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Abstract

Introduction: The use of preoperative magnetic resonance imaging (MRI)
in newly diagnosed breast cancer has been increasing. However, the value
of MRI applied to women with newly diagnosed breast cancer remains con-
troversial. Therefore, this study focused on the association between preop-
erative MRI and surgical outcomes, which include mastectomy rate, breast
conservation rate, and re-excision rate.

Material and methods: A systematic literature search was performed by the
Wanfang, VIP (Chinese biomedical databases), PubMed, Cochrane Library,
and Embase, databases. The keywords were “breast cancer”, “magnetic res-
onance imaging”, “mastectomy rate”, “re-excision rate”, and “breast con-
servation rate”. A random-effects model was used to estimate the propor-
tion of women with various outcomes in the MRI group versus the non-MRI
group. The odds ratio (OR) for each surgical outcome was calculated.
Results: 4 RCTs (randomized controlled trials) met the eligibility criteria that
included a total of 2312 patients with breast cancer. The analysis results
of the MRI group versus the non-MRI group were as follows: mastectomy
rate of 15% versus 10%, OR = 2.01, 95% Cl: 0.79-5.11, p = 0.14; breast
conservation rate 84% versus 89%, OR = 0.58, 95% Cl: 0.29-1.17, p = 0.13;
re-excision rate 17% versus 19%, OR = 0.76, 95% Cl: 0.37-1.54, p = 0.45.
Conclusions: There was no significant association between preoperative
MRI and surgical outcomes. This study suggested that the use of preoper-
ative MRI should be selective. The results showed that the application of
preoperative MRI did not improve the prognosis of breast cancer patients.
More randomized trials are needed for further study due to limited random-
ized trials.

Key words: magnetic resonance imaging, breast cancer, mastectomy rate,
breast conservation rate, re-excision rate, meta-analysis.

Introduction

Currently, the examinations for breast cancer include breast ultra-
sonography, mammography, magnetic resonance imaging (MRI), and
elastography. Breast ultrasonography and mammography are the most
common assessments for breast diseases [1]. Imaging possibilities and
quantitative information of breast are accessible by elastography, which
is an imaging technique developed over the last 20 years [2-4]. Each of
them has its advantages, but also certain limitations. Many studies have
shown that preoperative MRI can identify additional foci of cancer with
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occult cancers that are different from convention-
al examinations. Therefore, the use of MRI in clini-
cal practice has become more popular [5, 6]. It has
been well established that MRI detects unsuspect-
ed sites of cancer, for example, in the ipsilateral
breast in 16% of women. It also identifies occult
cancer in the contralateral breast, for example, in
3% to 5% of women with newly diagnosed breast
cancer [7, 8]. These studies have also shown that
most of these lesions will be malignant. However,
the benefits of MRI as a preoperative assessment
tool remain controversial. Some studies have
shown that MRI can increase the rate of mastecto-
my [9] and some have shown that MRI can reduce
the rate of breast re-excision [10], so MRI can im-
prove the surgical outcomes in breast cancer pa-
tients. However, some other articles reported no
significant association between MRI and surgical
outcomes, which included mastectomy rate and
re-excision rate [11-13].

A meta-analysis conducted by Houssami et al.
in 2017 analyzed the association between preop-
erative MRI and surgical outcomes, which includ-
ed 16 retrospective studies and 3 RCTs (random-
ized controlled trials) [14]. The analysis showed
that preoperative MRI increased the rate of breast
mastectomy. However, the study also had many
limitations: (1) Most of the studies included in
the analysis were retrospective studies, while only
3 were RCTs. (2) The difference between the sam-
ple sizes was too large; the maximum sample size
was 53 015 cases and the minimum was 149 cas-
es. This difference in sample size may have affect-
ed the analysis results. (3) The heterogeneity of
7 analyses was more than 50%, while the au-
thor did not explore the source of heterogeneity.
(4) The article failed to perform a sensitivity anal-
ysis, which may have led to the uncertainty of the
results [15]. Therefore, it is necessary to perform
a meta-analysis to examine the surgical outcomes
of preoperative MRI in breast cancer patients, with
a focus on RCTs to increase the standard of the ev-
idence level. The purpose of this study is to deter-
mine the effect of MRI on standard preoperative
results in assessing short-term surgical outcomes,
including mastectomy rate, breast conservation
rate, and re-excision rate.

