
JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

Efficacy of Chemotherapy for ER-Negative and ER-Positive
Isolated Locoregional Recurrence of Breast Cancer: Final
Analysis of the CALOR Trial
Irene L. Wapnir, Karen N. Price, Stewart J. Anderson, André Robidoux, Miguel Mart́ın, Johan W.R. Nortier,
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A B S T R A C T

Purpose
Isolated locoregional recurrence (ILRR) predicts a high risk of developing breast cancer distant
metastases and death. The Chemotherapy as Adjuvant for LOcally Recurrent breast cancer (CALOR)
trial investigated the effectiveness of chemotherapy (CT) after local therapy for ILRR. A report at
5 years of median follow-up showed significant benefit of CT for estrogen receptor (ER)–negative
ILRR, but additional follow-up was required in ER-positive ILRR.

Patients and Methods
CALOR was an open-label, randomized trial for patients with completely excised ILRR after unilateral
breast cancer. Eligible patients were randomly assigned to receive CT or no CT and stratified by prior CT,
hormone receptor status, and location of ILRR. Patients with hormone receptor–positive ILRR received
adjuvant endocrine therapy. Radiation therapy was mandated for patients with microscopically involved
margins, and anti–human epidermal growth factor receptor 2 therapy was optional. End points were
disease-free survival (DFS), overall survival, and breast cancer-free interval.

Results
From August 2003 to January 2010, 162 patients were enrolled: 58 with ER-negative and 104 with
ER-positive ILRR. At 9 years of median follow-up, 27 DFS events were observed in the ER-negative
group and 40 in the ER-positive group. The hazard ratios (HR) of a DFS event were 0.29 (95%CI, 0.13
to 0.67; 10-year DFS, 70% v 34%, CT v no CT, respectively) in patients with ER-negative ILRR and
1.07 (95%CI, 0.57 to 2.00; 10-year DFS, 50% v 59%, respectively) in patients with ER-positive ILRR
(Pinteraction = .013). HRs were 0.29 (95% CI, 0.13 to 0.67) and 0.94 (95% CI, 0.47 to 1.85), re-
spectively, for breast cancer-free interval (Pinteraction = .034) and 0.48 (95% CI, 0.19 to 1.20) and 0.70
(95% CI, 0.32 to 1.55), respectively, for overall survival (Pinteraction = .53). Results for the three end
points were consistent in multivariable analyses adjusting for location of ILRR, prior CT, and interval
from primary surgery.

Conclusion
The final analysis of CALOR confirms that CT benefits patients with resected ER-negative ILRR and
does not support the use of CT for ER-positive ILRR.

J Clin Oncol 36. © 2018 by American Society of Clinical Oncology

INTRODUCTION

The increased use of adjuvant radiation and
systemic therapies and the improved efficacy of
such therapies in the past two decades have
resulted in a lower incidence of locoregional
recurrence of breast cancer.1-5 However, after an
isolated locoregional recurrence (ILRR) event of

breast cancer, the risk of distant metastases
and death is high.6-9 The Chemotherapy as
Adjuvant for LOcally Recurrent breast cancer
(CALOR) trial was designed as a prospective
randomized study to determine the effective-
ness of adjuvant chemotherapy (CT) after surgical
excision of ILRR. Previously, we reported the
results at a median follow-up of 5 years, which
showed significant benefit of CT for estrogen
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receptor (ER)–negative ILRR, whereas for patients with ER-
positive ILRR, the benefit of CT was uncertain.10

In a separate analysis, we found that a subset of patients de-
veloped a second ILRR during the first 5 years. These events occurred
within a short interval of the first ILRR (median, 1.6 years), were
uniquely progesterone-receptor (PR) negative, and were strong in-
dicators of subsequent risk of distant recurrence and death.11 This
report presents results at 9 years of median follow-up, focusing on the
ER-status cohorts, with the aim of further clarifying the effect of CT in
patients with ER-negative and ER-positive ILRR.

