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Abstract 

Monitoring response to treatment is a key element in the management of breast cancer that in-
volves several different viewpoints from surgery, radiology, and medical oncology. In the adjuvant 
setting, appropriate surgical and pathological evaluation guides adjuvant treatment and follow up 
care focuses on detecting recurrent disease with the intention of improving long term survival. In 
the neoadjuvant setting, assessing response to chemotherapy prior to surgery to include evalua-
tion for pathologic response can provide prognostic information to help guide follow up care. In 
the metastatic setting, for those undergoing treatment, it is crucial to determine responders versus 
non-responders in order to help guide treatment decisions. In this review, we present the current 
guidelines for monitoring treatment response in the adjuvant, neoadjuvant, and metastatic setting. 
In addition, we also discuss challenges that are faced in each setting. 

Key words: Breast cancer; Treatment monitoring; Future directions; Adjuvant; Neo-adjuvant; 
Metastatic 

INTRODUCTION 
In early 2012, the number of breast cancer sur-

vivors in the United States was nearly 3 million with 
more than two hundred thousand additional women 
estimated to develop breast cancer in that same year 
[1]. Screening and improved adjuvant treatments 
have increased breast cancer survival rates since the 
mid-1970s, with current 5 year survival rates at nearly 
90% [2]. Despite these significant improvements, the 
chances of recurrent or relapsed disease are sobering. 
Recent analysis from the ATLAS (Adjuvant Tamoxi-
fen Longer Against Shorter) trial, showed that while 
women with ER-positive breast cancer had an im-
provement in survival with 10 years of tamoxifen 
therapy versus the standard 5 years of therapy, the 

long-term recurrence rate was still 21.4% [3]. Despite 
several good options for treatment for local recur-
rence, metastatic relapse remains an incurable disease 
in most instances. Currently, the average survival for 
women with metastatic disease is less than 2 years. A 
recent meta-analysis of women with metastatic breast 
cancer receiving first line taxane-based chemotherapy 
showed a median survival of 19.3 months [4]. Perhaps 
earlier detection from more aggressive monitoring 
could lead to improved treatment strategies and pos-
sibly improved survival. 

In this paper, we discuss current strategies for 
monitoring treatment response in various clinical set-
tings that are encountered in everyday oncology 
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practice. First, we will discuss monitoring for breast 
cancer recurrence after adjuvant therapy. Many 
women will undergo surgery, radiation, and chemo-
therapy in an attempt to cure their disease. The period 
following completion of therapy can be difficult for 
women. Up to a third of breast cancer survivors will 
experience distress and of those who experience these 
symptoms, close to 70% consider referral to a special-
ist [5]. Before another blood test or radiograph is or-
dered, we must consider the evidence for such moni-
toring and more importantly consider the psycholog-
ical impact the result of that test may have on survi-
vors. In this review, we will discuss the current 
guidelines for disease monitoring in the adjuvant set-
ting. We will then explore the subset of patients who 
undergo neoadjuvant treatment prior to surgical re-
section of their disease. The role of radiology, tissue 
pathology and surrogate markers of response are 
quickly changing and will be discussed. Finally, we 
will elaborate on ways to monitor treatment response 
in the metastatic setting. We will describe challenges 
faced in each of these clinical settings and in the fol-
low on review; we will explore future directions to 
help guide clinicians and patients who are fighting 
this deadly disease. 

MONITORING TREATMENT 
RESPONSE IN THE ADJUVANT 
SETTING 

After completion of adjuvant therapy, follow up 
care focuses on detecting recurrent disease with the 
intention of improving long term survival. Surgical 
aspects focus on complete pathologic assessment of 
disease that will guide decisions on adjuvant therapy. 
Radiographic studies then provide non-invasive 
means to detect recurrent or new disease while regu-
lar follow up with a medical oncologist to discuss any 
new or concerning symptoms also aims to detect re-
current disease as early as possible in an attempt to 
improve survival by early treatment of recurrence or 
metastases.  

