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Abstract: Background: Isolated tumor cells or small clusters of tumor cells observed in the vicinity of
the main tumor mass in pathology sections, termed tumor budding, are common in cancers and have
been associated with prognosis in some settings. This study examined the clinical associations and
treatment efficacy implications of tumor budding in breast cancer patients receiving neo-adjuvant
therapy. Methods: Breast cancer patients that received neo-adjuvant therapy before definitive
surgical treatment in a single cancer center over a 7-year period were included, and their records
were reviewed. Data extracted included patient demographics, tumor characteristics and pathologic
response to treatment at surgery. The initial breast cancer biopsy before any therapy was reviewed
by two pathologists, and a hot spot area was evaluated for tumor budding (defined as 1 to 5 cancer
cells observed detached from the main tumor mass). Results: Seventy-five patients who received
neo-adjuvant therapy (73 received chemotherapy and 2 received hormonal therapy) were included.
Tumor budding was observed in two-thirds of the patients. There were no significant differences in
patient (age and menopause status) and tumor (stage, histology and molecular sub-type equivalent)
characteristics between the group that had tumor budding and the group that did not have tumor
budding in the pre-treatment biopsy. Likewise, no statistically significant differences were observed
in the frequency of complete or partial responses between the two groups. Conclusion: In this cohort
of breast cancer patients receiving neo-adjuvant therapy, tumor budding was frequent, but it was
not associated with tumor characteristics or pathologic responses to treatment. The value of tumor
budding as a prognostic factor in the neo-adjuvant setting within the general breast cancer population
could not be confirmed, but such a value in specific sub-groups deserves further investigation, given
the pathophysiologic rationale and data from other settings.
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1. Introduction

Breast cancer is a highly prevalent malignancy in women and a cause of significant
morbidity and mortality [1]. It is the most prevalent cancer in women in the United States
and is second after lung cancer in mortality. About two-fifths of patients are younger than
60 years old at diagnosis [2]. Progress in the detection and treatment of breast cancer in the
last few decades has led to reduced mortality. However, further improvements in outcomes
based on biomarkers and targeted therapies are needed, especially in aggressive sub-types,
such as triple negative cancers [1,3,4].
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Neo-adjuvant chemotherapy is increasingly used in locally advanced breast cancer
with the aim of breast conservation and in cases with positive lymph nodes. In addition,
neo-adjuvant therapy provides invaluable information regarding the chemosensitivity of
cancers that may be incorporated into post-treatment algorithms. The molecular sub-type of
breast cancer is a predictor of response to neo-adjuvant chemotherapy, with cancers of triple
negative and HER2-positive sub-types more commonly obtaining complete pathologic
responses than ER-positive cancers. However, beyond tumor sub-type, no other clinical
or pathologic markers have been consistently proven to predict therapy response in the
neo-adjuvant setting [5,6]. Thus, there is a need for identification and validation of such
markers to guide therapeutic decisions.

Tumor budding has been observed in various cancers. The exact definition of tumor
budding varies among studies, but it generally refers to a small number of cancer cells,
usually up to five cells, which are detached from the main bulk tumor mass and are
observed as isolated cells or small clusters of cells in histologic sections [7]. When tumor
buds are located at the margins of a tumor mass, they are called peritumoral buds, and when
they are located inside a tumor mass, they are called intratumoral buds [8]. Tumor budding
can be identified in plain eosin and hematoxylin sections, although some investigators
use immunohistochemistry for epithelial markers to increase the accuracy of budding
identification. Tumor budding has been described in gastrointestinal cancers. Colorectal
cancer is the gastrointestinal malignancy where tumor budding has most commonly been
used as a prognostic factor [9]. In colorectal cancer, a prognostic role of tumor budding in
resected stage II cancers has been confirmed. Stage II colorectal cancer patients with tumor
budding had inferior overall survival compared with patients with no tumor budding [10].
In rectal cancer, tumor budding in biopsies before neo-adjuvant chemo-radiation was
predictive of poor response to neo-adjuvant treatment [11]. Other cancers where budding
has been studied include lung, head and neck carcinomas, as well as breast cancers [12].
In breast cancer, tumor budding has been described as a predictive marker in localized
disease [13-16]. However, tumor budding has not been examined in the neo-adjuvant
breast cancer setting.

