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ABSTRACT

Background. Rates of pathologic complete response (pCR)
after neoadjuvant chemotherapy (NAC) for breast cancer
have improved, especially among human epidermal growth
factor 2-positive (HER2+) and triple-negative subtypes. The
frequency and significance of biomarker profile change in
residual disease are unclear. This study aimed to determine
the rate of biomarker profile changes after NAC and the
impact on clinical outcomes in a contemporary cohort.
Methods. Upon institutional review board approval, the
study identified 634 consecutive patients treated with NAC
between 2010 and 2022 at two academic institutions. The
study cohort was focused on patients with residual disease
who underwent biomarker profile retesting. Biomarker pro-
file change for each subtype was compared across groups
using Fisher-Irwin tests. Cox Proportional Hazards Model
and Kaplan-Meier plots were performed to evaluate the asso-
ciation of changed versus unchanged biomarker profile with
event-free survival.

© The Author(s) 2024

First Received: 26 February 2024
Accepted: 10 July 2024
Published online: 8 August 2024

J. Tchou, MD,PhD
e-mail: Julia.tchou @pennmedicine.upenn.edu

Results. Biomarker retesting was performed for 259 (61.4
%) of 422 patients with residual disease. Biomarker pro-
file change occurred in 18.1 % overall and was significantly
higher among those with pre-NAC HER2+ disease (32.7
%, 17/52) than among those with HER2-disease (14.5
%, 30/207) (p = 0.004). Conversion of pre-NAC biomarker
profiles of HR+HER2- and HR+HER2+ to triple-negative
breast cancer (TNBC) post-NAC may be associated with
worse event-free survival, hazard ratios of 2.23 (95 % con-
fidence interval [CI], 0.90-5.53; p = 0.08), trending toward
significance, and 36.7 (95 % CI, 2.2-610.8; p = 0.01),
respectively.

Conclusions. The results from one of the largest contempo-
rary cohorts demonstrated that biomarker profile change in
patients with residual disease after NAC was common. Fur-
thermore, specific biomarker profile change in residual dis-
ease may have prognostic value. These findings strengthen
the rationale for routine re-testing of biomarkers in residual
disease after NAC.

The expression status of estrogen receptor (ER) or pro-
gesterone receptor (PR) in at least 1 % in breast tumor cells
is collectively termed hormone receptor-positive (HR+).
The expression of HR in combination with human epidermal
growth factor 2 (HER?2) is clinically used to classify breast
cancer into four biomarker profiles or subtypes as follows:
HR+HER2-, HR+HER2+, HR-HER2+, HR-HER2- (also
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known as triple-negative breast cancer or TNBC). In clinical
practice, these four biomarker profiles/subtypes have been
synonymous with the molecular breast cancer subtypes
defined by distinct transcriptomic profiles.! Treatment rec-
ommendations are heavily dependent on the expression sta-
tus of HR and HER2 biomarkers in the initial breast cancer
diagnosis. The biomarker profile has become the cornerstone
in determining systemic therapy and treatment sequence,
specifically upfront surgery versus neoadjuvant chemother-
apy (NAC).

Within the last decade, the introduction of dual HER2-
targeted therapy in 2013>~ and immune checkpoint blockade
therapy in 2020° combined with NAC has revolutionized the
treatment of patients with early-stage (>cStage 2) HER2+
and TNBC disease, respectively. These advances in neoadju-
vant therapy have resulted in improved pathologic complete
response (pCR) and clinical outcomes. The frequency and
significance of biomarker profile change in residual disease
is unclear.

The primary objective of this study was to determine
the proportion of patients with biomarker profile change
in residual disease after NAC in a contemporary era. The
secondary objective was to determine whether biomarker
profile change in residual disease may have an impact on
event-free survival.

Breast Cancer Patients treated
at the East Coast Site 1/1/2009
—12/31/2020
N=28,702

Incomplete Cases in 2020
(n=744)

Clinically detected or unknown metastases at
disgnosis
(n=2,491)

No neoadjuvant chemotherapy (n=22,972)

Missinig clinical stage (n=72)
Missing pathologic stage (n=979)

Incomplete Pathology reports (other
hospitals)

Surgery date before 1/1/2016
(n=458)

Bilateral breast cancer
(n=8)

Final Cohort
376

FIG. 1 East coast and west coast sites consort diagram

METHODS

Upon IRB approval, we identified 634 consecutive
patients with non-metastatic breast cancer treated with NAC
between 2009 and 2022 at two large academic institutions.
For the cohort from the East Coast site, we identified all
consecutively treated breast cancer patients who received
NAC between 2016 and 2020 from our prospective breast
cancer database and met the specified criteria. For the cohort
from the West Coast site, we identified all consecutively
treated breast cancer patients who participated in the I-SPY?2
clinical trial that enrolled patients with high-risk early-stage
breast cancer (>2.5 cm in size), who were randomized to
standard of care neoadjuvant chemotherapy or novel agents
in an adaptive randomized platform.