PATIENTS AND METHODS

Patients and Procedures
Briefly, CALOR is a pragmatic, open-label, randomized, multicenter

and multinational trial for patients with completely excised ILRR after
unilateral breast cancer.10 Eligible patients were randomly assigned to CT
(selected by the investigator; multidrug for at least 3 months recom-
mended) or no CT and stratified by prior CT, hormone receptor (ER, PR)
status of ILRR, and location of ILRR. Patients with ER- and/or PR-positive
ILRR were to receive adjuvant endocrine therapy and, if recurrence oc-
curred while receiving endocrine therapy, a regimen change (eg, sub-
stitution of a selective ER modulator with an aromatase inhibitor) was
recommended. Radiation therapy was mandated for patients with mi-
croscopically involved margins and recommended for all patients who had
not received radiotherapy as part of their primary treatment. Human
epidermal growth factor receptor 2 (HER2)–directed therapy was optional.
Follow-up clinical examinations were required every 3 months during the

first 2 years, every 6 months during years 3 to 5, and yearly thereafter.
Annual mammography was required, but other laboratory or imaging
studies were left to the discretion of the treating physicians. Participating
institutions’ ethics committees or institutional review boards approved the
trial according to local laws and regulations. All patients gave written
informed consent, and the trial was conducted in compliance with the
Helsinki Declaration. Patient data were anonymized.

International Breast Cancer Study Group (IBCSG) and National
Surgical Adjuvant Breast and Bowel Project/NRG Oncology were re-
sponsible for the design of the study. IBCSG coordinated the collection and
management of the data, medical review, and data analysis. The reporting
of the results was performed jointly.

Outcomes
The primary end point was disease-free survival (DFS), defined as

time from randomization to invasive local, regional, or distant recurrence,
including invasive in-breast tumor recurrence, appearance of a second
primary tumor, or death from any cause. In the absence of an event, DFS
was censored at the date of the last follow-up visit. Overall survival (OS)
and breast cancer–free interval (BCFI)12 were secondary end points. BCFI
was defined as time from randomization to first invasive breast tumor
recurrence, with second primary tumors ignored and death from causes
other than breast cancer recurrence censored at the time of death. OS was
defined as the time from randomization to death from any cause.

Statistical Analysis
The present analysis is the final update of the results of the CALOR

trial within subgroups defined by the ER status of the ILRR. The subgroup
analysis according to ER status was clinically motivated and prospectively
specified in the protocol. Because the previously published results at 5 years

Table 1. Patient Characteristics and Treatment Modalities According to ER Status of the ILRR Cohorts

Characteristic

ER Negative ER Positive

Chemotherapy (n = 29) No Chemotherapy (n = 29) Chemotherapy (n = 56) No Chemotherapy (n = 48)

Prior chemotherapy
Yes 17 (59) 21 (72) 32 (57) 31 (65)
No 12 (41) 8 (28) 24 (43) 17 (35)

Location of ILRR
Breast 20 (69) 22 (76) 27 (48) 20 (42)
Mastectomy scar or chest wall 6 (21) 5 (17) 22 (39) 20 (42)
Regional lymph nodes 3 (10) 2 (7) 7 (13) 8 (16)

Primary surgery
Mastectomy 7 (24) 7 (24) 26 (46) 24 (50)
Breast conserving 22 (76) 22 (76) 30 (54) 25 (50)

Time since primary cancer to surgery for ILRR
Median No. of years (range) 3.7 (0.3-21.8) 3.4 (0.4-22.0) 6.1 (0.6-31.6) 8.2 (0.7-20.6)
$ 2 years 23 (79) 22 (75) 49 (88) 43 (90)

Menopausal status at ILRR
Premenopausal 7 (24) 6 (21) 13 (23) 8 (17)
Postmenopausal 22 (76) 23 (79) 43 (77) 40 (83)

Median age at ILRR, years (range) 55 (40-80) 56 (31-82) 56 (37-70) 56 (33-80)
ER of primary tumor
Negative 21 (72) 20 (69) 6 (11) 0 (0)
Positive 7 (24) 8 (28) 42 (75) 39 (81)
Unknown 1 (3) 1 (3) 8 (14) 9 (19)

Treatment of ILRR
Radiation therapy 7 (24) 8 (28) 24 (43) 21 (44)
Endocrine therapy for ER-positive ILRR 53 (92) 50 (98)
Chemotherapy
Monotherapy 9 (31) 16 (29)
Polytherapy 18 (62) 37 (66)

NOTE. Data presented as No. (%) unless otherwise indicated.
Abbreviations: ER, estrogen receptor; ILRR, isolated locoregional recurrence.
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of median follow-up indicated a significant interaction between CT effect
and ER status of the ILRR,10 the focus of this update is to provide separate
analyses within ER status cohorts.

