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Abstract
Neoadjuvant chemotherapy is increasingly being used to treat primary invasive breast carcinoma. Response to neoadjuvant
chemotherapy is an important determinant of prognosis. A multidisciplinary group published recommendations for
standardization of pathologic reporting of postneoadjuvant chemotherapy specimens. Based on these recommendations, we
sent a survey to 26 pathologists currently practicing breast pathology in academic centers across the United States. The
survey consisted of six questions with yes/no answers. The pathologists were encouraged to add comments. We received
responses from 23 breast pathologists from 19 centers. The questions and responses were as follows: 1. Do you grade tumors
after neoadjuvant chemotherapy?—17 (74%) responded yes and 6 (26%) responded no. 2. Do you routinely repeat hormone
receptors, HER2/Neu results after neoadjuvant chemotherapy?—15 (65%) responded yes and 8 (35%) responded no. 3. If
there are features of tumor regression/tumor bed at the margin but no actual tumor at the margin do you report this?—11
(48%) responded yes and 8 (35%) responded no and 4 (17%) reported a variable practice. 4. Do you report number of nodes
with fibrosis/changes of regression?—17 (74%) responded yes and 6 (26%) responded no. 5. Do you report residual cancer
burden score on your report or at least provide information on your report so clinicians can calculate residual cancer burden?
—17 (74%) responded yes and 6 (26%) responded no. 6. Do you have a specific synoptic for cases after neoadjuvant
chemotherapy?—5 (22%) responded yes and 18 (78%) responded no. The major reasons provided for nonadherence to
recommended guidelines included pathologists were unaware of prognostic importance of providing the information,
reporting practices were clinician driven and some pathologists were unaware of the recommendation. We document that
academic breast pathology practices show significant variability in reporting of postneoadjuvant chemotherapy cases. We
document barriers to standard practice and provide recommendations we hope will contribute to a more uniform reporting
practice for these complex specimens.

Introduction

Neoadjuvant chemotherapy was first introduced in 1970 for
management of inoperable breast cancer. In current times,
neoadjuvant chemotherapy is gaining popularity as a treat-
ment for early stage invasive breast cancer. Approximately
7–27% of women with new breast cancer are receiving

neoadjuvant chemotherapy worldwide [1]. The increasing
use of neoadjuvant chemotherapy stems from the fact that it
can downstage both the tumor in the breast and axilla to
allow for breast conserving surgery and improve quality of
life by avoiding axillary dissection [2]. Response to
neoadjuvant chemotherapy serves as an in vivo test of
tumor chemosensitivity and provides important prognostic
information, particularly with a pathological complete
response, which is associated with a marked reduction in
risk of distant relapse [3]. In addition, a pathological com-
plete response after neoadjuvant chemotherapy is currently
accepted by the US Food and Drug Administration as a path
for accelerated drug approval [4].

Although distant recurrence rates and death from cancer
are equally reduced by neoadjuvant chemotherapy and
adjuvant chemotherapy, neoadjuvant chemotherapy carries

* Susan Fineberg
sfineber@montefiore.org

1 Montefiore Medical Center and the Albert Einstein College of
Medicine, Department of Pathology, Bronx, NY, USA

2 Methodist Lebonheur Hospital and University of Tennessee Health
Science Center, Memphis, TN, USA

http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-019-0326-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-019-0326-5&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41379-019-0326-5&domain=pdf
mailto:sfineber@montefiore.org


the disadvantage of higher local recurrence rates when
compared with adjuvant systemic therapy [5]. An important
factor that can mitigate this risk is accurate pathologic
assessment of residual disease after neoadjuvant che-
motherapy. Response patterns of breast cancer after
neoadjuvant chemotherapy are highly variable, however,
and it is not uncommon to find widely scattered tumor foci
or significant residual disease without obvious gross tumor
mass. As a result, pathologic evaluation of these specimens
is complex and requires both careful localization and
appropriate sampling of the tumor bed, as well as reporting
information which is not typically incorporated into non
neoadjuvant chemotherapy pathology reports. Consistent
and reproducible pathologic assessment of response to
neoadjuvant chemotherapy is hindered by a lack of uni-
versal reporting protocols.