The inclusion and exclusion criteria are summarized in
Fig. 1. The clinical characteristics, including event-free and
overall survival outcomes, were collected by chart review.
Pre-NAC biomarker profiles were grouped according to HR
and HER2 status as follows: HR+HER2+, HR+HER2—,
HR-HER2+, and HR-HER2-. A biomarker profile was
considered changed if either HR or HER2 changed from
positive to negative or from negative to positive as defined
by American Society of Clinical Oncology (ASCO)/College
of American Pathologists (CAP) guideline.

Breast Cancer Patients treated with
neoadjuvant chemotherapy at the West
Coast Site between 2010 and 2022
N=392

Initial (pre-neoadjuvant therapy) receptor
subtype profile not available (n=33)

Post-neoadjuvant therapy receptor profile
unavailable, non-pCR
(n=40)

| No corresponding patient ID recorded (n=24) I

| Bilateral Breast Cancer (n=2) |

Missing associated clinical information and
research ID (n=20)

| Missing clinical stage (n=8) |

| Clinical stage IV (n=7) |

Final Cohort
258
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Statistical Analysis

Clinical characteristics were compared between groups
(non-pCR and pCR as well as changed vs unchanged) using
Fisher-Irwin and ¢ tests. The Cox Proportional Hazards
Model was used to evaluate the association of changed ver-
sus unchanged post-NAC biomarker profile in residual dis-
ease with event-free survival for each of the four pre-NAC
biomarker profiles. Kaplan-Meier plots were constructed
to compare disease-specific outcomes in each of the four
pre-NAC subtypes according to changed versus unchanged
biomarker profile. Statistical analyses were performed using
STATA version 16/SE (StataCorp LLC, College Station, TX,
USA).

RESULTS

The clinical characteristics of the overall cohort (n = 634)
are summarized in Table 1. Of the 634 patients, 212 (33.4
%) had pathologic complete response (pCR). The majority
of the patients (94 %, 597/634) had clinical stage II dis-
ease or higher. The patients with HR+HER2- (n = 250) or
TNBC ((n = 163) disease comprised 39.4 % and 25.7 % of
the overall cohort, respectively. The pCR rate differed sig-
nificantly among the four breast cancer subtypes as follows:
HR+HER2- (14.4 %), HR+HER2+ (43.4 %), HR-HER2+
(71.6 %), and TNBC (39.3 %) (p < 0.01). As expected, the
patients with pCR had better clinical outcomes, with an
unadjusted death rate of 6.6 % compared with 16.6 % for
those without pCR (p < 0.01).

The biomarker profile of residual tumor was retested for
61.4 % (259/422) of the patients without pCR. The bio-
marker retesting rate differed between the West Coast and
East Coast sites. At the West Coast site, retesting was per-
formed for 352 (90 %) of the 392 patients with residual dis-
ease. Insufficient tumor was the most common reason why
further biomarker profile testing was not performed at this
site. Of the 169 patients with residual disease after NAC, 23
(13.6 %) had biomarker profile change.

At the East Coast Site, retesting was performed for only
90 (37.3 %) of the 241 patients with residual disease. To
understand further why biomarker profile re-testing was not
performed more consistently, we performed chart review
focused on seven surgeons (4 surgeons at the main center
and 3 surgeons from an affiliated center). Biomarker profile
retesting was performed for 50 (60 %) of the 83 patients at
the main site, whereas only 21 (24 %) of the 86 patients at
affiliated sites underwent retesting. These results reflected
the inconsistent practice pattern in biomarker profile retest-
ing within a single academic center and highlighted the need
to implement the policy for biomarker profile retesting uni-
formly across all sites.

