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ABSTRACT

Background. Patients with epidermal growth factor
receptor 2-positive (HER2+) breast cancer and pathologic
complete response (pCR) after neoadjuvant systemic ther-
apy (NST) may be candidates for nonoperative clinical
trials if residual invasive and in situ disease are eradicated.
Methods. This study analyzed 280 patients with clinical
T1-2NO-1 HER2+ breast cancer who underwent NST
followed by surgical resection to determine key charac-
teristics of patients with pCR in the breast and lymph nodes
compared with those with residual disease.

Results. Of the 280 patients, 102 (36.4%) had pCR in the
breast and lymph nodes after NST, and 50 patients (17.9%)
had residual ductal carcinoma in situ (DCIS) in the breast
only. For 129 patients (46.1%), DCIS was present on the
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pretreatment biopsy, and NST failed to eradicate the DCIS
component in 64.3%. Patients with residual disease were
more likely to have hormone receptor-positive (HR+) tumors
than those with negative tumors (73.4% vs. 50.8%;
p < 0.0001). Radiologic response (odds ratio [OR], 5.62;
p =0.002) and HR+ status (OR, 2.56; p < 0.0001) were
predictive of residual disease. Combined imaging methods
after NST had a sensitivity of 97.1% and a negative predictive
value of 70.6% for detection of residual disease. Patients with
invasive disease and DCIS shown on the pretreatment core
biopsy were less likely than those without DCIS to achieve
PCR in the breast (31% vs. 43%; p = 0.038).

Conclusion. The study results delineate and identify
unique characteristics associated with HER2+ breast can-
cers that are important in selecting patients for inclusion in
clinical trials assessing nonoperative management after
NST, and the low negative predictive value of imaging
mandates image-guided biopsy for selection.

The use of neoadjuvant systemic therapy (NST) in epi-
dermal growth factor receptor 2-positive (HER2+) breast
cancer has been extensively studied, and findings have
shown HER2+4 tumors to be highly chemo-sensitive,
especially with the addition of humanized anti-HER2
monoclonal antibody therapies.'™ Pathologic complete
response (pCR) rates are reported to be as high as 60%.7
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Patients with HER2+ or triple-negative tumors who
have a pCR after NST experience better overall survival
and lower rates of recurrence than patients who do not have
a pCR, similar to patients with low-proliferating luminal A
tumors.'”

The high rates of pCR for HER2+ breast cancer patients
highlight the potential for nonoperative management after
NST, which is the ultimate breast-conserving strategy.
However, it is imperative to accurately identify patients
who achieve pCR before enrolling them in clinical trials
assessing the safety of omitting breast surgery for excep-
tional responders.

Although findings have shown multiple different imag-
ing methods to be insensitive in identifying patients with
pCR due to low predictive values, we have previously
determined that patients with clinically significant residual
disease can be accurately identified using a combination of
multimodality imaging and extensive image-guided vac-
uum-assisted core biopsy of the tumor bed."’

Furthermore, for a patient to be considered eligible for
clinical trials evaluating nonoperative management of
breast cancer after NST, both the invasive and in situ
components need to be eradicated. We have previously
shown that in approximately 45% of cases, NST can
specifically eradicate the ductal carcinoma in situ (DCIS)
component in triple-negative invasive breast cancers
receiving NST.'? Furthermore, patients with residual triple-
negative disease are more likely to present with malignant-
appearing microcalcifications and DCIS identified on the
initial core biopsy than patients without residual disease
(pCR, 27% vs. 40%; odds ratio [OR], 2.5; p < 0.02)."*

To our knowledge, similar types of analyses have not
been performed to date regarding HER2+- invasive breast
cancer after NST and are the subject of the current analysis.
The optimal patient for inclusion in eliminating surgery
trials is a patient with no residual invasive carcinoma in the
breast or lymph nodes and no residual in situ disease in the
breast that could become a nidus for recurrence in the
future. This study aimed to identify unique clinicopatho-
logic characteristics associated with finding residual
disease in HER2+ breast cancer after NST. A secondary
aim was to assess the effect of NST on the invasive and
DCIS components of HER2+ breast cancer.