In 2015, an international multidisciplinary working
group convened by the Breast International Group-North
American Breast Cancer Group (BIG-NABCG) published
recommendations for the standardization of pathologic
evaluation and reporting of postneoadjuvant breast cancer
specimens in clinical trials [6]. These recommendations
provide a standardized approach to evaluate post-
neoadjuvant chemotherapy breast cancer specimens whe-
ther part of a clinical trial or not. Variability in pathology
reporting among pathologists could contribute to inaccurate
evaluation of the postneoadjuvant chemotherapy pathology
specimen and result in suboptimal surgical and oncologic
management of patients. Our goal was to assess variability
in the pathology reporting practices of postneoadjuvant
chemotherapy specimens by breast pathologists in academic
pathology departments in the United States and to better
understand barriers to standardized reporting.

Materials and methods

We sent a questionnaire to 26 pathologists in academic
pathology departments who were practicing breast pathol-
ogy across the United States in 2017 and 2018. The ques-
tions were based on pathology reporting recommendations
for postneoadjuvant breast cancer specimens as outlined in
the publication by the international working group con-
vened by the BIG-NABCG [6]. It consisted of six questions
with simple yes or no answers. The pathologists were
encouraged to add any comments in the survey. The survey
questions were as follows:

1. Do you grade tumors after neoadjuvant chemother-
apy?

2. Do you routinely repeat hormone receptors HER2/
Neu results after neoadjuvant chemotherapy?

3. If there are features of tumor regression/tumor bed at

the margin but no actual tumor at the margin do you
report this?

4. Do you report number of nodes with fibrosis/changes
of regression?

5. Do you report residual cancer burden score on your
report or at least provide information on your report so
clinicians can calculate residual cancer burden score?

6. Do you have a specific synoptic for cases after
neoadjuvant chemotherapy?

Any other comments/thoughts appreciated.

Results

We received a response from 23 of the 26 breast patholo-
gists from 19 academic pathology departments. The 19
academic centers included:

Montefiore Medical Center/Albert Einstein school of
Medicine–Bronx, New York.

Memorial Sloan Kettering Cancer Center–New York,
New York.

Columbia University Medical Center–New York,
New York.

Weill Cornell Medical Center–New York, New York.
Mount Sinai Medical Center–New York, New York.
SUNY Downstate Medical Center–Brooklyn, New York.
New York University–New York, New York
Stanford University Medical Center–Stanford,

California.
Yale University Hospital–New Haven, Connecticut.
Brigham and Women’s Hospital and Dana-Farber Can-

cer Institute–Boston, Massachusetts.
Brown University–Providence, Rhode Island.
Emory University–Atlanta, Georgia.
Indiana University–Indianapolis, Indiana.
University of Florida–Gainesville, Florida.
Medical College of Wisconsin–Milwaukee, Wisconsin.
University of Pittsburgh Medical Center–Pittsburgh,

Pennsylvania.
Henry Ford Hospital–Detroit, Michigan.
East Carolina University–Greenville, North Carolina.
MD Anderson Cancer Center–Houston, Texas.
A summary of the responses is presented in Table 1.

Note that in four instances two pathologists practiced in
the same institution, and in three of these four all
responses were concordant. For one institution two
pathologists reported a different practice regarding
reporting tumor regression/tumor bed at the margin,
however responses to the other five questions were
concordant. Results for each question as well as repre-
sentative specific comments from the participants are
detailed below.
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Do you grade tumors after neoadjuvant
chemotherapy?

Seventeen of the twenty-three pathologists (74%)
responded yes this question and six (26%) responded no.

Four of the six pathologists who reported they do not
grade tumors after neoadjuvant chemotherapy made the
following comments:

“Not typically. I will re-grade postneoadjuvant che-
motherapy if minimal to no chemoresponse and clearly
different from the previous biopsy”

“Usually no! In our experience, the mitotic rate drops
dramatically, potentially turning a poorly differentiated
tumor into a well to moderately differentiated, a conversion
that doesn’t make a whole lot of sense.”

“No. We report the pretreatment grade.”
“No. There is no evidence showing correlation of tumor

grade with prognosis after neoadjuvant chemotherapy.”
Five of the seventeen pathologists who reported that

they do grade tumors after neoadjuvant chemotherapy
made the following comments:

“Yes;we suggest making a comment if obvious
treatment-related cytologic changes are seen in malignant
cells and the atypia is significant enough to cause a grade
shift.”