SURGICAL ASPECTS 
The initial treatment of early staged breast can-

cer is surgical removal of the tumor. For years, 
women have chosen between mastectomy with or 
without reconstruction versus breast conserving sur-
gery (BCS) consisting of lumpectomy followed by 
radiation. For invasive breast cancers or even DCIS 
under certain circumstances (large, grade 3, or mi-
cro-invasive disease), a sentinel lymph node biopsy 
(SLNB) is performed at the same time as the tumor 
removal. Axillary lymph node dissection (AxLND) as 
an initial indicator of lymph node status is rarely in-
dicated in current practice. Standard of care (SoC) 

dictates that the primary cancer be completely re-
moved requiring assessment of the surgical margins. 
Likewise, if a SLNB is performed, thorough patho-
logic assessment including serial step sectioning and 
immunohistochemical staining (IHC) determines the 
presence of metastatic cancer. The margin status and 
the detection and quantification of nodal disease 
burden dictate the adequacy of surgical treatment and 
the need for additional procedures to ensure optimi-
zation of surgical therapy. Nodal status, tumor size, 
tumor characteristics, and choice of surgery will dic-
tate additional adjuvant therapies like chemotherapy, 
radiation, hormonal therapy, and immunotherapy.  

Margin Assessment 
 Margin assessment is most straightforward after 

mastectomy. With complete removal of the breast, 
wide margins are usually obtained except for in-
stances where the tumor lies close to the skin or chest 
wall. In the case of the latter, removal of the pectoralis 
fascia usually results in a clear deep margin. Rarely is 
this biologic barrier penetrated in early- staged breast 
cancers. More locally-advanced cancers can penetrate 
into the pectoralis major muscle, but even this is not 
deemed chest wall involvement and does not 
up-stage a patient. Muscle can be easily removed to 
clear this margin if necessary.  

 The superficial margin is often more problem-
atic with the indistinct transition between subcuta-
neous fat and breast tissue. This has become particu-
larly problematic with the trend toward skin-sparing 
mastectomies. Furthermore, the trend toward imme-
diate reconstructions can be complicated by a positive 
margin on final pathology that requires re-excision 
risking exposure of a tissue-expander. In an attempt 
to avoid positive superficial margins, thin flaps are 
often created risking skin necrosis and loss which 
complicates and even delays SoC adjuvant therapies. 
The surgical team must carefully balance the decisions 
between good oncologic surgery and cosmetic out-
comes. New techniques and/or technologies for assessing 
margins and flap viability would help alleviate some of these 
dilemmas.  

 BCS requires a margin-negative lumpectomy. 
The extent of the margin has been an ongoing debate 
for decades. Some centers consider "no tumor on ink" 
as adequate while others want to see a minimum of 
2-3mm of negative margin surrounding the tumor. 
Regardless of the extent, the margins should be free of 
tumor to ensure low local recurrence rates [6]. The 
assessment of these margins has been another area of 
ongoing interest. The surgeon balances the size 
and adequacy of the lumpectomy with cosmesis. A 
positive/close margin requires another surgical pro-
cedure which delays ongoing care, causes the patient 
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additional stress, and has a substantial added cost to 
breast cancer care. Better ways to assess the margins in 
real-time could limit surgery, improve cosmesis, and avoid 
second procedures.  

Nodal Assessment 
SLNB has become the SoC preferred method for 

staging the axilla. The precise technique varies 
somewhat from center to center as to the use of radi-
otracer with or without blue dye, timing, and location 
of injections. Regardless, the thorough examination of 
the identified SLN can reveal the presence or absence 
of metastatic disease, but more importantly, it can 
reveal the extent of disease. Isolated tumor cells 
(<0.2mm) are noted but are not considered as N1 
disease. Micro-metastases (0.2 - 2mm) are staged as 
N1mic, and in the presence of a T1 tumor remains 
stage 1b disease. Macro-metastases (>2mm) are staged 
as N1-3 based on number and location of the positive 
nodes (AJCC Staging Manual, 7th edition). Based on 
recently published data and NCCN guidelines, the 
previous SoC requirement for AxLND for any N1 
disease (including N1mic) is changing [7]. Currently, 
patients that meet the Z-11 criteria and are receiving 
BCS, may forego AxLND. This obviously begs the ques-
tion as to whether other patients undergoing mastectomies 
and with low nodal disease burdens really benefit from 
AxLND.  

