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Abstract

Background: The value of preoperative breast MRI as an adjunct technique regarding its effect on re-excision rates has been a subject
of discussion. No survival data regarding preoperative breast MRI are available from randomized studies.

Methods: Ten-year follow-up of the POMB randomized multicentre study was analysed, evaluating MRI and its effect on disease-free
survival (DFS) and overall survival (OS). Patients with newly diagnosed breast cancer were randomized to either preoperative MRI or
conventional imaging. Kaplan–Meier plots were used to analyse DFS and OS, and Cox regression to estimate hazard ratios (HRs).

Results: A total of 440 patients, aged 56 years or less, with newly diagnosed breast cancer were randomized to either preoperative
MRI (220) or conventional imaging (220; control). Median follow-up for each group was 10 years. DFS rates were 85.5 and 80.0 per cent
for the MRI and control groups respectively (P¼ 0.099). The risk of relapse or death was 46 per cent higher in the control group (HR
1.46, 95 per cent c.i. 0.93 to 2.29). OS rates after 10 years were 90.9 and 88.6 per cent in the MRI and control groups respectively
(P¼ 0.427). The risk of death was 27 per cent higher in the control group (HR 1.27, 0.71 to 2.29). Locoregional, distant, and contralateral
recurrence outcomes combined were increased in the control group (P¼ 0.048). A subgroup analysis of patients with breast cancer
stages I–III showed that preoperative MRI improved DFS compared with conventional imaging, but this did not reach statistical sig-
nificance (P¼ 0.057).

Conclusion: After 10 years of follow-up, preoperative breast MRI as an adjunct to conventional imaging resulted in slightly, but non-
significantly, improved DFS and OS. Registration number: NCT01859936 (http://www.clinicaltrials.gov).

Introduction

Surgical treatment for breast cancer has become less invasive af-

ter several randomized studies showed that breast-conserving

surgery (BCS) followed by radiotherapy for local control provides

survival equivalent to that observed after mastectomy for inva-

sive breast cancer1–3. Even poorer survival has been reported for

patients who receive mastectomy than those who receive BCS

and radiotherapy4–8. Preoperative evaluation using adequate im-
aging techniques to determine tumour size and extent within the

affected breast facilitates surgical planning to avoid positive tu-

mour margins and additional surgery. Re-excision is associated

with a greater risk of complication, increased patient anxiety lev-

els, more challenging surgical procedures, delayed initiation of

adjuvant therapies, and increased medical costs9,10.
Presently, MRI is deemed the most sensitive method for

detecting occult findings in the ipsilateral and contralateral

breast in the preoperative setting, especially for women with

dense breasts. However, preoperative breast MRI results in an

increased proportion of false-positive findings requiring further
investigation. This imaging modality is resource- and time-
consuming, may increase patient anxiety, and can lead to unnec-
essary mastectomies11,12. Whether all MRI-detected additional
findings that may have caused changes to previous treatment
plans are biologically relevant remains unclear13.

Only a few randomized studies14–16 have evaluated the effect
of preoperative MRI, albeit with inconclusive results. The POMB
(preoperative MRI of the breast) study17 evaluated the effect of
MRI findings on surgical decision-making. In contrast to other
studies, it showed that preoperative breast MRI did result in al-
tered treatment in 20 per cent of patients, and a reduction in re-
excision rate by 30 per cent without an increase in the total num-
ber of mastectomies compared with conventional imaging. In a
follow-up study, it was also found that the MRI findings were
highly accurate compared with histopathological analysis of the
surgical specimens18.

A reasonable hypothesis, corroborated by the findings of these
earlier studies, is that the detection of confirmed additional
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disease on preoperative breast MRI to achieve radical surgery
would decrease recurrence and mortality. Fisher and colleagues19

in 1986 had suggested that occult residual carcinoma is a rele-
vant cause of tumour recurrence and, because local recurrence
often leads to distant metastases, it is likely that overall survival
(OS) will eventually decrease20–25. Nevertheless, the importance
of occult lesions is questionable. Anatomical studies have shown
that foci in the breast in quadrants away from the primary tu-
mour have no impact on prognosis26. The Dutch breast cancer
guidelines27 recommend treatment of focally positive margins af-
ter BCS in invasive tumours using only complementary whole-
breast irradiation including boost, thereby omitting re-excision.

