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Abstract

Objective To investigate and compare the effect of preoperative breast magnetic resonance (MR) imaging on recurrence-free

survival (RFS) and overall survival (OS) outcomes among patients with invasive lobular carcinoma (ILC).

Methods A total of 287 ILC patients between January 2005 and December 2012 were included. One hundred twenty (41.8%)

had undergone preoperative breast MR imaging (MR group) and 167 (58.2%) had not (no MR group). Two groups were matched

for 21 covariates in terms of patient demographics, tumor characteristics, and clinical features. We compared unmatched variables

between the patients with and without breast MR imaging using the chi-square or Student’s ¢ test. Comparisons of matched data

were performed with McNemar’s test or test of symmetry for categorical variables and paired ¢ test for continuous variables. The

RFS and OS outcomes were compared using the Kaplan-Meier estimates. MR effects were estimated after adjusting for signif-

icant potential confounders of specific outcomes in the multivariable modeling.

Results In the matched cohort, no statistically significant association was observed between MR imaging and total recur-

rence (hazard ratio [HR], 1.096; p =0.821), loco-regional recurrence (HR, 1.204; p =0.796), contralateral breast recur-

rence (HR, 0.945; p =0.952), or distant recurrence (HR, 1.020; p =0.973). MR imaging was associated with improved OS

with 51% reduction, but not significantly (HR, 0.485; p=0.231). Analysis with multivariable Cox regression model

indicated that MR imaging was not significant independent factor for better RFS (HR, 0.823; p=0.586) or improved

OS (HR, 0.478; p=0.168).

Conclusion Preoperative MR imaging is not significant prognostic factor and produces no apparent recurrence or survival

outcome benefits in ILC patients.

Key Points

* Preoperative breast MR imaging in invasive lobular carcinoma was associated with a better overall survival with 51%
reduction, but not statistically significant.

* Preoperative breast MR imaging does not show significant prognostic value in invasive lobular carcinoma as there is no

apparent benefit in terms of recurrence or survival outcomes.
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the infiltrative nature of ILC, it is difficult to diagnose clini-
cally and it has a high false-negative rate [2]. ILC also has an
increased propensity for multifocal, multicentric, and bilateral
distribution. The ability of ILC to elude early detection often
manifests as a presentation of more advanced stage disease
than invasive ductal carcinoma [3, 4]. Indeed, because preop-
erative magnetic resonance (MR) helps to measure the tumor
extent more accurately and detect multifocal, multicentric, and
occult foci not seen on conventional imaging [5, 6], several
studies [1, 7, 8] looked specifically at outcomes of MR in ILC.
In terms of the mastectomy rate and need for reoperation, two
of these three studies [1, 7] found that outcomes were im-
proved with the use of preoperative MR. A retrospective study
found that preoperative MR identified new ipsilateral (11%)
and contralateral (7%) lesions and influenced surgical man-
agement in 23 patients (25%), of which 20 (22%) were felt to
be justified [7]. Mann et al have also shown in a retrospective
cohort study that MR reduces the reoperation rate (9%) after
initial breast-conserving surgery (BCS) compared with 27%
in those with no preoperative MR [1].

Several studies [6, 9, 10] have insisted that preoperative
MR imaging in breast cancer has no significant benefit on
long-term outcomes, but confounding variables were present
as these studies did not control for the baseline characteristics
of patients. Two matched studies [11, 12] found no improve-
ment on loco-regional recurrence or disease-free survival,
whereas the other two matched studies [13, 14] described a
limited benefit in contralateral breast cancer occurrence.
However, no previous studies, whether using matched or un-
matched populations, have investigated the role of preopera-
tive breast MR imaging in specific ILC histologic subtype.

The purpose of our current study was to compare the ef-
fects of preoperative breast MR imaging on recurrence-free
survival (RFS) and overall survival (OS) outcomes among
patients with a newly diagnosed ILC subtype. To evaluate
the impact of preoperative MR imaging on long-term out-
comes, we controlled for various clinicopathological and ra-
diological variables and created a balanced cohort with and
without MR imaging. In addition, we sought to identify the
prognostic factors and the relevance of preoperative MR im-
aging for long-term outcomes in ILC.