This study describes the association of tumor budding with clinicopathologic factors in
breast cancer patients that received neo-adjuvant chemotherapy and explores its potential
value as a predictor of response.

2. Methods

Breast cancer patients who received neo-adjuvant therapy over a 7-year period were
identified in the breast cancer section of the electronic patient database at our cancer
center, and their records were retrieved and reviewed. Patient demographics and tumor
characteristics were recorded in a database constructed for the study.

Tumor budding was examined in eosin and hematoxylin sections of the initial diagnostic
biopsy specimens of patients. These specimens were obtained by an interventional radiologist
through a core needle biopsy under ultrasound guidance before the initiation of treatment.
The presence or absence of budding and the grade (intermediate /high-grade tumor budding:
5 or more buds per 20 x power field in a hotspot area of 0.785 mm?; low-grade tumor budding:
less than 5 buds per 20x power field in a hotspot area of 0.785 mm?) were reviewed with
the same microscope by two experienced general pathologists and recorded in the study
database. We elected to use a 5-bud limit for the categorization of tumor budding grade
based on the recommendations of the International Tumor Budding Consensus Conference
for colorectal cancer [17]. In case of a discrepancy between the two pathologists, the overall
result was decided by consensus. The agreement between pathologists was excellent (kappa
statistic 0.89) for the presence or absence of budding and very good (kappa statistic 0.70) for
the degree (grade) of budding. A bud was defined as 1 isolated tumor cell or up to 5 cells in
clusters detached from the main tumor mass (Figure 1).
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Figure 1. Microphotograph examples of a patient with low-grade budding (a) and a patient with
high-grade budding (b). Arrows pinpoint representative buds.

Responses to treatment outcomes were recorded for the surgical pathology specimens
as follows: a complete response (CR) was defined as no residual tumor in the breast or
lymph nodes after neo-adjuvant chemotherapy, a partial response (PR) was defined as
minimal or moderate residual disease and evidence of response to therapy, and no response
(NR) was defined as extensive residual disease in the breast and/or the lymph nodes
without evidence of therapy effect on tumor cells. This practical, three-tier, semiquantitative
response evaluation was used based on the ease of evaluation and the fact that different
degrees of partial response to therapy forecast an intermediate prognosis between complete
response and no response.
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Statistical analysis was performed with the Fisher exact test or the x? test for compar-
ison of ratios and the ¢-test for comparison of mean differences of continuous variables.
Overall survival was evaluated with the Kaplan-Meier method. The Log Rank test was
used to compare Kaplan—-Meier survival curves. All statistical comparisons were considered
significant if p < 0.05.

The protocol of the study obtained approval from the Ethics review board of the institution.

3. Results

Seventy-five breast cancer patients who received neo-adjuvant chemotherapy were
included in the study (Table 1). All patients were women, and the mean age was 58.9 year.
Most patients in the series (69.3%) were younger than 65 years old, and most patients
(74.7%) were post-menopausal. Three patients had stage I disease, and the rest had stage II
or stage III cancer. Most patients had ER-positive cancers (77.3%) and HER2-negative
cancers (69.3%). The sub-type distribution was as follows: 54.3% of patients had ER-
positive/HER2-negative cancers, 32% of patients had HER2-positive cancers, and 13.3%
of patients had triple negative breast cancers. About four out of five patients had ductal
carcinomas. Two-thirds of patients were positive for tumor budding. There were no
significant differences in age, menopause status, stage, ER, PR or HER2 positivity, or
overall sub-type between patients with and without tumor budding (Table 1).

Table 1. Demographic and disease characteristics of the patients in the series and according to presence of tumor budding.