METHODS
Data and Patient Selection

The prospectively managed Breast Cancer Management
System Database at the University of Texas MD Anderson
Cancer Center (Houston, TX, USA) was queried for
patients with HER2+ clinical T1-2 NO-1 disease treated

with neoadjuvant chemotherapy-based, HER2-targeted
regimens followed by surgical resection (breast-conserving
surgery or mastectomy) with sentinel lymph node biopsy or
axillary lymph node dissection.

Patients treated between January 2010 and December
2015 were included in the analysis. At the time of diag-
nosis, all the patients underwent a diagnostic mammogram
as well as a breast and axillary ultrasound per institutional
protocol. Those with abnormalities found via axillary
lymph node ultrasound underwent a percutaneous biopsy to
assess for metastatic disease. Breast magnetic resonance
imaging (MRI) was used at the discretion of the treating
practitioner with guidance from a radiologist. Approval
was obtained from the University of Texas MD Anderson
Cancer Center Intuitional Review Board before initiation
of this study.

Outcome

The primary study aim was to identify baseline clini-
copathologic characteristics associated with residual
disease in the breast, lymph nodes, or both after completion
of NST. A secondary aim was to assess the effectiveness of
NST in eliminating the invasive and DCIS components of
patients with HER2+- breast cancer.

Covariates

Baseline demographics and clinicopathologic charac-
teristics were evaluated, and tumor volumes before and
after NST were measured by each imaging method. Clas-
sification of complete radiologic response required
complete resolution of the tumor on all subsequent imaging
across all methods. Complete resolution of the mass via
ultrasound with residual calcification seen on mammogram
was classified as partial response. For the patients with
biopsy-proven axillary nodal disease, response was
grouped as no response, decrease in size or number of
metastatic nodes, and complete radiologic response.

Statistical Analysis

The statistical analysis was designed to assess for vari-
ables associated with the presence of residual disease after
neoadjuvant chemotherapy. Baseline clinicopathologic
characteristics were compared between patients with
residual disease in the breast, lymph nodes, or both and
those who achieved pCR using Student’s ¢ tests for con-
tinuous variables and Chi square tests for binary and
categorical variables. Logistic regression was used to
model residual disease as a function of other covariates. All
variables with a p value lower than 0.1 in the univariate
analysis were included in the regression model for the
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TABLE 1 Baseline characteristics, imaging response, and TABLE 1 continued
pathologic outcome after neoadjuvant chemotherapy for 280 -
patients with human HER2+ breast cancer Variables HER2+ %
(n = 280)
Variables HER2+ %o
(n =280) No response 6 4.8
A Decrease in size and/or number 73 58.9
ge (years) Documented complete resolution 45 36.3
<40 42 15.0 . . .
Radiographic breast and nodal response status combined
> 40 238 85.0
Ethnici Complete response 17 6.3
t t
ety No complete response 252 93.7
Black 33 11.8 . .
Whi 170 60.7 Pathologic response in the breast after NST
o e i 1 Residual invasive and DCIS 90 32.1
Ol;pamc 2 10'4 Residual invasive only 35 12.5
1 ther ) N ) ' Residual DCIS only (ypTis) 50 17.9
H;‘gmgl y Eamﬁograp lyd“.“ “.trd”n;’grap y111 00 No residual invasive or DCIS (ypT0) 105 375
Mals's esto z'lrc 1telct'1;ra . 1st0;s:10n oy 167 60.1 Pathologic nodal status after NST
- a 1gn;11r'1t nlncroca cifications == mass ' Residual nodal disease 49 17.5
Lllmou.r 1::0 Ogly - 971 No residual nodal disease (ypNO) 231 82.5
(;nlflaswe ucta g ) 9 Pathologic status in the breast and nodes after NST
N tl er d ' Residual disease present 178 63.6
‘I‘C ear grace X » No residual disease (ypTOypNO) 102 36.4
) 68 243 HER2+'epiFlermal growth factor receptor-positive, DCIS ductal car-
3 209 746 cinoma in situ, ER estrogen receptor, PR progesterone receptor, NST
: neoadjuvant systemic treatment
DCI'S (with invasive disease) identified on initial diagnostic core “Kj-67 was not performed for 110 patients (39.3%)
biopsy b . . .
Radiolographic breast response was not evaluated for 11 patients
Absent 151 53.9
(3.9%)
Present 129 46.1
Clinical tumor size
Tl 46 16.4 o : ot .
multivariate analysis. Statistical analysis was performed
T2 234 83.6 using SPSS software version 24.0 (IBM, Armonk, New
Clinical/initial nodal status (cytology/histology) York, NY, USA). Statistical significance was defined by a
NO 149 532 p value lower than 0.05.
N1 (percutaneous biopsy proven) 131 46.8
Hormone receptor status RESULTS
Negative (ER- and PR-negative) 122 43.6
Positive (ER- and/or PR-positive) 158 56.4 Demographics and Baseline Tumor Characteristics
Ki-67 (%)*
<35 66 388 The baseline characteristics of the 280 patients included
> 35 104 61.2 in the study are presented in Table 1. The mean patient age
Necrosis was 53 years (median, 52 years). The predominant tumor
Absent 184 65.7 type was invasive ductal carcinoma (97.1%), and the
Present 96 34.3 majority of the patients (83.6%) had clinical T2 disease. In
Lymphovascular invasion this study, NST consisted of taxane-based chemotherapy
Absent 264 94.3 plus trastuzumab for 255 patients (91.1%) and taxane-
Present 16 5.7 based chemotherapy plus trastuzumab and pertuzumab for
Radiographic response in the breast after NSTb 25 patients (89%) Of the 280 patients, 105 (375%)
Complete response 19 7.0 achieved breast pCR (no residual invasive or in situ disease
Partial response 234 87.0 [ypT0]), 50 (17.9%) achieved breast pCR with residual
Stable disease/progressive disease 16 6.0 DCIS only (ypTis), and 102 (36.4%) had pCR in the breast