Materials and methods
Patients

This retrospective study from a single tertiary center was ap-
proved by institutional review board, and the informed con-
sent requirement was waived. By using a search program, we
identified 329 consecutive patients who were newly diag-
nosed with ILC by biopsy or surgical excision between
January 2005 and December 2012 and underwent subsequent

treatment. Among these cases, we excluded 42 patients for the
following reasons: were treated with neoadjuvant systemic
therapy (n = 16), had initial stage IV disease (n =4), was male
patient (n = 1), had double primary cancer (n = 1), and patient
information or data on tumor characteristics were incomplete
(n=20). A final total of 287 patients (age range 31-82 years;
mean age, 49.8 years) were thus included in the analysis. Of
these 287 cases, 120 had undergone preoperative breast MR
imaging and were assigned to the MR group. The remaining
167 patients had not undergone preoperative breast MR im-
aging and comprised the no MR group. Subset population
overlaps with previous study that dealt with the association
between MR imaging and short-term outcomes in 603 patients
with ILC, which included patients with less than 5-year
follow-up [15].

MR technique

Patients underwent dynamic contrast-enhanced MR imaging
with either a 1.5-T or 3-T scanner (Magnetom Avanto or
Skyra, Siemens Healthineers; Achieva, Philips Healthcare)
using a dedicated breast coil. Imaging protocols included a
T2-weighted sequence and a dynamic contrast-enhanced fat-
suppressed axial three-dimensional T1-weighted sequence
that consisted of unenhanced and at least three contrast-
enhanced acquisitions. For axial T2-weighted imaging, a fast
spin-echo sequence with fat suppression was used ([repetition
time/echo time (TR/TE), 6700/74 ms; field of view (FOV)
300 x 300 mm; matrix size, 448 x 448; and slice thickness,
5 mm] for the 1.5-T scanner and [TR/TE, 1100/131 ms;
FOV, 341 x 210 mm; matrix size, 416 x 256; and slice thick-
ness, 1.5 mm] for the 3-T scanner).

Dynamic contrast-enhanced images were obtained with
fast low-angle shot volume interpolated breath-hold examina-
tion (FLASH VIBE) pulse sequences ([TR/TE, 5.2/2.4 ms;
FOV 340 x 340 mm; matrix size, 384 x 384; slice thickness,
0.9 mm] for the 1.5-T scanner and [TR/TE, 5.6/2.5 ms; FOV
360 x 360 mm; matrix size, 360 x 360; slice thickness,
0.9 mm] for the 3-T scanner). Contrast material (0.2 ml/kg
body weight; Magnevist; Schering or 0.1 mmole/kg
gadoterate meglumine; Dotarem; Guerbet) was injected using
an MR-compatible power injector (Spectris; Medrad).

Histopathologic analysis

Tumor diameter, histologic grade or pathologic staging,
lymphovascular invasion, and expression of estrogen receptor
(ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2) were evaluated on the basis
of surgical histologic findings. Antibodies against ER (1:200
dilution; Leica Biosystems), HER2 (1:8 dilution; Ventana
Medical Systems) were used in immunohistochemical analy-
sis. ER positivity was scored using an Allred score [16]. The
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tumor was considered positive for ER or PR if the Allred score
was > 2. HER?2 status was determined initially by immunohis-
tochemical analysis and scored on a 0-3 scale. Tumors with
scores of 2 were further evaluated by silver in situ
hybridization.

Postoperative evaluations and follow-up

After curative treatment, all patients were examined annually
with bilateral mammography and ultrasound to detect any
loco-regional or contralateral breast recurrence. The follow-
up interval was calculated from the date of surgery to the last
date of follow-up or to any event occurrence or death. RFS
was defined as the interval between the date of surgery and the
date on which cancer recurrence was first detected. Patients
without evidence of an event were censored on the date of the
most recent follow-up. Recurrence sites included loco-
regional (limited to the ipsilateral breast or chest wall and/or
the axillary, internal mammary, infraclavicular, or
supraclavicular lymph nodes), contralateral breast, or distant
(metastases to other parts of the body). OS was defined as the
time from the date of breast cancer diagnosis to the date of
death from any cause, last date known to be alive, or the date
of the most recent follow-up.

