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Abstract

OBJECTIVE.—The objective of our study was to determine the accuracy of preoperative
measurements for detecting pathologic complete response (CR) and assessing residual disease
after neoadjuvant chemotherapy (NACT) in patients with locally advanced breast cancer.

SUBJECTS AND METHODS.—The American College of Radiology Imaging Network 6657
Trial prospectively enrolled women with > 3 cm invasive breast cancer receiving NACT.
Preoperative measurements of residual disease included longest diameter by mammography, MRI,
and clinical examination and functional volume on MRI. The accuracy of preoperative
measurements for detecting pathologic CR and the association with final pathology size were
assessed for all lesions, separately for single masses and nonmass enhancements (NMEs), multiple
masses, and lesions without ductal carcinoma in situ (DCIS).
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RESULTS.—In the 138 women with all four preoperative measures, longest diameter by MRI
showed the highest accuracy for detecting pathologic CR for all lesions and NME (AUC = 0.76
and 0.84, respectively). There was little difference across preoperative measurements in the
accuracy of detecting pathologic CR for single masses (AUC = 0.69-0.72). Longest diameter by
MRI and longest diameter by clinical examination showed moderate ability for detecting
pathologic CR for multiple masses (AUC = 0.78 and 0.74), and longest diameter by MRI and
longest diameter by mammography showed moderate ability for detecting pathologic CR for
tumors without DCIS (AUC =0.74 and 0.71). In subjects with residual disease, longest diameter
by MRI exhibited the strongest association with pathology size for all lesions and single masses (r
=0.33 and 0.47). Associations between preoperative measures and pathology results were not
significantly influenced by tumor subtype or mammographic density.

CONCLUSION.—Our results indicate that measurement of longest diameter by MRI is more
accurate than by mammography and clinical examination for preoperative assessment of tumor
residua after NACT and may improve surgical planning.

Keywords

clinical examination; locally advanced breast cancer; mammography; MRI; neoadjuvant
chemotherapy; pathologic complete response

Neoadjuvant chemotherapy (NACT) in women with locally advanced breast cancer increases
the number of operable tumors and women eligible for breast conservation therapy without
decreasing either overall survival or disease-free survival [1, 2]. However, not all tumors
respond favorably or completely to NACT; therefore, an accurate preoperative measurement
of residual tumor size after NACT would be helpful in determining the appropriate surgical
approach to minimize both morbidity and reexcision rates. Furthermore, the ability to
preoperatively detect pathologic complete response (CR) could provide important prognostic
information to aid in personalized treatment planning [2-6]. Although NACT alone is not
currently the standard of care, clinical trials have been proposed or are currently under way
to evaluate the potential for women with good response to NACT to avoid surgery or
radiation altogether [7, 8], in which case the ability to accurately identify those women
preoperatively is critical. Currently, the accuracy of different preoperative measurement
techniques for reflecting size of residual disease after NACT and detecting pathologic CR is
not well established.

Common methods for measuring the size of residual tumor include clinical examination,
ultrasound, MRI, and mammography. Challenges in differentiating residual tumor from
chemotherapy-induced fibrosis, biopsy-site changes, and tumor necrosis can result in
inaccurate estimates of tumor size by each of these modalities [9, 10]. Previous studies
comparing the accuracy of clinical and imaging measurements of residual tumors after
NACT not only showed that MRI measurements best correlated to pathology size but also
revealed that overestimation and underestimation of residual disease occurred [11-14].
Although the ACR Appropriateness Criteria supports the use of MRI before and after NACT
for monitoring tumor response [15], data showing its ability to assess the amount of residual
disease after NACT, including the ability to detect pathologic CR, would help guide
treatment planning. Thus, further work determining the accuracy of MRI in comparison with
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other methods for assessing pathologic CR and extent of residual disease after NACT is
necessary.

Recent studies from the American College of Radiology Imaging Network (ACRIN) 6657
Trial showed that changes in MRI size measures after initiating NACT are predictive of
pathologic CR and 3-year survival [16, 17]. Additional studies have shown that the MRI
lesion type [18], the presence of ductal carcinoma in situ (DCIS) [19, 20], and histologic
subtype [18, 21, 22] can affect the accuracy of MRI measurements for assessing residual
disease after NACT. As the third and final primary aim of the ACRIN 6657 Trial, this
current study builds on the previous studies to evaluate the accuracy of post-NACT lesion
size measurements by clinical examination, mammography, and MRI for detecting
pathologic CR and assessing extent of residual disease.

Subjects and Methods

ACRIN 6657 was a multicenter prospective clinical trial that was conducted at nine
academic and private institutions and was funded by the National Cancer Institute. ACRIN
6657 was a companion study to 2017 (CALGB) 150007 and was the imaging component of
a larger 2017 (1-SPY) Trial with the collective goal of identifying both imaging and tissue-
based biomarkers that can predict response to standard NACT. The primary aims of the
study were to evaluate the ability of MRI and tumor biomarkers to predict treatment
response and 3-year disease-free survival after NACT [16, 17, 23]. The full study protocol is
available at www.acrin.org/6657 protocol.aspx.