Total (%) Tumor Budding Tumor Buddin

Category (n=175) Absent (n = 25) Present (n = 50 p Value
AGE Mean 58.9 58.9 59 p=09
<65 52 (69.3%) 19 (76%) 33 (66%) p=043
> 65 23 (30.7%) 6 (24%) 17 (34%)
M o SE Pre-/perimenopausal 19 (25.3%) 7 (28%) 12 (24%) p=078
Post-menopausal 56 (74.7%) 18 (72%) 38 (76%)
CLINICAL STAGE I 3 (4%) 1(4%) 2 (4%) p =026 (Stage 1/T1
II 52 (69.3%) 15 (60%) 37 (74%) versus stage III)
1 20 (26.7%) 9 (36%) 11 (22%)
ER positive 58 (77.3%) 20 (80%) 38 (76%) p=077
negative 17 (22.7%) 5 (20%) 12 (24%)
PR positive 47 (62.7%) 16 (64%) 31 (62%) p =099
negative 28 (37.3%) 9 (36%) 19 (38%)
HER2 positive 23 (30.7%) 7 (28%) 16 (32%) p=079
negative 52 (69.3%) 18 (72%) 34 (64%)
SUB-TYPE ER+/ HER2— 41 (54.7%) 15 (60%) 26 (52%)
HER2+ 24 (32%) 8 (32%) 16 (32%) p=06
Triple Negative 10 (13.3%) 2 (8%) 8 (16%)
HISTOLOGY Ductal 58 (78.4%) 21 (84%) 37 (74%)
(n=74) p = 0.35 (Ductal
Lobular 10 (13.5%) 3 (12%) 7 (14%) versus lobular/
Mixed 5 (6.8%) 0 5 (10%) mixed)
Other 1(1.3%) 1(4%) 0
RF‘(EIBT)SE CR 15 (20.8%) 4(16.7%) 11 (22.9%) p=08
PR 20 (27.8%) 7 (29.2%) 13 27.1%)
NR 37 (51.4%) 13 (54.2%) 24 (50%)

Percentages in the third column refer to the total number of patients, and in the fourth and fifth columns they refer to the groups without
and with budding; CR: complete response, PR: partial response, NR: no response.
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Table 2. Presence of tumor

Table 2 shows the presence or absence of tumor budding according to histologic type
and immunohistochemical sub-type of breast cancers. As expected, all but one of the
lobular cancers were ER-positive, and most (80%) had tumor budding.

budding according to histologic type (ductal versus lobular/mixed) and molecular sub-type.

Ductal Lobular/Mixed
Sub-Type ];Otil (%) Tumor Bud_ding Tumor Bud_din Tota_l (%) Tumor Budging Tumor Budiiin
n = 58) Absent (n = 21) Present (n = 37 (n=15) Absent (n = 3) Present (n =12
ER+/HER2— 29 (50%) 11 (52.4%) 18 (48.7%) 11 (73.3%) 3 (100%) 8 (66.7%)
HER2+/ER+ 13 (22.4%) 5 (23.8%) 8 (21.6%) 3 (20%) 0 3 (25%)
HER2+/ ER— 6 (10.4%) 3 (14.3%) 3 (8.1%) 1 (6.7%) 0 1(8.3%)
TNBC 10 (17.2%) 2 (9.5%) 8 (21.6%) 0 0 0

Table 3. Tumor

TNBC: Triple negative Breast Cancer.

The majority of patients in the series (63 patients, 84%) received neo-adjuvant
chemotherapy with the FEC-D regimen (3 cycles of 5-FU, epirubicin and cyclophosphamide
followed by 3 cycles of docetaxel every 3 w). Other regimens used included AC-paclitaxel
(4 cycles of adriamycin with cyclophosphamide followed by 4 cycles of paclitaxel ev-
ery 2 w) in 4 patients, docetaxel-cyclophosphamide for 4 cycles every 3 w in 2 patients,
carboplatin-docetaxel for 6 cycles every 3 w in 3 patients and weekly paclitaxel monother-
apy for 12 weeks in 1 patient (Table 3). All HER2-positive patients received concomitant
trastuzumab in cycles not containing an anthracycline. Two patients with ER-positive
and HER2-negative cancers received hormonal therapy as neo-adjuvant treatment (one
received letrozole and the other anastrozole). One of these patients was diagnosed with a
colon cancer and did not have her breast cancer excised, and the other had no pathologic
response at surgery.

budding and response to treatment according to chemotherapy regimen received.