Variable selection

For each of the women in our study cohort with ILC who had
not undergone preoperative MR imaging (the no MR group),
21 covariates were matched to women who had undergone
preoperative MR imaging (MR group) in terms of patient
demographics, tumor characteristics, and various clinical fea-
tures. These covariates were as follows: (1) age at the time of
diagnosis of ILC; (2) age at first menstruation; (3) menopausal
status; (4) childbirth; (5) use of contraception; (6) hormone-
replacement therapy; (7) past history of breast cancer; (8)
family history of breast cancer; (9) mammographic parenchy-
mal density (fatty or dense); (10) pathological staging based
on the American Joint Committee on Cancer, 7th edition (I, II,
or IIT) [17]; (11) histologic grade (I, II, or III); (12) pathologic
node (negative or positive); (13) lymphovascular invasion;
hormonal receptor status (negative or positive), including
(14) estrogen receptor (ER), (15) progesterone receptor
(PR), and (16) human epidermal growth factor receptor 2
(HER2); (17) pathologic tumor size; and type of treatment,
including (18) surgery type (breast conservation or mastecto-
my), (19) adjuvant chemotherapy, (20) adjuvant endocrine
therapy, and (21) adjuvant radiation therapy.

Statistical analysis

We compared unmatched variables between the patients with
and without breast MR imaging using the chi-square or
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Student’s ¢ test. The patients in each group were then balanced
with propensity score matching method using measured co-
variates to control confounders at a ratio of 1:1. We addition-
ally analyzed using inverse probability weighting to adjust for
confounding variables. Comparisons of matched data were
performed with McNemar’s test or test of symmetry for cate-
gorical variables and paired ¢ test for continuous variables.

The primary endpoint of our study was the comparison of
the RFS and OS outcomes between the MR and no MR group.
A Cox proportional hazards model analyzed the independent
effect of preoperative MR on the RFS and OS for the balanced
data. The RFS and OS were compared between the two
groups using the Kaplan-Meier estimates. To investigate the
significant prognostic factors and the relevance between MR
receipt and long-term outcomes, variables with a p value
< 0.20 in the univariable analysis were entered as input vari-
ables for a multivariable Cox proportional hazards model
using backward elimination in unmatched data. MR effects
were estimated after adjusting for the effects of variables
which are significant potential confounders for specific out-
comes in the multivariable modeling. A p value <0.05 was
considered statistically significant. Statistical analyses were
performed using SPSS (Statistical Package for the Social
Sciences) software version 23.0 (SPSS).

Results
Demographics

Of the 287 women, 41.8% (120 of 287) had a preoperative
MR and 58.2% (167 of 287) did not. Prior to propensity score
matching, the MR group tended to be younger, premenopaus-
al, have dense breast tissue, and not receiving hormone re-
placement therapy (Table 1). With regard to treatment type,
no difference was observed between the surgical method, re-
ceipt of chemotherapy and endocrine or radiation therapy be-
tween the no MR imaging and MR imaging groups. After
matching, 104 pairs of patients were allocated to the no MR
imaging and MR imaging groups, respectively, and the 21
possible confounding variables were well balanced between
these groups (Table 1).

Survival analysis

The median RFS was 74 months (range, 4—146 months), and
the median OS was 78 months (range, 8—147 months). Before
matching, 24 patients showed recurrences among the 167 no
MR cases, including 7 loco-regional, 5 contralateral breast,
and 12 distant recurrences. Thirteen patients showed recur-
rences among the 120 MR cases, including 4 loco-regional,
2 contralateral breast, and 7 distant recurrences (Table 2).
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In the propensity score-matched cohort, no statistically signif-
icant association was observed between preoperative breast MR
imaging and total recurrence (hazard ratio [HR], 1.096; 95%
confidence interval [CI], 0.497, 2.416; p = 0.821), loco-regional
recurrence (HR, 1.204; 95% CI, 0.294, 4.924; p =0.796), con-
tralateral breast recurrence (HR, 0.945; 95% CI, 0.147, 6.061;
p=0.952), or distant recurrence (HR, 1.020; 95% CI, 0.339,
3.070; p=0.973). MR imaging was associated with a better
OS with 51% reduction, but this was not statistically significant
(HR, 0.485; 95% CI, 0.149, 1.585; p=0.231) (Table 3). With
inverse probability weighting analysis, MR group slightly tended
to show improved OS, but not statistically significant (HR,
0.353; 95% CI, 0.111, 1.122; p=0.078).

The Kaplan-Meier analysis revealed that the MR group
showed improved survival outcomes including total recur-
rence, loco-regional recurrence, distant recurrence, and overall
survival in the first 60-month period, but again, this was not
significant (Fig. 1). There was also no significant difference in
contralateral breast recurrence between the two groups.

Univariable analysis results for the factors associated with
RFS and OS in the unbalanced cohort are listed in
Supplementary Table 1. Age at the time of ILC diagnosis
(p=0.047), menopausal state (p =0.023), lymphovascular in-
vasion (p < 0.001), ER positivity (p = 0.002), PR positivity (p =
0.016), HER2 positivity (p =0.048), and adjuvant endocrine
therapy (p <0.001) were found to be significant factors for
RFS. For OS, age at the time of diagnosis of ILC (p =0.046),
tumor size (p =0.034), lymphovascular invasion (p <0.001),
ER positivity (p = 0.002), PR positivity (p = 0.018), HER2 pos-
itivity (p =0.020), mastectomy (p =0.017), adjuvant chemo-
therapy (p =0.022), and adjuvant endocrine therapy
(p <0.001) were statistically significant factors.

The multivariable Cox regression model indicated that
lymphovascular invasion (HR, 4.703; 95% CI, 2.136,
10.355; p<0.001) and adjuvant endocrine therapy (HR,
0.175; 95% CI, 0.075, 0.405; p <0.001) were significant in-
dependent factors of a poorer and improved RFS, respectively,
whereas MR imaging (HR, 0.823; 95% CI, 0.409, 1.658; p =
0.586) was not a prognostic factor (Table 4). For OS,
lymphovascular invasion (HR, 6.014; 95% CI, 2.273,
15.911; p<0.001) and mastectomy (HR, 2.943; 95% CI,
1.100, 6.875; p=0.032) were significant independent factors
for a poorer OS, whereas adjuvant endocrine therapy (HR,
0.089; 95% CI, 0.035, 0.225; p<0.001) was a significant
independent factor for an improved OS. MR imaging (HR,
0.478; 95% CI, 0.167, 1.366; p = 0.168) was not significantly
associated with OS outcomes.

Discussion

Our findings demonstrate that preoperative MR imaging in
ILC patients with no significant effect on improved RFS or

@ Springer

OS outcomes. In addition, preoperative MR imaging was not a
significant prognostic factor related to either of these survival
outcomes. To our knowledge, our study of well-balanced pa-
tient groups helps to understand the relationship between pre-
operative MR imaging and long-term outcomes in ILC
patients.

There is a lack of consensus regarding the effect of preop-
erative MR imaging on long-term outcomes in ILC. Previous
meta-analysis [18] insisted that routine preoperative MR im-
aging does not appear to significantly reduce the risk of breast
cancer recurrence. Solin et al [10] found no change in OS,
distant metastasis, and any local failure or contralateral breast
cancer incidence with or without MR imaging. However, that
study was a non-randomized retrospective analysis and did
not address whether there was s subset of patients who might
have benefitted from MR imaging. In contrast, Fischer et al
[19] reported that the rate of local recurrence was lower for
patients with MR imaging (1.2% vs 6.8%, p < 0.001) although
these authors also did not adjust for major differences in tumor
and treatment variables, and only 9.7% of the ILC subtype
underwent MR imaging. Despite the conflicting evidence
from previous studies, the effect of MR imaging on the
long-term outcomes in ILC patients had not been investigated.
Our current results have revealed that preoperative MR imag-
ing produced a better long-term OS outcome, but without
statistical significance (HR, 0.485; 95% CI, 0.149, 1.585;
p=0.231), and no significant improvement in total recur-
rence, loco-regional recurrence, contralateral breast recur-
rence, or distant metastasis.