Patient Eligibility and Enrollment

The inclusion criteria for ACRIN 6657 have been previously described [17]. Patients
meeting eligibility criteria for the study were enrolled from May 2002 to March 2006 after
institutional review board approvals from the American College of Radiology and individual
participating institutions and appropriate patient consent was obtained. The eligibility
criteria included enrollment in CALGB 150007 with tumors measuring at least 3 cm in
largest dimension by clinical or imaging examination and receiving NACT. Patients with
metastatic disease were excluded. Standard NACT included four cycles of anthracycline-
cyclophosphamide and possibly four cycles of taxane. Exclusion criteria included pregnancy
and presence of a ferromagnetic prosthesis. Consecutive patients initially were screened and
consent was obtained for CALGB 150007 and then were registered for ACRIN 6657, as
described previously [16]. Tumor response to chemotherapy was determined according to
the Response Evaluation Criteria in Solid Tumors criteria. For this analysis, all patients who
underwent MRI, clinical examination, and mammography after NACT were included. Some
of the data from these patients have been reported previously in studies investigating the
ability of MRI to predict pathologic CR and recurrence-free survival [17, 18, 24].

MRI Protocol

The MRI examinations used for measurements in this analysis were those performed after
completion of NACT (MRI examination 4 in the trial). Imaging procedures have been
published previously [17]. Briefly, MRI examinations were performed on a 1.5-T magnet
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with a dedicated breast coil. Patients were imaged in the prone position with an IV catheter
inserted in the antecubital vein or hand. Gadopentetate dimeglumine was administered with
the start of data acquisition at a dose of 0.1 mmol/kg of body weight over 15 seconds,
followed by a 10-mL saline flush over 15 seconds. The use of a power injector for
gadolinium injection was not specified in the protocol. The MRI protocol included a sagittal
T2-weighted fat-suppressed sequence followed by sequential high-resolution (£ 1 mm in-
plane spatial resolution) 3D T1-weighted fat-suppressed unenhanced and two or more
contrast-enhanced gradient-echo sequences (TR < 20 ms, TE = 4.5 ms, flip angle < 45°, and
section thickness < 2.5 mm). T1-weighted imaging times were between 4.5 and 5 minutes
per phase with the contrast-enhanced phases centered at approximately 2 and 7.5 minutes
after contrast injection.

MRI Size and Volumetric Assessments

All MR images were evaluated by an interpreting radiologist at each participating site who
measured maximum diameter on MRI and by researchers at a central site who measured
functional tumor volume on MRI. Either a breast imager (seven sites) or an MRI radiologist
(two sites) with a minimum of 3 years of experience performed image interpretation at each
site according to the ACR BI-RADS MRI guidelines [25]. The radiologists’ interpretation of
each index lesion included size and extent, MRI lesion type (mass vs nonmass enhancement
[NME]), number of lesions, enhancement kinetics, and T2 appearance. The longest diameter
by MRI was assessed as the longest dimension of suspicious enhancement including
intervening nonenhancing tissue on the lateral-medial or cranial-caudal maximum-inten-
sity-projection (MIP) images created from the first contrast-enhanced dataset. The
orientation of the measurement used on the baseline MRI exam-ination was kept constant on
all subsequent MRI examinations, including MRI examination 4 used for this analysis, to
maximize sensitivity and ac-curacy for detecting changes in tumor size. Each longest
diameter by MRI was measured prospec-tively once by the interpreting radiologist [26].

Quantitative imaging of all lesions was performed at the Breast Imaging Laboratory at the
University of California San Francisco using previously described methods for tumor
volume measurement based on contrast kinetics [17]. The early percentage enhancement
(PE), which was defined as the percentage change in enhancement from the unenhanced
acquisition to the first contrast-enhanced acquisition, and signal enhancement ratio (SER),
which compared early to late contrast enhancement levels, were calculated for each voxel.
Tumor volume on MRI was calculated as the sum of voxels meeting nominal enhancement
thresholds of PE > 70% with SER > 0.9 (i.e., voxels reflecting plateau and washout
enhancement characteristics). Site-specific adjustments to the PE threshold were made as
necessary to adjust for variability in MRI systems and imaging parameters [27]. Tumors
were excluded if the longest dimension or volume could not be measured (i.e., considered
nonmeasurable) because the MRI examinations were not performed or not received from the
study site, the image quality was poor, the contrast enhancement time points were
incomplete, or image misregistration occurred.
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Mammographic Size Assessment

Mammography was performed before and after NACT. A board-certified radiologist at each
participating site interpreted each mammography examination according to the ACR BI-
RADS [25] and recorded the lesion’s longest dimension, which we refer to here as the
longest diameter by mammography. The longest dimensions of the tumor after NACT were
assessed on both the craniocaudal and mediolateral oblique views, and the longest
dimension on the two images determined the longest diameter by mammaography. The
measurements included spiculations, calcifications, and distortion (when present). The
orientation used to determine the longest dimension was assessed independent of the pre-
NACT longest diameter by mammaography, longest diameter by MRI, and longest diameter
by clinical examination and therefore may have differed.

Clinical Size Assessment

The patient’s clinician measured lesion size by palpation and recorded the longest
dimension, which we refer to here as the longest diameter by clinical examination, before
surgery. The clinician had access to the medical records and previous imaging reports while
making the clinical measurement. Ultrasound measurements of tumor size were not
prospectively collected for the ACRIN 6657 study and therefore are not included in this
analysis.