The 259 patients in our final study cohort were further
stratified into those with and those without clinically sig-
nificant biomarker profile change, defined as having one or
both HR and HER?2 changed from positive to negative or
vice versa. Biomarker profile change was noted in 18.1 %
(47/259) of the patients. The clinical characteristics of those
with and those without biomarker profile change are sum-
marized in Table 2. The two subgroups had similar clinical
characteristics except that the proportion of tumors with
biomarker profile change may have been of higher ¢T and
cN stages and may have been significantly higher among
those with pre-NAC HER2+ disease (32.7 %,17/52) than
among those with pre-NAC HER2- (14.5 %,30/207) disease
(p < 0.01). The number of patients with changed biomarker
profile post-NAC from each of the four pre-NAC biomarker
profiles is summarized in a 4 X 4 array (Table 3). Notably,
the proportion of pre-NAC HR+HER2+ and HR-HER2+
patients with a biomarker profile change was 31.0 % (13/42)
and 40.0 % (4/10), respectively, whereas the proportion of
pre-NAC HR+HER?2- and TNBC patients with a post-NAC
biomarker profile change was 17.9 % (25/140) and 7.5 % (5/
67), respectively (p = 0.003).

We further reviewed the individual ER and PR statuses,
particularly PR status change post-NAC in the 115 patients
with a pre-NAC HR+HER?2- biomarker profile. The results
are presented in a 3 X 3 table, as shown in Table.S1. Of the
115 patients whose HR+HER?2- status was unchanged post-
NAC (n = 115), the majority (79, 69 %) of the PR statuses
remained unchanged. For those with any ER or PR status
change (n = 36), the most common change was conver-
sion of PR+ to PR~ status post-NAC (80 %, 29/36). Kaplan
Meier event-free survival analyses comparing those convert-
ing from ER+PR+ to ER+PR- post-NAC were performed,
demonstrating no significant differences between these two
groups (p = 0.9; Fig. S1).

Whether changed biomarker profile post-NAC affected
the choice of adjuvant systemic therapy is an area that is
understudied. We therefore performed chart review of a
subset of patients with biomarker profile change treated
at the East Coast site for whom adjuvant therapy infor-
mation was available (n = 22). Of the 12 patients with
HR-+HER2- disease pre-NAC, 9 had their biomarker profile
changed to TNBC post-NAC, and most of these patients (6
of 9) received adjuvant capecitabine in addition to endocrine
therapy. The addition of capecitabine most likely was influ-
enced by the 2017 landmark study showing improved sur-
vival for patients who had TNBC with residual disease after
NAC.” All 10 of patients with HER2+ disease pre-NAC who
had their biomarker profile changed to HER2— disease post-
NAC continued to receive HER2-targeted therapy. It was
reassuring to see that all the patients with HER2+ disease
pre-NAC who had their biomarker profile changed post-
NAC to HER2- continued to receive HER2-directed therapy
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TABLE 1 Clinical characteristic of overall patient cohort treated with neoadjuvant chemotherapy

Total no pCR pCR p-value
634 423 211
Age at diagnosis in years, median (IQR) 49.0 (19.0) 49.0 (19.0) 46.0 (19.0) < 0.01
Race
White 464 73.2% 317 74.9% 147 69.7% 0.33
Black 88 13.9% 58 13.7% 30 14.2%
Asian/PI 58 9.1% 35 8.3% 23 10.9%
Other/NA 24 3.8% 13 3.1% 11 52%
Clinical T stage
TO 3 0.5% 0 0.0% 3 1.4%
T1 62 9.8% 42 9.9% 20 9.5% <0.01
T2 354 55.8% 216 51.1% 138 65.4%
T3 172 27.1% 137 32.4% 35 16.6%
T4 43 6.8% 28 6.6% 15 7.1%
Clinical N stage
NO 265 41.8% 165 39.0% 100 47.4% < 0.01
N1 301 47.5% 213 50.4% 88 41.7%
N2 29 4.6% 17 4.0% 12 5.7%
N3 39 6.2% 28 6.6% 11 5.2%
Breast cancer subtype
HR+ HER2- 250 39.4% 215 50.8% 35 16.6% <0.01
HR+ HER2+ 122 19.2% 69 16.3% 53 25.1%
HR- HER2+ 67 10.6% 19 4.5% 48 22.7%
TNBC 163 25.7% 99 23.4% 64 30.3%
Unknown 32 5.0% 21 5.0% 11 5.2%
Histological subtype
IDC 518 81.7% 333 78.9% 185 87.3% 0.02
ILC 36 5.7% 32 7.6% 4 1.9%
Mixed 38 6.0% 28 6.6% 10 4.7%
Other 24 3.8% 18 4.3% 6 2.8%
Mammary 11 1.7% 8 1.9% 3 1.4%
Unknown 7 1.1% 4 0.9% 3 1.4%
Type of surgery
Lumpectomy 277 43.7% 176 41.7% 101 47.6% 0.30
Mastectomy 355 56.0% 246 58.3% 109 51.4%
Unknown 2 0.3% 1 0.2% 1 0.5%
Follow up® (months), median (IQR) 51.1 (38.0) 48.6 (37.6) 54.4 (36.5) 0.05
Total recurrence 117 18.5% 99 23.4% 18 8.5% < 0.01
Recurrence type
Local/regional 31 4.9% 28 6.6% 3 1.4% 0.39
Distant metastasis 86 13.6% 71 16.8% 15 7.1%
Total deceased 84 13.2% 70 16.5% 14 6.6% <0.01

