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Abstract
BACKGROUND—Neoadjuvant chemotherapy reduces tumor size prior to surgery in women
with breast cancer. We assessed the ability of mammography and ultrasound to predict residual
tumor size following neoadjuvant chemotherapy.

METHODS—In a retrospective review of consecutive breast cancer patients treated with
neoadjuvant chemotherapy, residual tumor size estimated by diagnostic imaging was compared
with residual tumor size determined by surgical pathology.

RESULTS—192 patients with 196 primary breast cancers were studied. Of 104 tumors evaluated
by both imaging modalities, ultrasound was able to size 91.3%, however, mammography was able
to size only 51.9% of tumors (chi-square, p<.001). Ultrasound also was more accurate than
mammography in estimating residual tumor size (62/104 [59.6%] versus 33/104 [31.7%], p < .
001). There was little difference in the ability of mammography and ultrasound to predict
pathologic complete response (ROC= 0.741 versus 0.784).

CONCLUSIONS—Breast ultrasound was more accurate than mammography in predicting
residual tumor size following neoadjuvant chemotherapy. Likelihood of a complete pathological
response was 80% when both imaging modalities demonstrated no residual disease.

Keywords
breast carcinoma; breast ultrasound mammography; neoadjuvant chemotherapy

© 2009 Excerpta Medica, Inc. All rights reserved.
Corresponding Author: Rebecca Aft, M.D., Ph.D., Washington University Medical School of Medicine, 660 South Euclid Avenue,
Campus Box 8109, Saint Louis, MO 63110, Phone: (314) 747-0063, Fax: (314) 454-5509, aftr@wustl.edu.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Am J Surg. Author manuscript; available in PMC 2012 January 6.

Published in final edited form as:
Am J Surg. 2010 April ; 199(4): 477–484. doi:10.1016/j.amjsurg.2009.03.012.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Neoadjuvant chemotherapy has become an accepted component of the multidisciplinary
treatment of clinical stage II and III breast cancer [1, 2]. The main advantage of
administering chemotherapy prior to surgery is to decrease tumor size allowing for an
increased percentage of women to undergo breast conservation therapy [3-6]. A second
benefit of neoadjuvant chemotherapy is ability to directly monitor the response to the
therapeutic regimen administered. Although, randomized studies do not demonstrate overall
improved survival with neoadjuvant chemotherapy, complete pathologic response after
neoadjuvant chemotherapy is a surrogate marker for patient outcome [7,8,9]. Meta-analysis
has shown equivalent or improved disease-free survival with the use of neoadjuvant
chemotherapy [10, 11].

Precise measurement of residual tumor size following neoadjuvant chemotherapy is
essential for surgical decision-making. Furthermore, the ability to identify the subgroup of
patients with a pathologic complete response to neoadjuvant chemotherapy would help
identify those patients who may not require additional induction therapy from those patients
who may benefit from additional chemotherapy [9]. Modalities that have been used to assess
residual tumor size following neoadjuvant chemotherapy include physical examination,
mammography, breast ultrasound, and magnetic resonance imaging [13-21].

Mammography and breast ultrasound are the most commonly used diagnostic imaging
modalities to estimate primary tumor size at the time of diagnosis [22-27]. Although there is
clear evidence that these modalities are accurate in measuring tumor size at the time of
diagnosis [22-24, 27], there are concerns regarding the accuracy of these modalities to
measure residual tumor size following neoadjuvant chemotherapy. The most significant
concerns are related to the fact that the primary tumor response to chemotherapy may vary,
resulting in fibrosis [28], fragmentation [29], and/or change in the density of malignant
tissue [30], all of which may affect the estimation of residual tumor size. In this study, we
sought to determine the accuracy of mammography and breast ultrasound in assessing the
residual tumor size and pathologic complete response after neoadjuvant chemotherapy in
women with clinical stage II or III breast cancer.