Histopathologic Analysis

Each institution performed histopathologic analysis, including assessments of tumor
receptor status for estrogen and progesterone hormones (hormone receptor [HR]) and human
epidermal growth receptor 2 (HER2) on all initial biopsies in accordance with the I-SPY
Trial protocol [28]. For all surgical specimens, final histopathologic analyses—including
assessment of pathologic CR, size of residual invasive disease, and presence of DCIS—were
reinterpreted by a centralized group of trained breast pathologists to standardize
measurements. Pathologic CR was defined as no residual invasive disease in the breast or
axillary lymph nodes after surgery. Reinterpretation by the centralized group of pathologists
resulted in a change in residual disease measurements in a subset of cases, as previously
reported [17]. Centralized pathology assessment after NACT was used as the reference
standard for final pathology size and pathologic CR for our analysis.

Statistical Methods

Simple and multiple logistic regression models were used to investigate the relationships
between the preoperative measurements (longest diameter by mammography, MRI, and
clinical examination and functional tumor volume on MRI) and a binary pathologic response
outcome of pathologic CR. The odds ratios for the preoperative measurements and their 95%
Cls were estimated. Furthermore, we conducted ROC curve analysis to examine the
performance of each preoperative measurement. Specifically, the nonparametric areas under
the ROC curves (AUCs) were calculated for preoperative measurements, both individually
and combined, for assessing pathologic CR in all lesion types, single masses, multiple
masses, and single NMEs [29]. For comparison purposes, ROC analysis was conducted
using only cases with all four preoperative measurements.
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Spearman rank correlation and linear regression models were used to evaluate the
associations between each preoperative measurement and final pathology size in patients
with residual invasive disease. Differences between preoperative longest diameter
measurements (by mammaography, MRI, and clinical examination) and final pathology size
were calculated to assess overestimation and under-estimation of residual invasive disease.
For linear regression models, a natural log (In) transformation was used to make the
response variable, pathology size, more normally distributed. These statistical analyses were
performed for all lesion types combined and separately for single masses, single NMEs,
multiple masses, and lesions without DCIS.

We also investigated whether the relationships between each preoperative measurement and
pathologic CR or final pathology size were significantly different by histologic subtype
(HR-negative-HER2-negative, HR-positive-HER2-negative, or HER2-positive) or by
mammographic breast density (mostly fat, scattered fibroglandular densities,
heterogeneously dense, extremely dense). Specifically, simple logistic and linear regression
models were used to predict pathologic CR and final pathology size. In each model, one of
the four preoperative measurements and tumor subtype (or mammaographic density) were
included as predictors. The interaction between the preoperative measurement and tumor
subtype (or mammaographic breast density) was also included in the model and tested for
significance by Wald tests.

For this study, p values < 0.05 were considered statistically significant. All statistical data
analyses were performed with SAS software (version 9.3, SAS Institute).

Patient and Tumor Characteristics

Of the 230 eligible ACRIN 6657 Trial study patients [17], 52 were excluded from this study
because preoperative functional tumor volume on MRI measurements was not measurable at
the post-NACT time point and four were excluded because final patho-logic CR data were
not available, resulting in a final analysis group of 174 patients with imaging and pathologic
data. Seven participating institutions submitted between three and 61 cases each. All four
preoperative measurements were available for 138 of 174 (79%) tumors at the post-NACT
time point (Fig. 1). Table 1 includes a summary of the characteristics of the full ACRIN
6657 cohort (1= 230) and the subgroup compris-ing this study dataset (7= 174). The full
ACRIN 6657 cohort and the subgroup in-cluded in this study appeared similar demo-
graphically (i.e., age, race, ethnicity, meno-pausal status, and mammaographic breast
density). The mean age for the analysis set was 47.7 + 9.1 (SD) years. Predominant self-
reported racial backgrounds included white (133/174, 76.4%), black (30/174, 17.2%), and
Asian (8/174, 4.6%). Most women had mam-mographic breast density of either scattered
fibroglandular densities (49/174, 28.2%) or heterogeneously dense (88/174, 50.6%).

Of the 174 lesions, 103 (59.2%) were classified as single lesions (66 masses, 37 NMEs) and
71 (40.8%) were classified as multiple lesions (63 masses, eight NMESs) on the initial MRI.
The predominant histologic type was invasive ductal carcinoma in 141 of 174 (81.0%)
lesions, with DCIS also present in 80 of 174 (46.0%) tumors. Histologic sub-type
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distribution in the analysis set was 22.4% (39/174) HR-negative—HER2-negative, 43.7%
(76/174) HR-positive-HER2-negative, and 32.2% (56/174) HER2-positive. Mean final
pathology size was 22.5 mm (SD, 30.5 mm). A pathologic CR was achieved in 51 of 174
(29.3%) patients.

Between Preoperative Measurements and Pathologc Complete Response

Of the 51 patients with pathologic CR on final pathology, zero residual disease was
accurately detected using longest diameter by clinical examination in 37 patients, longest
diameter by mammaography in 18, longest di-ameter by MRI in 27, and functional tumor
volume on MRI in 19. In patients with patho-logic CR on final pathology and nonzero re-
sidual disease detected on preoperative mea-surements, median longest diameter by MRI
was 20.0 mm (range, 3.0-86.0 mm), medi-an longest diameter by clinical examination was
21.0 mm (range, 4.0-40.0 mm), median functional tumor volume on MRI was 0.08 cm?3
(range, 0.005-2.13 cm3), and median longest diameter by mammography was 31.0 mm
(range, 5.0-100.0 mm).