No randomized studies have examined the long-term relation-
ship between preoperative MRI, breast cancer recurrence, and
survival. The purpose of this study was to report the 10-year
follow-up of the POMB study with a focus on the long-term out-
comes disease-free survival (DFS) and OS.

Methods
This randomized multicentre study was approved by the Ethical
Board Committee in Stockholm and Uppsala (2007/1057–31/4 and

2020–00351). The design of the POMB study (NCT01859936) has
been described in detail previously17. It included 440 patients
aged 56 years or less with newly diagnosed invasive and/or non-
invasive clinical and screen-detected breast cancer, regardless of
the stage of disease and prognosis. Patients were randomized at
three different breast cancer units to undergo preoperative breast
MRI in addition to standard preoperative assessment (MRI group)
or conventional imaging only (control group). Two hundred and
twenty patients were randomly assigned to each group. Patients
excluded from the study were those with previous malignant dis-
ease in the ipsilateral breast, pregnancy/lactation, kidney dis-
ease, metal implants, overweight and reduced mobility,
claustrophobia, mental illness, or difficulties in understanding
the study (Fig. 1).

Information regarding patient demographics, clinical data, tu-
mour biology, histopathological tumour characteristics, surgical
treatment, and neoadjuvant/adjuvant therapy was collected at
the time of the initial POMB study, and was supplemented by re-
view of all available recorded electronic charts between March
and May 2020.

Adjuvant therapy was provided according to the national
guidelines based on stage and prognostic markers. Patients who

Patients aged ≤ 56 years diagnosed with
breast cancer assessed for eligibility n = 668

Randomized n = 440

No MRI (control) n = 220MRI n = 220

Analysed for DFS and OS
according to intention-to-treat

analysis n = 220

Analysed for DFS and OS
according to intention-to-treat

analysis n = 220

Analysed for DFS and OS
according to per-protocol analysis n = 210

Analysed for DFS and OS
according to per-protocol analysis n = 230

No breast MRI n = 10
   Declined participation n = 6
   Non-specified reasons n = 3
   Technical problems n = 1

DFS: Any event n = 31 OS: Died n = 20 DFS: Any event n = 47 OS: Died n = 25

Excluded n = 228
   Did not meet inclusion criteria n = 118
   Declined participation n = 75
   Not asked n = 28
   Randomized incorrectly n = 6
   Technical problems n = 1

DFS: Any event n = 32 OS: Died n = 20 DFS: Any event n = 46 OS: Died n = 25

Fig. 1 CONSORT diagram for trial

DFS, disease-free survival; OS, overall survival.
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underwent BCS or mastectomy with chemotherapy were fol-
lowed annually using bilateral mammography, sonography, and
clinical examination at the breast clinic or department of oncol-
ogy for the following 10 years to detect any locoregional and con-
tralateral breast cancer recurrence or distant metastatic disease.
Patients who had undergone mastectomy alone were examined
annually for 5 years. All patients were thereafter followed via the
national mammography screening programme, which includes
women aged between 40 and 74 years. The presence, location,
and extent of distant metastases were assessed using conven-
tional chest radiography, CT, or PET–CT in patients with locally
advanced breast cancer.

Local recurrence was defined as any new invasive or in situ
breast cancer limited to the ipsilateral breast or chest wall/mas-
tectomy site previously affected by cancer after radiotherapy or
at least 3 months after primary surgical treatment. Regional re-
currence was defined as any ipsilateral malignancy detected in
the axilla and/or in the supraclavicular, infraclavicular or inter-
nal mammary lymph nodes after adjuvant radiotherapy or
3 months after surgery. Distant metastases were recorded when
metastatic cells or findings were detected outside the regional
lymph nodes, either by cytological/histological confirmation or
radiological assessment. Distant metastases detected before the
date of surgery were regarded as synchronous with the primary
tumour and were not listed as an event. Contralateral breast can-
cer was defined as any breast cancer diagnosed in the untreated
breast during follow-up.