METHODS
Patient Population

A cohort of all breast cancer patients who underwent neoadjuvant chemotherapy between
January, 2000 and June, 2004 at the Alvin J. Siteman Cancer Center at Washington
University in St. Louis was identified. Retrospective chart review was conducted to collect
information about patients’ demographics, diagnostic imaging and surgical pathology. All
patients had clinical stage II or III invasive breast cancer with a primary tumor size greater
than 2.0 cm. Four patients were diagnosed with bilateral breast cancer for a total of 196
tumors evaluated. In all patients, breast cancer was diagnosed by core needle biopsy.
Standard staging studies were performed to exclude patients with distant disease. Although
the precise regimen of neoadjuvant chemotherapy varied, all patients received between 4-8
cycles of chemotherapy before definitive surgical therapy at the discretion of the treating
medical oncologist per the institutional standard of care. The study was approved by the
Institutional Review Board at Washington University School of Medicine.

Mammography and Breast Ultrasound
Diagnostic imaging following neoadjuvant chemotherapy was performed to evaluate tumor
size after the last cycle of chemotherapy, 1-4 weeks prior to surgery. Mammography or
breast ultrasound or both imaging modalities were used to estimate tumor size for surgical
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decision making as part of routine patient care at the discretion of the breast surgeon. Thus,
not all patients were evaluated by both mammography and breast ultrasound. MRI is not
routinely used as part of routine patient care at our center; therefore, it was not included in
this study. All diagnostic imaging was performed at the Breast Health Center at the Siteman
Cancer Center, Washington University School of Medicine. The Breast Health Center is
fully certified according to the Federal Mammography Quality Standards Act (MQSA).
Breast imaging examinations were performed using standard techniques by one of five
accredited radiologists whose sole practice is breast imaging using various imaging
modalities. To evaluate the maximum tumor diameter, mammographic evaluation included,
but was not necessarily limited to, standard craniocaudal and mediolateral oblique views.
Mammographic findings associated with malignancy typically included nodular densities
with poorly defined or spiculated margins, clustered or pleomorphic calcifications, or
architectural distortion. Real-time ultrasonography of the tumor also was performed by these
Breast Health Center radiologists. Ultrasonographic findings associated with malignancy
typically included hypoechoic solid masses with poorly defined margins, shadowing, or
acoustical enhancement.

Criteria for Assessment of Tumor Size
In all cases, the largest tumor dimension documented for each mammogram or breast
ultrasound performed was used in the analyses. The following categories were used to
characterize the ability of mammography and/or breast ultrasound to definitively size
residual breast tumors following neoadjuvant chemotherapy: (1) tumor size is defined: the
tumor was visualized and size dimensions were assigned; (2) tumor size unable to be
defined: the tumor was visualized, but size dimensions could not be assigned because of the
imaging characteristics of the tumor; (3) no residual tumor: no diagnostic imaging
abnormalities corresponding to the tumor were visualized.

Pathologic Analysis
Surgical pathology reports were reviewed retrospectively. Surgical pathologic analysis was
performed per the standard of care with microscopic examination of routine hematoxylin
and eosin staining of paraffin-embedded tissues. In all cases, the largest tumor dimension
documented was used for subsequent analyses. If no residual tumor was observed by
microscopic analysis, the case was classified as a pathologic complete response.

Statistical Analysis
The ability of mammography and breast ultrasound to predict tumor size was assessed by
calculating the difference (in centimeters) in residual tumor size as predicted by the imaging
modalities compared to surgical pathology. We categorized the accuracy of these
assessments into three groups, which is similar to other studies (14-17): (1) accurate within
one centimeter; (2) overestimation of tumor size by diagnostic imaging by more than one
centimeter; and (3) underestimation of tumor size by diagnostic imaging by more than one
centimeter. Agreement between the accuracy of tumor size assessments between imaging
modalities was determined using kappa statistics.

