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Abstract

Purpose To correlate MRI morphological response patterns with histopathological tumor regression grading system based on
tumor cellularity in locally advanced breast cancer (LABC)-treated neoadjuvant with third-generation aromatase inhibitors.
Methods Fifty postmenopausal patients with ER-positive/HER-2-negative LABC treated with neoadjuvant letrozole and
exemestane given sequentially in an intra-patient cross-over regimen for at least 4 months with MRI response monitoring at
baseline as well as after at least 2 and 4 months on treatment. The MRI morphological response pattern was classified into 6
categories: O/complete imaging response; I/concentric shrinkage; II/fragmentation; IIl/diffuse; [V/stable; and V/progressive.
Histopathological tumor regression was assessed based on the recommendations from The Royal College of Pathologists
regarding tumor cellularity.

Results Following 2 and 4 months with therapy, the most common MRI pattern was pattern II (24/50 and 21/50, respec-
tively). After 4 months on therapy, the most common histopathological tumor regression grade was grade 3 (21/50). After
4 months an increasing correlation is observed between MRI patterns and histopathology. The overall correlation, between
the largest tumor diameter obtained from MRI and histopathology, was moderate and positive (r=0.50, P-value =2e-04).
Among them, the correlation was highest in type IV (r=0.53).

Conclusion The type II MRI pattern “fragmentation” was more frequent in the histopathological responder group; and types
I and IV in the non-responder group. Type II pattern showed the best endocrine responsiveness and a relatively moderate
correlation between sizes obtained from MRI and histology, whereas type IV pattern indicated endocrine resistance but the
strongest correlation between MRI and histology.
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Chemotherapy is still a major cornerstone of neoadjuvant
systemic therapy for patients with locally advanced breast
cancer (LABC). However, neoadjuvant endocrine therapy
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(NET) with third-generation aromatase inhibitors has been
considered a low toxicity and valid alternative for either
strongly hormone-sensitive tumors (in postmenopausal
women and/or for patients not suitable for chemotherapy
due to their advanced age or comorbidities); [1-12]. While
NET allows the estimation of endocrine responsiveness “in
vivo,” an early and more effective prediction whether NET
will be effective would benefit patients and enable a better
selection and personalization of the treatment, i.e., expedite
surgery or switch to neoadjuvant chemotherapy (NAC) in
poor responders.

Currently, response monitoring and assessment of resid-
ual disease during and after neoadjuvant systemic therapy
are conducted with imaging techniques prior to histopatho-
logical evaluations. Breast magnetic resonance imaging
(MRI) is the most accurate and recommended modality,
often considered as the gold standard [1, 13]. However,
tumor extent is often more challenging to assess after neoad-
juvant therapy and MRI might both over- and underestimate
the residual tumor size [14]. There are two main patterns of
tumor size response following neoadjuvant systemic therapy:
some tumors can show a concentric shrinkage pattern, while
others may fragment into scattered islands of tumor cells
embedded in connective and fatty tissue [15, 16]. In addition
to the effect of NET on tumor size, neoadjuvant systemic
therapies often generate a profound effect on tumor cellular-
ity. The overall loss of cellularity after therapy is not always
accompanied by a reduction in tumor size, making residual
tumor cellularity an important factor in assessing response
[17-20].

A previous study by Tozaki et al. concluded that com-
puted tomography (CT) classification of tumor distribution

Fig. 1 Panoramic view of
histopathological tumor
regression grades (hema-
toxylin—eosin-saffron stain,
magnification X 400) of ER +/
HER2- LABC after 4 months
with NET and postsurgery: a
complete pathological response
and b moderate partial response
to therapy (10-50% of tumor
remaining). ER estrogen recep-
tor, HER2 human epidermal
growth factor receptor 2; LABC
locally advanced breast cancer;
NET neoadjuvant endocrine
therapy

Panel a

@ Springer

prior to NAC and shrinkage patterns subsequent to NAC is
important for the evaluation of the residual disease under-
going breast-conserving surgery [21]. Kim et al. reported
MRI response patterns of breast carcinomas and concluded
that there is a significant difference in MRI-based response
patterns following NAC when comparing histopathological
responders and non-responders [22, 23].