Tumor Budding Absent Tumor Budding Present

Category  Total (%) (n = 69) (1 = 24) (=45
FEC-D (n = 61)

RESPONSE CR 12 (19.7%) 3 (14.3%) 9 (22.5%)
PR 17 (27.9%) 6 (28.6%) 11 (27.5%)
NR 32 (52.4%) 12 (57.1%) 20 (50%)

AC-Paclitaxel (n = 4)

RESPONSE CR 1 (25%) 1 (100%) 0
PR 1 (25%) 0 1 (33.3%)
NR 2 (50%) 0 2 (66.7%)

Carboplatin-Docetaxel (1 = 3)

RESPONSE CR 0 0 0
PR 2 (66.7%) 1 (50%) 1 (100%)
NR 1(33.3%) 1 (50%) 0

Docetaxel-Cyclophosphamide (1 = 1)

RESPONSE CR 1 (100%) 0 1 (100%)
PR 0 0 0
NR 0 0 0

One patient, not included in the table, had tumor budding and obtained a complete pathologic response after receiving paclitaxel
monotherapy. Two patients had hormonal therapy. One patient did not have surgery, and the second had tumor budding and had no
response to the neo-adjuvant hormonal treatment. Among the two patients that had the docetaxel-cyclophosphamide regimen, one patient

had no surgery. Percentages a

re for each regimen. Patients with HER2+ cancers received trastuzumab with their chemotherapy. CR:

complete response, PR: partial response, NR: no response.
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Among the 75 patients, 72 completed neo-adjuvant chemotherapy and underwent sur-
gical resection of their breast cancer. Fifteen of the 72 patients (20.8%) had CR, 20 patients
(27.8%) had PR and 37 patients (51.4%) had NR (Table 1). CR rates were 7.5% in ER-
positive/HER2-negative patients, 40.9% in HER2-positive patients and 30% in triple neg-
ative patients. There were no statistically significant differences in the response to neo-
adjuvant therapy according to the presence or absence of tumor budding in pre-operative
biopsies (Table 1). Although lobular ER-positive cancers had numerically higher rates of
tumor budding than ductal ER-positive carcinomas (78.6% versus 61.9%), the difference
was not statistically significant, possibly due to small numbers (Table 2).

Among patients with tumor budding, 36 patients (72%) had intermediate-/high-grade
tumor budding (five or more buds per hotspot high-power field) and 14 patients (28%) had
low-grade tumor budding. The degree of tumor budding was not associated with response
to therapy (Table 4).

Table 4. Demographic and disease characteristics of the patients in the series and according to presence of intermediate /high

tumor budding (>5 buds per 20x power field in a hotspot area of 0.785 mm?).