The sensitivity, specificity, and associated 95% confidence intervals of mammography and
breast ultrasound to predict pathologic complete response were calculated. The uncorrected
McNemar test was used to determine statistical differences in sensitivity and specificity
between the two imaging modalities. Positive and negative predictive values were calculated
for each imaging modality. Positive predictive value was calculated as the percentage of
pathologic complete responses observed when a complete response was predicted by
mammography or breast ultrasound. Negative predictive value was calculated as the
percentage without pathologic complete response observed when residual tumor was
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predicted by mammography or breast ultrasound. Likelihood ratios of a positive and
negative test for both imaging modalities were also calculated. Positive and negative
likelihood ratios describe the discriminatory properties of positive and negative imaging
results (i.e., how many times more likely a correct imaging test is observed in breast tumors
with a complete pathologic response than those with a non-complete pathologic response).
Positive likelihood ratios above 10 and negative likelihood ratios below 0.1 are considered
convincing diagnostic evidence, whereas positive likelihood ratios above 5 and negative
likelihood ratios below 0.2 give strong diagnostic evidence.

Cohen’s kappa statistic was used to measure the agreement between pathologic and imaging
data. Because kappa is influenced by systematic differences between both data sources and
by the frequency of pathologic response, the Bias Index and the Prevalence Index were also
calculated [31, 32]. The Bias Index ranges from −1 to 1, with 0 indicating no difference and
−1 or 1 representing the maximum differences between both data sources in the proportions
of agreement between pathologic complete response and complete response according to the
imaging modality. The Prevalence Index ranges from −1 to 1 and is 0 when the two-
sourced-averaged proportion of “yes” is 50%, is negative when the proportion is lower than
50%, and is positive when the proportion is over 50%. We defined kappa or prevalence and
bias adjusted kappa (PABAK) values <0.40 as poor or fair agreement, 0.40-0.60 as moderate
agreement, 0.61-0.80 as substantial agreement, and 0.81-1.00 as almost perfect agreement
[33].

The discriminatory power of both imaging modalities to predict a pathologic complete
response was also determined based on the area under the receiver operating characteristic
(ROC) curve as calculated from logistic regression models using the c-statistic. Higher
values of the c-statistic indicate better discriminatory power.

RESULTS
Patient Population

During the study period, 192 consecutive patients (196 tumors) were treated with
neoadjuvant chemotherapy. Mean age of the sample population was 51 (range 22-89) years,
and 69% of patients were white. Of the 196 tumors, 144 (73.5%) were evaluated by
mammography, 110 (56.1%) were evaluated by breast ultrasound, and 46 (23.5%) were not
evaluated by either imaging modality; 104 (53.1%) were evaluated by both mammography
and breast ultrasound. Tumor characteristics of the entire sample and the subset of 104
tumors are shown in Table 1.

Measuring residual tumor size
Of all imaged tumors, size was unable to be defined in 60 (41.7%) of the 144 tumors imaged
by mammography and in nine (8.2%) of 110 tumors imaged by breast ultrasound. Of 104
tumors evaluated by both imaging modalities, ultrasound was able to size 91.3%, however,
mammography was able to size only 51.9% of tumors (chi-square, p<.001). Eight of 104
tumors (7.7%) that were imaged by both mammography and breast ultrasound could not be
sized by either imaging modality. The ability of mammography or ultrasound to define a
tumor size was not significantly related to type of cancer or grade (Figure 1).

All subsequent analyses were conducted using data about the 104 tumors imaged by both
mammogram and ultrasound. Of these104 tumors (Table 2), residual tumor size was more
likely to be accurately measured (within 1.0 cm of the pathologic size) by breast ultrasound
than mammography (59.6% versus 31.7%). The inability to measure residual tumor size was
more likely to occur with mammographic imaging than with breast ultrasound (48.1%
versus 8.7%; chi-square p < .001). Despite the difference in the ability of mammography and
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breast ultrasound to accurately size residual tumors, when the tumor size was defined by
either mammographic or ultrasound imaging (n = 54 for mammography and n = 95 for
breast ultrasound), the two imaging modalities were similarly likely to be accurate within
1.0 cm of pathologic tumor size (33/54 [61.1%] accurate for mammography and 62/95
[65.3%] accurate for breast ultrasound).