We calculated Kaplan-Meier estimates13 of end points at 10 years,
with SEs by Greenwood formula. Cox regression models were used to
estimate HRs (95% CI) for treatment effects within cohorts, to adjust for
the following covariables: location of ILRR, prior chemotherapy, interval
from primary surgery, and ER status of ILRR, and to estimate HRs (95%
CIs) for treatment effects across covariable subgroups by including
treatment-by-covariable interaction in the model; the two-sided P values
for treatment-by-covariable interaction was reported along with the HR
(95% CI) in forest plots.14

The sample size and protocol modifications have been described
elsewhere. Briefly, the original statistical design was modified because of
lower-than-planned accrual, and CALOR closed on Jan 31, 2010, with 162
patients enrolled.10 All patients randomly assigned are included in this
intention-to-treat analysis. The database lock was September 2016.

RESULTS

The study cohort consisted of 162 women enrolled from August
2003 to January 2010 (Fig 1). The patient and treatment

characteristics according to ER status are listed in Table 1. The
median time to recurrence from primary cancer to ILRR was 3.6
years for the ER-negative cohort compared with 6.8 years for the
ER-positive cohort; 94% of patients with ER-positive ILRR received
prior endocrine therapy, and only a small proportion of patients
(9%) with ER-positive primary cancers were receiving such
treatment at the time of the ILRR diagnosis.

At 9 years of median follow-up, CT improved DFS sub-
stantially in patients with ER-negative ILRR (Fig 2A): 10-year DFS
was 70% (SE, 9%) in patients with and 34% (SE, 9%) in patients
without CT (hazard ratio [HR] 0.29; 95% CI, 0.13 to 0.67). In
contrast, CT had no benefit in patients with ER-positive ILRR: 10-
year DFS was 50% (SE, 9%) in patients with and 59% (SE, 8%) in
patients without CT (HR, 1.07; 95% CI, 0.57 to 2.00; Fig 2D).
Similarly, BCFI was prolonged by CT in patients with ER-negative
ILRR (breast cancer free at 10 years, 70% v 34%; HR,0.29; 95% CI,
0.13 to 0.67), but not in patients with ER-positive ILRR (58% v
62%; HR, 0.94; 95% CI, 0.47 to 1.85; Figs 2B and 2E). OS at 10
years in patients with ER-negative ILRR was 73% with CT versus
53% without CT (HR, 0.48; 95% CI, 0.19 to 1.20); among patients
with ER-positive ILRR, 10-year OS was 76% versus 66%,

Patients randomly assigned
(N = 162)

With ER-negative ILRR
(n = 58)

Assigned CT (n = 29) (n = 29) (n = 56) (n = 48)
(n = 1)

(n = 47)
(n = 53)

(n = 3)
(n = 0)

(n = 29)
(n = 27)
 (n = 2)

Received CT
Did not receive CT

Analyzed CT (n = 29)
(n = 2)
 (n = 2)

Withdrew consent
Lost to follow-up

Assigned no CT
Received CT
Did not receive CT

(n = 29)
(n = 0)
(n = 2)

Analyzed no CT
Withdrew consent
Lost to follow-up

With ER-positive ILRR
(n = 104)

Assigned CT
Received CT
Did not receive CT

(n = 56)
(n = 5)
(n = 8)

Analyzed CT
Withdrew consent
Lost to follow-up

Assigned no CT
Received CT
Did not receive CT

(n = 48)
(n = 1)
(n = 5)

Analyzed no CT
Withdrew consent
Lost to follow-up

Fig 1. CONSORT diagram of Che-
motherapy as Adjuvant for LOcally Re-
current breast cancer (CALOR) trial
update according to estrogen receptor
(ER) status of the ILRR. CT, chemo-
therapy; ILRR, isolated locoregional re-
currence; LFU, lost to follow-up; no CT,
no chemotherapy.