Table 2 shows the results from logistic re-gression and ROC analyses for detecting
pathologic CR. In simple logistic regression analysis, each of the preoperative measurements
showed significant association with pathologic CR for all lesions (7= 174, p < 0.05). Figure
2 shows examples of MRI find-ings in cases with and without pathologic CR.

In ROC analysis of cases with all four pre-operative measures (/7= 138), longest diameter by
MRI showed the highest accuracy for detecting pathologic CR for all lesions (AUC = 0.76)
(Fig. 3), multiple masses (n7=50; AUC = 0.78), and NME (n=27; AUC = 0.84). All four
preoperative measurements showed sim-ilar accuracy for detecting pathologic CR for single
masses (7= 56; AUC = 0.69-0.72). There were insufficient cases with multiple NMEs for a
separate subanalysis. We further excluded tumors with DCIS to assess wheth-er the presence
of DCIS, which is not considered when determining pathologic CR by pathologic
assessment, reduced the accuracy for predicting pathologic CR by preoperative
measurements. After excluding tumors with DCIS, longest diameter by MRI maintained the
highest AUC (n=76; AUC = 0.74). Combining all preoperative measures could increase
performance for detecting pathologic CR for all lesions (AUC = 0.79) (Fig. 3), single masses
(AUC = 0.84), single NMEs (AUC = 0.84), multiple masses (AUC = 0.78), and tumors
without DCIS (AUC = 0.78).

Testing of the interaction between histologic subtype (HR-negative—-HER2-negative, HR-
positive—-HER2-negative, and HER2-positive) and each preoperative measurement did not
show significant differences for detecting pathologic CR by histologic subtype (p = 0.09-
0.78). Similarly, there was no significant difference for detecting pathologic CR by mammo-
graphic breast density (p=0.12-0.73).

Between Preoperative Measurements and Final Pathology Size

Of the 123 patients with residual invasive disease on final pathology (non—pathologic CR),
no disease was detected on preoperative measurements of longest diameter by clinical
examination in 45 patients, longest diameter by mammography in 12 patients, longest
diameter by MRI in 12 patients, and functional tumor volume on MRI in 29 patients. Table 3
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shows the association between preoperative measurements and final pathology size. The
longest diameter by MRI, functional tumor volume on MRI, and longest diameter by clin-
ical examination each showed a significant association with final pathology size for all
lesions (p < 0.05). The longest diameter by MRI showed the strongest association with final
pathology size for all lesions (= 0.33) and was the only preoperative measure to show a
significant association for single masses (r=0.47). The longest diameter by MRI (r= 0.58),
functional tumor volume on MRI (r= 0.65), and longest diameter by clinical examination (-
= 0.53) showed a signif i cant association with final pathology size for multiple mass-es. No
preoperative measurement showed significant association with final pathology size for a
single NME alone. Exclusion of tumors with DCIS showed longest diameter by MRI,
functional tumor volume on MRI, and longest diameter by clinical examination
measurements to have similar associations with fi-nal pathology size (r=0.23-0.27), with
both functional tumor volume on MRI and longest diameter by clinical examination
significant (o < 0.05) and longest diameter by MRI bor-derline significant (o= 0.054) of
final pathol-ogy size by logistic regression modeling.

Based on calculated differences of longest diameter measures minus final pathology size,
longest diameter by MRI size most accurately reflected residual invasive disease across all
lesion categories, with a mean size difference of 2.4 mm for all lesions, compared with
mammography (mean difference, 8.2 mm) and clinical examination (mean difference, -11.2
mm) residual disease (Table 3). Results indicate longest diameter by MRI tended to slightly
underestimate size of residual disease in single lesions (mean size differences, —3.3 mm for
masses and —2.9 mm for nonmasses) and to overestimate in cases of multiple lesions (mean
size difference = 11.0 mm for multiple masses).

Testing of the interaction between histologic subtype (HR-negative—-HER2-negative, HR-
positive—-HER2-negative, and HER2-positive) and each preoperative measurement did not
show significant differences in the association with final pathology size by histologic
subtype (p=0.14-0.83). Similarly, there was no significant difference in the association
with final pathology size by mam-mographic breast density (o= 0.11-0.19).

Discussion

In an era moving toward individualizing cancer therapies, accurate posttreatment assessment
of residual disease is important to select appropriate subsequent therapeutic and surgical
management strategies. Our analysis showed that, overall, longest diameter by MRI had the
greatest accuracy for detecting pathologic CR and measuring extent of residual invasive
disease after NACT. Additionally, we found that associations between preoperative measures
and final pathology size and pathologic CR were influenced by MRI lesion type (single
mass, multiple masses, single NME), whereas the presence of DCIS, histologic sub-type,
and mammaographic density had little effect. Although longest diameter by MRI showed the
highest correlation with pathology in the assessment of extent of residual invasive disease,
the correlations of preoperative measures (in particular, of longest diameter by
mammaography) with final pathology size were overall low, suggesting that they may have
limited utility in guiding surgery in patients without pathologic CR after NACT.
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Although several studies have compared associations between different preoperative
measurements and final pathology size after NACT, there is no consensus about which
method is more accurate. Studies comparing the accuracy of MRI and mammography for
detecting pathologic CR have consistently shown MRI to be superior [10, 30-33], which
was further confirmed in our study. However, the reported correlations of MRI with final
pathology size have been variable across studies [34]. Some of these differences may reflect
the heterogeneous nature of breast cancer, variability in pathology size assessments, or
differences in study design. In our study, the correlation between longest diameter by MRI
and final pathology size was surprisingly low (r=0.33 for all lesions), although it was with-
in the wide range of those previously reported (range, 0.21-0.89) [13, 22, 33, 35-39].
Despite the low correlation, longest diameter measure-ments of residual disease by MRI
more close-ly matched final pathology size than did those by mammography, which tended
to overesti-mate, or by clinical examination, which tend-ed to underestimate disease.
Further, although all preoperative measures similarly predict the presence of pathologic CR
in single mass-es, longest diameter by MRI appeared to more accurately reflect size of
residual disease.