The follow-up interval was calculated as the number of
months from the date of randomization to the date of death or
emigration, or the date of last known follow-up. For six patients
in the MRI group, the date of randomization was missing. For
these patients, the date of diagnosis was used instead, because it
most probably differed from the date of randomization by only a
few days.

DFS was defined as the interval between the date of randomi-
zation and the date of any breast cancer recurrence or death,
even if the patients were not at risk of recurrence until the final
surgery. OS was defined as the interval from randomization to
death from any cause. Breast cancer-specific survival was calcu-
lated similarly, but included only deaths due to breast cancer.

Statistical analysis
The sample size in this study was based on a power calculation
supported by data from a study by Bedrosian and colleagues28.
Patients accepting participation entered the original POMB trial
by means of a telephone call to the randomization centre after
disclosure of the cancer diagnosis. A computer-generated algo-
rithm was used for randomization, and patients were assigned
randomly on a 1 : 1 basis to the preoperative breast MRI group or
the control group.

Kaplan–Meier plots were used to estimate and analyse the pri-
mary endpoint, DFS, as well as the secondary endpoint, OS, for
each group. Log rank tests were used for comparison between
groups. Cox regression analysis was used to estimate hazard ra-
tios (HRs). All primary analyses were performed according to the
intention-to-treat principle. A per-protocol analysis was under-
taken excluding 10 patients from the MRI group who had not un-
dergone MRI; these patients were added to the control group. A
subgroup analysis of patients with tumour stages I–III, excluding
those with more advanced disease, was also performed.

All reported P values were based on two-sided tests. P < 0.050
was considered statistically significant. All statistical analyses

were performed using SPSSVR version 26.0 (IBM, Armonk, NY,
USA).

Results
Demographic data for the 440 included patients are shown in
Table 1 according to the randomization group. The mean age of
the patients was 46 years in each group, and the median follow-
up time for OS from randomization until the end of the study
was 10 years. Regarding survival, no patients were lost to follow-
up, but two patients moved outside the study region, and the
date of last screening was noted as the end of follow-up for DFS.
There were only minor differences between groups in terms of
patient demographics, clinical data, tumour biology, histopatho-
logical tumour characteristics, and neoadjuvant/adjuvant ther-
apy.

Ten patients in the MRI group did not undergo MRI, but all
patients assigned to the MRI group were included in accordance
with the intention-to-treat study plan17,18. Of the 440 women in
the analysis, 85.5 and 80.0 per cent in the MRI and control groups
respectively were alive and free from cancer after 10 years
(Fig. 2a). The difference was not statistically significant
(P¼ 0.099). Cox regression analysis revealed that the risk of re-
lapse or death was 46 per cent higher in the control group than in
the MRI group (HR 1.46, 95 per cent c.i. 0.93 to 2.29).

Moreover, 90.9 and 88.6 per cent of women in the MRI and
control groups respectively were alive after 10 years (P¼ 0.427)
(Fig. 2b). The risk of death was 27 per cent higher in the control
group than in the MRI group (HR 1.27, 0.71 to 2.29). Breast cancer-
specific survival data were similar to OS data, because only five
patients died from other causes. Data related to disease relapse
are presented in Table 2. The control group was associated with a
statistically significantly increased risk of any type of recurrence
compared with the MRI group (HR 1.64, 1.00 to 2.67).

Per-protocol analysis for DFS and OS was undertaken after
limiting the sample to all eligible patients, excluding 10 who did
not undergo MRI and adding them to the control group (DFS: HR
1.40, 0.89 to 2.20; OS: HR 1.16, 0.65 to 2.09).

Because patients with more advanced disease were considered
not likely to benefit from MRI, a subgroup analysis was under-
taken including patients without extensive spread of disease at
diagnosis. It showed that preoperative MRI resulted in a border-
line statistically significant improvement in DFS when seven
patients with stage IV disease were excluded (P¼ 0.057).