gy Tow tovTmougwaang ESGLE
AGE Mean 58.9 59.1 58.8 p=038
<65 52 (69.3%) 28 (71.8%) 24 (66.7%) p=038
>65 23 (30.7%) 11(28.2%) 12 (33.3%)
M TS F Pre-/perimenopausal 19 (25.3%) 11 (28.2%) 8 (22.2%) p=07
Post-menopausal 56 (74.7%) 28 (71.8%) 28 (77.8%)
CLINICAL STAGE I 3 (4%) 1(2.6%) 2 (5.6%) p=06
it 52 (69.3%) 26 (66.7%) 26 (72.2%)
Il 20 (26.7%) 12 (30.7%) 8 (22.2%)
ER positive 58 (77.3%) 29 (74.4%) 29 (80.6%) p=07
negative 17 (22.7%) 10 (25.6%) 7 (19.4%)
PR positive 47 (62.7%) 24 (61.5%) 23 (63.9%) p=08
negative 28 (37.3%) 15 (38.5%) 13 (36.1%)
HER2 positive 23 (30.7%) 12 (30.7%) 11 (30.6%) p=09
negative 52 (69.3%) 27 (69.3%) 25 (69.4%)
SUB-TYPE ER+/ HER2— 41 (54.7%) 22 (56.4%) 19 (52.7%)
HER2+ 24 (32%) 13 (33.3%) 11 (30.6%) p=07
Triple Negative 10 (13.3%) 4 (10.3%) 6 (16.7%)
HISTOLOGY (1 = 74) Ductal 58 (78.4%) 32 (82%) 26 (74.3%)
Lobular 10 (13.5%) 4(10.3%) 6 (17.1%) p=07
Mixed 5 (6.8%) 2 (5.1%) 3 (8.6%)
Other 1 (1.3%) 1(2.6%) 0
RESPONSE (1 = 72) CR 15 (20.8%) 8 (21%) 7 (20.6%) p =069
PR 20 (27.8%) 9 (23.7%) 11 (32.3%)
NR 37 (51.4%) 21 (55.3%) 16 (47.1%)

Opverall survival was not different between patients with tumor budding and patients
with absence of tumor budding in pre-operative biopsies (Log Rank test p = 0.8, Figure 2).
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Figure 2. Overall survival (OS) in the group of patients with tumor budding (intermittent line) versus patients without

tumor budding (continuous line). Log Rank p = 0.8.

4. Discussion

Tumor budding in cancer is defined as isolated cancer cells or small clusters of cancer
cells separated from the main tumor mass, seen in histologic sections [8]. From a pathophys-
iologic point of view, tumor budding represents an initial stage of the metastatic process.
During metastasis, cells that have acquired metastatic potential detach from neighboring
cells and start to move away from the main tumor [7,12]. As metastatic potential devel-
ops, epithelial cells obtain mesenchymal features through a process called epithelial-to-
mesenchymal transition (EMT). At the metastatic site in remote organs, cancer cells regain
epithelial characteristics through the reverse process, termed mesenchymal-to-epithelial
transition (MET) [18,19]. EMT and MET, collectively called epithelial mesenchymal plastic-
ity, are physiologic processes of normal embryogenesis, organogenesis and wound healing
and have been usurped by cancer cells. EMT and MET in cancer are often incomplete, and
cells expressing epithelial or mesenchymal markers may be part of a continuous spectrum
of states [20,21]. In addition, EMT and MET in cancer have been recognized to empower
cancer cells with stem cell properties [22]. The plasticity of stem cells allows motile cells in
transit to alternate between the epithelial and mesenchymal state during their metastatic
journey from the primary site to the metastatic site [23,24].

As a putative depiction of the initial steps of the metastatic cascade, presence of tumor
budding has been found to be of prognostic significance in various cancers, including
carcinomas of gastrointestinal origin, lung cancer, head and neck carcinomas, and breast
cancer [8,25-27]. Colorectal cancers are the type of primary cancers where tumor budding
was initially studied and remain the best studied locations [8]. In stage Il operated colorectal
cancers, patients with tumor budding had worse survival outcomes at 5 y compared with
counterparts that had no tumor budding [10]. In rectal cancer, the presence of tumor
budding in biopsies before neo-adjuvant chemo-radiation was an adverse predictive factor
for response to therapy [11]. In squamous esophageal cancer, the presence of tumor
budding in surgical resection specimens after neo-adjuvant chemo-radiation was predictive
of worse outcomes [23]. Similarly, in resected stage I lung cancer, patients with high-grade
budding had a higher recurrence rate than patients with low-grade budding [25]. In early
breast cancer, tumor budding has been reported to predict worse overall survival (OS) in
triple negative but not in ER-positive and HER2-negative disease [13].