The correlation between MRI morphological response
patterns, prior and subsequent to NET with third-generation
aromatase inhibitors, and histopathological tumor regres-
sion grading system based on tumor cellularity in patients
diagnosed with LABC has not been reported. In our study,
we evaluate histopathological tumor regression apply-
ing a scoring system in compassing five tumor regression
grades recommended by The Royal College of Pathologists
(Fig. 1), and MRI response patterns (Fig. 2) using 6 catego-
ries adapted from the classification suggested by Kim et al.
[17,22].

Hence, we aimed to evaluate whether there is a difference
in MRI morphological response patterns between pathologi-
cal responder and non-responder groups during and after
completion of NET. The secondary goal was to compare
the largest tumor diameter of histopathology measurements
with the largest tumor diameter obtained from MRI accord-
ing to the MRI morphological response patterns after com-
pletion of the intended regimen. The clinical value of our
findings is underlined by radiological—-pathological correla-
tion, thus validating the implementation of a standardized
tumor regression grading system and imaging monitoring
for an accurate and prognostic relevant evaluation of tumor
response and residual disease after neoadjuvant systemic
therapy.
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Fig.2 MRI morphological
response patterns of ER 4/
HER2- LABC at three different
time points (from left to right):
baseline, between regimens
(after 2 months of treatment),
and presurgery (after 4 months
of treatment); a a tumor that
shrinks concentrically after

2 months with NET, while at
the end of therapy, the patient
achieved a complete imaging
response; b a tumor that shows
concentric shrinkage without
surrounding lesion following

2 and 4 months with NET; ¢ a
tumor that shows fragmentation
pattern throughout the intended
therapy; d MRI shows a concen-
tric pattern of tumor regression
after 2 months, but reveals a
stable disease after 4 months
with NET, and e progressive
disease. ER estrogen receptor;
HER?2 human epidermal growth
factor receptor 2; LABC locally
advanced breast cancer, MRI
magnetic resonance imaging,
NET neoadjuvant endocrine
therapy

Methods

This current manuscript is from a substudy of the NEO-
LETEXE trial. The NEOLETEXE trial was registered on

March 23rd, 2015 in the National trial database of Nor-
way and approved by the regional ethical committee of the
South-Eastern Health Region in Norway (registration num-
ber: REK-S@-84-2015).
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Patient cohort and treatment

Our prospective, randomized, open-label, cross-over sub-
study from the NEOLETEXE trial enrolled 71 participants
with histologically confirmed unilateral strongly ER +,
human epidermal growth factor receptor 2 (HER2)-negative
LABC between February 2015 and December 2020 at Aker-
shus University Hospital (Fig. 3) [24]. The 50 eligible par-
ticipants had to be postmenopausal to benefit from neoadju-
vant aromatase inhibitors (NAAI) with no or limited distant
metastasis. The inclusion and exclusion criteria are given
in Supplementary { [14]. Patient selection for neoadjuvant
treatment was determined by the multidisciplinary breast
cancer team at the Akershus University Hospital. The main
aim of NEOLETEXE trial is to explore the phenomenon of
a lack of cross-resistance between the reversible nonsteroi-
dal imidazole-based inhibitor letrozole (Femar®/Femara®)
and the irreversible steroidal activator exemestane (Aroma-
sin®). The exact mechanism and the reason for sequencing
two different aromatase inhibitors have been analyzed in

a different spinoff biological study [24]. The NAAI intra-
patient cross-over regimen consisted of one of the following
treatment arms: (1.) letrozole 2.5 mg o.d. for at least 8 weeks
thereafter continuing with exemestane 25 mg o.d. for at least
another 8 weeks prior to surgery; and (2.) exemestane 25 mg
o.d. for at least 8 weeks thereafter continuing with letrozole
2.5 mg o.d. for at least another 8 weeks prior to surgery.
Routine and study-specific MRI sequences were performed
at baseline and following at least 2 months and 4 months on
aromatase inhibitor treatment. Distant metastasis (M stage)
was screened with thoracic, abdominal and pelvic CT scan,
and bone scintigraphy according to clinical practice. Patient
characteristics are summarized in Table 1.

MRI acquisition

Breast MRI was performed on a Philips Ingenia 1.5-T sys-
tem using a dedicated 16-channel bilateral breast coil with
parallel imaging capabilities (Philips Healthcare, Best, the
Netherlands).