 Since the current SoC is follow-on AxLND for 
node-positive disease after SLN except in the fairly 
narrow Z-11 group, there has been considerable in-
terest in determining the presence or absence of met-
astatic disease at the time of SLNB in order to proceed 
with AxLND during the same anesthetic and proce-
dure. This would obviously obviate the need for un-
necessary waiting, stress, and second procedures for 
the patients requiring full axillary staging. Touch 
preps, frozen sections, and real-time PCR-based 
methodologies have been proposed and deployed 
with variable results. Rapid and accurate technologies 
could offer a significant advantage for those patients that 
truly need an AxLND.  

RADIOLOGY ASPECTS  
Improved screening and treatment strategies for 

breast cancer have contributed to a significant de-
crease in breast cancer-related mortality over the past 
20 to 30 years. BCS with radiation results in similar 
survival outcomes as mastectomy with local recur-
rence in the ipsilateral breast occurring 6-9% at 5 years 
and 14-20 % at 20 years [8]. Early detection of 
asymptomatic local recurrence via appropriate sur-
veillance techniques, to include breast imaging, im-
proves long-term survival when compared to late 
symptomatic detection [9-11]. Therefore sensitive, 

non-invasive, and cost-effective surveillance strategies to 
detect early local recurrence are necessary.  

Mammography 
Mammography is the mainstay of surveillance 

imaging following curative treatment of breast cancer 
with 8%-50% of ipsilateral recurrence and 18%-80% of 
contralateral metachronous cancer detected by 
mammography alone [12]. Most treatment guidelines 
including the American Society for Clinical Oncology 
and the NCCN suggest annual mammography fol-
lowing breast conservation therapy [13, 14]. This 
recommendation is based upon expert opinion, as 
there are no adequate randomized controlled trials 
demonstrating mammography’s benefit in the setting 
of surveillance.  

Most guidelines suggest patients obtain their the 
first post-treatment mammogram “1 year after the 
initial mammogram that leads to diagnosis but no 
earlier than 6 months after definitive radiation thera-
py”[14]. Although researchers agree that regular sur-
veillance mammography in women diagnosed with 
early stage breast cancer improves long-term out-
comes, the optimal interval for mammographic fol-
low-up is currently debated. Some studies suggest 
benefit from biannual mammography for 2-5 years 
following treatment, while other studies and most 
major treatment guidelines (including ASCO and 
NCCN) support annual mammography following 
breast conservation therapy [15, 16]. One retrospec-
tive study as well as a meta-analysis of surveillance 
mammography found no benefit to 6-month interval 
screening mammography while a recent retrospective 
single institution review suggested benefit from 5 
years of biannual mammographic surveillance [12, 
17-19].  

There are no randomized clinical trials evaluat-
ing the effectiveness of breast magnetic resonance 
imaging (MRI), ultrasound, or positron-emission 
computed tomography (PET/CT) in the setting of 
breast cancer surveillance. The majority of literature 
regarding each modality is retrospective in nature. 
Thus, there is no definitive evidence to support any of 
these modalities as a primary imaging modality for 
surveillance [20]. Identifying the optimal imaging 
modality for surveillance imaging remains a signifi-
cant challenge. Currently there is no ideal single mo-
dality for imaging surveillance that is non-invasive, 
cost effective, and has the appropriate balance of sen-
sitivity and specificity. Although mammography is 
able to detect 25-45% of recurrences, the 
post-operative and post-radiation changes of breast 
conservation therapy decrease mammography’s sen-
sitivity and specificity compared with a standard 
screening population [21]. Thus, the role of other breast 
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imaging modalities as an adjunct screening tool to mam-
mography and clinical exam is an active area of investiga-
tion.  