This study reports on the associations and predictive implications of tumor budding
in a series of breast cancer patients that received neo-adjuvant therapy and had a diag-
nostic core needle biopsy before staring neo-adjuvant treatment. These biopsies yielded
sufficient material for budding evaluation in all cases in this series. The feasibility of
budding evaluation was consistent with the experiences in colorectal cancer literature,
where endoscopic biopsies have been used for rectal cancer evaluation before neo-adjuvant
chemoradiation [11]. Two-thirds of breast cancer patients with localized cancers that neces-
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sitated neo-adjuvant therapy had some degree of tumor budding in the initial biopsy, most
of them (72%) were high-grade budding, defined as five or more buds per high-power field
at a hotspot area of the biopsy. Patients with HER2-positive and triple negative cancers had
higher pathologic complete response rates at surgery than patients with ER-positive/ HER2-
negative cancers. However, no correlations of tumor budding in the pre-operative biopsy
with response to therapy or with tumor characteristics were evident. These results suggest
that tumor budding is not a reliable marker of response to neo-adjuvant therapy in breast
cancer patients. In contrast to these results in the neo-adjuvant setting of breast cancer, tu-
mor budding has been predictive of response to therapy in rectal cancer patients receiving
neo-adjuvant chemoradiation. This suggests that the implications of similar pathologic
phenomena may vary in different cancers [11]. Despite this discrepancy, the prognostic
significance of tumor budding has also been suggested in sub-sets of breast cancer [13]. A
series of ER-positive, HER2-negative and triple negative localized breast cancers showed
that presence of tumor budding was associated with worse OS in triple negative patients,
while no prognostic value was discerned in ER-positive and HER2-negative patients [13].
While tumor budding was not prognostic for disease-free survival (DFS) in either group, it
was prognostic for worse DFS in the sub-group of ER-positive and HER2-negative patients
with an intermediate Oncotype Dx score. Another study in early breast cancer suggested
that both tumor budding of less than five cells and of more than five cells not forming
glands (the latter termed “poorly differentiated clusters” by the authors of the study) were
prognostic for overall and disease-free survival [28]. The authors suggested that poorly
differentiated clusters were the preferred biomarker given that they were more easily iden-
tifiable [28]. The results of these studies imply that the prognostic value of tumor budding
in breast cancer is sub-type and risk group-specific. A meta-analysis of seven studies of
tumor budding in breast cancer found that high-grade tumor budding was associated with
lymph node positivity and lymphovascular invasion, while high-grade tumor budding
had a reduced prevalence in triple negative breast cancers [29]. Studies included in this
meta-analysis used different cut-offs to define high-grade budding, including number of
buds and fields that were examined for tumor budding grading [29,30]. This heterogene-
ity of definitions decreased the confidence regarding the observed associations. It also
impeded development of tumor budding as a clinical marker in this setting.

The current study is the first to explore tumor budding in the neo-adjuvant setting. It
confirmed that tumor budding is a common pathologic occurrence in breast cancer and
is associated with all molecular sub-types. There was no association of tumor budding
with response to neo-adjuvant treatment in this series. However, due to the comparatively
small size of the cohort, associations of tumor budding with response to therapy in specific
breast cancer sub-types, such as triple negative cancers as observed in the post-operative
setting by other investigators, were not excluded. As there were only 10 triple negative
patients in the current series, the lack of association of tumor budding with response to
therapy should be interpreted with caution in this group. Other limitations of this study
include the retrospective design and the fact that it was performed at a single center, with
evaluations performed by two experienced pathologists. As a result, whether findings
can be replicated in other centers or by pathologists less experienced in breast pathology
remains unknown.

Overall, we have shown the common occurrence of tumor budding as a pathologic
phenomenon at diagnosis before any treatment in breast cancer. Tumor budding may
be identified in eosin and hematoxylin histologic sections without the need of additional
stains or special slide preparation. The value of tumor budding as a prognostic marker in
specific sub-sets of breast cancer remains an open question that will require more extensive
studies. Whether further characterization of budding cells with immunohistochemistry
stains for key proteins of the metastatic process may add value to their study as prognostic
factors in breast cancer awaits future evaluations.
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