Fig.3 Flowchart of the number
of participants eligible for 71
analysis

2

enrolled participants wi
histologically confirmed locally
advanced breast cancer
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70 participants

B 8 non-adherance to baseline MRI examinations

62 participants

2 participants due to poor quality of the dynamic
images; 6 participants due to other incidental

\
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death)

54 participants
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Table 1 Study participant characteristics

Parameter Value Percentage
No. of eligible participants 50 98
No. of women 49 2
No. of men 1
Age (y)
Median 76
Mean + standard deviation 742+73
Tumor grade
1 4 8
2 37 74
3 7 14
X 2 4
Tumor histology
IC-NST 36 72
ILC 12 24
Other 2 4
cT 3 6
T2 12 24
T3 35 70
T4
cN 38 76
NO 9 18
N1 2 4
N2 1 2
N3
cM 48 96
MO 1 2
M1 1 2
Mx
Surgical treatment
Breast-conserving surgery 8 16
Mastectomy 42 84
ypTN
TO/Tis/T1/T2/T3/T4/Tx 3/1/9/30/5/1/1 6/2/18/60/10/2/2
NO/N1/N2/N3 23/18/7/2 46/36/14/4

The TNM used is the seventh edition. Unless otherwise speci-
fied, value column represents the number of eligible patients and
mean =+ standard deviation, and percentage column shows the per-
centages of eligible patients, c: clinical staging, /C-NST invasive car-
cinoma of No Special Type, ILC invasive lobular carcinoma, TNM
tumor-node-metastasis, yp neoadjuvant pathological staging

In addition to breast MRI for staging, the participants
underwent two dynamic sequences applied in an interleaved
pattern prior and during the injection of the contrast agent.
The high temporal resolution images were acquired using a
3D T1_T2*-weighted multi echo-planar imaging sequence
and intercalated with a dynamic high spatial resolution 3D
T1-weighted turbo field echo sequence (3D TIW THRIVE).
Details of the breast MRI sequences have been published
previously and are found in Supplementary Table 2 [14].
The institutions breast imaging radiologists interpreted
these examinations, according to the American College
of Radiology Breast Imaging-Reporting and Data System

(BI-RADS®) lexicon (ACR BI-RADS® Atlas 2013, https:/
www.acr.org/Clinical-Resources/Reporting-and-Data-Syste
ms/Bi-Rads).

MRI interpretation: baseline enhancement
patterns and morphological response
patterns

MRI analysis was done independently by two experienced
radiologists (J.R. and M.L.) who were blinded for clinico-
pathological data. The longest tumor dimension was meas-
ured consecutively after imaging acquisition on the 3D TIW
THRIVE late peak enhancement sequences and based on
the response evaluation criteria in solid tumors (RECIST).
The baseline contrast enhancement patterns were classi-
fied into 4 categories by modifying Tozaki’s classification
[21]: solitary, grouped (localized mass with adjacent linear
or spotty enhancement), separated (multifocal or multicen-
tric masses), and replaced (diffuse contrast enhancement in
whole quadrants) (Fig. 4). The morphological response pat-
terns were classified into 6 categories adapted from the clas-
sification suggested by Kim et al. at between regimens and
presurgery time points [22]: 0 (complete imaging response),
I (concentric shrinkage), II (fragmentation), III (diffuse con-
trast enhancement), IV (stable disease), and V (progressive
disease) (Fig. 2).

Histopathological evaluation

The 50 resection specimens were evaluated according to
the principles within national and institutional guidelines
for standardization of processing and reporting of breast
specimens [17]. Histopathological measurement of residual
tumor size, which was used as the gold standard, was per-
formed in fresh tissue and correlation was tested macro- and
microscopically. Microscopic characteristics of the tumor,
including histological tumor type and grade, were recorded,
along with lymph node, lymphovascular invasion, and resec-
tion margin status. The extent of the tumor was determined
applying the standard ypTN (7th edition) restaging sys-
tem of the largest contiguous focus of invasive cancer (T
stage) and the extent of regional lymph node involvement
(N stage); yp indicates that participants had received neo-
adjuvant treatment [16, 25]. Additionally, the assessment
of tumor response to treatment was graded based on the
recommendations from The Royal College of Pathologists,
which has the merit of simplicity and takes account of neo-
adjuvant therapy-induced tumor cellularity changes: 1 (com-
plete pathological response), 2 (marked partial response to
therapy), 3 (moderate partial response to therapy), 4 (minor
partial response to therapy), and 5 (no evidence of response
to therapy) (Fig. 1). Consequently, divided into 2 groups:
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Fig.4 MRI baseline contrast enhancement patterns of ER +/HER2-
LABC prior to NET classified into 4 categories: a solitary pattern of
the right breast, b grouped pattern of a localized mass with adjacent
spotty enhancement of the right breast, ¢ separated pattern of a mul-
ticentric LABC of the right breast, and d replaced pattern (diffuse