Bold values indicate significant difference (p <0.05)

given the results of the post hoc analyses of the Katherine
Study supporting this practice.®

To evaluate whether biomarker profile change post-
NAC had an impact on outcomes in our patient cohort,
we performed Kaplan-Meier overall survival (OS) and
event-free survival (EFS) analyses of cohorts stratified

according to biomarker profile change status (no change
vs change to HR+HER2-, HR-HER2+, HR+HER2+,
or HR-HER2-). The results are shown in Fig. 2. Over-
all, OS or EFS in our patient cohort did not differ when
stratified by biomarker profile status as not changed versus
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TABLE 2 Clinical characteristics of patients with residual disease stratified by biomarker profile unchanged vs. changed

Total Biomarker profile Biomarker profile changed  p-values
unchanged
259 212 47
Age at Diagnosis, median (IQR), years 48.0 (19.0) 48.0 (19.3) 50.0 (17.0) 0.52
Race
White 193 74.5% 166 78.3% 32 68.1% 0.15
Black 29 11.2% 20 9.4% 9 19.1%
Asian/PI 26 10.0% 23 10.8% 3 6.4%
Other/NA 11 4.2% 8 3.8% 3 6.4%
Clinical T stage
T1 18 6.9% 13 6.1% 5 10.6% <0.01
T2 146 56.4% 120 56.6% 26 55.3%
T3 85 32.8% 72 34.0% 13 27.7%
T4 10 3.9% 7 3.3% 3 6.4%
Clinical N stage
NO 103 39.8% 86 40.6% 17 36.2% <0.01
N1 128 49.4% 103 48.6% 25 53.2%
N2 10 3.9% 8 3.8% 2 4.3%
N3 18 6.9% 15 7.1% 3 6.4%
Pathologic T stage (ypT)
TO 5 1.9% 4 1.9% 1 2.1% NA
Tl 83 32.0% 61 28.8% 22 46.8%
T1mic 3 1.2% 2 0.9% 1 21%
T2 50 19.3% 41 19.3% 9 19.1%
T3 29 11.2% 26 12.3% 3 6.4%
T4 5 1.9% 5 2.4% 0 0.0%
Unknown 84 32.4% 73 34.4% 11 23.4%
Pathologic N Stage (ypN)
NO 84 32.4% 64 30.2% 20 42.6% NA
N1 54 20.8% 46 21.7% 8 17.0%
Nlmic 10 3.9% 8 3.8% 2 4.3%
N2 21 8.1% 16 7.5% 5 10.6%
N3 6 2.3% 5 2.4% 1 2.1%
Unknown 84 32.4% 73 34.4% 11 23.4%
Breast cancer subtype
HR+ HER2- 140 54.1% 115 54.2% 25 53.2% <0.01
HR+ HER2+ 42 16.2% 29 13.7% 13 27.7%
HR- HER2+ 10 3.9% 6 2.8% 4 8.5%
TNBC 67 25.9% 62 29.2% 5 10.6%
Adjuvant endocrine therapy
Yes 109 42.1% 87 41.0% 22 46.8% 0.52
No 150 57.9% 125 59.0% 25 53.2%
Adjuvant radiation
Yes 113 43.6% 91 42.9% 22 46.8% 0.84
No 57 22.0% 45 21.2% 12 25.5%
Unknown 89 34.4% 76 35.8% 13 27.7%
Follow up® (months), median (IQR) 41.0 (40.1) 40.8 (38.8) 42.3 (38.8) 0.95
Total recurrence 59 22.8% 44 20.8% 15 31.9% 0.12

Recurrence type
Local/regional 17 6.6% 13 6.1% 4 8.5% 1.00
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Table 2 (continued)

Total Biomarker profile Biomarker profile changed  p-values
unchanged
259 212 47
Distant metastasis 42 16.2% 31 14.6% 11 23.4%
Total deceased 39 15.1% 29 13.7% 10 21.3% 0.18

Bold values indicate significant difference (p <0.05)

TABLE 3 Number of patients with changed vs. unchanged bio-
marker profile in a 4x4 array according to pre- and post-NAC bio-
marker profiles (unchanged biomarker profile is in bold)

Pre-NAC Post-NAC
HR+/ HR-/ HR+/ HR-/HER2-
HER2- HER2+ HER2+
HR+/ 115 1 10 14
HER2-
HR-/HER2+ 0 6 3 1
HR+/ 12 0 29 1
HER2+
HR-/HER2- 5 0 0 62

changed to HR+HER2-, HR-HER2+, HR+HER2+, and
HR-HER2- biomarker profile post-NAC.