Our findings indicate that some of the variability in correlation with final pathology size
across studies may result from differenc-es in index lesion types in the study cohorts (mass
vs NME). Subanalysis showed longest diameter by MRI was more closely correlat-ed with
pathology size in masses, particular-ly multiple masses (r= 0.58), but did not cor-relate at all
in NME (r=-0.06), suggesting that preoperative MRI may be useful at guid-ing post-NACT
treatment of larger areas of disease present before NACT.

In contrast to a previous study by Choi et al. [20], we did not observe an improvement in the
associations between preoperative MRl measurements and final pathology size by excluding
lesions with DCIS. Choi et al. evaluated patients with pathologic CR (no residual invasive
cancer) with DCIS and with-out DCIS after NACT and found a strong correlation between
lesion size on MRI and histologic assessment in patients with DCIS and a lower rate of
false-positive MRI findings in patients without DCIS. However, because their study did not
include patients with residual invasive cancer (non—pathologic CR), they did not assess
DCIS as an independent risk factor in the correlation between MRI and final pathology size
for invasive cancers or accuracy for detecting pathologic CR. Given the importance of
accurate preoperative tumor measurements including DCIS extent for surgical planning and
determining a patient’s candidacy for breast-conserving therapy, further studies to determine
the accuracy of MRI and other preoperative measurements for reflecting DCIS extent and
detecting pathologic CR are warranted.

In an exploratory analysis, our study did not identify any influence of histologic sub-type on
the associations between preoperative measurements and pathology size or the accuracy for
detecting pathologic CR. However, the lack of an association may be because of limitations
of sample size. Alternatively, multiple previous studies have re-ported differences in
performance for preop-erative assessment of residual disease across histologic subtypes [18,
20, 21, 24, 36, 40]. In particular, one large retrospective study of 746 women found that the
performance of MRI for detecting pathologic CR varied by subtype, with highest accuracy
in detecting HR-positive—-HER?2-negative cancers [24]. However, study designs and reported
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results across prior studies have varied widely, with reduced accuracy of MRI observed in
estrogen receptor—positive [40], HER2-positive [36], HER2-negative [18, 22], and HR-pos-
itive—-HER2-negative [21] tumors, depend-ing on the study. It is clear that more inves-
tigation is needed to better understand the influence of histologic subtype on accuracy to
preoperatively assess residual disease and detect pathologic CR.

There are several strengths to this study. First, we used a prospective study design to directly
compare preoperative size mea-surements by mammography, MRI, and clinical examination
for a large number of tumors from multiple institutions. Most pre-vious studies were
retrospective and evalu-ated a small number of tumors from a single institution [12-14, 22].
Additionally, the ACRIN 6657 Trial standardized data collection across time points—before,
during, and after NACT—and used a central pathology review as the reference standard for
all pathology sizes. Also, our study examined two separate MRI size measurements (longest
diameter by MRI and functional tumor volume on MRI). Functional tumor volume on MRI
was calculated using a potentially more consistent centralized computer assessment and
incorporated both 3D size and functional microvascular properties of the tumor, which have
previously been shown to be a sensitive early predictor of therapeutic response [17].

The study also has limitations. One limitation may relate to the approach for determining
preoperative sizes. The ACRIN 6657 protocol required that the orientation of the longest di-
ameter measurement by MRI be held constant across time points (from that originally
defined on pre-NACT images) to maximize sensitivity and accuracy for detecting changes in
tumor size. However, depending on how the tumor recedes with treatment, this strategy
could result in discordance between the ori-entations of the final pathology size and MRI
longest dimension measures, which may have lowered the longest diameter by MRI corre-
lations in this study but would not affect as-sessment of pathologic CR or correlations be-
tween other preoperative measures and tumor size. Further, our finding that longest diameter
by clinical examination showed associations with pathologic outcomes (both final pathol-
ogy size and pathologic CR) comparable to MRI for some index lesion types was surpris-ing
and may reflect bias from the availability of additional information, including imaging
measurements, at the time of clinical size assessments (longest diameter by clinical
examination). The ACRIN 6657 Trial did not limit access to this information to the clinician
because it may have impacted patient care and treatment. Despite this limitation, longest
diameter by MRI performed superiorly at detecting pathologic CR compared with longest
diameter by clinical examination for all lesions, multiple masses, and single NME and
showed comparable performance for single masses. Further, although this study assessed the
influence of lesion characteristics on the associations between preoperative measures and
final pathology size, other institutional-level factors (e.g., interpretive performance,
academic vs nonacademic) and patient-level factors (e.g., race, background parenchymal
enhancement) could also affect the associations, warranting further investigation to assess
the generalizability of our findings. Also, although the MRI protocols and imaging
technology were standard of care at the time of this study, imaging technology and protocols
have evolved. It is possible that faster dy-namic contrast-enhanced MRI protocols and new
MRI sequences (e.g., DWI) could reduce underestimation and overestimation of resid-ual
disease and increase the performance of MRI at detecting pathologic CR and measur-ing
residual disease. Finally, although ultra-sound is another imaging modality used to as-sess
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changes in tumor size, it was not included in the ACRIN 6657 study because it was not used
consistently across all participating sites.