Breast MRI 
Breast MRI demonstrates high sensitivity and 

specificity for the detection of local recurrence in 
multiple studies [22-24]. It also has high sensitivity, 
specificity, and accuracy in differentiating 
post-operative scar from recurrent tumor [25]. While 
breast MRI is superior to other modalities as a single 
option, it is expensive, resource intensive, and less 
tolerable than mammography or ultrasound [25, 26]. 
There is wide variability in the use of breast MRI for 
follow-up of women after breast conservation thera-
py. The American College of Radiology practice 
guidelines for breast MR state that MRI is useful in 
women with a history of breast cancer and suspicion 
of recurrence when clinical, mammographic, or so-
nographic findings are inconclusive [20]. Similarly, an 
American Cancer Society panel concluded that the 
increased risk of local recurrence or contralateral 
metachronous disease due to a personal history of 
breast cancer alone does not justify a recommendation 
for screening with MR after breast conservation 
therapy [27]. One retrospective study supports the use 
of breast MR imaging in this population, demon-
strating detection of malignancy in 12% of women 
screened with a primary risk factor of a personal his-
tory of breast cancer [22]. A separate study by Berg, et 
al demonstrated that supplemental MRI was less 
likely to prompt unnecessary recall or biopsy in 
women with a personal history of breast cancer than 
in those without a personal history of breast cancer 
[26]. The choice of adjunct surveillance with Breast MRI is 
still under investigation and further studies for optimal 
patient selection are needed. 

Other Imaging Modalities 
The role of ultrasound for surveillance is poorly 

defined in the literature. A few retrospective studies 
show ultrasound to have a high sensitivity for the 
detection of malignant lesions in the breast, axilla, and 
supraclavicular regions. However, these studies failed 
to demonstrate significant overall survival benefit or 
change in therapy in each patient population. Ultra-
sound currently plays a pivotal role in the multimo-
dality modes of surveillance particularly in sympto-
matic patients. Supplemental ultrasound for asymp-
tomatic patients with a personal history of breast 
cancer resulted in a 34% increase in invasive cancer 
detection compared with annual mammography. 
Furthermore, the false negative rate was lower in 
women with a personal history of breast cancer than 
in women without [26]. PET/CT offers improved ac-
curacy for detection of recurrence compared with the 

current standard of practice. However, given the in-
creased expense and radiation dose its role in sur-
veillance is primarily as an adjunct imaging tool. 
Breast Specific Gamma Imaging has no primary role 
for surveillance. 

Post-Mastectomy Imaging 
A second significant challenge in imaging sur-

veillance is identifying the appropriate algorithm and 
modality for surveillance in the post-mastectomy 
population. There are no definitive guidelines for 
surveillance in patients treated by mastectomy with or 
without reconstruction. Chest wall recurrence in 
mastectomy patients is between 5% and 30% [28, 29]. 
Case reports and retrospective reviews demonstrate 
that local recurrence can be detected by surveillance 
mammography in women with breast reconstruction 
following mastectomy, but no clear evidence exists to 
support or discourage routine imaging surveillance in 
this particular patient population [28-30]. Currently, 
surveillance imaging algorithms are institutional de-
pendent. 

MEDICAL ONCOLOGY ASPECTS 
Following chemotherapy and radiation therapy, 

current NCCN guidelines recommend history and 
physical exam twice yearly for 5 years and yearly 
mammography with the conclusion that intensive 
follow up, routine tumor markers, and additional 
imaging modalities in an asymptomatic patient do not 
increase overall survival. A 2012 Cochrane review by 
Rojas et al reviewed multicenter randomized con-
trolled trials comparing different follow up strategies 
in breast cancer patients with stage I, II, or III disease 
who were disease free after their treatment. The con-
clusion was that intensive surveillance and shorter 
follow up intervals provided no significant survival 
advantage over ordering additional testing as symp-
toms arise. An example of intensive follow up in-
cluded physical exam every 3 months for 2 years, 
followed by every 3 months for 3 years, chest x ray 
and bone scan every 6 months, and yearly mammo-
gram which was compared to the same physical exam 
and mammography schedule without any additional 
testing. Though recurrences were detected earlier in the 
intensive follow up group, this did not affect the type of 
treatment offered, nor did it affect estimated 10-year mor-
tality rates [31, 32].  

A systematic review of the literature in 2007 
questioned whether a clinical exam by a specialist 
improves survival after primary therapy in compari-
son with self breast exams and mammography. The 
conclusion was that patient detection and mammog-
raphy was associated with improved survival com-
pared to clinical examination by a specialist versus a 
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general practitioner. This paper also emphasized that 
in more recent years, the number of treatable relapses 
diagnosed by mammography increased, likely as a 
result of technical improvements and enhanced qual-
ity assurance [33, 34]. Further reviewing strategies for 
the early detection of breast cancer recurrence is be-
yond the scope of this review, but will be further ex-
plored in future manuscripts. 