“Yes, except for cases in which the tumor cells show
prominent treatment effect; in those cases, we say that
accurate grading is precluded by prominent treatment
effect.”

“Typically yes if there is enough tumor. I find it helpful
to compare with the core if it’s available. If there are only
scattered cells or the invasive carcinoma looks different
from the core (treatment effect, bizarre nuclei, etc.) I just
say- residual carcinoma with treatment effect.”

“We do grade them and they usually stay the same grade
but are less cellular. The rare cases that have a different
grade are of interest - but I haven’t seen any studies
showing what this signifies clinically. It would be of interest
to note whenever there is a marked difference in grade”

“Yes. The majority of carcinomas have been grade 3 on
biopsy”

Do you routinely repeat hormone receptors HER2/
Neu results after neoadjuvant chemotherapy?

Fifteen of the twenty-three pathologists (65%) responded
yes to this question and eight (35%) responded no.

Five of the eight pathologists who report they do not
routinely repeat hormone receptors HER2/Neu results after
neoadjuvant chemotherapy made the following comments:

“No unless as per College of American Pathologists/
American Society of Clinical Oncology guideline recom-
mendations (e.g. Repeat HER-2 in grade 3, previous HER-2
negative)”

“For grade 3 (grade 3 on biopsy) tumors that are HER2
negative on biopsy we repeat HER2. Other markers are not
repeated.”

“We do not routinely repeat receptors after neoadjuvant
systemic therapy decisions have already been made at this
point. We assess each case individually. We do repeat on
cases with substantial residual tumor that were previously
negative and morphology suggesting that the tumor could
be positive. On prior triple negative tumor with classic
morphology, repeating the receptors and finding focal
estrogen receptor positivity can make some patients ineli-
gible for triple negative tumor clinical trials.”

“We do not routinely repeat markers after neoadjuvant
chemotherapy (but we sometimes do them if we never
actually reviewed the outside markers or performed them at
out hospital before treatment)”

“I typically repeat them, particularly if the patient has
never had testing performed at our hospital. If the tumor is
HER2+ and estrogen receptor positive on the core I don’t
repeat.”

Three of the fifteen pathologists who report they do
routinely repeat hormone receptors HER2/Neu results after
neoadjuvant chemotherapy made the following comments:

“Yes- this is per clinical request to do so”
“Yes, our oncologists have been requesting this”
“We do repeat all three again, because patients are on

protocols and this information may be of value in the future.
Estrogen receptor should be repeated on cancers that

were estrogen receptor negative prior to treatment because

Table 1 Summary of responses
from 23 pathologists to
postneoadjuvant chemotherapy
breast cancer pathology
reporting questionnaires

Questionnaires Yes No

Do you grade tumors after neoadjuvant chemotherapy? 17 6

Do you routinely repeat hormone receptors HER2/Neu results after neoadjuvant chemotherapy? 15 8

If there are features of tumor regression/tumor bed at the margin but no actual tumor at the
margin do you report this?a

11 8

Do you report number of nodes with fibrosis/changes of regression? 17 6

Do you report residual cancer burden score on your report or at least provide information on
your report so clinicians can calculate residual cancer burden?

17 6

Do you have a specific synoptic for cases after neoadjuvant chemotherapy? 5 18

aFour pathologists reported a variable practice
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there are at least 2 studies showing that patients with
cancers that are found to be Estrogen receptor positive
after treatment have a better prognosis and should be
treated with endocrine therapy.

The likelihood of a cancer converting to being HER2
positive after treatment is very low (<5%) and has an
uncertain clinical significance since the patient also has
HER2 negative cancer. We recently had one of these rare
cases and she did get HER2 targeted therapy.

Repeating positive results has little clinical value (except
that loss of estrogen receptor and/or HER2 is a poor
prognostic factor) as negative results generally don’t
change treatment.

Changes in progesterone receptor likely have little
importance.

So - definitely estrogen receptor on previously negative
cancers but repeating the others may be optional. It would
be helpful for your group to find out what the medical
oncologists would find useful.”