In summary, we report on the compara-tive performance of measurements by MR,
mammography, and clinical examination in assessing pathologic outcomes to treatment
using data from a prospective multiinstitutional study. Our findings showed MRI
measurements of longest tumor diameter to be superior to other preoperative measurements
for detecting pathologic CR and assessing the extent of residual invasive disease after
NACT, particularly for multiple lesions, and showed that mammography was least accurate.
Thus, MRI performed preoperatively after NACT may facilitate new alternative personalized
therapeutic approaches by more accurately detecting pathologic CR.
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Study flowchart shows preoperative measurements used in analysis set. Of 230 eligible

American College of Radiology Imaging Network 6657 study patients, 174 had MRI

volume measurements and pathology data available and were included in final analysis. All
four preoperative measurements were available for 138 of these 174 patients. CR = complete
response, NME = nonmass enhancement, DCIS = ductal carcinoma in situ.
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C

Fig. 2—.

Efamples of preoperative MRI performed after neoadjuvant chemotherapy (NACT) in two
patients with pathologic complete response (CR) and two patients without pathologic CR.
Shown are maximume-intensity-projection dynamic contrast-enhanced MR subtraction
images; boxes indicate tumor regions identified on baseline pretreatment MRI.

A, 37-year-old woman with invasive ductal carcinoma (with ductal carcinoma in situ
[DCIS]) who had 16 mm of residual disease after neoadjuvant chemotherapy (NACT).
Lesion was classified as multiple nonmass enhancements on baseline MRI, and residual
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enhancement was identified on preoperative MRI (longest diameter by MRI = 52 mm,
functional tumor volume on MRI = 0.47 cm3).

B, 46-year-old woman with invasive lobular carcinoma (without DCIS) who had 2 mm of
residual disease after NACT. Lesion was classified as single mass on baseline MRI, and
residual enhancement was not identified on preoperative MRI (longest diameter by MRI = 0
mm, functional tumor volume on MRI = 0 cm3).

C, 36-year-old woman with invasive ductal carcinoma (without DCIS) who had pathologic
CR after NACT. Lesion was classified as multiple masses on baseline MRI, and residual
enhancement was identified on preoperative MRI (longest diameter by MRI = 19 mm,
functional tumor volume on MRI = 0 cm3).

D, 50-year-old woman with invasive ductal carcinoma (without DCIS) who had pathologic
CR after NACT. Lesion was classified as single mass on baseline MRI, and residual
enhancement was not identified on preoperative MRI (longest diameter by MRI = 0 mm,
functional tumor volume on MRI = 0 cm3).
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ROC curves and area under ROC curve (AUC) values for detecting pathologic complete

response (CR) in all lesions by longest diameter on mammography, MRI, and clinical

examination; functional tumor volume on MRI; and multivariate analysis combining all
preoperative measurements (AUC = 0.79). Values in parentheses are 95% Cls.

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 July 09.



Page 18

Scheel et al.

(€9) 1T (CIINAS asuap Ajawanx3g

(909) 88 (T'6¥) €TT asuap AjsnoauaboialaH

(z'82) 6v (1°92) 09 sanisuap JejnpuejBo.qly paisneds

(z'9)6 (e'v) 0T 1e} Ajiso
Aisuap 1sealq alydesBowwey

(0'0)o (@2s BuISSIA

(o) 8 (8v) 11T SN a1dBINN

(c9e) €9 (59¢) v8 sassew a|dninA

(e12) L€ (T'6T) ¥¥ 3NN a1buis

(6'2€) 99 ('2€) 98 ssew a|buIS
2dA) uoisa] xapu|

(0'0)o (e'v)ot BuISSIA

(L'97) 62 (g'91) 8¢ SleUILLIRIBPU]

(c9e) €9 (0ge) oL fesnedouswisod

(TLv) e (T'9v) 901 [esnedoustuald
snyels _wm:mo_o:m_\/_

(69)21T (CANAY umouNun

(1'68) SGT (£'88) €02 ou1je Jo s1uedsiH 10N

0L (ev) o1 oune- Jo ojuedsiH
Aoy

ne LDy umousun

(00)o ot 3064 3UO U] 310\

(ov) 8 (6'€)6 ueISY

(z'11) 08 (0°02) 97 UBOLIBWY UBILIY JO %oe|d

(7'92) €et (6'€)0LT aNUM
adey

T6F LY 6'8F L'l as F uespy
(A) abv

(727 = u) 1S sishfeuy  (0€Z = u) MOY0D LG99 NIHOV 1IN onsusIoRIRyD

SO1S1I810RIRYD JOWN] pUe Jusied

‘T 31gavl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 July 09.



Page 19

Scheel et al.