To further evaluate the impact of a biomarker profile
change post-NAC on disease-free survival within each sub-
type, we performed Cox Proportional Hazards Model to

All Subtypes
S —F
I-|—|—H-— ----- N
2 x —
= o | 1
<
e
g o_|
& = e
=
2
>
sé ;t_ No Change
= HR-/HER2-
g «_| T HR/HER2+
& © HR+/HER2-
—— HR+HER2+ p=0.5
(e
ST T T T T
0 20 40 60 80

Time (months)
Number at Risk

205 158 105 67 6
16 12 9 3 0
HR-/HER2+ 1 1 0 0 0
17 14 10 7 1
HR+/HER2+ 13 8 7 2 1

compare disease-free survival hazard ratios between those
with changed and those with unchanged biomarker profile in
residual disease after NAC within each subtype. As shown
in Table 4, we found that the conversion of two pre-NAC
biomarker profiles, HR+HER2—- (n = 14) and HR+HER2+
(n =1), to TNBC was associated with worse disease-free
survival, with respective hazard ratios of 2.23 (95 % ClI,
0.90-5.53; p = 0.08, trending towards significance) and 36.7
(95 % CI, 2.2-610.8; p = 0.01).

We further constructed Kaplan-Meier plots of event-free
survival for each of the four pre-NAC biomarker profiles
stratified by changed versus unchanged biomarker profile.
The results are summarized in Fig. 3. Disease-specific sur-
vival was significantly associated with biomarker profile
change for those with pre-NAC HR+HER2+ disease (p <
0.001. The statistically significant difference was noted to
be driven by one patient whose post-NAC biomarker pro-
file changed to TNBC. Whether adjuvant treatment change
would affect outcomes remains largely an unanswered

All Subtypes
S g
2
=R '
Z Z- L T
o
g
O L
= ST HH T
2
Z
5 < _| No Change
[«
3 HR-/HER2-
bl
% o | — HRJ/HER2+
s =7 HR+/HER2-
& —— HR+/HER2+ p=0.7
<
S I I I I I
0 20 40 60 80
Time (months)
Number at Risk
205 149 94 57 5
16 12 9 2 0
HR-/HER2+ 1 1 0 0 0
17 13 9 5 1
HR+/HER2+ 13 6 2 1

FIG. 2 Kaplan-Meier overall survival and event-free survival analyses of cohorts stratified according to biomarker profile change status: no
change vs. changed to HR+HER2-, HR-HER2+, HR+HER2+ or HR-HER2-
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TABLE 4 Cox proportional hazards model to compare disease-free survival hazard ratios with confidence interval of those with changed bio-
marker profile versus unchanged biomarker profile (reference) in residual disease after neoadjuvant chemotherapy

Pre-NAC Post-NAC

HR+/HER2- HR-/HER2+ HR+/HER2+ HR-/HER2-
HR+/HER2- (n=136) 1 [Reference] NA 1.49 (0.35-6.43), p=0.59 2.23 (0.90-5.53), p=0.08
HR-/HER2+ (n=10) NA 1 [Reference] 1.91 (0.25-14.34),p=0.53 NA
HR+/HER2+ (n=41) 0.98 (0.23-4.15), p=0.98 NA 1 [Reference] 36.73 (2.21-610.83), p=0.01 (n=1)
HR-/HER2- (n=65) 2.13 (0.63-7.18), 0.22 NA NA 1 [Reference]

HR+/HER2- (Pre-NAC)

HR+/HER2+ (Pre-NAC)

HR-/HER2- (Pre-NAC)

1.0

HR-/HER2+ (Pre-NAC)

(=)
g L—H-"*«F ﬁ g -
g x| E
—,‘é S ‘ < ST
= g
—_ O =
Eh ey 2 pgu
z g
5 < 5
2 = 3 <
3 < No Change : ST
& ad HR-/HER2- '.E ~ No Change
§ — HR/HER2+ p=03 g < HR/HER2- ¢
3 o HR+/HER2+ 8 o |~ HR+HER2+
I=) T T T T T a
S T T T T T
0 20 40 60 80 0 20 40 60 80