Measuring pathologic complete response
Twenty-four (23.1%) of 104 tumors evaluated by both mammographic and ultrasound
imaging modalities were undetectable pathologically after neoadjuvant chemotherapy and
were considered a pathologic complete response. Pathologic complete response differed
significantly by grade (grade I: 0/8 [0%]; grade II: 3/29 [10.3%]; grade III: 19/63 [30.2%];
grade not determined: 2/4 [50.0%]; p=0.037); by estrogen receptor status (positive: 4/50
[8.0%]; negative: 20/54 [37.0%]; p<0.001); and by progesterone receptor status (positive:
2/38 [5.3%]; negative: 22/65 [33.8%]; p=0.001). The sensitivity and specificity of
mammography in predicting pathologic complete response was 54.2% and 86.3%,
respectively (Table 3). The sensitivity and specificity of breast ultrasound in predicting a
pathologic complete response was 45.8% and 93.8%, respectively. The sensitivity and
specificity between the two imaging modalities were not statistically different (p=0.480, and
p=0.083, respectively). Agreement between pathologic and imaging data was considered to
be fair to moderate for both mammography (kappa=0.40) and breast ultrasound
(kappa=0.45). These kappas did not differ statistically from each other (p=0.726).
Prevalence and bias-adjusted kappa levels (PABAK) improved for both breast ultrasound
and mammography. The likelihood ratio of a positive test was higher for breast ultrasound
(7.3) than for mammography (3.9), but the likelihood ratios of a negative test were similar
for both imaging modalities indicating that both modalities were equally accurate at
predicting the presence of residual disease, however sonography was better at predicting a
pathologic complete response.

Using the pretest probability of 23.1% for a pathologic complete response and the above
likelihood ratios, we calculated the gain in certainty of observing a pathologic complete
response based on a positive or negative imaging complete response result for either
imaging modality. As shown in Table 3, the gain in certainty of a pathologic complete
response following a breast ultrasound indicating a complete response is slightly higher than
the gain in certainty by a mammogram indicating a complete response (68.9% versus 54.3%,
respectively). There was little difference in using either imaging modality when the results
were negative (14.8% versus 13.8%, respectively).

In our series, the probability of correctly predicting a pathologic complete response based on
the sequence of imaging was maximized when breast ultrasound is performed first and
mammography is only performed when the breast ultrasound is interpreted as a complete
response. The combined sensitivity of both imaging modalities was 45.8%, the specificity
was 93.8%, and the probability of a pathologic complete response is 68.8%. If both imaging
modalities were interpreted as a complete response, then the probability of a pathologic
complete response was 80.0%. However, if only one imaging modality, either
mammography or sonography, was interpreted as a complete response then the probability
of a pathologic complete response was 53.3%. The area under the ROC curve as a measure
of discriminatory power of a test was 0.67 for mammography, 0.71 for breast ultrasound and
0.77 for both imaging modalities combined. This indicates reasonable discrimination in the
presence or absence of disease by using either or both imaging modalities.
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DISCUSSION
Neoadjuvant chemotherapy has become an established component of the multidisciplinary
treatment of breast cancer [1, 2, 34]. Accurate prediction of pathologic residual tumor size is
essential for surgical decision making and monitoring response to therapy [35, 36]. In this
study, we compared the accuracy of two commonly used diagnostic imaging modalities in
predicting residual tumor size and pathologic complete response.

Tumor size at diagnosis is commonly assessed by physical examination and diagnostic
imaging. It is not clear which modality is superior for estimating tumor size. Several studies
have reported that breast ultrasound is superior to mammography and physical examination
in estimating primary tumor size [22, 23, 26]. However, other studies have concluded that
the three modalities perform equally well in measuring the primary tumor size [25, 37], or
that mammography out performs physical examination or breast ultrasound [22, 38].

Predicting residual tumor size after neoadjuvant chemotherapy is considered to be even
more challenging [17, 39], with no clear consensus in the literature regarding the best
method for the accurate assessment of residual tumor size. Although a few studies reported
physical examination measured residual tumor size accurately [14, 16, 40], other studies
have determined that physical examination alone can be inaccurate in determining the
amount of residual disease [30, 41-44]. Physical examination of breast tumors < 2 cm is
often difficult depending on the density of the breast [45]. Furthermore, physical
examination may be inaccurate when the tumor is irregular, has poorly defined margins, or
when neoadjuvant chemotherapy results in residual fibrosis and/or necrosis [43, 46].