(00)0

(000

(e)9
(9zm) 22
(T02) ¢
(e62) 15
(98)sT
(6'52) S

G0EFSTC
(051-0) 2T

£(686) 2L

(L1)e
(zze) 95
(Lev) 9L
(r'ze) 6€

(000
(00)0
(09v) 08
(0'v9) v6

(T1e
(6'91) 2T
(62)5
(08) v1
(0'18) TVT

(8'6) LT

(ev) 0T
(929
(o)L

(9z1) 62

(e'12) 6

(192) 09

(8281

(zze) 18

862 FT'EC
(0ST-0)7T

(z'z6)ete

(59)sT
(2'82) 99
(2'Tv) 96
(0€2) €5

(e'v) 0T
(92)9
(8'vv) €01
(e'8y) TTT

(Lg) et
0y 9t
(se)8
(82) 81
(Toz) 5Lt

(0€T) 08

Buissin
A1abins oN
L
€L
¢l
7L
SiL
0L
(LOWN Jaige) abeis Jowny
as ¥ ues\
(Wwnwixew—wnwiuiw) ueipsiy

(ww) az15

suolsa| Jo (%) 'ON
azis ABojoyed [eulq
Buissin
ansod-zy3H
annehau-zy3H-oAMSod-HH
anzefau-gy3H-aAnebau-yH
adAigns Jown)
Buissin
A1abins oN
SOA
ON
jussaid S10Q
Buissin
Jayio
BWIOUIDIED JB[NCO]-[B1ONP PaXIN
Jejngo
BUWIOUIYIRD [B1ONQ
adA) 2160]01S1Yy aAISEAUI JUBWLITRB.IBIH

Buissin

(12T = u) 188 sisAfeuy

(02 = u) HoYoD 2599 NIHDV N4

onsIIsIORIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 July 09.



Page 20

Scheel et al.

"S8Sed 0M} Ul 3]ge[leneun sem azis ABojoyied ‘Janamoy ‘Assfins Juamispun 18s sisAjeue ui syuaied /T v,

"asuodsal a1e)dwiod = Y9 ‘Adesayiowayd Jueanlpeosu = ] QN ‘gz J01dadal yimolh [ewsspids uewny = zy3H ‘(s101dadal suowoy auolsisaboid pue usboulse ““a°1) J01dadal suowioy = YH
‘NS Ul BLUOUIDIRD [B1ONP = SO  ‘UsWwiadueyus ssewuou = JINN domiaN Buibew| ABojoipey Jo a63]10D UrdLBWY = NIYOV "9SIMIBYI0 Paledlpul ssajun suoiss] o syuaired 40 (94) Jaquinu are ereq—>aloN

(000 (AR BuISSIA
(€'62) 18 (z's2) 88 SAA
(L'02) €T (8'29) 95T ON

4o d16ojoyred

(PLT = U)18S sIshfeuy  (0€e = U) HoY0D LG99 NIYOV 1IN onsLIReIRyYD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 July 09.



Page 21

Scheel et al.

"STININ pue sessew ajdinw pue ajbuis mmv:_o:_Q

‘SjuBLIBINSEaW aANRIadoald Inoy |[e Yyum sased Ajuo Buisn pe1onpuod sem siskjeue 00,

"NYIS U1 BLIOUIDJED [BJONP = SO ‘IUSWISdUBYUS Ssewuou = JIAIN ‘01l Sppo = YO—-al0N

(¥8'2-8T°0) 690 0S 110 (92'1-0T0) 9€°0 81 Sy €9 (EW) YA UO BWINJOA JOWIN} [BUOKIUNS
(z0'1-¥6'0) 82°0 0 100  (66'0-¥6'0) 96'0 81 Sy €9 (ww) 19N Aq serauerp 3sabuo]
(¢0'7-86'0) 890 0S 110 (00'T-96'0) 860 1 ra4 95 (ww) AydesBowurew Aq Jajewelp isabuoT
(16'0-+9°0) 82°0 sessew ajdniniAl
(8£'0-5€'0) 250 Le 620  (c0'1-v6'0) 86'0 6 14 v€  (Ww) uoneurwexa [ed1ul]d Ag sajauwelp 1sabuo
(06'0-8%'0) 69°0 Le €20  (L6'T-900) ¥€0 01 4 L€ (W) IHIA UO BWINJOA JowN} [eUOHOUNS
(00'1-29°0) ¥8'0 le 200  (66'0-T6'0) S6'0 0T 4 L€ (ww) 19N Aq serauerp 3sabuo]
(08'0-G2'0) €50 V4 060  (20T-6'0) 00T 6 114 0 (ww) AydeiBowwrew Aqg Jajewelp isabuoT
(00'T-89°0) ¥8°0 EMINETS
(€8'0-65°0) TL'0 95 100  (86'0-/8'0) 26'0 44 6¢ 79 (Ww) uoneurwexa [ed1ul]d Ag ssjauwelp 1sabuo]
(58'0-65'0) 220 9§ S0'0 (20'T-10°0) 800 44 44 99 (W) IHIN U0 BWINJOA JoLIN) [EUONOUNS
(58'0-€5°0) 69°0 95 G000  (00T-G6'0) L6'0 44 (57 69 (ww) 19N Aqg serauerp 3sabuo]
(98'0-25°0) 220 95 200  (66'0¢6'0) 960 (114 44 29 (ww) AydesBowwrew Aq Jajeelp 1sabuo
(¥6'0—2°0) ¥8°0 ssew a|buIS
(22'0-19'0) 69°0 8eT 100> (86'0-26'0) G6°0 8Y [4%) 09T () uoneurwexa [eatut]d Aq seraurelp 1sabuo]
(8£'0-19'0) 0L°0 8eT 100  (29'0-TT°0) 220 15 €eT vLT (gW9) 1YIA UO BWNJOA JowNy [BUONIUNS
(98'0-99'0) 92°0 8eT 700> (86°'0-G6'0) L60 16 44 €L1 (ww) 14N Aq se18werp 1s8buo]
(62°0-85°0) 69°0 8eT 100  (66'0-L6'0) 860 34 01T €57 (ww) AydesBowwew Aq Jajewerp 1sa6uo
(18'0-22°0) 6.0 gV
(109%56) ONV (1D %56) DNV~ ,$858D 4O "ON d (1D %56) 4O SOA ON soseD sase
:uoissaafay 10 'ON