pathological responder (1, 2, and 3) and non-responder (4
and 5). The details of histopathological tumor regression
grading system can be found on Table 2. Total extent of
residual disease was reported, measured as the greatest one-
dimensional extent in centimeters of residual invasive cancer
including intervening areas of fibrosis and/or necrosis and
in situ component. Comprehensive histopathological analy-
sis of surgical specimens was performed separately by expe-
rienced breast cancer pathologists (M.L. and H.S.).

Statistical analysis

Descriptive statistics were presented using percentages and
frequency tables for qualitative variables.

The Cochran—Armitage test for trend (two-sided test)
was used to correlate MRI morphological response patterns
between responder and non-responder groups and the Ken-
dall rank correlation coefficient to compare different MRI

contrast enhancement in whole quadrants) of a deformed left breast
with thickened skin. ER estrogen receptor; HER2 human epidermal
growth factor receptor 2; LABC locally advanced breast cancer; MRI
magnetic resonance imaging; NET neoadjuvant endocrine therapy

ratings. The largest tumor diameter obtained by MRI after
completing treatment was correlated with the largest tumor
diameter of histopathology measurements using the Pearson
correlation coefficient test (r). The agreement between both
observers classifying the response according to the six MRI-
based patterns after 2 and 4 months with NET was tested
with the Kendall rank correlation coefficient. Results were
deemed significant at P <0.05. All statistical procedures
were performed with R software.

Results

Participant characteristics

Of the 71 participants enrolled in this substudy, only 1
withdrew from the study, whereas 8 did not perform the

baseline MRI scans as planned (Fig. 3). Two participants
were excluded from analysis due to poor quality of the

Table 2 Histopathological tumor regression grading system recommended by the Royal College of Pathologists

Tumor regression grade Description

1 Complete pathological response
2 Partial response to therapy (marked)

No residual carcinoma or no residual invasive tumor but in situ component may be present
Minimal residual disease/near total effect, e.g., < 10% of tumor remaining in the tumor bed seen as

an area of residual fibrosis delineating the original tumor extent

3 Partial response to therapy (moderate)
4 Partial response to therapy (minor) >50% of tumor remaining

5 No evidence of response to therapy

10-50% of tumor remaining

No change or minimal alteration to individual malignant cells, but no reduction in overall cellularity

@ Springer
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dynamic images. Other incidental difficulties led to the
exclusion of another 6 participants (e.g., renal failure,
myocardial infarction, death). One patient was excluded
because of an inconclusive postoperative pathological
diagnosis. Three patients refused surgery and they were
subsequently excluded. In total, 50 participants were
available for the analysis in this study, the demographics
of which are given in Table 1. In brief, the mean age was
74.2 years + 7.3 (standard deviation), with 49 female and
1 male patient. T stage 2—4 was distributed as 6%, 24%,
and 70%, respectively. Seventy-two percent were diag-
nosed as invasive ductal carcinoma of no special type,
24% were invasive lobular carcinoma, and 4% were clas-
sified as invasive papillary and mucinous carcinomas.
Eighty-four percent of the patients underwent mastec-
tomy, whereas 16% were scheduled for breast-conserv-
ing surgery. The majority of patients underwent axillary
lymph node dissection.

Kendall rank correlation

The Kendall rank correlation coefficient (tau) showed a
distinct agreement between observers after 2 months (tau:
0.37 and two-sided P value =0.004) and an even stronger
agreement with a very significant P value after 4 months
(tau: 0.52 and two-sided P value = 3e-05); therefore, only
one set of results from the two observers (J.R.) is reported
in the results section.

MRI baseline contrast enhancement patterns
and MRI morphological response patterns

The most common MRI baseline contrast enhancement pat-
tern was solitary (26 cases), and the second most common
pattern was grouped (14 cases); followed by separated (8
cases) and replaced (2 cases). Table 3 summarizes the asso-
ciation between MRI baseline contrast enhancement patterns
and MRI morphological response patterns following 2 and
4 months with NET.