Table 2. Sites of First Failure (DFS events) After Randomization According to Treatment Group Within ER Status of the ILRR Cohorts

Site

ER Negative, No. (%) ER Positive, No. (%)

CT No CT Total CT No CT Total

Total patients 29 29 58 56 48 104
DFS events 8 (28) 19 (66) 27 (47) 22 (39) 18 (38) 40 (38)
Sites of first failure after primary ILRR
Local 1 (3) 4 (14) 5 (9) 3 (5) 3 (6) 6 (6)
Regional 2 (7) 2 (7) 4 (7) 0 1 (2) 1 (1)
Distant 5 (17) 12 (41) 17 (29) 13 (23) 11 (23) 24 (23)

Soft tissue 0 1 (3) 1 (2) 0 1 (2) 1 (1)
Bone 1 (3) 1 (3) 2 (3) 8 (14) 4 (8) 12 (12)
Viscera 4 (14) 10 (34) 14 (24) 5 (9) 6 (13) 11 (11)

Contralateral breast 0 1 (3) 1 (2) 1 (1) 1 (2) 2 (2)
Second (nonbreast) malignancy 0 0 0 3 (5) 1 (2) 4 (4)
Death without prior cancer event 0 0 0 2 (4) 0 2 (2)
Death cause unknown 0 0 0 0 2 (4) 2 (2)

Abbreviations: CT, chemotherapy; DFS, disease-free survival; ER, estrogen receptor; ILRR, isolated locoregional recurrence.
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Fig 2. Disease-free survival (DFS), breast cancer–free interval (BCFI), and overall survival (OS) for patients with (A-C) estrogen-receptor (ER)-negative and (D-F)
ER-positive isolated locoregional recurrence (ILRR). Interaction tests comparing the effect of chemotherapy (CT) for patientswith ER-negative ILRR versus ER-positive ILRR are
Pinteraction = .013 for DFS (A v D); Pinteraction = .034 for BCFI (B v E); and Pinteraction = .53 for OS (C v F). No CT, not assigned to chemotherapy; HR, hazard ratio.
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respectively (HR, 0.70; 95% CI, 0.32 to 1.55; Figs 2C and 2F).
Interaction tests comparing CT effect for ER-positive ILRR versus
ER-negative ILRR are Pinteraction = .013 for DFS (Fig 2A v 2D);
Pinteraction = .034 for BCFI (Fig 2B v 2E); and Pinteraction = .53 for OS
(Fig 2C v Fig 2F). The overall DFS, BCFI, and OS results, not
separated by ER status of the ILRR, are presented in the Data
Supplement.

Overall, there were 67 DFS events, as listed in Table 2. The site
of first recurrence after randomization and therefore after the
primary ILRR recurrence was local and regional for 16 patients, six
in the CTarm and 10 in the no-CTarm. Distant disease was the first
site of recurrence for 41 patients, 18 patients in the CTarm and 23
patients in the no-CT arm. In the ER-positive cohort, visceral and
bone metastasis rates were similar overall and between treatment
groups. In the ER-negative cohort, bone metastases as site of first
recurrence after ILRR were rare (two of 58 patients, one in each
treatment group), whereas visceral metastases were more common
and differed according to treatment group (four of 29 [14%] in the
CT arm; 10 of 29 [34%] no CT arm). All 10 nonbreast cancer DFS
events occurred in the ER-positive cohort; thus, DFS and BCFI
outcomes were the same in the ER-negative cohort (Table 2; Figs
2A and 2B).

The improvement of DFS by CT remained significant in
a multivariable proportional hazards model that included factors
for ER status of ILRR, location of ILRR, previous CT use, and
interval from primary surgery. The interaction between ER status
and CT effect was statistically significant, confirming the differ-
ential efficacy of CT depending on ER expression of the ILRR

(Table 3). The multivariable analysis of BCFI gave similar results,
again with a statistically significant interaction between ER status
and efficacy of CT (data not shown).