ansifo sydnniN

uoissaibay onsibo] s dwis

(seseD 40 "0N) HO 2160joyred

Author Manuscript

(4D) ssuodsay a19]dwo) d1bojoyIed pue SlUsWBINSEIIA aAITRIad0oald Usamiag SUOITRId0SSY

¢ 314avl

Author Manuscript

Author Manuscript

Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 July 09.



Page 22

Scheel et al.

*8z1s ABojoyred Jeuly snuiw Juswainseaw aAnesadoaid Aqg 9zIs ueaw Sse pajendfed mucewt_om

‘NS Ul BUOUIDIB [B1ONP = S1D USW3dUBYUS Ssewuou = JIAIN “a]qedtjdde Jou sareaipul (—) yseq—aloN

100 (8'v) v'eT- G20 47 (wuw) uoneurwexa [eatul]d Ag Jslswelp 1sabuo
S00 — €20 114 (WD) YN UO BWINJOA Jowiny [euonouny
500 (T'9) 60 120 8y (ww) 19N Aq se18Wwerp 1s8buo]
050 (L2 96t €10 G (wiw) AydesBowwew Aq Jarewelp 1s8Bbuo
S10Q INOYNM S3sED ||
100> (8€) v'0- €50 L€ (ww) uoneurwexa [eatul]d Ag Jajawelp 1sabuo
500 — S9°0 1% (gW9) YAl UO BWNJOA JoLwNy [eUONIUNS
100> (ze)ortr 850 1% (ww) 19N Aq serauwerp 1sabuo]
600 (Lr9)eoz €r0 8¢ (ww) AydesBowwrew Aq Jajeelp 1sabuo
sassew ajdnjnN
0T'0 (o'o1) G°€2- 70 44 (wiw) uorpeurexs [eatul]d Aq Jajawerp jsabuol
8T°0 — 170~ 74 (W) 1YIA UO BWINJOA Jown} [eUONdUNS
080 (96) 62— 90°0- ve (ww) 14N Aq serauerp 3sabuo]
92°0 (8z1) 98- 6€°0- 81 (ww) AydesBowwew Aq Jajewerp 1sa6uo
3NN a1buis
900 (T'9) g'sT- G20 6¢ (ww) uoreuruexa eatul]d Aq sajawuelp 1sabuo
900 — /T0 94 (gWD) 1YIN UO BWINJOA Jowin) [euonounS
200 (ev) e~ L¥0 A (ww) 19N Aq Ja1awerp 1sebuo]
Sv'0 (T9)ve 020 1% (ww) AydesBowwew Aq Jajewerp 1s36uo
ssew a]buIs
100> (re) 11— 820 ¥0T (ww) uoreUIWEXS [EIIUIND AQ JelawWelp 1s8BuoT]
100> — 20 At (gWDd) 1YIN UO BWINJOA Jowin) [euonounS
100> (0e)ve €e’0 €Tl (ww) 14N Aq serawerp 3sabuo]
8€0 (rv)es vT'0 10T (ww) AydesBowurew Aq Jajawelp 1sabuoT
Qmmmmo 1\
QQ (ww) (1o4u3 prepuels) (1) ua101480D saseD JO 'ON saseD

£0URISHIQ 9ZIS UBSIN  UONE[31I0D Yuey uew.eads

aseasiq AAISeAU| [enpISay YA Slusied Ul 8z1S ABojoyied [eul4 pue s)uswiainsea|y aAleiadoald Usamiag SUOIBIJ0SSY

Author Manuscript

‘€ 31gavl

Author Manuscript Author Manuscript Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 July 09.



Page 23

Scheel et al.

‘uonduwinsse Alljew.Iou ainsus 0} a|qeLieA asuodsal ay) Joy pasn sem (azis ABojoyred) Boj [eanyeu :uoissaifial Jeaul| m_QE_mQ

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2019 July 09.



	Abstract
	Subjects and Methods
	Patient Eligibility and Enrollment
	MRI Protocol
	MRI Size and Volumetric Assessments
	Mammographic Size Assessment
	Clinical Size Assessment
	Histopathologic Analysis
	Statistical Methods

	Results
	Patient and Tumor Characteristics
	Association Between Preoperative Measurements and Pathologc Complete Response
	Association Between Preoperative Measurements and Final Pathology Size

	Discussion
	References
	Fig. 1—
	Fig. 2—
	Fig. 3—
	TABLE 1:
	TABLE 2:
	TABLE 3:



