur J Surg Oncol 2009;35:1146e1151.

17. Shien T, Kionoshita T, Shimzu C, et al. Primary tumor resec-
tion improves the survival of younger patients with metastatic
breast cancer. Oncol Rep 2009;21:827e832.

18. Harris E, Barry M, Kell MR. Meta-analysis to determine if
surgical resection of the primary tumour in the setting of stage
IV breast cancer impacts on survival. Ann Surg Oncol 2013;
20:2828e2834.

19. Petrelli F, Barni S. Surgery of primary tumors in stage IV
breast cancer: an updated meta-analysis of published studies
with meta-regression. Med Oncol 2012;29:3282e3290.

20. Badwe R, Hawaldar R, Nair N, et al. Locoregional treatment
versus no treatment of the primary tumour in metastatic breast
cancer: an open-label randomised controlled trial. Lancet
Oncol 2015;16:1380e1388.

21. Soran A, Ozmen V, Ozbas S, et al. Randomized trial
comparing resection of primary tumor with no surgery in stage
IV breast cancer at presentation: Protocol MF07-01. Ann Surg
Oncol 2018;25:3141e3149.

22. Khan SA, Zhao F, Solin LJ, et al. A randomized phase III trial
of systemic therapy plus early local therapy versus systemic
therapy alone in women with de novo stage IV breast cancer:
A trial of the ECOG-ACRIN Research Group (E2108). J Clin
Oncol 2020; 38(Suppl): pp.LBA2.

23. Soran A, Ozbas S, Kelsey SF, Gulluoglu BM. Randomized
trial comparing locoregional resection of primary tumor with
no surgery in stage IV breast cancer at the presentation (Proto-
col MF07-01): a study of Turkish Federation of the National
Societies for Breast Disease. Breast J 2009;15:399e403.

24. NCCN guidelines version 6.2020 Breast Cancer. Available at:
https://www.nccn.org/professionals/physician_gls/pdf/breast.
pdf. Accessed September 13, 2021.

25. Gera R, Chehade HELH, Wazir U, et al. Locoregional therapy
of the primary tumour in de novo stage IV breast cancer in
216,066 patients: A meta-analysis. Sci Rep 2020;10:2952.

26. Kim KN, Qureshi MM, Huang D, et al. The impact of locore-
gional treatment on survival in patients with metastatic breast
cancer: A National Cancer Database analysis. Clin Breast Can-
cer 2020;20:200e213.

27. Lane WO, Thomas SM, Blitzblau RC, et al. Surgical resection
of the primary tumor in women with de novo stage IV breast

http://refhub.elsevier.com/S1072-7515(21)01980-3/sref1
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref1
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref1
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref1
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref2
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref2
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref2
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref2
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref2
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref2
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref3
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref3
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref3
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref3
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref4
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref4
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref4
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref5
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref5
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref5
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref6
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref6
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref6
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref6
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref7
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref7
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref7
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref7
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref8
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref8
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref8
http://refhub.elsevier.com/S1072-7515(21)01980-3/sref8
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref9
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref9
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref9
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref9
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref9
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref10
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref10
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref10
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref10
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref10
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref11
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref11
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref11
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref11
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref11
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref11
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref12
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref12
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref12
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref12
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref13
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref13
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref13
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref13
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref13
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref14
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref14
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref14
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref14
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref14
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref15
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref15
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref15
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref15
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref15
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref16
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref16
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref16
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref16
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref16
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref17
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref17
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref17
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref17
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref18
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref18
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref18
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref18
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref18
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref19
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref19
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref19
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref19
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref20
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref20
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref20
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref20
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref20
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref21
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref21
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref21
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref21
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref21
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref23
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref23
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref23
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref23
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref23
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref23
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref25
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref25
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref25
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref26
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref26
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref26
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref26
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref26
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref27
http://refhub.elsevier.com/S1072-7515(21)01963-3/sref27


Vol. 233, No. 6, December 2021 Israel and Margenthaler Invited Commentary 751
cancer: Contemporary practice patterns and survival analysis.
Ann Surg 2019;269:537e544.

28. Soran A, Ozbas S, Dogan L, et al. Loco-regional treatment
for intact primary tumor in patient with de novo metasta-
tic breast cancer; comments and concerns of ECOG-
ACRIN 2108 trial (Editorial). Eur J Breast Health 2020;
16:158e159.

29. Co M, Ng J, Kwang A. De-novo metastatic breast cancers with
or without primary tumor resection e A 10-year study. Cancer
Treat Res Commun 2019;19:100e118.

30. Mudgway R, Villaneuva CCP, Lin AC, et al. The impact of
primary tumor surgery on survival in HER2 positive stage
IV breast cancer patients in the current era of targeted therapy.
Ann Surg Oncol 2020;27:2711e2720.

31. Pons-Tostivint E, Kirova Y, Lusque A, et al. Survival impact of
locoregional treatment of the primary tumor in de novo met-
astatic breast cancers in a large multicentric cohort study: A
propensity score-matched analysis. Ann Surg Oncol 2019;26:
356e365.