If there are features of tumor regression/tumor bed
at the margin but no actual tumor at the margin do
you report this?

Eleven of the twenty-three pathologists (48%) responded
yes to this question, eight (35%) responded no, and four
(17%) reported a variable practice. Notably, for two
pathologists from the same institution, one responded yes
and the other responded no to this question.

Four of the eight pathologists who responded that they
do not report features of tumor regression/tumor bed at the
margin made the following comments:

“We generally do not mention whether the tumor bed
extends to the margin (although we often indicate this at the
time of gross intraoperative assessment and sometimes do a
frozen section)”

“I don’t. Not sure if there is a recommendation on this. If
there are tumor bed changes in separately submitted mar-
gins in the lumpectomy cases I will mention it, but don’t say
whether these changes extend to a final margin.”

“We do not report tumor bed at the margin for 2 rea-
sons. First, there are no data indicating that this is of
prognostic significance with regard to risk of local recur-
rence. Second, given that our surgeons DO NOT attempt to
excise the full extent of the original tumor, every case
should theoretically have tumor bed at the margin.”

“No. But if biopsy site change is truncated at the margin,
I report it.”

One of the 11 pathologists who responded that they do
report features of tumor regression/tumor bed at the margin
made the following comment:

“We do report obvious tumor bed at the margin. If the
patient has had a pathologic complete response, this

would not be an indication for more surgery. If there is
scattered tumor throughout the tumor bed, then it is
helpful for the clinicians to know that this “negative”
margin is not very reliable in predicting if there is cancer
left in the breast. Whether or not to do more surgery in
this setting is controversial. This could be useful infor-
mation in the future when looking at factors associated
with local recurrence.”

The four pathologists who responded that they variably
report tumor regression/tumor bed at the margin made the
following comments:

“Variable. We don’t have policy for reporting this”
“Yes, sometimes- only if there is residual tumor con-

sisting of small cells and nests widely scattered across the
fibrotic tumor bed.”

“Have done this a few times, not sure if I should
continue.”

“May make a comment but as long as there are no tumor
cells we call the margin negative.”

Do you report number of nodes with fibrosis/
changes of regression?

Seventeen of the twenty-three pathologists (74%) respon-
ded yes to this question and six (26%) reported no.

Four of the six pathologists who indicated that they do
not report the number of nodes with fibrosis/changes of
regression made the following comments:

“Just include a general statement about all lymph nodes
whether there is evidence of fibrosis”

“We do not report the number of nodes with treatment
effect (although we sometimes mention in a general way
that some nodes have fibrosis consistent with treatment
effect)”

“No, but this is a good idea, and so we just added it to
our synoptic report”

“No. But I will report biopsy site changes in the lymph
nodes. Our physicians want to know that.”

Three of the 17 pathologists who indicated that they do
report the number of nodes with fibrosis/changes of
regression made the following comments:

“Yes- We report the number of nodes with treatment
effect. Even when we say “no definite” our radiology-
oncology folks often ask us to re-review to see if there was
any evidence of prior involvement. We can really only be
sure when there is good scar there, so I only report if I see
that.”

“Lymph nodes with fibrosis and changes like macro-
phages are reported as an indication of a previously posi-
tive node. We also go to great details about the clip and
associated biopsy site changes. We also image the node if
we know that a clip has been previously been left after core
biopsy.”
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“We do report the number of nodes that look like they
were previously involved by carcinoma. If there was a needle
biopsy that showed cancer, this is a reassuring finding that
the involved node was identified and removed - and it is of
more concern if all the nodes look normal. It is also helpful
to know what the likely tumor burden was before treatment.
However, it is also helpful for the clinicians to know that
metastases can regress and not leave any histological evi-
dence. They do not place clips in biopsied nodes prior to
treatment - although I think this is a good idea.”

Do you report residual cancer burden score on your
report or at least provide information on your
report so clinicians can calculate residual cancer
burden score?

Seventeen of the twenty-three pathologists (74%)
responded yes to this question and six (26%) reported no.

Three of the six pathologists who indicated that they do
not report residual cancer burden score and do not provide
information so clinicians can calculate residual cancer
burden score made the following comments:

“No, but certain individual pathologists, myself inclu-
ded, report the cellularity in addition to size. Our clinicians
don’t use residual cancer burden score as a guide.”