MONITORING TREATMENT 
RESPONSE IN THE NEOADJUVANT 
SETTING 

Neoadjuvant chemotherapy is well established 
for the treatment of breast cancer patients with locally 
advanced disease and/or axillary metastasis with 
indications for its use continuing to expand. Ad-
vantages of neoadjuvant chemotherapy include the 
reduction of tumor burden allowing a greater number 
of patients to undergo breast conservation therapy 
and the preoperative assessment of tumor response to 
chemotherapy. Tumor size decrease in the neoadju-
vant setting is positively associated with disease-free 
and overall survival. Thus, breast imaging plays a role 
in evaluating tumor response and informing clinical 
decisions in the neoadjuvant setting. 

SURGICAL ASPECTS 
Following neoadjuvant chemotherapy +/- im-

munotherapy, patients undergo surgical removal of 
their tumors. If they were determined to be 
node-positive prior to neoadjuvant treatment, current 
SoC is to also perform an AxLND. The intent of the 
surgery is to remove the residual tumor and affected 
nodes for local control of disease but also to defini-
tively assess for treatment response to the neoadju-
vant therapy.  

Some patients with a complete clinical and ra-
diographic response will still have residual pathologic 
disease, and surgery is required to make this deter-
mination. Standard pathologic assessment is per-
formed on these specimens. However, a minority of 
women will achieve a complete pathologic response 
(pCR) with no residual cancer found on pathologic 
assessment. These women have been shown to have 
an excellent prognosis and low recurrence rate [35, 
36]. Of course, it would be optimal to make this de-
termination in a less invasive manner especially in 
terms of the nodes. It has been shown that SLNB is 
accurate after neoadjuvant therapy; however, it is 
unknown whether this provides adequate local con-
trol of disease and disease-free and overall survival 
equivalent with AxLND [37]. Hopefully, future studies 
will prove whether full AxLND are required in patients 
with node-positive disease prior to neoadjuvant therapy if 
they achieve a complete clinical and radiographic response.  

The real dilemma is what more to do for women 
who do not achieve a pCR. For those patients with 
good clinical responses but not pCR, it would seem 
that some adjuvant therapy with low toxicity would 
be in order such as hormonal or even possibly im-
munotherapy. However, the larger concern is for 
those women with minimal clinical and pathologic 
response. These women are at an extremely high risk 
for disease recurrence. Many groups are focused on de-
signing and implementing clinical trials to determine the 
best treatment options for these women who do not achieve 
pCR after neoadjuvant therapy.  

RADIOLOGY ASPECTS 
Contrast enhanced magnetic resonance imaging 

is the imaging modality of choice for evaluating the 
initial extent of disease [26, 38]. While breast MR is 
accurate for evaluation of residual breast cancer after 
treatment, several studies demonstrate both 
false-positive and false-negative incidents [39, 40]. 
Therefore, even in the absence of residual disease on 
breast MR, definitive surgical resection is required to 
document pCR to therapy. Nevertheless, breast MR 
correlates more accurately with pathologic specimen size 
when compared to clinical exam, ultrasound, and mam-
mography. Information about residual tumor burden pro-
vided by breast MR assists with preoperative planning and 
guiding surgical management [38, 41]. 