32. Neuman HB, Morrogh M, Gonen M, et al. Stage IV breast
cancer in the era of targeted therapy. Does surgery of the pri-
mary tumor matter? Cancer 2010;116:1226e1233.

33. Nguyen DH, Truong PT, Walter CV, et al. Limited M1 dis-
ease: a significant prognostic factor for stage IV breast cancer.
Ann Surg Oncol 2012;19:3028e3034.

34. Wang K, Shi Y, Li ZY, et al. Metastatic pattern discriminates
survival benefit of primary surgery for de novo stage IV breast
cancer: A real-world observational study. Eur J Surg Oncol
2019;45:1364e1372.

35. Soran A, Soyder A, Ozbas S, et al. The role of loco-regional
treatment in long-term quality of life in de novo stage IV
breast cancer patients: protocol MF07-01Q. Support Care
Cancer 2021;29:3823e3830.

36. Si Y, Yuan P, Hu N, et al. Primary tumor surgery for patients
with de novo stage IV breast cancer can decrease local symp-
toms and improve quality of life. Ann Surg Oncol 2020;27:
1025e1033.
Invited Commentary
Surgical Extirpation of the
Primary Tumor in Stage IV

Breast Cancer: The Debate Continues

Irene Israel, MD, Julie A Margenthaler, MD, FACS

St Louis, MO

In 2019, approximately 6% of the estimated 268,600
women in the US with newly diagnosed breast cancer
had metastatic disease at the time of diagnosis.1 Histori-
cally, systemic therapy has been the primary treatment op-
tion for patients with metastatic disease. Surgical removal
of the primary tumor and/or lymph nodes was not
believed to contribute to improved outcomes or survival.
However, multiple retrospective studies were then pub-
lished demonstrating improved survival with removal of
the primary tumor.2,3 The main criticism of those retro-
spective analyses was the potential for selection bias. In
other words, those patients with more favorable outcomes
were preferentially selected to undergo operations. As a
result, there was great interest in prospective randomized
data that could guide decision making in patients with de
novo metastatic breast cancer. In addition, as systemic
therapy continues to evolve and targeted therapies are
developed, the life expectancy of patients with metastatic
disease continues to lengthen. The potential benefits of
surgical therapy in patients with optimal systemic options
were hypothesized to occur secondary to extirpation of the
source of the malignancy.4

The study by Soran and colleagues5 represents one of
the few prospective randomized studies comparing local
treatment with systemic therapy in patients with metasta-
tic breast cancer. Patients were randomized to receive
either locoregional therapy (LRT) with subsequent sys-
temic therapy or primary systemic therapy (ST) alone.
The 3-year overall survival rate was similar between the
2 groups (60%; 95% CI, 51% to 68% for LRT and
51%; 95% CI, 42% to 59% for ST; p ¼ 0.10). However,
at 5-year follow-up, 42% of patients were alive in the
LRT group and only 24% were alive in the ST group
(p ¼ 0.005). Finally, 10-year overall survival rate
remained significantly higher in the LRT arm (19%)
compared with the ST arm (5%) (p ¼ 0.0003). Overall
survival varied in subgroup analysis at the 5-year follow-
up and 10-year follow-up, whereby overall survival was
significantly higher in the LRT group compared with
the ST group in patients with estrogen receptor/progester-
one receptor-positive disease (p ¼ 0.002) and HER2-
negative disease (p ¼ 0.004), in patients younger than
55 years of age at diagnosis (p ¼ 0.002), and in patients
with bone-only metastasis (p ¼ 0.009). Interestingly, at
the 10-year follow-up, patients in the LRT group with
HER2-positive disease also had increased survival
compared with the ST group (p ¼ 0.04) and in patients
older than 55 years at diagnosis (p ¼ 0.045).
We would argue that the original concerns about selec-

tion bias in the published retrospective studies might also
be present in the current randomized trial. Specifically,
there was a significantly higher number of hormone
receptor-positive patients in the LRT arm (86% vs 73%
in the ST arm, p ¼ 0.01) and a significantly higher num-
ber of triple-negative patients in the ST arm (18% vs 7%
in the LRT arm; p ¼ 0.01). Overall survival for patients
with de novo metastatic breast cancer has improved in the
past decade since this trial initiated enrollment, primarily
in the hormone receptor-positive patients and in those
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eFigure 1. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups among patients who are estrogen receptor/ progesterone receptor
positive. HR, hazard ratio.

eFigure 2. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups among patients who are HER2 negative. HR, hazard ratio.
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eFigure 3. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups among patients who are younger than age 55. HR, hazard ratio.

eFigure 4. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups stratified by solitary bone metastasis status. HR, hazard ratio.
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eFigure 5. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups among patients who are HER2 positive. HR, hazard ratio.

eFigure 6. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups among patients who are of age 55 and older. HR, hazard ratio.
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eFigure 7. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups among patients who are triple negative. HR, hazard ratio.

eFigure 8. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups among patients who are ER/PR negative. HR, hazard ratio.
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eFigure 9. Comparison of overall survival between the locoregional treatment (LRT) and sys-
temic therapy (ST) groups among patients who have bone only metastasis. HR, hazard ratio.
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