The interaction between ER expression and CT effect was
strong and statistically significant if the ER status of the ILRR tissue
was considered. In contrast, the ER status of the primary tumor
tissue was less predictive of the efficacy of CT, and the interaction
was not statistically significant (Fig 3).

DISCUSSION

The long-term follow-up results of the CALOR trial confirm the
reported findings of the 5-year analysis10: the statistically signifi-
cant benefit of CT for the cohort of patients with ER-negative ILRR
was sustained. The extended follow-up now available strengthens
conclusions for the ER-positive ILRR cohort: no benefit of CTwas
observed for these patients. Interactions between ER expression of
the ILRR and the use of CT were significant for DFS and BCFI.
These results were confirmed in multivariable analyses adjusting
for location of ILRR, prior CT, and interval from primary surgery.
This updated analysis demonstrates that patients with an ILRR
should bemanaged according to the endocrine molecular profile of
the recurrent cancer and not the primary cancer.

The CALOR trial investigated the role of pragmatically chosen
CT, at the discretion of treating physicians. Seemingly, oncologists
selected effective CT regimens for their patients on the basis of
prior cytotoxic agent exposure and in consideration of experienced
toxicities. Although not a trial question, endocrine therapy was
mandated for patients with ER-positive ILRR. In fact, the protocol
recommended a switch of therapy, for example, from a selective ER
modulator to an aromatase inhibitor, especially for the few patients
whose recurrence happened while receiving endocrine treatment.
Because CT did not reduce the number of failures or any of the
measured end points in patients with ER-positive ILRR, it is
reasonable to conclude that endocrine therapy is the mainstay
treatment of such patients.

The strengths of the CALOR trial included its prospective
randomized design and the pragmatic assignment of individual CT
by the participating oncologist. The median follow-up is now
sufficiently long to capture the effects of adjuvant CT. The in-
dividualized choice of CT may seem to be a weakness, but the

Table 3. Multivariable Model of Disease-Free Survival

Variable Hazard Ratio (95% CI) P

Location of ILRR
Breast (reference group)
Mastectomy scar or chest wall 0.78 (0.43 to 1.43) .43
Lymph nodes 1.01 (0.47 to 2.16) .98

Prior chemotherapy (yes/no) 0.86 (0.52 to 1.43) .56
Interval from primary surgery (per year) 0.92 (0.87 to 0.97) .0036
Interaction of treatment by ER of ILRR .024
ER negative 0.26 (0.11 to .60)
ER positive 0.87 (0.46 to 1.64)

Abbreviations: ER, estrogen receptor; ILRR, isolated locoregional recurrence.

Events/Total
Chemotherapy No CT Hazard Ratio

Hazard Ratio

(95% CI)

Interaction

P

ER status of ILRR
   Negative
   Positive

ER status of primary tumor
   Negative
   Positive

All patients with known
primary ER status*

28/76

7/28
21/48

9/27
19/49

35/67

18/28
17/39

12/20
23/47

0.62 (0.38 to 1.02)

0.27 (0.11 to 0.64)
1.02 (0.54 to 1.94)

0.75 (0.41 to 1.38)
0.40 (0.17 to 0.95)

.015

.24

Favors
CT

Favors
No CT

.25 1.51.5 2

Disease-Free Survival

Fig 3. Subgroup analysis of disease-free
survival according to estrogen-receptor
(ER) status of isolated locoregional re-
currence (ILRR) and ER status of primary
breast cancer tissue among 143 patients
with known primary ER status. The size of
the boxes is proportional to the number of
events. The x-axis is on a log scale. CT,
assigned to chemotherapy; no CT, not
assigned to chemotherapy. (*) 143 of the
162 randomly assigned patients.
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robust benefit of CT in patients with ER-negative ILRR points to
a generally beneficial effect of CTas chosen by the investigators. In
addition, the availability of ER status for both ILRR and primary
tumor enabled analyses showing that ILRR ER status was the better
predictor of CT benefit. The main weakness of the trial was its
small sample size due to the lower-than-anticipated accrual rate,
which precludes definitive evaluation of several secondary ques-
tions. For example, given the limited number of ER-positive ILRR
participants and the 12% lost to follow-up rate for this subgroup,
a modest benefit of CT in patients with luminal recurrences could
not be excluded. Furthermore, the benefit of CT in patients with
luminal B-like (eg, ER-positive, PR-negative) recurrences could not
be evaluated. Whereas the interval between primary breast cancer
and ILRR is prognostic, the number of trial participants was in-
sufficient to evaluate whether the time from primary adjuvant CT
to ILRR was predictive of CT benefit after ILRR. In particular,
because of small numbers and a median interval of 3.5 years
between primary diagnosis and ER-negative ILRR, the question of
whether CT effectiveness diminished for short intervals could not
be addressed. The hypothesis of a more pronounced efficacy of CT
in patients who experienced the ER-positive ILRR while receiving
adjuvant endocrine therapy also could not be investigated because
of the low number of patients with these characteristics. Similarly,
although adjuvant taxanes became standard practice during the
accrual period, the influence of their use before ILRR could not be
evaluated. Furthermore, fewer than 5% of the participants received
HER2-directed adjuvant therapy; thus, this trial cannot shed any
light on the question of HER2-directed therapy for ILRR.

In conclusion, the CALOR trial indicates that at present, CT
offers the best prospect of prolonged DFS in patients with

ER-negative first ILRR, whereas adding CT to endocrine therapy
seems to offer no benefit to patients with ER-positive ILRR.
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Thürlimann, Eleftherios P. Mamounas, Charles E. Geyer Jr, Shari Gelber,
Richard D. Gelber, Priya Rastogi, Norman Wolmark, Stefan Aebi,
Data analysis and interpretation: Irene L.Wapnir, Karen N. Price, Stewart
J. Anderson, Shari Gelber, Richard D. Gelber, Meredith M. Regan, Stefan
Aebi
Manuscript writing: All authors
Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

REFERENCES

1. Dowsett M, Cuzick J, Ingle J, et al: Meta-
analysis of breast cancer outcomes in adjuvant tri-
als of aromatase inhibitors versus tamoxifen. J Clin
Oncol 28:509-518, 2010

2. Darby S, McGale P, Correa C, et al: Effect of
radiotherapy after breast-conserving surgery on 10-
year recurrence and 15-year breast cancer death:
Meta-analysis of individual patient data for 10,801
women in 17 randomised trials. Lancet 378:
1707-1716, 2011

3. Peto R, Davies C, Godwin J, et al: Compari-
sons between different polychemotherapy regimens
for early breast cancer: Meta-analyses of long-term
outcome among 100,000 women in 123 randomised
trials. Lancet 379:432-444, 2012

4. McGale P, Taylor C, Correa C, et al: Effect of
radiotherapy after mastectomy and axillary surgery
on 10-year recurrence and 20-year breast cancer
mortality: Meta-analysis of individual patient data for

8135 women in 22 randomised trials. Lancet 383:
2127-2135, 2014

5. Perez EA, Romond EH, Suman VJ, et al:
Trastuzumab plus adjuvant chemotherapy for human
epidermal growth factor receptor 2-positive breast
cancer: Planned joint analysis of overall survival from
NSABP B-31 and NCCTG N9831. J Clin Oncol 32:
3744-3752, 2014

6. Fisher B, Anderson S, Fisher ER, et al: Sig-
nificance of ipsilateral breast tumour recurrence after
lumpectomy. Lancet 338:327-331, 1991

7. Anderson SJ, Wapnir I, Dignam JJ, et al: Prog-
nosis after ipsilateral breast tumor recurrence and
locoregional recurrences in patients treated by breast-
conserving therapy in five National Surgical Adjuvant
Breast and Bowel Project protocols of node-negative
breast cancer. J Clin Oncol 27:2466-2473, 2009

8. Karlsson P, Cole BF, Chua BH, et al: Patterns
and risk factors for locoregional failures after mas-
tectomy for breast cancer: An International Breast
Cancer Study Group report. Ann Oncol 23:2852-2858,
2012