After 2 months with NET, the most common MRI mor-
phological response pattern identified was type II (24/50).
The second most common pattern identified was type I
(20/50). Five cases showed type IV, while only one case
showed type 0. The most common MRI morphologi-
cal response pattern of solitary lesions was type I (12/26,
46.2%), in contrast to grouped and separated lesions, which
demonstrated that type II was the most frequent (8/14,
57.1%; and 5/8, 62.5%, respectively). The replaced lesions
showed type 0 (1/2, 50%) and type 1 (1/2, 50%).

After 4 months with NET, the most common MRI mor-
phological response pattern identified was type II (21/50),
followed in order by type I (14/50), type IV (11/50), type
0 (3/50), and type V (1/50). Nine (34.6%) of 26 solitary
lesions showed type II, 8 (57.1%) of 14 grouped lesions
showed type 11, 4 (50%) of 8 separated lesions showed type
II, and 1 (50%) of 2 replaced lesions showed type 0 and
the other 1 showed type I'V. None of the three patients with
complete imaging response after 4 months with NET had

Table 3 MRI baseline contrast

MRI baseline contrast enhancement pattern Solitary Grouped Separated Replaced
enhancement pat.terns and (n:26) (n:14) (n:8) (n:2)
MRI morphological response
patterns after 2 and 4 months After 2 months
with NET MRI morphological response pattern
0 (n:1) 0 0 0 1
I (n:20) 12 6 1 1
II (n:24) 11 8 5 0
III (n:0) 0 0 0 0
IV (n:5) 3 0 2 0
V (n:0) 0 0 0 0
After 4 months
MRI morphological response pattern
0 (n:3) 1 0 1 1
I (n:14) 7 5 2 0
I (n:21) 9 8 4 0
I (n:0) 0 0 0 0
IV (n:11) 8 1 1 1
V (n:1) 1 0 0 0

MRI magnetic resonance imaging, NET neoadjuvant endocrine therapy; MRI morphological response pat-
terns: 0 complete imaging response, / concentric shrinkage, I/ fragmentation, /I diffuse contrast enhance-
ment, /V stable disease, and V progressive disease
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grouped baseline contrast enhancement pattern. None of the
patients in the present study showed type III MRI response
patterns neither after 2 nor 4 months.

MRI morphological response patterns
and histopathological tumor regression grading

Table 4 includes the correlation between histopathological
tumor regression grading system and MRI morphological
response patterns after 2 and 4 months with NET.

The most common histopathological tumor regression
grade was grade 3 (21/50, 42%), followed by grade 4 (16/50,
32%). In 4 cases showing grade 1 (4/50, 8%), no residual
invasive tumor was observed in these cases; in contrast
with 5 cases showing grade 5 (5/50, 10%), no reduction in
overall cellularity. Four cases showed grade 2 (4/50, 8%).
After 2 months, one case was not visualized on MRI, but
the lesion was classified as histopathological grade 4 (>50%
of tumor remaining), representing a false-negative case on
MRI. Of 3 lesions that showed complete imaging response
after 4 months, only 1 was histopathological grade 1, indi-
cating pathological complete response. However, 2 lesions
were histopathological grade 4, demonstrating imaging
false-negative cases. Histopathological analysis of these 2
false-negative cases was more than one microscopic cluster
of invasive lobular cancer cells without mass formation.

After 4 months with therapy, of 21 lesions with type
IT MRI response pattern, grade 3 was most frequently

Table 4 Correlation between
MRI morphological response
patterns and histopathological
tumor regression grading
system after 2 and 4 months
with NET

@ Springer

observed (47.6%), followed by grade 4 (19.0%). Histo-
pathological tumor regression grade 1 was found in 2
cases, pointing to false-positive cases on MRI. Histopatho-
logical findings of these two abovementioned cases were
focal lobular lymphocytic infiltration with adenosis and
fibrous stroma containing numerous foamy histiocytes,
respectively. Of 14 lesions with type I imaging response
pattern, grade 3 was most frequently observed (43.0%),
followed in order by grade 4 (36.0%), grade 5 (14.0%),
and grade 2 (7.0%). There was no case of grade 1. Of 11
lesions with MRI response pattern type IV, 5 lesions were
grade 4, 4 lesions were grade 3, and 1 lesion was grade
2. There was 1 false-positive case, and histopathological
findings were microscopically sparsely scattered foci of
ductal carcinoma in situ (DCIS). The 1 lesion showing
progressive disease on MRI was histopathological grade 3.