“Never used it”
“PA/residents do the gross and cannot rely on the doc-

umentation of gross to provide specifics for calculation of
residual tumor.”

Three of the seventeen pathologists who indicated that
they do report residual cancer burden score or atleast pro-
vide information so clinicians can calculate residual cancer
burden score made the following comments:

“We have a template that includes the information
necessary for calculating the residual cancer burden score.
The template also includes residual cancer burden score
index and RCB class, with an indication that this is
optional. I always go ahead and include it.”

“This was a recent topic of tumor board discussions
because we report: 1. ‘Span of residual invasion’ as a
surrogate for ‘Tumor bed’ since it seemed that is how it
would be defined but there have been cases where there was
debate if the span of residual DCIS should be included in
this measurement. Their instruction just state ‘span of
residual cancer’ is to be used as the ‘tumor bed’ by their
definition. I wanted to avoid using ‘tumor bed’ in our
reports because it is so often confused with scar/treatment
changes rather than residual cancer. 2. Cellularity due to
invasion (in the area spanning the invasion). Again, we are
using different terms than in the calculator to avoid con-
fusion since as I understand it the ‘overall cancer cellu-
larity’ then subtracts out the ‘percent that is in situ’ in the
residual cancer burden score calculator. It would be helpful

to have clarity from the residual cancer burden score folks
on this. I think there is a lot of variability on how this is
done.”

“I often find it difficult to estimate cellularity. I use the
residual cancer burden score cellularity guide provided on
the MD Anderson Cancer Center website”

Do you have a specific synoptic for cases after
neoadjuvant chemotherapy?

Five of the twenty-three pathologists (22%) answered yes
to this question and eighteen (78%) responded no.

Discussion

Neoadjuvant chemotherapy is increasingly being used to
treat localized invasive breast cancer. Pathologic assessment
of response to neoadjuvant chemotherapy provides impor-
tant prognostic information. In patients who do not achieve
a pathological complete response accurate quantification of
residual disease is critical for further management and
directs need for additional or alternate therapies or addi-
tional surgery [7–9]. An international multidisciplinary
working group convened by the Breast International Group-
North American Breast Cancer Group (BIG-NABCG)
published recommendations for the standardized pathologic
reporting of postneoadjuvant breast cancer specimens [6].
Based on these recommendations, we sent a questionnaire
to 23 pathologists from 19 academic institutions practicing
breast pathology across the United States. We found sig-
nificant variability in adherence to these reporting guide-
lines. The major reasons provided for nonadherence to
recommended guidelines included pathologists reported
they were unaware of prognostic importance or clinical
value of providing the information, reporting practices were
clinician driven and in some cases the pathologists were
unaware of the recommendation.

Both the College of American Pathologists and the
international working group recommend grading of residual
carcinoma after neoadjuvant chemotherapy using the Not-
tingham combined histologic grade [6, 10]. In our survey, 6
of 23 pathologists reported that they do not grade tumors
after neoadjuvant chemotherapy and one reason provided
was that the tumor grade after neoadjuvant chemotherapy
was not linked to prognosis. The most widely used patho-
logic classification systems to evaluate tumor response to
neoadjuvant chemotherapy are the AJCC yp stage and the
residual cancer burden score, neither of which include post-
treatment tumor grade [11, 12]. However, recent publica-
tions have demonstrated that the addition of post-treatment
grade to residual cancer burden score improves prediction
of long-term outcome over residual cancer burden score
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alone [13]. Grade shift owing to treatment-related cytologic
atypia can be seen in up to 32% of cases and has not been
linked to prognosis [14, 15]; this can be addressed by
comparison to pretherapy material. However, low mitotic
rate score in residual tumor after neoadjuvant chemotherapy
has been associated with improved disease-free survival
[16, 17]. Moreover, post therapy Ki67 provided more
prognostic information than pretherapy levels as well as
change in Ki67 from pre to post therapy [18]. Information
on post therapy proliferative activity, which is provided by
the mitotic rate score component of the Nottingham histo-
logic grade, is prognostic and should be reported. We
suggest providing both pre and post therapy tumor grade in
pathology reports of post neoadjuvant chemotherapy breast
cancer specimens. This would allow for assessment of
change, if any, of the critical components of overall grade.