A separate sensitivity analysis for DFS excluded two patients
with previous breast cancer and three patients without con-
firmed breast cancer findings on histopathological analysis (HR
1.46, 0.93 to 2.29). Results of the main analyses were qualitatively
similar to the findings reported above.

In addition, analyses of DFS and OS were stratified according
to breast cancer unit, and the results were almost identical.

Discussion
The use of MRI in the assessment of newly diagnosed breast can-
cer has been incorporated into clinical practice in resource-rich
environments. It is being discussed whether detecting additional
cancers using breast MRI and reducing re-excision rates yields
any benefit in terms of survival. The POMB study, with its long
and complete follow-up using a randomized population,
addressed a previously unexplored concern related to the impact
of preoperative breast MRI on DFS and OS. After 10 years of
follow-up, there was a slight, although non-significant,
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improvement in DFS and OS among women aged 56 years or
younger with breast cancer randomized to undergo breast MRI as
an adjunct technique to standard preoperative assessment, espe-
cially in those without extensive disease.

The relative 10-year survival rate of women diagnosed with
breast cancer was 86 per cent in 2016 according to the National
Board of Health and Welfare29. However, prognosis tends to be
poorer in younger patients with breast cancer. In this study, the
OS rates were 90.9 and 88.6 per cent in the MRI and control
groups respectively, which reflected adequate and efficient treat-
ment.

In the present follow-up study, reasons for the low number of
contralateral breast cancer occurrences in the two groups might
have been the relatively small study population and an effect of
adjuvant systemic therapy or hormone therapy. These outcomes
may also be reflected in the previous POMB study results17,
wherein MRI was found to be associated with a considerable
number of contralateral and multifocal findings that would have
remained undetected in the absence of preoperative MRI.
Because of such findings, the surgical procedure and adjuvant
therapy were adjusted for 20 per cent of patients in the MRI
group. Thus, correct primary treatment could potentially be
translated into improved long-term outcomes.

There are no other comparable randomized studies of preop-
erative breast MRI reporting survival data. Retrospective studies
reported conflicting findings regarding breast cancer recurrence.
In 2004, Fischer and co-workers30 compared 121 patients who
underwent preoperative MRI with 225 patients who did not. The
study demonstrated that preoperative MRI resulted in a statisti-
cally significant reduction in ipsilateral breast cancer recurrence
rate (from 6.5 to 1.2 per cent) and a reduction in contralateral

Table 1 Patient demographics, clinical data, tumour
characteristics, and treatment of 440 patients included in the
POMB study randomized to preoperative MRI or conventional
imaging

MRI Control
(n¼220) (n¼220)

Age at randomization (years)* 46 (27–55) 46 (21–56)
Menopausal status

Premenopausal 157 (74.4) 163 (74.1)
Perimenopausal 28 (13.3) 26 (11.8)
Postmenopausal 10 (4.7) 17 (7.7)
Unknown 25 (7.6) 14 (6.4)

Screen-detected breast cancer
Yes 83 (37.7) 83 (37.7)
No 137 (62.3) 137 (62.3)

Breast density, right†
1 106 (48.2) 103 (46.8)
2 85 (38.6) 83 (37.7)
3 24 (10.9) 28 (12.7)
4 5 (2.3) 5 (2.2)
Unknown 0 (0) 1 (0.6)

Breast density, left†
1 104 (47.3) 102 (46.4)
2 85 (38.6) 85(38.6)
3 26 (11.8) 29 (13.2)
4 5 (2.3) 4 (1.8)

Tumour size (cm)
Tis 19 (8.6) 25 (11.4)
< 2 120 (54.5) 129 (58.6)
2–5 62 (28.2) 45 (20.5)
> 5 19 (8.6) 20 (9.1)
Unknown 0 (0) 1 (0.5)

Lymph node metastasis
0 120 (54.5) 136 (61.8)
1–3 69 (31.4) 65 (29.5)
4–9 15 (6.8) 8 (3.6)
>10 4 (1.8) 4 (1.8)
Unknown 12(5.5)‡ 7 (3.2)§

Type of invasive carcinoma
Ductal 146 (66.4) 166 (75.5)
Ductal and lobular 6 (2.7) 5 (2.3)
Lobular 15 (6.8) 11 (5.0)
Other 16 (7.3) 10 (4.5)