Radiolographic nodal response among patients with initial N1,

biopsy-proven disease after NST

and lymph nodes (ypTOypNO).
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8 k= Residual Disease in the Breast After NST
5~ 2 g |3
7% g = g . . : : :
& < < 2 The patients with residual disease in the breast after
. g NST were more likely to be younger (52 vs. 54 years;
g S = p = 0.037), to present with associated DCIS in addition to
E;;‘ . = a j invasive disease on pretreatment core biopsy (69% vs.
g g§§ S 25 og@dlg 57%; p = 0.047), and to have HR+ tumors (72.2% vs.
S = O ~ O ~ o0 1) . . .
§§ E é - Y g vsls 50%; p < 0.0001; Table 2). In the multivariate analysis,
= coT-e T 2 HR+ status was associated with increased odds for residual
£ o § disease (odds ratio [OR], 2.55; p < 0.0001; Table 3).
§ o o
- — 9
i;i \L'/ : Residual Disease in the Lymph Nodes After NST
= % g t
SLES|S £ @& The presence of clinical node involvement was associ-
g2 | 2 = S 2|8 . . . .
SEERIS S CoEg ated with residual nodal disease after NST compared with
zgox|s ®& &= 5 the presence of no clinical nodal disease (32.1% vs. 4.7%,
P éﬁ respectively; p < 0.0001). The patients with HR+ tumors
S 2 3 2 had residual nodal disease more often than those with HR—
N e e ) tumors (21.5% vs. 12.3%; p = 0.056; Table 2). In the
9 ‘; multivariate analysis, clinical nodal involvement (OR,
_ g s a2 = § 10.2; p < 0.0001) and HR+ status (OR, 2.29; p = 0.021)
ERESE-N ! ! . S . c . . . .
5 ; g S ) S =~ 2| B were independently predictive of residual disease in the
7 1] ~ —~ ~
£33 g2 =% § lymph nodes after NST (Table 3).
Q
;;‘ = § Combined Residual Disease in the Breast and/or Lymph
g Z8 _ _ = Nodes After NST
2T |§8 o8 2318
538 |g g Bwg|° - . . .
EsaR|e I JICTlg In the univariate analysis, the patients with HR+ tumors
LT | o o~ = o | Z . . . .
28BS = - & g were more likely to have residual disease than those with
2 &= HR- tumors (73.4% vs. 50.8%; p < 0.0001). In the uni-
— S . .
S ) @ & % variate analysis, younger patients (52 vs. 54 years) showed
8~ < < e a trend toward being more likely to have residual breast
z g and/or nodal disease (p = 0.056; Table 3). After control-
[} )
5 = - ling for potential confounders, we found that only HR+
= .0 = o @ - & | £ : F ; ; i
32=-|% 5 % cZ |z status was independently predictive of residual disease in
&rﬁ'—% 2 % E % E § ‘E ED the breast, lymph nodes, or both (OR, 2.67; p < 0.0001;
. £ Table 3).
172} Q
g _ Z
- E S - Multimodality Imaging Response and pCR After NST
EZS
E g I - f_ a Combined imaging methods (mammogram, ultrasound,
= —~ —~ o~ =)
22 = @ bt % o % = MRI) to assess for response after NST had a sensitivity of
oI > N = .