After neoadjuvant chemotherapy, documentation of
treatment effect in both positive and negative lymph nodes
is a required element in the College of American Patholo-
gists protocol for the examination of specimens from
patients with invasive carcinoma of the breast [10]. Even in
patients with nodal pathological complete response, local
recurrence rates are higher in those who had positive nodes
prior to therapy, hence documentation of treatment effect in
lymph nodes supports pretherapy nodal involvement and
provides important prognostic information [19]. If lymph
node involvement was documented by biopsy prior to
therapy, presence of treatment effect in negative nodes
indicates that the involved node was removed. Although
concerns that previously positive nodes can appear normal
after therapy have been raised, this was noted in only 3% of
patients with complete axillary dissection [20]. In addition
to reporting treatment effect in nodes, the international
working group also recommends that the number of nodes
with treatment effect be included in the pathology report.
Recent National Comprehensive Cancer Network guide-
lines state that the need for adjuvant radiation therapy is
based on the maximal disease from pretherapy tumor [21].
Reporting the number of nodes with treatment effect
therefore provides information on pretherapy nodal disease
burden and may influence the need for post therapy radia-
tion therapy, particularly after mastectomy. In our survey,
26% of pathologists reported that they do not include
number of nodes with treatment effect in postneoadjuvant
chemotherapy specimens. Evidence suggests this informa-
tion provides important prognostic information and can be
easily included in pathology reports. Inclusion of this ele-
ment within College of American Pathologists protocols
might increase adherence to this guideline.

In our survey, 26% of pathologists indicated that they do
not provide information on pathology reports which would
allow for calculation of the residual cancer burden score.
Both the AJCC and the international working group

recommend use of both the residual cancer burden score
and ypTNM for pathologic quantification of residual dis-
ease after neoadjuvant chemotherapy [6, 11]. The ypTNM
stage uses the largest contiguous focus of residual invasive
carcinoma in the breast and nodes to determine ypTN stage,
whereas residual cancer burden score additionally incor-
porates information on tumor bed size, cancer cellularity
and percentage of in situ carcinoma that is subtracted from
the total cellularity [12]. Residual cancer burden score can
be calculated using an online calculation tool at the website
www.mdanderson.org/breastcancer.RCB. Residual cancer
burden score divides patients into four risk groups which
stratify for distant relapse [12]. This stratification tool pro-
vides more prognostic information than AJCC ypTN sta-
ging and has shown to be both reproducible amongst
pathologists, and prognostic across all breast cancer sub-
types [22–25]. Accurate calculation of residual cancer
burden score requires careful mapping and extensive sam-
pling of the gross specimen, particularly when residual
tumor is less well defined, and one pathologist in our survey
commented that she did not consider grossing done by her
pathology assistants or residents to be reliable enough for
calculating residual cancer burden score. One pathologist
noted that clinicians did not use residual cancer burden
score as a guide. Among pathologists who do report resi-
dual cancer burden score it was noted that some of the
guidelines for determining key elements of residual cancer
burden score require further clarification. It appears that
barriers to both use and accuracy of residual cancer burden
score include complexity of specimen handling as well as
lack of clarity of guidelines for use. Although a series of
instructions are present on the residual cancer burden score
website as well as video tutorial, a forum for direct ques-
tions about residual cancer burden score application might
be helpful. In addition, incorporation of key elements for
residual cancer burden score calculation into College of
American Pathologists cancer reporting synoptics along
with instructions would assist pathologists in reporting
residual cancer burden score. A recent publication addresses
some of the pitfalls and less common situations encountered
when calculating residual cancer burden score [26].