Type of in situ carcinoma
DCIS 108 (49.1) 129 (58.6)
DCIS and LCIS 1 (0.5) 5 (2.3)
LCIS 11 (5.0) 6 (2.7)
Other 1 (0.5) 0 (0)

ER status
Positive 162 (73.6) 158 (71.8)
Negative 37 (16.8) 48 (21.8)
Unknown 21 (9.6) 14 (6.4)

PR status
Positive 149 (67.7) 146 (66.4)
Negative 50 (22.7) 59 (26.8)
Unknown 21 (9.1) 15 (6.9)

HER2 status
Positive 30 (13.6) 32 (14.5)
Negative 168 (76.4) 172 (78.2)
Unknown 22 (10.0) 16 (7.3)

Herceptin
Yes 32 (14.5) 30 (13.6)
No 186 (84.5) 189 (85.9)
Unknown 2 (0.9) 1 (0.5)

Molecular subtype by proxy¶
Luminal A 62 (28.2) 67 (30.5)
Luminal B HER2– 84 (38.2) 71 (32.3)
Luminal B HER2þ 15 (6.8) 15 (6.8)
HER2þ 11 (5.0) 17 (7.7)
Triple-negative 24 (10.9) 30 (13.6)
Unknown 24 (10.9) 20 (9.1)

Breast-conserving surgery
Yes 123 (55.9) 129 (58.6)

(continued)

Table 1. (continued)

MRI Control
(n¼220) (n¼220)

No 97 (44.1) 91 (41.4)
Radiotherapy

Breast 73 (33.2) 78 (35.3)
Locoregional 65 (29.5) 60 (27.3)
Breast þ boost 33 (15.0) 38 (17.3)
Locoregional þ boost 5 (2.3) 8 (3.6)
No 31 (14.1) 35 (15.9)
Unknown 13 (5.9) 1 (0.5)

Chemotherapy
Yes 140 (63.6) 137 (62.2)
No 79 (35.9) 82 (37.3)
Unknown 1 (0.5) 1 (0.5)

Endocrine therapy
Yes 160 (72.7) 153 (69.5)
No 59 (26.8) 66 (30.0)
Unknown 1 (0.5) 1 (0.5)

Chemotherapy and endocrine therapy
Yes 104 (47.3) 93 (42.2)
No 115 (52.3) 126 (57.3)
Unknown 1 (0.5) 1 (0.5)

Values in parentheses are percentages unless indicated otherwise; * values
are median (range). †Breast density according to American College of
Radiology Breast Imaging Reporting and Data System: 1, 0–24 per cent breast
parenchyma; 2, 25–50 per cent breast parenchyma; 3, 51–75 per cent breast
parenchyma; 4, 76–100 per cent breast parenchyma. ‡Eight and §four
patients had no axillary surgery. ¶Luminal A: oestrogen receptor (ER)-
positive and/or progesterone receptor (PR)-positive, human epidermal growth
factor receptor 2 (HER2)-negative, Ki-67 below 20 per cent; luminal B HER2–:
ER-positive and/or PR-positive, HER2-negative, Ki-67 20 per cent or
more;luminal B HER2þ: ER-positive and/or PR-positive any Ki 67; HER2þ: ER-
negative and PR-negative, HER2-poistive, any Ki 67; Tripple-negative: ER-
negtaive, PR-negative, HER2-negative, any Ki67; DCIS, ductal carcinoma in situ;
LCIS, lobular carcinoma in situ.
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breast cancer rate (from 4.0 to 1.7 per cent) during 3 years of
follow-up. The groups, however, showed a tendency to be unbal-
anced regarding patient age, risk of recurrence, and tumour size.
Additionally, the recurrence rates were rather high during the
short follow-up. Another retrospective study by Solin et al.31 com-
pared an MRI group comprising 215 patients with a group of 541
women who did not undergo breast MRI. There was no difference
in the 8-year rate of any local recurrence or OS between the
groups. Local recurrence rates (3 per cent among patients who
underwent preoperative breast MRI and 4 per cent for those who
did not) were rather low and demonstrating an improvement in
such rates would be extremely difficult in a retrospective cohort
study.