S g E§ < % S g 2= 3 97.1% (95% confidence interval [CI], 95.1-99.1%), a
= @ = 5] [ .
28o=ly & @ =old §~ specificity of 12.2% (95% CI, 8.33-1.62%), a negative

% = predictive value of 65.9% (95% CI, 60.2-71.5%), and a
i £ positive predictive value of 70.6% (95% CI, 65.1-76.0%)
= =l . . . . .
g % for predicting residual disease in the breast and lymph
2 2 £ nodes (Table 4).
é E % In the univariate analysis, more patients showing a
3 _% § partial response or stable disease on combined imaging
o8 2 g. % were found to have residual disease in the breast and lymph
E i) w £ LS ~ . . .
= g “ g o é = 2 é Lz nodes than those showing complete response on imaging
g .
13 NZETR 2E ¥ (65.9% vs. 29.4%; p = 0.004). However, when only lymph
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TABLE 3 Multivariate analysis of baseline initial clinicopathologic variables associated with prediction for finding residual disease after NST

for HER2+ breast cancer

Variables OR 95% CI p value
Residual carcinoma in the breast (No ypTO)
Hormone receptor status
Negative (ER- and PR-negative) Ref
Positive (ER- and/or PR-positive) 2.547 1.545-4.201 < 0.0001
DCIS identified on initial core biopsy
No Ref
Yes 1.628 0.982-2.699 0.059
Residual carcinoma in the nodes (No ypNO)
Clinical/initial nodal status
NO Ref
N1 (percutaneous biopsy proven) 10.200 4.351-23.910 < 0.0001
Hormone receptor status
Negative (ER- and PR-negative) Ref
Positive (ER- and/or PR-positive) 2292 1.131-4.644 0.021
Residual carcinoma in breast and nodes (No ypTONO)
Hormone receptor status
Negative (ER- and PR-negative) Ref
Positive (ER- and/or PR-positive) 2.673 1.620-4.409 < 0.0001

NST neoadjuvant systemic treatment, HER2+ human epidermal growth factor receptor-positive, OR odds ratio, CI confidence interval, ER
estrogen receptor, PR progesterone receptor, Ref reference group, DCIS ductal carcinoma in situ

TABLE 4 Breast and nodal combined imaging performance in predicting residual disease after NST for HER2+ breast cancer

Measure Breast % (CI) Lymph nodes % (CI) Breast and lymph nodes % (CI)
Sensitivity 96.5 (94.3-98.7) 66.3 (57.9-74.6) 97.1 (95.1-99.1)
Specificity 13.3 (9.2-17.3) 40.9 (32.3-49.6) 12.2 (8.33-16.2)

Positive—predictive value 66 (60.3-71.7)

Negative predictive value 68.4 (62.9-74.0)

40.0 (31.4-48.6)

67.1 (58.8-75.4) 65.9 (60.2-71.5)

70.6 (65.1-76.0)