Material and methods
Literature research strategy

A systematic literature search was performed
using the Wanfang, VIP (Chinese biomedical da-
tabases), PubMed, Cochrane Library, Embase, and
Vip databases from their establishment to Decem-
ber 2018. To identify the studies that reported sur-
gical outcomes of preoperative MRI in patients di-
agnosed with breast cancer, we used the following
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keywords: “breast cancer”, “magnetic resonance

imaging”, “mastectomy rate”, “re-excision rate”,
and “breast conservation rate”. The data for mas-
tectomy rate, breast conservation rate, and re-ex-
cision rate were extracted from the two groups,

the MRI group versus the non-MRI group.

Inclusion criteria

The selected studies were required to fulfill
a set of inclusion criteria as follows: prospective
randomized clinical trials; breast cancer had to be
diagnosed by pathological examination, including
invasive carcinoma, intraductal carcinoma in situ;
articles published up to December 2018; English or
Chinese articles; the sample size was greater than
or equal to 100 cases; studies that provided direct
or indirect access to the data of mastectomy rate,
breast conservation rate, and re-excision rate.

Exclusion criteria

The selected studies were required to fulfill
a set of exclusion criteria as follows: articles of
abstracts, reviews, retrospective studies, or case
reports; studies without a control group; studies
with a sample size that was less than 100 cases;
for multiple articles published by the same au-
thors, we selected the one with the best quality;
studies with incomplete data.

Data extraction

Two authors independently reviewed the ab-
stracts from the literature search and identified
the potentially relevant articles. Two authors ex-
tracted the following data: publication details,
study population and time frame, the titles of the
articles, the first author, study design, total num-
ber of patients with breast cancer, average age of
study subjects, mastectomy rates, breast conser-
vation rates, and re-excision rates. To assess the
quality of the studies, the following information
was also extracted: study design (whether ran-
domization was used and whether the study was
prospective or retrospective). Data extraction was
consistent between the two reviewers. When the
data on the surgical outcomes were reported but
clarification was needed, the authors of the study
were contacted to confirm the data or to obtain
clarification. To avoid overlapping patient groups
and where studies reported on the same patients
in more than one publication, the most informa-
tive and/or most recent article was included.

Quality assessment

We assessed each article’s risk of bias, with the
tool recommended by the Cochrane Collabora-
tion. The tool consists of a description and a judg-
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ment for the following domains in a “risk of bias
table”: random sequence generation, allocation
concealment, blinding of participants and person-
nel, blinding of outcome assessments, incomplete
outcome data, selective reporting, and other bias.
Each domain was judged as “low risk”, “high risk”
or “unclear” for each article.

Statistical analysis

The odds ratios (OR) of each outcome with
a 95% confidence interval (Cl) were calculated for
each study. Random-effects logistic meta-regression
was used to model the proportion of subjects with
surgical outcomes. Statistical heterogeneity among
the studies was evaluated with the Q test and /* sta-
tistic. Meanwhile, a funnel plot was used to assess
reporting bias. If the majority of studies were on the
top of the inverted funnel, with bilateral symmetry
on the funnel plot, then it indicated that there was
no apparent reporting bias. Review Manager 5.3
(RevMan, Version 5.3 for Windows, Nordic Cochrane
Centre, 2008) was used for the meta-analysis.

Results
Characteristics of the studies

Our search strategy identified 513 articles; of
these, 4 studies [10-12, 16] met the eligibility cri-
teria. All of them were RCTs, including 2312 newly
diagnosed breast cancer patients. The study flow
diagram is shown in Figure 1. The characteristics
of each study are summarized in Table I.

Statistical heterogeneity

To precisely assess the heterogeneity of this
study, the Q test and /2 statistics were calculated
separately for the mastectomy rate, breast conser-
vation rate, and re-excision rate and the sensitiv-
ity analysis was conducted after the Q test and
I? statistic. Mastectomy rate: the result of the mas-
tectomy rate was: 12 = 0.72; x2 = 21.09, df = 3,
p =0.0001; I? = 86%; it showed that the heteroge-
neity of these trials was substantial and the sensi-
tivity analysis showed that the trial “Turnbull 2010”

Records identified through
initial literature search (n = 513)

_ |Articles excluded after screening
of title and abstract (n = 459)

\4
Full-text articles assessed
for eligibility (n = 54)

Full-text articles excluded
(n=50)

\4

\4
Studies eligible
for meta-analysis (n = 4)