Time (months) Time (months)

Number at Risk
1 84 54 31 2
14 1 8 2 0
HR-/HER2 1 1 0 0
TR+/HER2+ 10 6 5 1 0

Number at Risk
6 4 3 2
1 1 1 0 0
HR+/HER2+ 3 2 1 1 1

=) < 4

= = 2 -

% * < *

S5 S s S

2 &

e s 9

g 2 °

Z g

5 < | z <+

g © g

“E S No Change "_;‘ a

§ S HR-/HER2- P<0.001 g < No Change

a HR+/HER2+ m HR+/HER2- p=0.2
I=] T T T T T g T T T T T

0 20 40 60 80 0 20 40 60 80
Time (months) Time (months)
Number at Risk Number at Risk

2 2 14 11 0 60 39 23 13 1
1 0 0 0 0 5 2 0 0 0
12 1 9 5 1

FIG. 3 Kaplan-Meier event-free survival analyses of each of 4 pre-NAC biomarker profiles stratified according to post-NAC biomarker profile
status: no change vs. changed to HR+HER?2-, HR-HER2+, HR+HER2+ and HR-HER2-

question. The most significant impact may be expected for
the subset of patients with HR+HER2- disease pre-NAC
whose biomarker profile changed to TNBC post-NAC (n =
14; Fig. 3). The majority of these patients did receive adju-
vant capecitabine upon further chart review. Whether the
addition of capecitabine had an impact on disease-specific
survival remains unclear.

DISCUSSION

To our knowledge, this is the largest contemporary patient
cohort study examining the rate of biomarker profile change
after NAC. Biomarker change was noted in 18.1 % of the
patients with residual disease. Biomarker profile change
was most common among the patients with HER2+ dis-
ease, at a rate of 32.7 % (17/52). We found that patients
with residual disease whose biomarker profile had changed
from non-TNBC to TNBC experienced significantly worse
outcomes. Our results demonstrating that specific biomarker
profile change in residual disease has prognostic value fur-
ther strengthens the rationale for re-testing of biomarker pro-
file routinely in breast cancer patients with residual disease
after NAC.

Our observed biomarker profile change rate of 18.1 %
was slightly lower than the 28.8 % (36/125) reported in an
earlier single-institution study by Mohan et al.,” who also

reported that biomarker profile change was common in
HER2+ disease, with 12 patients converting from HER2+ to
HER2- disease. However, the rate of biomarker conversion
was unclear because the denominator or number of patients
with pre-NAC HER2+ disease who did not achieve pCR was
not reported in that study. In a meta-analysis that included
2847 patients from eight studies, Li et al.'” noted an asso-
ciation between biomarker profile change and clinical out-
comes. Our results also showed that select biomarker profile
change was associated with worse outcomes. Li et al.'® also
reported that the conversion of HR+ to HR— status was asso-
ciated with unfavorable outcomes, but it is unclear whether
the worse outcomes were specific for those with biomarker
conversion to TNBC. In the current study, we were able to
clarify the impact of biomarker profile conversion by noting
that biomarker profile change, specifically the conversion
from non-TNBC to TNBC, was associated with worse event-
free survival outcomes.

The strength of our study was the large patient cohort. In
addition, the study cohort comprised patients treated at two
large academic health centers, which enhances the generaliz-
ability of our results. One additional strength of our study
was that we reported the biomarker profile change using
a 4 x 4 array format, as previously described,'' enabling
us to stratify outcome results according to subtype-specific
biomarker profile change.
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Despite these strengths, our study had several limitations.
One limitation was our retrospective study design, with
inherent selection bias and data missingness. Only about 60
% of our patients with residual disease underwent biomarker
profile re-testing in this study.

Another limitation was that we did not attempt to explain
the mechanism of biomarker profile change after NAC. A
plausible explanation for biomarker profile change is that
it results from tumor heterogeneity and tumor-editing,
especially in the context of targeted therapy such as HER2-
targeted therapy. In tumors with heterogeneous HER2
expression, HER2-directed therapy may have selectively
eradicated HER2+ tumor cells. Our results demonstrating
that biomarker profile change was most common in those
with HER2+ disease, at 32.7 %, supported this hypothesis.