The rate of responder cases (grades 1, 2, and 3) was
58% (29/50) and the rate of non-responder cases (grades 4
and 5) was 42% (21/50) (Figs. 5 and 6). The Kendall rank
correlation coefficient indicated absence of association
after 2 and 4 months (tau =0.03 and tau=-0.10, respec-
tively) between MRI patterns and histopathological tumor
regression grades. The Cochran—Armitage test deter-
mined a slight decreasing trend after 2 months (Z=0.06,
dim=4, P value=0.95), but showed an increasing trend
after 4 months between MRI morphological response pat-
terns and responder and non-responder groups (Z=0.98,
dim=35, P value=0.33).

Histopathological tumor regression grading

1 (n:4) 2 (n:4) 3 (n:21) 4 (n:16) 5 (n:5)
After 2 months
MRI morphological response pattern
0 (n:1) 0 0 0 1 0
1 (n:20) 2 2 8 6 2
II (n:24) 1 2 12 7 2
III (n:0) 0 0 0 0 0
IV (n:5) 1 0 1 2 1
V (n:0) 0 0 0 0 0
After 4 months
MRI morphological response pattern
0 (n:3) 1 0 0 2 0
1 (n:14) 0 1 6 5 2
II (n:21) 2 2 10 4 3
I (n:0) 0 0 0 0 0
IV (n:11) 1 1 4 5 0
V (n:1) 0 0 1 0 0

MRI magnetic resonance imaging, NET neoadjuvant endocrine therapy; MRI morphological response pat-

terns: 0 complete imaging response,

I concentric shrinkage, /I fragmentation, //I diffuse contrast enhance-

ment, /V stable disease, and V progressive disease; Tumor regression grades: I pathological complete
response, 2 < 10% of tumor remaining, 3 10-50% of tumor remaining, 4>50% of tumor remaining, and 5

no reduction in overall cellularity
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Fig.5 Histopathological findings in LABC after 4 months follow-
ing completion of NET and postsurgery. On microscopic examina-
tion (hematoxylin—eosin-saffron stain, original magnification X 200)
there were no residual malignant cells. Tumor bed showed focal area
of loose, fibrous, edematous reactive stroma with variable inflamma-
tory cell infiltrate that included collections of lipid and/or hemosid-
erin-laden macrophages, foamy histiocytes, lymphocytes, and plasma
cells. Back-ground breast lobules appear hyalinized and atrophic
with a perilobular lymphocytic infiltrate. Microscopically, these fea-
tures are consistent with complete response to NET. LABC locally
advanced breast cancer; NET neoadjuvant endocrine therapy

e
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Fig.6 Histopathological findings in LABC after 4 months follow-
ing completion of NET and postsurgery. Microscopic examina-
tion (hematoxylin—eosin-saffron stain, original magnification x200)
showed scar with accumulation of macrophages, hemosiderin depo-
sition, and residual carcinoma cells. Microscopically, these features
are consistent with partial response to NET. LABC locally advanced
breast cancer; NET neoadjuvant endocrine therapy

Histopathological and MRl measurements
after 4 months with NET

As aresult of a very small number of variables, we decided
to exclude from correlation coefficient calculation lesions
that showed complete imaging response (pattern 0, 3 cases),
diffuse contrast enhancement (pattern III, O cases), and pro-
gressive disease (pattern V, 1 case) on MRI. When the larg-
est tumor diameter obtained from MRI was correlated with
the largest tumor diameter of histopathology measurements,
the overall correlation was moderate and positive (r=0.50,
P value =2e-04). According to the MRI morphological
response pattern, lesions with types I, I, and IV demon-
strated positive correlation with the histological diameter
(Table 5). Among these types, the correlation coefficient was
highest in type IV (r=0.53), followed by type II (r=0.50)
and type I (r=0.33).

Discussion

Neoadjuvant systemic endocrine therapy is increasingly used
in the treatment of LABC for highly selected patient groups
to improve patient outcome, avoid side effects of chemo-
therapy, increase the chance for breast-conserving surgery,
and eliminate distant micrometastases [7, 26, 27]. A feasible
response monitoring and more accurate assessment of resid-
ual disease in the breast and axilla would be clinically of
pivotal importance to determine the efficacy of new agents
in neoadjuvant clinical trials and to select patients for breast-
conserving surgery.