The international working group recommends doc-
umenting tumor bed/tumor regression extending to margins,
however only 11 of 23 pathologists in our study report this.
Explanations provided for nonreporting include absence of
demonstrated prognostic significance, whereas some
pathologists noted that they were unaware of this guideline.
A common pattern of residual tumor after neoadjuvant
chemotherapy consists of multiple small tumor foci scat-
tered throughout a tumor bed, and the working group notes
that in these cases carcinoma may extend beyond a histo-
logically negative margin. A recent meta-analysis that
included 4756 women from 10 randomized trials reported
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that neoadjuvant chemotherapy was associated with higher
local recurrence rates than was adjuvant chemotherapy: the
15 year local recurrence was 21.4% for neoadjuvant vs
15.9% for adjuvant chemotherapy [5]. In patients who
received neoadjuvant chemotherapy, non-mass enhance-
ment on magnetic resonance imaging, which is a pattern
suggesting microscopic tumor foci, was associated with
higher local recurrence rates [27]. Two participants in our
survey highlighted the importance of reporting tumor bed at
the margin if tumor bed contained scattered tumor foci, and
evidence suggest this may represent an informed approach.
One pathologist noted that “surgeons do not attempt to
excise the full extent of the original tumor.” This indicates
tumor bed at the margin is not uncommon and may not be
an indication that re-excision is necessary. However, we
suggest that this information combined with imaging find-
ings as well as a general description of residual tumor
distribution might inform further management in select
cases. Finally, as noted by a participant in our survey,
information on tumor bed at the margin “could be useful
information in the future when looking at factors associated
with local recurrence.”

Change in biomarker expression after neoadjuvant
chemotherapy has been reported with a mean prevalence of
up to 18% for estrogen receptor, 32% for progesterone
receptor, and 6% for HER2/Neu [28, 29]. There is currently
no consensus guideline for retesting of these biomarkers
after neoadjuvant chemotherapy and practices vary widely.
In our survey, only 65% of pathologists report routine
retesting for estrogen and progesterone receptors and
HER2/Neu after neoadjuvant chemotherapy, reflecting a
highly variable practice in academic pathology practice
across the United States. Furthermore, some of the pathol-
ogists who report routine retesting noted this was driven by
clinical request from oncologists and/or required as part of
clinical protocols. The College of American Pathologists
recommends that if biomarkers were negative prior to
therapy that retesting should be performed on residual
invasive carcinoma after neoadjuvant chemotherapy. In
contrast, the international working group only recommends
consideration for retesting in this setting [6, 10]. Expression
of one of these biomarkers after therapy in a previously
triple-negative carcinoma could result in switch to targeted
therapy and conversion from hormone receptor negative to
positive is associated with improved survival [30, 31].
Conversely loss of hormone receptors or HER2/Neu have
been associated with worse outcome, however this change
is unlikely to inform therapy and the international working
group does not recommend routine reassessment for tumors
which are hormone receptor and HER2/Neu positive pre-
therapy. This situation is not specifically addressed in
College of American Pathologists cancer protocols

[6, 10, 30, 32]. Tumor heterogeneity, changes induced by
therapy, technical factors and clinical protocols are just a
few of the factors that contribute to both biomarker switch
after neoadjuvant chemotherapy and decisions related to
retesting practices. This is a complex issue and should be
addressed more specifically within the College of American
Pathologists cancer biomarker protocols, possibly in the
form of an algorithmic approach.

Neoadjuvant chemotherapy has evolved from a treatment
used for patients with inoperable invasive breast cancer to
one which now can be considered in all patients eligible for
adjuvant therapy [33]. Accurate quantification and qualifi-
cation of residual disease is complex and the international
working group recommends reporting of additional ele-
ments currently not incorporated into College of American
Pathologists cancer protocols. It is critically important that
pathologists provide accurate and reproducible reports for
optimal management of breast cancer patients after neoad-
juvant chemotherapy. In our survey, we have demonstrated
that even among academic breast pathologists there is sig-
nificant variability in reporting practices with variable
adherence to the international working group guidelines. In
our paper, we highlight some of the international working
group reporting recommendations, provide evidence to
support the clinical importance of reporting these elements,
and provide suggestions to allow for incorporation of some
of these elements into pathology reports from breast cancer
specimens resected after neoadjuvant chemotherapy. Crea-
tion of universal College of American Pathologists proto-
cols for reporting postneoadjuvant chemotherapy breast
cancer specimens, created in collaboration with a multi-
disciplinary team of physicians involved in breast cancer
treatment, would help standardize reporting practices
among pathologists and ensure that significant variables
required for optimum patient care are reported.
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