Measuring residual tumor size using mammography or breast ultrasound after neoadjuvant
chemotherapy has been reported in the literature, however these studies did not directly
compare the two imaging modalities [30, 47, 48]. The accuracy of mammography in
predicting residual tumor size may depend on the initial mammographic appearance of the
tumor. Huber et al. found that mammography was accurate in predicting residual tumor size
for those tumors whose margins could be defined by more than 50% on the baseline
mammogram [47]. Other studies have reported breast ultrasound to be superior to
mammography in estimating residual tumor size [17, 49].

In the present study, we found that a greater proportion of tumors were able to be sized
using ultrasound than using mammography and that, overall, breast ultrasound was more
accurate than mammography in predicting residual tumor size following neoadjuvant
chemotherapy. Our study also demonstrated that if the residual tumor can be sized
radiographically, then mammography and breast ultrasound performed equally well in
accurately measuring the residual tumor. In a retrospective analysis of 100 patients
undergoing neoadjuvant chemotherapy for breast cancer, Herrada et. al. found that physical
exam alone was more accurate than mammography or ultrasound at assessing the size of
residual tumor and that physical exam combined with mammography was more accurate
than physical exam combined with ultrasound [16]. Fiorentino et. al., in a similar series, also
concluded that physical examination was more accurate than either mammography or
ultrasound and that prediction of pathological outcome was not improved by the addition of
either modality. Mammography was slightly more accurate than ultrasound in assessing
tumor size [14]. In a smaller study comparing MRI to these modalities, MRI and ultrasound
were superior to mammography in detecting residual disease [17]. Esserman et. al. showed
that MRI was superior to mammography in the accurate prediction of anatomic extent of
breast cancer [50]

Approximately 8% of the tumors could not be sized by either mammography or
ultrasonography. Imaging by MRI has been reported to be equal or superior to ultrasound

Keune et al. Page 6

Am J Surg. Author manuscript; available in PMC 2012 January 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and mammography in the evaluation of tumor size after neoadjuvant chemotherapy when
compared with pathologic tumor size [51, 52]. MRI is very useful for evaluating residual
disease for the subset of tumors that cannot be sized using ultrasound or mammography.

It has been reported that predicting pathologic complete response is not highly accurate with
either mammography or breast ultrasound [16, 20, 53]. Pathologic complete response has
been reported to correlate with physical examination, mammography, and breast ultrasound
in only 13-25% of cases [16, 20, 53]. In our study, we found no difference in the ability of
mammography or breast ultrasound to predict pathologic complete response. However,
when both mammography and breast ultrasound demonstrated no residual disease, then the
likelihood of a pathologic complete response was 80%, which is similar to results recently
reported by Peintinger et al [54].

There are several limitations to our study. First, the central focus of this study was on a
subset of 104 tumors that were evaluated by both mammography and breast ultrasound
imaging modalities at one institution. Ninety-two tumors were excluded from these analyses
because they were not evaluated by both imaging modalities. Reasons for exclusion included
patients who chose not to have breast conserving surgery or who were not considered
candidates for breast conservation therapy due to multifocal disease, disease progression, or
poor response to therapy. We do not believe that the exclusion of these tumors biased our
results, since the purpose of examining the residual tumor size by radiographic imaging was
to estimate tumor size prior to definitive surgery. Moreover, the subset of 104 tumors that
were imaged by both modalities was representative of all the tumors being evaluated for
breast conservation therapy following neoadjuvant chemotherapy. In addition, very few
tumors were examined using sonography alone, precluding reliable estimates of the
accuracy of measuring residual tumor size using this modality alone compared with
mammography alone or with both types of imaging.