To investigate features for the evaluation of tumor
response related to treatment outcome, we explored the MRI
morphological response patterns, prior and subsequent to
combined NET with third-generation aromatase inhibitors,
with histopathological tumor regression grading system
based on tumor cellularity in patients diagnosed with ER-
positive /HER-2-negative LABC. Secondary, we also com-
pared preoperative MRI largest tumor diameter with largest
tumor diameter obtained from the histopathology measure-
ments according to the MRI morphological response pat-
terns. There have been several studies providing criteria for
pathological response after NAC, but very limited regarding
NET [14, 16, 23].

Our study partly resembled the study of Kim et al., how-
ever, adjusting their classification and incorporating a half-
way MRI sequence (i.e., after 2 months with therapy) and
MRI morphological response pattern IV (stable disease).
Kim et al. found that most solitary lesions before NAC
showed a concentric shrinkage pattern without adjacent
spotty or linear enhancement, which results were simi-
lar to ours after 2 months with NET [22]. However, after
4 months in our study, fragmented pattern was most fre-
quently observed. In case of grouped lesions, their results
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Table 5 Correlation between

) . ) MRI morphological Histopathological diameter MRI diameter Pearson correlation P value

the largest tumor diameters response pattern median and mean median and mean coefficient (r)

measured at MRI and

histopathology according to the Observer 1

MRI response patterns after _

4 months with NET I 3,27 3,32 r=0.33 0.25
I 3,35 3,3.6 r=0.50 0.02
v 3,27 3,31 r=0.53 0.09

MRI magnetic resonance imaging, NET neoadjuvant endocrine therapy, MRI morphological response pat-
terns: 0 complete imaging response, / concentric shrinkage, I/ fragmentation, /I diffuse contrast enhance-
ment, /V stable disease, and V progressive disease

demonstrated that concentric shrinkage with adjacent spotty
or linear enhancement was most frequently observed (50%,
9/18), followed by multiple residual nodular pattern (22%,
4/18) and concentric shrinkage without surrounding lesions
(17%, 3/18). Our results were analogous in case of grouped
lesions, demonstrating that 57.1% (8/14) showed fragmented
pattern after 2 and 4 months. In our study, type II pattern
(fragmentation) englobes both concentric shrinkage with
surrounding lesions and residual multinodular lesions, corre-
sponding to type II and III, respectively, in Kim et al. study.
Like their results, concentric shrinking and fragmented
tumors were more frequently observed in pathological
responder group.

Patients who achieve a complete pathological response of
the primary tumor in response to NAC have better prognosis
than those who not. The prognosis of patients with partial
remission or stable disease is variable, and further refine-
ment of response assessment would be necessary [22]. This
strongly highlights the importance of inclusion of stable
tumor regression pattern (type IV) in our analysis.

In addition to its effect on tumor size, NET often has a
profound effect on tumor cellularity [28—30]. The product of
pathological size and tumor cellularity provides more accu-
rate pathological response information than tumor size alone
[15, 18, 19, 23, 31]. We used the histopathological tumor
regression scoring system that compasses 5 tumor regression
grades recommended by The Royal College of Pathologists
taking into account the neoadjuvant therapy-induced tumor
cellularity changes. [17]. The rate of responder cases (grades
1, 2, and 3) was 58% (29/50) and the rate of non-responder
cases (grades 4 and 5) was 42% (21/50). There was no sta-
tistically significant difference in response patterns between
responder and non-responder groups. This result may be
due to our small sample size, but the observed effects might
become significant if more data were collected; the differ-
ent choice of MRI-based response patterns (not including
the stable disease pattern in the overmentioned study, they
assumed all tumors shrink after therapy, while in our study
22.0% of tumors showed a stable response); and the histo-
pathological tumor regression system used.

Our pooled analysis was also not able to validate the
correlation between MRI morphological response patterns
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and histopathological tumor regression grading system.
However, it did point to the increasing trend after 4 months
between MRI morphological response patterns and
responder and non-responder groups. There are several fac-
tors that could have affected the diagnostic accuracy of MRI
for therapy response assessment in our study. Tumor molec-
ular subtype is one key factor. Accuracy of MRI in determin-
ing residual tumor size after neoadjuvant therapy is greatest
in ER-/HER-2 + and triple-negative tumors and is less accu-
rate in luminal tumors [32, 33]. The use of antiangiogenic
drugs (such as letrozole and exemestane) could also have
influenced diagnostic accuracy of MRI, through hypothe-
sized antivascular effects on contrast enhancement [34]. By
targeting the vascular endothelial growth factor (VEGF) and
ER signaling pathways simultaneously, aromatase inhibi-
tors may provide a strengthened therapeutic benefit in ER-
positive breast cancer. Estrogen-bound ER enhances VEGF
expression, providing a common link between these signal-
ing pathways that may be targeted by endocrine therapy and
likely contribute to the angiogenic balance in breast cancer
patients [35]. Thirdly, the use of pathological response cri-
teria that allow for the presence of noninvasive disease in
their definition of complete response can negatively affect
the accuracy of imaging response assessment since noninva-
sive disease may still be visualized with imaging.