Values in parentheses are 95% Cls

Combined imaging (MMG, US, MRI) for 209 (74.6%) of 280 patients defined as complete radiologic response versus no complete radiologic
response. Only 13 patients (4.6%) had a response evaluation performed by MRI

NST neoadjuvant systemic treatment, HER2+ human epidermal growth factor receptor-positive, CI confidence interval, MMG mammogram, US

ultrasound, MRI magnetic resonance imaging

node response was assessed, the percentage of patients with
residual disease and pCR did not differ significantly based
on response observed on imaging (67.1% vs. 60.0%;
p = 0.442). After controlling for potential confounders in
the multivariate analysis, we found that HR+ tumors (OR,
2.56; p < 0.0001) and incomplete response observed on
imaging (OR, 5.62; p = 0.002) were predictive of residual
breast and lymph node disease at the time of surgery.

Effect of NST on the DCIS Component

A secondary goal of this study was to assess the
response of the DCIS component of HER24 invasive
breast cancers to NST because it is important to eradicate
both the invasive and in situ disease in patients who are

omitting breast surgery. The pretreatment core biopsy
showed DCIS in 129 patients (46.1%). Of these 129
patients, 51 (39.5%) had residual invasive disease and
DCIS after NST, 6 (4.7%) had residual invasive disease
only, and 32 (24.8%) had DCIS only. In the DCIS cohort,
PCR (no residual invasive or in situ disease) was achieved
for 40 patients (31%). For 46 patients (35.7%), DCIS was
successfully eradicated. In the evaluation of final surgical
pathology between patients with invasive only disease and
those with invasive cancer and DCIS shown on the pre-
treatment core biopsy, the patients with invasive cancer
and DCIS were more likely to have residual disease in the
breast after NST than those with only invasive disease
(43% vs. 31%; p = 0.038).
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Effect of Dual- Versus Single-Agent HER2-Targeted
Therapy

In our study, NST consisted of taxane-based
chemotherapy plus trastuzumab for 255 patients (91.1%)
and taxane-based chemotherapy plus trastuzumab and
pertuzumab for 25 patients (8.9%). The ability to compare
the response rates between those who received dual and
those who had single HER2-targeted therapy was limited
by the small number of patients who had received dual
therapy. However when subanalysis was performed, more
patients who had undergone dual therapy achieved pCR in
the breast and lymph nodes than those who had received
Herceptin only (53.3% vs. 34.4%; p = 0.042). In the mul-
tivariate analysis, dual HER2-targeted therapy was not
predictive of pCR.

DISCUSSION

This study found that HR+4 tumors and DCIS in addition
to invasive cancer observed on the pretreatment core
biopsy were associated with residual disease after com-
pletion of NST for HER2+ breast cancer. With currently
accruing trials evaluating the safety of omitting surgery for
patients with HER2+ breast cancer and the exceptional
response to NST, it is important to identify clinicopatho-
logic predictors of residual disease for accurate selection of
patients to include in these studies.

Many trials have evaluated pCR in HER2+ breast
cancer after NST. However, the definition of pCR varies.
Whereas some studies define pCR as no residual invasive
cancer in the breast only, others define pCR as the eradi-
cation of both invasive and in situ disease, and some
include nodal response."3’7’8’10’13’14 However, residual
lymph node disease or the role of in situ disease most often
has not been specifically evaluated. Untch et al.' found that
HR- status was the only independent predictor of pCR in
their multivariate analysis. Hamy-Petit et al.'* found that
47.7% of their 199-patient cohort had no residual invasive
cancer in the breast or lymph nodes after receiving
neoadjuvant chemotherapy and trastuzumab, with HR-
status and older age being predictive of pCR.