In conclusion, our retrospective analysis of the ability of mammography and breast
ultrasound to accurately measure residual tumor size following neoadjuvant chemotherapy
compared with surgical pathology measurement of the residual tumor demonstrated that
59.6% of residual tumors were sized accurately within 1.0 cm using breast ultrasound
compared with 31.7% using mammography. Our results underscore the importance of breast
ultrasound in surgical decision making following neoadjuvant chemotherapy but also serve
as an important reminder of the limitations of employing a single breast imaging modality in
this clinical context. Furthermore, the use of both imaging modalities improved the accuracy
of predicting a pathological complete response to neoadjuvant chemotherapy in a greater
percentage of cases than use of either modality alone. For surgical decision-making, the use
of ultrasound in combination with mammography can predict amount of residual disease and
complete pathological response.
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Summary

In this study, we retrospectively review a series of patients with breast cancer who
received neoadjuvant chemotherapy. Residual tumor size after chemotherapy was
assessed by ultrasound and mammography. Ultrasound was found to be more accurate
than mammography in assessing residual tumor size.
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Figure 1.
Characteristics of tumors able to be sized by imagining modality
A. 144 tumors overall were imaged by mammography
B. 110 tumors overall were imaged by sonography
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Table I
Tumor characteristics

Characteristic
Total number of tumors

N = 196 (%)

Tumors imaged by both
mammography and breast

ultrasound
n = 104 (%)

  Histology

Invasive ductal carcinoma 155 (79.1) 75 (72.1)

Invasive lobular carcinoma 22 (11.2) 16 (15.4)

Invasive mammary carcinoma 16 (8.2) 11 (10.6)

Others 3 (1.5) 2 (2.0)

  Tumor grade

I 19 (9.7) 8 (7.7)

II 50 (25.5) 29 (27.9)

III 122 (62.2) 63 (60.6)

Unknown 5 (2.6) 4 (3.8)

  Estrogen-receptor status

Positive 96 (49.0) 50 (48.1)

Negative 99 (50.5) 54 (51.9)

Unknown 1 (0.5) 0 (0.0)

  Progesterone-receptor status

Positive 73 (37.2) 38 (36.5)

Negative 121 (61.7) 65 (62.5)

Unknown 2 (1.0) 1 (1.0)

  Her-2-neu status

Positive 59 (30.1) 32 (30.8)

Negative 136 (69.4) 72 (69.2)
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Table II
Accuracy of mammography and breast ultrasound in measuring residual tumor size
following neoadjuvant chemotherapy compared with surgical pathology measurement
(n=104)

Imaging
Modality

Accurate
± 1 cm
n (%)

Overestimation
> 1 cm
n (%)

Underestimation
> 1 cm
n (%)

Unable to be
Sized
n (%)

Mammogram 33 (31.7) 6 (5.8) 15 (14.4) 50 (48.1)

Ultrasound 62 (59.6) 17 (16.3) 16 (15.4) 9 (8.7)

Note: Numbers in parentheses are percentages of the row total of 104 tumors, which were measured by both mammography and breast ultrasound.
Chi-square p < .001.
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Table III
Test characteristics of mammography and breast ultrasound in predicting pathologic
complete response following neoadjuvant chemotherapy (n=104)

Test characteristic Mammography
(95% CI)

Breast Ultrasound
(95% CI)

Sensitivity 54.2 (34.3–73.0) 45.8 (25.6–67.2)

Specificity 86.3 (77.4–92.6) 93.8 (86.7–97.7)

Predictive value positive 54.2 (34.3–73.0) 68.8 (43.7–87.5)

Predictive value negative 86.3 (77.4–92.6) 85.2 (76.6–91.5)

Likelihood ratio of a positive test 3.9 7.3

Likelihood ratio of a negative test 0.53 0.58

Kappa 0.40 (0.18–0.62) 0.45 (0.24–0.66)

PABAK 0.58 0.65

Probability of a pCR based on an imaging CR 54.3 68.9

Probability of a pCR based on imaging residual
disease

13.8 14.8

95% CI: 95 percent confidence interval; PABAK: Prevalence and bias-adjusted kappa; pCR: pathologic complete response
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