Preoperative MR imaging is known to change the thera-
peutic plan in approximately one third of patients with ILC
[20]; in 15-20% of these cases, the plan changes from breast
conservation surgery to mastectomy. In our previous study
[15], MR imaging was found to be associated with lower
frequency of reoperation (odds ratio, 0.140; p <0.001), but a
similar likelihood of initial mastectomy (odds ratio, 0.876;
p=0.528) and final mastectomy (odds ratio, 0.744; p =
0.151) compared with patients without MR imaging. Thus,
our previous study [15] supports the conclusion of other stud-
ies [6, 9—11, 18] that suggest preoperative MR imaging may
be beneficial for short-term outcomes. Preoperative MR im-
aging enables the detection of additional occult lesions in the
contralateral breast [21] making it a worthwhile part of a pre-
operative workup in ILC patients as it can detect approximate-
ly 7-10% of contralateral lesions [20]. With regard to contra-
lateral breast recurrence, Wang et al [13] have reported that
preoperative MR imaging increases the detection rate of syn-
chronous contralateral breast cancer but is not associated with
a decrease in contralateral breast cancer occurrence. That
study had few ILC patients in its population (6.1%), and two
thirds of these ILC cases did not undergo preoperative MR
imaging. Another study of metachronous contralateral breast
cancer reported that an interval to a second cancer of less than
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Table 2 Survival outcomes

before propensity score matching No MR group (N=167) MR group (N=120) p value
No recurrence 143/167 (85.6%) 107/120 (89.2%) 0.818
Total recurrence® 24/167 (14.4%) 13/120 (10.8%) 0.482
Loco-regional 7/167 (4.2%) 4/120 (3.3%)
Contralateral breast 5/167 (3.0%) 2/120 (1.7%)
Distant 12/167 (7.2%) 7/120 (5.8%)
Death 16/167 (9.6%) 5/120 (4.2%) 0.132

All numbers shown are numbers of patients, total number of patients in both groups including matched patients

Data in parentheses indicate the percentages

The statistical method uses chi-square test for categorical variables

# Total recurrences were divided into three subgroups according to the first breast cancer recurrence in each patient

3 years is a strong prognostic factor in distant disease-specific
survival (DFS) [22]. In our study, MR group showed a ten-
dency toward better survival outcomes including total recur-
rence, loco-regional and distant recurrence, and overall sur-
vival within the first 2 years, but was insignificant. In our
previous study of preoperative MR imaging in ILC patients
[15], the synchronous contralateral malignancy rate was 3.8%
in the MR cases. In the present study, the contralateral breast
recurrence was 1.9% in the MR group after matching.
However, this did not reach statistical significance compared

to the no MR cohort which had a 2.9% contralateral breast
recurrence rate. The equivalent incidence of contralateral
breast recurrence at follow-up in both groups may be a con-
sequence of adjuvant therapy, which reduces the subsequent
occurrence of metachronous contralateral cancer [23] or may
be limited interpretation due to the relatively small sample
size. Nevertheless, the clinicians should take account of the
fact that MR imaging may detect contralateral breast cancer at
an earlier stage, although it does not reduce the incidence of
contralateral breast recurrence.