Other limitations included the small number of patients
with biomarker profile change (n = 47). Due to the insuf-
ficient sample size, the significance of biomarker profile
change in terms of clinical outcomes could be determined
for only two of the four biomarker profiles, specifically pre-
NAC HR+HER2- (n = 136) and pre-NAC HR+HER2+ (n
= 42). In addition, the worse outcome related to the conver-
sion from HR+HER2+ to TNBC, with a hazard ratio of
36.73 (95 % CI, 2.21-610.83; p = 0.01), should be inter-
preted with caution because it was derived from one patient
in that subgroup of 42 patients.

Finally, the determination of pre- and post-NAC HER2
expression by immunohistochemistry may have been influ-
enced by factors such as tissue fixation time and readers’
variability. In addition, we did not perform central pathology
review. These confounding variables could not be accounted
for in this study.

Our results confirmed the role of biomarker profile re-
testing in residual disease, especially for those with pre-
NAC HER2+ disease. The unfavorable outcomes of bio-
marker conversion in residual disease from non-TNBC to
TNBC suggested that specific biomarker profile conversion
may be prognostic and may further risk-stratify patients at
increased risk of disease recurrence. For patients with pre-
NAC HER2+ disease whose biomarker profile has changed
to TNBC in residual disease, strong evidence indicates that
they still will benefit from HER2-targeted antibody drug
conjugate, as shown in a post hoc analysis by Loibl et al.?
Pre-clinical and clinical studies have shown that HER2-tar-
geted antibody drug conjugate was effective for tumors with
low or heterogeneous HER2 expression due to bystander
tumoricidal effects.'>”'* For patients with pre-NAC
HR+HER?2- disease whose biomarker profile has changed to
TNBC, it is unclear whether adjuvant chemotherapy with or
without immune checkpoint blockade therapy is warranted.
It is even less clear whether these patients will benefit from
HER2-targeted antibody drug conjugate because no data
currently exist to support its use.

In summary, change in biomarker profile after NAC is
especially common among patients with HER2+ breast
cancer and is associated with worse outcomes when the
biomarker profile is changed to TNBC profile post-NAC.
Our study highlighted the variation in biomarker profile
retesting in various hospital settings and the need to imple-
ment biomarker profile retesting uniformly for all patients
with residual disease after NAC. Our results demonstrating
that a specific biomarker profile change in residual disease
may have prognostic value further strengthen the rationale
for routine re-testing of biomarker profile in residual dis-
ease after neoadjuvant chemotherapy.

SUPPLEMENTARY INFORMATION The online version con-
tains supplementary material available at https://doi.org/10.1245/
$10434-024-15889-3.

ACKNOWLEDGMENTS This research was funded, in part,
through the Measey Surgical Scholar Fellowship Program (M.G., D.G.,
Z.A.) and the Bruder Family Breast Cancer Research Funds (J.T.).

DISCLOSURE Dr. Ronald Balassani in 2022, Genentech paid a
consultant $16500 for the development of patient education videos.
Dr. Judy Boughey funding from Eli Lilly for clinical trial research was
paid to her institution.

OPEN ACCESS This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

REFERENCES

1. Perou CM, Sorlie T, Eisen MB, et al. Molecular portraits of
human breast tumours. Nature. 2000;406:747-52. https://doi.org/
10.1038/35021093.

2. van Ramshorst MS, van der Voort A, van Werkhoven ED, et al.
Neoadjuvant chemotherapy with or without anthracyclines in
the presence of dual HER2 blockade for HER2-positive breast
cancer (TRAIN-2): a multicentre, open-label, randomised, phase
3 trial. Lancet Oncol. 2018;19:1630-40. https://doi.org/10.1016/
S1470-2045(18)30570-9.

3. Swain SM, Ewer MS, Viale G, et al. Pertuzumab, trastuzumab,
and standard anthracycline- and taxane-based chemotherapy
for the neoadjuvant treatment of patients with HER2-positive
localized breast cancer (BERENICE): a phase 1I, open-label,
multicenter, multinational cardiac safety study. Ann Oncol.
2018;29:646-53. https://doi.org/10.1093/annonc/mdx773.

4. Gianni L, Pienkowski T, Im YH, et al. 5-Year analysis of neo-
adjuvant pertuzumab and trastuzumab in patients with locally


https://doi.org/10.1245/s10434-024-15889-3
https://doi.org/10.1245/s10434-024-15889-3
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/35021093
https://doi.org/10.1038/35021093
https://doi.org/10.1016/S1470-2045(18)30570-9
https://doi.org/10.1016/S1470-2045(18)30570-9
https://doi.org/10.1093/annonc/mdx773

Change in Biomarker Profile After ...