Figure 1. Study flow diagram

was the reason for the heterogeneity. If we had ex-
cluded this trial, there would have been no hetero-
geneity present in the overall analysis (t2 = 0.03;
y2=2.41,df=2,p=0.30; = 17%). Breast conser-
vation rate: the result of the breast conservation
rate was: 12 = 0.36; y2 = 14.31,df = 3, p = 0.003;
I? = 79%; it showed that the heterogeneity of these
trials was substantial and the sensitivity analysis
showed that trial “Turnbull 2010” was the reason
for the heterogeneity. If we had excluded this tri-
al, there would have been no heterogeneity pres-
ent in the overall analysis (12 = 0.03; 2 = 2.46,
df = 2, p = 0.29; > = 19%). Re-excision rate:
the result of the re-excision rate was: t2 = 0.40;
x? = 14.84, df = 3, p = 0.002; /? = 80%,; it showed
that the heterogeneity of these trials was also
substantial and the sensitivity analysis showed
that trial “Gonzalez 2014” was the reason for this
heterogeneity. If we had excluded this trial, the het-
erogeneity would have been significantly reduced
(t2 = 0.16; y2 = 4.80, df = 2, p = 0.09, /> =58%).
Heterogeneity was substantial for all 3 outcomes,
but not all were from the same trial.

Risk of bias

The results of the risk bias analysis are sum-
marized in Figures 2 and 3. The overall results
showed a low risk of bias and the funnel plot
suggested that the study bias was not significant
(Figures 4-6).

Table I. Summary characteristics of studies of preoperative magnetic resonance imaging included in this meta-

analysis
Author [Ref.] Year Style Patient Median or mean  Mastectomy Breast Re-excision
number (n) age* [years] (n) conservation (n) (n)
MRl No-MRI  MRI  No-MRI MRI No-MRI MRI  No-MRI MRl No-MRI

Briick [9] 2017 RCT 50 50 61 61 6 2 44 48 7 12
Gonzalez [7] 2014 RCT 220 220 46 46 86 75 131 143 11 33
Peters [13] 2011 RCT 74 75 55.1* 56.1* 23 26 51 49 22 13
Turnbull [8] 2010 RCT 816 807 57 57 58 10 750 787 153 156
All - - 1160 1152 - - 173 113 976 1027 193 214
*Age was presented as mean age only in Peters (2011), while others were presented as median age.
Arch Med Sci 5, October / 2024 1599
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) [N
Selective reporting (reporting bias) [N |

Other bias [N
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[%]
W Low risk of bias [l Unclear risk of bias [l High risk of bias ‘
Figure 2. Risk of bias graph
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Figure 3. Risk of bias summary

Correlation between MRI and surgical
outcomes

The analysis results of the MRI group versus
the non-MRI group were as follows. The mastec-
tomy rate of the two groups was 15% (173/1160)
versus 10% (113/1152), OR = 2.01, 95% Cl: 0.79-
5.11, p = 0.14 (Figure 7). The breast conservation
rate of the two groups were 84% (976/1160) ver-
sus89%(1027/1152),0R=0.58,95%Cl:0.29-1.17,
p = 0.13 (Figure 8). The re-excision rates (de-
fined as those patients who were confirmed as

Figure 4. Funnel plot of comparison (mastectomy)

margin positive and who need a second surge)
of the two groups were 17% (193/1160) versus
19% (214/1152), OR = 0.76, 95% Cl: 0.37-1.54,
p = 0.45 (Figure 9), which indicated that there was
no significant correlation between preoperative
MRI and surgical outcomes that include mastecto-
my rate, breast conservation rate, and re-excision
rate.

Discussion

The use of preoperative MRI in breast cancer
has been increasing in recent years. It has been
suggested that MRI could detect unsuspect-
ed breast cancers that are not apparent during
mammography and ultrasound [17-27]. How-
ever, the value of preoperative MRI in newly di-
agnosed breast cancer remains controversial
[8, 28-33]. This meta-analysis not only studied the
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servation)
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Experimental Control Odds ratio 0Odds ratio
Study or subgroup Events Total Events Total Weight  M-H, random, 95% CI M-H, random, 95% Cl
Turnbull 2010 58 816 10 807 27.1% 6.10[3.09, 12.02] —
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Figure 7. Forest plot of the comparison of efficacy outcome: HR (mastectomy)
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Figure 8. Forest plot of the comparison of efficacy outcome: HR (breast conservation)
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Briick 2017 7 50 12 50 19.5% 0.52[0.18, 1.44] L
Gonzalez 2014 11 220 33 220 249 0.30[0.15, 1.61]
I
Peters 2011 22 74 13 75 23.7% 2.02[0.93, 4.39]
Turnbull 2010 153 816 156 807 31.9% 0.96 [0.37, 1.54]
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Figure 9. Forest plot of the comparison of efficacy outcome: HR (re-excision)