Table 3  Hazard models of the association between preoperative MR imaging and loco-regional, contralateral breast, and distant recurrence and death
rates after propensity score matching
Outcomes No. of events  Hazard ratio  95% confidence interval  p value  Hazard ratio®  95% confidence interval®  p value®
Total recurrence®
MR (-) 14 (13.5%) 1.096 0.497,2.416 0.821 0.973 0.484, 1.958 0.939
MR (+) 12 (11.5%)
The first recurrence
Loco-regional 1.204 0.294, 4.924 0.796 1.061 0.332, 3.389 0.920
MR (-) 4 (3.8%)
MR (+) 4 (3.8%)
Contralateral breast 0.945 0.147, 6.061 0.952 1.006 0.191, 5.300 0.994
MR (-) 3 (2.9%)
MR (+) 2 (1.9%)
Distant 1.020 0.339, 3.070 0.973 0.899 0.320, 2.523 0.839
MR (-) 7 (6.7%)
MR (+) 6 (5.8%)
Death
MR (-) 9 (8.7%) 0.485 0.149, 1.585 0.231 0.353 0.111, 1.122 0.078
MR (+) 4 (3.8%)

All numbers shown are numbers of patients

Data in parentheses indicate the percentages

Cox proportional hazards model was used and z-test for coefficient of Cox regression analysis

# Total recurrences were divided into three subgroups according to the first breast cancer recurrence in each patient

® Adjusted using inverse probability weighting analysis
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Fig. 1 Kaplan-Meier survival curves for overall survival and recurrence-
free survival in patients with invasive lobular carcinoma with and without
preoperative magnetic resonance imaging. a Total recurrences. b Local-
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Table 4 Multivariable Cox
proportional hazard analysis of Variable Recurrence-free survival Overall survival
variables associated with
recurrence-free survival and Hazard 95% confidence ~ p value  Hazard 95% confidence  p value
overall survival in the unmatched ratio interval ratio interval
cohort
Receipt of MRI 0.823 0.409, 1.658 0.586 0478 0.167, 1.366 0.168
LVI 4.703 2.136, 10.355 <0.001* 6.014 2.273,15911 <0.001*
Adjuvant endocrine  0.175 0.075, 0.405 <0.001*  0.089 0.035, 0.225 <0.001"
therapy
Mastectomy 2.943 1.100, 7.875 0.032*

The statistical method uses z-test for coefficient of Cox regression analysis

LVI lymphovascular invasion

2 p values less than 0.05 were considered to indicate a statistically significant difference

One of the largest prior studies of ILC by Wasif et al [24]
using the Surveillance, Epidemiology, and End Results
(SEER) registry observed that even though ILC presents at a
more advanced stage than invasive ductal carcinoma, it is
associated with a better 5-year DFS among patients matched
for T and N stage due to ER positivity. A large tumor size,
triple-negative breast cancer, and the presence of
lymphovascular invasion are known as poor prognostic fac-
tors for recurrence and survival in ILC [25-27]. ER and PR
positivity have been reported as protective factors against
death [3, 24, 28]. In our present study, ER and PR positivity
and adjuvant endocrine therapy were associated with better
RFS and OS outcomes. Regarding poor OS outcome, mastec-
tomy was related with higher hazard of death (HR, 2.943;
95% CI, 1.100, 6.875; p=0.032). Similarly, Hwang et al
[29] also showed a lower hazard of death associated with
breast conservation than mastectomy. In this study [29], lob-
ular cancers were associated with higher mastectomy rate
when compared to ductal carcinoma (53% to 44% respective-
ly). Further studies would be required to verify this and to
determine which factors may be contributing to this effect.

Our study had several limitations. First, it was from a single
tertiary institution and was retrospective in design with a relative-
ly small sample size and short follow-up period. We cannot
exclude the possibility that a longer follow-up could reveal an
MR imaging-related benefit. A prospective randomized clinical
trial with a longer follow-up period will thus be needed. Second,
we recognize that there were very few ipsilateral and contralateral
breast recurrence events throughout the follow-up period. It is
thus reasonable to predict that the power of our analysis to detect
small differences in the recurrence rates would have been limited.
Finally, breast MR protocols were non-uniform during the study
period which has evolved, and therefore was difficult to compare
as a confounder in the analysis.

Our analysis of ILC patients demonstrates that preoperative
MR imaging does not show prognostic value in ILC as there is
no apparent benefit of in terms of recurrence or survival
outcomes.
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