The current study found that DCIS shown on the pre-
treatment core biopsy is a novel feature associated with
residual disease, both invasive and DCIS, in final surgical
specimen analyses after NST. Because in situ disease may
serve as a nidus for future recurrence, it is important that
PCR be defined as absence of residual in situ or invasive
disease, especially in patients selected to participate in
nonoperative trials for HER2+ breast cancer. van la Parra
et al.'? found that patients with residual disease after NST
for triple-negative breast cancer more likely had presented
with DCIS on the initial core biopsy (76% vs. 24%;

p = 0.03) and malignant microcalcifications on imaging
(76% vs. 24%; p = 0.02). In their triple-negative cohort,
DCIS was found only in 24% and calcifications in 25% of
the patients. This is in contrast to the current HER2+
cohort, in which 60% had calcifications, and 46% were
found to have DCIS. Although the percentages of patients
with calcifications and DCIS were higher in the HER2
population than in the triple-negative cohort, they were not
associated with residual disease after NST.

This study found HR+ status to be another variable
associated with residual disease after NST. Although
37.5% of the overall HER2+ patient cohort had pCR,
defined as ypTOypNO, 49.2% of the patients with HER2+-/
HR- tumors achieved pCR compared with 26.6% of the
patients with HR+ tumors. The high pCR rate of HR—/
HER2+ tumors is similar to that for triple-negative breast
cancers, thus increasing their potential for inclusion in
omission-of-surgery trials.'>~"”

In a study by van la Parra et al.'” that evaluated the
baseline factors predicting response to NST in triple-neg-
ative breast cancer (TNBC), the rate of pCR (ypTONO) was
34.7%. These authors also identified DCIS on the initial
core biopsy as a unique feature associated with residual
DCIS (irrespective of the invasive component) on the final
surgical pathology.

In the current patient cohort, multimodality imaging was
used to evaluate radiologic response after NST, and nodal
status on the final pathology did not differ significantly
based on radiographic nodal response. The pathologic
status of the axilla has been shown to correlate with
response in the breast after NST.'® In a study performed at
MD Anderson, pCR in the breast correlated with nodal
pCR in patients with TNBC/HER2+ breast cancer after
NST. Of the 116 patients with cNO disease who achieved
PCR in the breast, 0% had evidence of nodal involvement
on the final surgical pathology. Among the 237 patients
with biopsy-proven cN1 disease, 89.6% with breast pCR
had no evidence of lymph node metastasis after NST, and
57.5% of the patients with residual disease in the breast had
residual metastatic disease in the axillary lymph nodes.'®

Another study by Kuerer et al.'' showed that for 98% of
the patients, pCR in the breast correlated with pCR in the
axilla. In the current patient cohort, nodal status on the final
pathology did not differ significantly based on radiographic
nodal response. Therefore, multimodality nodal imaging
cannot be used for reliable prediction of pathologic nodal
response, especially for patients with residual disease in the
breast. However, based on previously published studies,
the risk of missing nodal metastasis without axillary sur-
gery is extremely low for patients with initial cNO disease
and with HER2+ disease documented by ultrasound who
have a breast pCR.'® On the other hand, approximately
10% of cases with initial node-positive disease and a breast
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pCR will still have residual axillary nodal metastases.'®
This suggests that in trials assessing the safety of nonop-
erative management for exceptional responders with
HER2+ breast cancer after NST, surgical evaluation for
nodal involvement still is necessary to assess reliably for
nodal involvement in patients with a high risk for residual
lymph node disease who present with initial biopsy-proven
lymph node metastasis.

We have recently shown that a percutaneous biopsy of
initial biopsy-proven nodal metastases delineated with a
clip after NST to assess response and need for additional
therapy is inaccurate, with a false-negative rate of 53%."°
Therefore, in our currently accruing multicenter trial for
eliminating surgery after NST, a surgical-targeted axillary
lymph node dissection is indicated if the patient presents
with initial documented nodal metastases.?® This study also
showed that multimodality imaging is clinically ineffective
in accurately detecting residual disease and confirms the
need for image-guided biopsy to assess for pathologic
response.

CONCLUSION

With the increasing rate of pCR among patients with
HER2+ cancer, the current challenge is the ability to
identify patients correctly who achieve pCR and to deter-
mine whether breast surgery can be safely omitted in
clinical trials with this patient cohort. The novel features
identified in this study will aid in meaningful patient dis-
cussions and selection for current ongoing trials evaluating
the safety of nonoperative management followed by
radiotherapy.
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