Sung and colleagues32 published a retrospective study that in-
cluded 348 patients, of whom 50 per cent underwent preoperative
MRI. In this group, there was a significantly increased proportion
of patients with extremely dense breasts and mammographically

occult tumours. More tumours were synchronous and contralat-
eral compared with those in the control group. The re-excision
rate was lower in the MRI group, but no significant difference in
locoregional recurrence or DFS was observed.

Houssami et al.33 investigated the potential association be-
tween preoperative MRI and breast cancer recurrence in a meta-
analysis of individual-patient data including 3169 women. They
found that preoperative MRI was not associated with reduced
risk of local and distant recurrences during 8 years of follow-up.
However, some of the included studies did not have an optimal
design and the results are difficult to interpret because the
groups of patients are not directly comparable. In addition, as
outlined by the authors33, longer follow-up could possibly show a
trend towards a more obvious MRI-related benefit.

The present study has several strengths. It is a randomized
study with long follow-up. Because of the national security num-
bers in Sweden, no patients were lost to follow-up regarding sur-
vival. The MRI findings were evaluated by a few experienced
specialists in radiology, all of whom were part of the diagnostic
and therapeutic team. Women aged 56 years or less were se-
lected, as they were more likely to have dense breasts, with the
aim of including patients who would benefit most from preopera-
tive breast MRI.

While interpreting the results, it should be considered that only
a few events had occurred even after long-term follow-up, owing
to the excellent prognosis of early-stage breast cancers. It is known
that a small non-significant difference in survival between breast-
conserving treatment with and without radiotherapy translates
into a significant difference after 15 years of follow-up34. Whether
this will also occur in the POMB cohort remains unknown, but it
would indicate the need for longer follow-up.

To date, the most sensitive imaging modality for breast cancer
detection has been MRI. However, in terms of cancer specificity,
mammography is still superior. The continued development of
imaging modalities has enabled the rise of contrast-enhanced
digital mammography (CESM) as an alternative with greater
breast cancer specificity than MRI. CESM could be of use for
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Fig. 2 Kaplan–Meier survival curves over 10 years of follow-up for 440 patients included in the POMB study with newly diagnosed breast cancer who
did or did not undergo preoperative MRI

a Breast cancer disease-free survival and b overall survival. The results of intention-to-treat analysis are shown. a P ¼ 0.099, b P ¼ 0.427 (log rank test).

Table 2 Disease recurrence and survival data after 10 years of
follow-up for 440 patients included in the POMB study
randomized to preoperative MRI or conventional imaging

MRI Control P† Hazard ratio*
(n¼220) (n¼220)

Locoregional recurrence 13 (5.9) 19 (8.6) 0.275 1.48 (0.73, 3.00)
Distant recurrence 16 (7.3) 26 (11.8) 0.116 1.65 (0.88, 3.07)
Locoregional and distant

recurrence
24 (10.9) 37 (16.8) 0.087 1.57 (0.94, 2.62)

Contralateral recurrence 2 (0.9) 5 (2.3)
Any recurrence 26 (11.8) 42 (19.1) 0.048 1.64 (1.00, 2.67)
Any event (DFS) (14.5) (20.9) 0.101 1.46 (0.93, 2.29)
Death (OS) 20 (9.1) (11.4) 0.427 1.27 (0.71, 2.29)
Breast cancer death

(breast cancer-specific
survival)

17 (7.7) 23 (10.5) 0.321 1.38 (0.73, 2.57)

Values in parentheses are percentages unless indicated otherwise; *values in
parentheses are 95 per cent confidence intervals. Hazard ratios indicate the
risk of recurrence and death in the control group compared with the MRI
group. DFS, disease-free survival; OS, overall survival. †Cox regression.
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patients with contraindications to MRI as well as in regions with
limited MRI availability35. However, whether improvement in di-
agnostic accuracy, leading to more accurate primary surgery,
generally extrapolates into a better prognosis remains an unre-
solved issue.
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