We also compared the largest diameter obtained at MRI
with the largest histopathological diameter according to the
MRI morphological response patterns. According to Wasser
et al., the size of tumor with more regressive change was less
correlated with histological size compared with the tumor
with less regressive change [29]. The correlation was moder-
ate and highest in type IV (stable disease) followed by type
IT (fragmentation). In cases of type I pattern, the correla-
tion was weak. We would like to stress the following: as in
clinical setting, tumors were only measured as the greatest
one-dimensional extent in centimeters of residual invasive
cancer on MRI and in one cutting direction by the patholo-
gists. If the specimen cutting direction was different from
the MRI measurements, the tumor diameter might differ.
Additionally, MRI often underestimates or overestimates the
extent of the residual tumor following neoadjuvant therapy
because of changes in cellularity and/or vascularity. The
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overall loss of cellularity after NET is not always reflected
by a decrease in tumor size, because although tumor cells
are destroyed, the host response of reactive inflammation
and the fibrous stroma remains, and these fibrotic changes in
the breast parenchyma have been demonstrated as persistent
enhancement within the treated tumor bed. On the contrary,
when the residual cancer cells appear as small foci or scat-
tered cells, they receive nutrients via diffusion and not via
vascular perfusion. Thus, it is difficult to detect such residual
disease based on MRI contrast enhancements [14, 22, 34].
In 4 patients with complete pathological responses after
2 months on treatment, 2 lesions showed pattern I, 1 lesion
showed pattern II, and 1 lesion showed pattern IV, confirm-
ing 4 false-positive cases on MRI. After 4 months, one of
the 2 lesions that showed pattern I was not visualized on
MRI, demonstrating imaging complete response. The other
3 lesions, 2 showed patterns II (one showed invasive lobu-
lar cancer cells and the other papillary breast cancer cells)
and 1 showed pattern IV. This one showed microscopically
sparsely scattered foci of DCIS without an invasive compo-
nent. Indeed, the presence or absence of residual in situ is
another factor that explains the measurement differences.

Our study had some limitations. It was a single-center
study with a relatively small sample size. However, MRI
data at three distinct time points in 50 patients makes our
analysis clinically relevant. We did not evaluate the dis-
ease-free and overall survival rates because of the relatively
short postsurgery follow-up time. We determined tumor
cellularity of histopathological sections from the pretreat-
ment core needle biopsy before NET and from the resection
specimen after NET, and there might be some bias. Core
needle biopsy specimens could underestimate the overall
cellularity at resection [31]. Optimization of our MRI and
histopathological protocols might be needed before clinical
implementation. Our results are unprecedented and novel,
and our findings will require further validation in larger and
external cohorts.

To the best of our knowledge, the present study reports
the first correlation between MRI morphological response
patterns and histopathological residual tumor patterns sub-
sequent to NET.

One major point seems to be that type II was more fre-
quent in the pathological responder group; and types I and
IV in the non-responder group. Type II pattern showed the
best endocrine responsiveness and a relatively moderate cor-
relation between sizes obtained from MRI and histology.
Whereas tumors with type IV pattern demonstrated endo-
crine resistance but the strongest correlation between sizes
obtained by MRI and histology.

Imaging assessment to neoadjuvant endocrine ther-
apy in vivo offers unique opportunities for patient care,
research, and clinical decision-making. Clearly, prospective
evaluation and monitoring of tumor response with breast

high-resolution MRI within a clinical trial setting should
routinely incorporate emerging technologies, breast tissue
predictive biomarkers, and genetic platforms to allow accu-
rate prediction and assessment of response. Standardized
determination of MRI response patterns and histopathologi-
cal tumor regression models during NET present promising
results and provide valuable information that may help to
guide surgeons to choose the best type of surgery for an
individual patient. The different MRI response patterns sug-
gest the existence of distinct subgroups of luminal A patients
that deserve additional investigation to improve the use of
response evaluations techniques during NET even further.
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