9. Wapnir IL, Anderson SJ, Mamounas EP, et al:
Prognosis after ipsilateral breast tumor recurrence
and locoregional recurrences in five National Surgical
Adjuvant Breast and Bowel Project node-positive
adjuvant breast cancer trials. J Clin Oncol 24:2028-2037,
2006

10. Aebi S, Gelber S, Anderson SJ, et al: Che-
motherapy for isolated locoregional recurrence of
breast cancer (CALOR): A randomised trial. Lancet
Oncol 15:156-163, 2014

11. Wapnir IL, Gelber S, Anderson SJ, et al: Poor
prognosis after second locoregional recurrences in
the CALOR trial. Ann Surg Oncol 24:398-406, 2017

12. Hudis CA, Barlow WE, Costantino JP, et al:
Proposal for standardized definitions for efficacy end
points in adjuvant breast cancer trials: The STEEP
system. J Clin Oncol 25:2127-2132, 2007

13. Kaplan EL, Meier P: Nonparametric estimation
from incomplete observation. J Am Stat Assoc 53:
457-481, 1958

14. Cox DR: Regressionmodels and life-tables. JR
Stat Soc B (Methodology) 34:187-220, 1972

Affiliations
Irene L. Wapnir, Stanford University School of Medicine, Stanford, CA; Karen N. Price and Shari Gelber, Frontier Science and

Technology Research Foundation, Richard D. Gelber, Frontier Science and Technology Research Foundation, Dana-Farber Cancer Institute,
Harvard TH Chan School of Public Health, Harvard Medical School, Meredith M. Regan, Dana-Farber Cancer Institute, Harvard Medical
School, Boston, MA; Stewart J. Anderson, University of Pittsburgh Graduate School of Public Health; Priya Rastogi, University of Pittsburgh
Cancer Institute; Norman Wolmark, Allegheny Health Network Cancer Institute, Pittsburgh, PA; André Robidoux, Centre Hospitalier de
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In the article that accompanies this editorial, Wapnir et al1

provide an important update on the final analysis of the Chemo-
therapy as Adjuvant for Locally Recurrent Breast Cancer (CALOR)
trial at 9 years of median follow-up. This trial provided practice-
changing data on the management of isolated locoregional re-
currence (ILRR) when results were initially published in 2014,
demonstrating a benefit of chemotherapy in the estrogen receptor
(ER)–negative but not the ER-positive patient population.2 The
current 9 years of follow-up data continue to show the interaction of
ER status with the benefit of chemotherapy. The hazard ratio (HR)
for the primary end point of disease-free survival (DFS) event was
0.29 (95% CI, 0.13 to 0.67) in the ER-negative ILRR and 1.07 (95%
CI, 0.57 to 2.00) in the ER-positive ILRR cohorts. Comparably, at 4.9
years of median follow-up, the HRs were 0.32 (95%CI, 0.14 to 0.73)
and 0.94 (95%CI, 0.0.47 to 1.89) in the ER-negative and ER-positive
populations, respectively. These findings are important for the
management of this unique patient population, for whom neither
consensus nor randomized data existed before this trial. Since the
CALOR data were first reported, it has become more common
practice to treat ILRR with curative intent, because the trial dem-
onstrated that the multimodality approach is associated with better
outcomes and may translate into long-term DFS benefit. More
specifically, in the ER-negative population, the results challenged the
previously inconsistent data regarding the benefit of chemotherapy
and provided evidence in favor of offering adjuvant systemic therapy
and radiotherapy to women with completely resected ILRR.

Historically, patients with ILRR did poorly: the Early Breast
Cancer Trialists Collaborative Group revealed that up to 25% of
ILRRs were likely associated with breast cancer death.3 Women
with local recurrence had a considerably poorer prognosis with
regard to breast cancer–specific death compared with those with-
out local recurrence, particularly if the patient had a shorter time
interval to local recurrence.4 For example, the HR for breast
cancer–specific death among patients with local recurrence 0.5 to
1 year after diagnosis of their primary tumor was 6.67 compared
with women who did not experience local recurrence.4

The current update from the CALOR trial demonstrated
a clear benefit in the ER-negative population of the addition of
chemotherapy, which has been maintained since the initial anal-
ysis. We learned that multimodality treatment upfront with sur-
gical resection, radiation, and chemotherapy leads to durable
benefit in DFS that persists after almost a decade of follow-up.