association between preoperative MRI and sur-
gical outcomes, but also analyzed the effects of
preoperative MRI on the surgical outcomes. This
study found no statistically significant differences
between the two groups in the mastectomy rate,
breast conservation rate, and re-excision rate.
Also, MRI could increase the medical expenses of
breast cancer patients. Therefore, it is reasonable
to consider that the benefit of MRI for the progno-
sis of breast cancer patients is still questionable.
A problem that was found in this study was het-
erogeneity. In the mastectomy rate analysis and
breast conservation rate analysis, the results were
all from “Turnbull 2010” [34]. One possible expla-
nations for this heterogeneity is that “Turnbull
2010” had more patients in the proportion that
chose breast conservation, rather than mastecto-
my at the beginning. The mastectomy rate of this
study was 4% (68/1623), while other studies had
a mastectomy rate of 8% (8/100), 37% (161/440),
and 33% (49/149). The breast conservation rate
of “Turnbull 2010” was 95% (1537/1623), while in

other studies the rates were 92% (92/100), 62%
(274/440), and 67% (100/149). “Turnbull 2010”
has a significantly higher breast conservation rate
than other studies, which may be the source of
this heterogeneity. Also, according to the method
in the article, mastectomy or breast conservation
was chosen depending on the type of the tumor,
as well as the patients’ preference, and this was
supported by the guidelines which suggested that
surgeons should take the patient’s preference into
account. The preference of surgeons and medical
centers would affect the patient’s choice in their
communication about formulating a surgery plan.
Also, different cultures, religions, and family opin-
jons would affect the patient’s preferences. All of
these possibilities could be the reasons for clinical
heterogeneity, which may be inevitable if we want
to conduct a multiple nation (center) study. As for
the heterogeneity of re-excision rate, it mostly
came from “Gonzalez 2014” [10]. The mastecto-
my rate of “Gonzalez 2014” was 37% (161/440),
while other studies had mastectomy rates of 8%
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(8/100), 33% (49/149), and 4% (68/1623). “Gon-
zalez 2014” included proportionally more mas-
tectomy patients, which could have led to a low-
er recurrence rate and fewer residual lesions. In
this case, there would be a lower re-excision rate.
Moreover, environmental and epigenetic factors
could affect these results in various ways in dif-
ferent populations from different countries and
social strata, which could, for instance, affect the
quality of medical service and nutritional factors,
which may need further systematic research. Addi-
tionally, it was proposed that the following groups
would benefit most from preoperative MRI: (1) the
histopathological type was invasive lobular can-
cer or tumor with high malignancy, such as triple
negative breast cancer and HER2 positive tumor;
(2) young patients, especially those younger than
60 years; (3) multifocal tumor [35].

Despite the heterogeneity, removing the article
that caused the heterogeneity did not affect the
experiment reaching the same conclusion. Be-
cause the stated articles above showed an opposite
trend in the analysis, removing them only led to
the same conclusion. In this case, we believe this
heterogeneity did not affect the reliability of this
study. However, with more high-quality trials with
a similar criterion, first surgery cases would be
a significant help to reach a concrete conclusion.

There were also some good points of this study:
All the included studies were prospective random-
ized controlled studies with greater reliability
than retrospective studies and the overall results
showed a low risk of bias. Also, the funnel plot
suggested that the study bias was not significant.

One of the limitations of this study was that
the number of RCT studies was small; only 4 qual-
ifying studies were found within the research
deadline. Although one of the studies wrote “ran-
dom grouping” in the methods section, it did not
specify the randomization method. Lastly, the
numbers of subjects in the 4 studies were fairly
different (100, 440, 149, 1, and 623, respectively).
It was considered that there was a potential bias,
which needs more high-quality examinations.

In conclusion, this meta-analysis revealed no sig-
nificant association between preoperative MRI and
surgical outcomes, which included mastectomy rate,
breast conservation rate, and re-excision rate. This
study also suggested that the use of preoperative
MRI should be selective and should not be used as
a routine preoperative examination based on this re-
sult. But due to the limited randomized trials, more
randomized trials are needed for further study.
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