8101

10.

advanced, inflammatory, or early-stage HER2-positive breast
cancer (NeoSphere): a multicentre, open-label, phase 2 ran-
domised trial. Lancet Oncol. 2016;17:791-800. https://doi.org/
10.1016/S1470-2045(16)00163-7.

. Gianni L, Pienkowski T, Im YH, et al. Efficacy and safety of

neoadjuvant pertuzumab and trastuzumab in women with locally
advanced, inflammatory, or early HER2-positive breast cancer
(NeoSphere): a randomised multicentre, open-label, phase 2 trial.
Lancet Oncol. 2012;13:25-32. https://doi.org/10.1016/S1470-
2045(11)70336-9.

. Schmid P, Cortes J, Pusztai L, et al. Pembrolizumab for early

triple-negative breast cancer. N Engl J Med. 2020;382:810-21.
https://doi.org/10.1056/NEJMoal1910549.

. Masuda N, Lee SJ, Ohtani S, et al. Adjuvant capecitabine for

breast cancer after preoperative chemotherapy. N Engl J Med.
2017;376:2147-59. https://doi.org/10.1056/NEJMoal612645.

. Loibl S, Huang CS, Mano MS, et al. Adjuvant trastuzumab

emtansine in HER2-positive breast cancer patients with
HER2-negative residual invasive disease in KATHERINE.
NPJ Breast Cancer. 2022;8:106. https://doi.org/10.1038/
$41523-022-00477-z.

. Mohan SC, Walcott-Sapp S, Lee MK, et al. Alterations in

breast cancer biomarkers following neoadjuvant therapy.
Ann Surg Oncol. 2021;28:5907-17. https://doi.org/10.1245/
$10434-021-09814-1.

Li C, Fan H, Xiang Q, et al. Prognostic value of receptor sta-
tus conversion following neoadjuvant chemotherapy in breast

11.

12.

13.

14.

cancer patients: a systematic review and meta-analysis. Breast
Cancer Res Treat. 2019;178:497-504. https://doi.org/10.1007/
$10549-019-05421-7.

De La Cruz LM, Harhay MO, Zhang P, Ugras S. Impact of neo-
adjuvant chemotherapy on breast cancer subtype: does subtype
change and if so, how? IHC profile and neoadjuvant chemother-
apy. Ann Surg Oncol. 2018;25:3535-40. https://doi.org/10.1245/
$10434-018-6608-1.

Ogitani Y, Hagihara K, Oitate M, Naito H, Agatsuma T.
Bystander killing effect of DS-8201a, a novel anti-human epider-
mal growth factor receptor 2 antibody-drug conjugate, in tumors
with human epidermal growth factor receptor 2 heterogeneity.
Cancer Sci. 2016;107:1039-46. https://doi.org/10.1111/cas.
12966.

Modi S, Park H, Murthy RK, et al. Antitumor activity and safety
of trastuzumab deruxtecan in patients with HER2-low-expressing
advanced breast cancer: results from a phase Ib study. J Clin
Oncol. 2020;38:1887-96. https://doi.org/10.1200/JC0O.19.02318.
Modi S, Jacot W, Yamashita T, et al. trastuzumab Deruxtecan in
Previously Treated HER2-low advanced breast cancer. N Engl J
Med. 2022;387:9-20. https://doi.org/10.1056/NEJM0a2203690.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/S1470-2045(16)00163-7
https://doi.org/10.1016/S1470-2045(16)00163-7
https://doi.org/10.1016/S1470-2045(11)70336-9
https://doi.org/10.1016/S1470-2045(11)70336-9
https://doi.org/10.1056/NEJMoa1910549
https://doi.org/10.1056/NEJMoa1612645
https://doi.org/10.1038/s41523-022-00477-z
https://doi.org/10.1038/s41523-022-00477-z
https://doi.org/10.1245/s10434-021-09814-1
https://doi.org/10.1245/s10434-021-09814-1
https://doi.org/10.1007/s10549-019-05421-7
https://doi.org/10.1007/s10549-019-05421-7
https://doi.org/10.1245/s10434-018-6608-1
https://doi.org/10.1245/s10434-018-6608-1
https://doi.org/10.1111/cas.12966
https://doi.org/10.1111/cas.12966
https://doi.org/10.1200/JCO.19.02318
https://doi.org/10.1056/NEJMoa2203690

	Change in Biomarker Profile After Neoadjuvant Chemotherapy is Prognostic and Common Among Patients with HER2+ Breast Cancer
	Abstract 
	Background. 
	Methods. 
	Results. 
	Conclusions. 

	Methods
	Statistical Analysis

	Results
	Discussion
	Acknowledgments 
	References