Uncertainty remains for the best approach to treat women with
ER-positive ILRR. The original study was planned with a sample
size of 977 patients; however, because of a lower-than-anticipated
accrual rate, the sample size was decreased to 365. In November
2009, the independent Data and Safety Monitoring Committee
recommended that the trial be closed because of low accrual.
The study closed in January 2010 with a total of 162 patients,
and a revised analysis plan was adopted.2 This series of events
highlights the understandable challenges for designing clinical
trials in this unique population, because ILRR is not a common
occurrence. Studies of large randomized trials have demon-
strated that locoregional recurrences occur in approximately 5%
to 15% of patients.3 Although the sample size was adequate for
the ER-negative population, it may not have been adequately
powered to exclude a benefit in the subgroup of patients with
ER-positive disease. In addition, 11.5% of patients in the ER-
positive population were lost to follow-up. Therefore, one
cannot draw the definitive conclusion that there is no potential
benefit in the ER-positive subgroup, especially in the luminal B
molecular subtype.

The authors provide interesting insight into the progesterone
receptor (PR)–negative population in a separate analysis published
in 2017, which found that a second ILRR represented one third of
all recurrence events after the initial ILRR, and all were PR neg-
ative.5 It is also important to highlight the distributions of DFS
events for the patients who were ER-positive/PR-negative: 54% had
a DFS event (second ILRR or distant recurrence), compared with
patients with ER-positive/PR-positive disease, in whom only 21%
had a DFS event.5 One may postulate that it is the ER-positive/PR-
negative population that may benefit from the addition of che-
motherapy, although the data are insufficient to support this.

It is notable that the statistically significant difference in DFS
(P5.013) did not translate into overall survival (OS) benefit (P5.53)
on the basis of interaction tests comparing chemotherapy effect for
ER-positive versus ER-negative status. At the 4.5-year follow-up,
there was only a significant OS benefit reported for all patients
according to the assigned treatment groups of chemotherapy versus
nonchemotherapy cohort, with a P value of .02. For the prespecified
analysis according to ER status, however, the CIs for OS were wide
because of the small number of deaths in each of the subgroups. At
4.5 years of follow-up, the ER-negative chemotherapy group had five
deaths versus 11 deaths in the ER-negative nonchemotherapy group.2
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At 9 years of follow-up, the ER-negative chemotherapy and non-
chemotherapy groups each had only two additional deaths.

The authors mention that individualized choice of chemo-
therapy may be perceived as a weakness,1 but one may consider this
as the strength of the trial, because the results were independent of
the chemotherapy selected. The decision to leave the choice of
chemotherapy to the discretion of treating physicians makes this
trial more applicable to real-life practice.

Breast cancer is a heterogeneous group of diseases, and in-
depth analysis of the underlying biology that drives the pro-
liferative and metastatic potential can assist in therapy decisions.
The ER-positive subgroup for whom the benefit of chemotherapy
is unclear in the locoregional recurrence setting remains to be
elucidated. Recently, there have been major advances in genomic
profiling of tumors in search of more reliable tools to pro-
spectively identify patients who are more likely to benefit from
chemotherapy.6 Data are also emerging for comprehensive liquid
biopsies using cell-free DNA and circulating tumor cells as
prognostic tools.7 Moreover, expanded genomic profiling can
identify patients harboring circulating tumor cells with high
proliferation status who have significantly reduced PFS and OS.8

These efforts can bring focus to developing predictive gene
signatures of response to chemotherapy, which goes beyond
molecular subtype inferred from immunohistochemical studies.
Perhaps chemotherapy for patients with luminal B molecular
subtype breast cancer will be stratified by one of these tools in our
armamentarium in the near future. However, for patients with
ER-negative IRLL, the uncertainty regarding the role of che-
motherapy has now been resolved, and chemotherapy should be
offered as standard of care in addition to surgical resection and
radiation for such patients.
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