Quantifying Response 
Determining an accurate and repeatable means 

for evaluating response to therapy remains a chal-
lenge. An objective assessment of response of the 
primary tumor and any metastatic lesions is necessary 
to measure therapeutic effect. One such method of 
assessment evaluates the regression in the size of tu-
mors as a measured endpoint, particularly in clinical 
trials of new chemotherapy agents. In 2000, the Re-
sponse Evaluation Criteria in Solid Tumours 
(RECIST) Working Group defined objective criteria to 
assess for tumor reduction in response to therapy in 
clinical trials and then later updated these criteria to 
version 1.1 to include pathologically enlarged lymph 
nodes and (18)F-fluorodeoxyglucose positron emis-
sion tomography (18FDG-PET) data [42, 43]. In the 
RECIST criteria, up to five measureable lesions (>10 
mm in greatest dimension, maximum two per organ, 
or lymph nodes >15mm in short axis) are identified 
and the longest diameters are summed and trended to 
assess for objective tumor response to therapy. Based 
on these criteria, the RECIST Working Group as-
signed four categories of response: complete response 
(CR), partial response (PR), progressive (PD) and sta-
ble disease (SD). These criteria are summarized in 
Table 1. 
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Table 1: Response Evaluation Criteria in Solid Tumors - RESIST 1.1 

Response Classification Assessment Criteria 
CR (Complete Response) 
 

- Disappearance of all target lesions 
- Short axis reduction to <10mm of any pathological lymph nodes 

PR (Partial Response)  >30% decrease in sum of target lesion diameters from baseline sum diameters 
PD (Progressive Disease >20% increase in sum of target lesion diameters from smallest sum diameter AND 

>5mm increase in sum of target lesion diameters 
New lesions (one or more) 
Unequivocal progression of nontarget lesions 

SD (Stable Disease) Neither PR nor PD reference the smallest sum diameter 
Table Modified from Eisenhauer et al [43] 

 
Abnormal foci of increased 18FDG-PET, under 

RECIST 1.1, must be confirmed by a follow up CT or 
with the diagnostic quality CT portion (IV and enteric 
contrast) of a 18FDG PET-CT for inclusion as a 
measureable lesion.  

RECIST criteria are generally used in the setting 
of clinical trial evaluation of therapy and have not 
been universally accepted into clinical practice. Ad-
vanced imaging modalities such as 18FDG PET or 
18FDG PET-CT are described as optional modalities 
in the NCCN Breast Cancer guidelines [16]. Still, the 
use of advanced imaging in the assessment of breast 
cancer response and staging is being utilized. In a 
recent publication of the patterns of breast cancer 
imaging in Washington State noted 468 patients out of 
9,196 patient included in the study received both 
breast MRI and CT, or PET or PET-CT [44]. 

In the setting of neoadjuvant therapy, 18FDG 
PET has good sensitivity but reduced specificity. In 
their meta-analysis of the current literature to deter-
mine the diagnostic performance of 18FDG PET and 
PET-CT, Cheng et al., demonstrated that 18FDG PET 
and PET-CT have a reasonable sensitivity (0.847, 95% 
CI 0.793-0.892) in evaluating response to neoadjuvant 
chemotherapy in breast cancer; however specificity 
was relativity low (0.661, 95% CI 0.598-0.720). They 
concluded, “No single diagnostic technique is able to 
reliably asses pathological response to neoadjuvant 
chemotherapy, but the combination of other imaging 
methods (MR, US, mammography) with FDG PET-CT 
or PET is recommended” [45].  

The primary challenges in the neoadjuvant setting 
include the accurate assessment of early response to therapy 
and discovering a non-invasive means of accurately pre-
dicting pathologic complete response to therapy. Both of 
these areas are under active investigation and will be dis-
cussed in the accompanying manuscript addressing future 
directions. 

MEDICAL ONCOLOGY ASPECTS 
Aside from clinical examination and imaging, 

tumor markers have also been investigated to predict 
and monitor response to neoadjuvant chemotherapy. 
A 2010 retrospective review of patients who received 
neoadjuvant chemotherapy measured expression of 

tissue tumor markers found that patients who were 
hormone receptor (HR) negative (both ER and PgR 
negative) achieved significantly higher rates of pCR 
compared to hormone receptor positive patients (26% 
versus 4%). However, only 13% of the study popula-
tion achieved a pCR [46]. While these results are in-
triguing the retrospective nature of the study along 
with a questionable criteria used for hormone recep-
tor positivity limits the study’s applicability.  

Serum tumor markers such as CA 15-3 have also 
been investigated in the neoadjuvant setting. In a 
prospective study by Al-azawi et al, an elevated CA 
15-3 level prior to neo-adjuvant chemotherapy was 
found to be predictive of a poor pathologic response 
in only 37.7% of patients. In addition, when combined 
with lymphovascular invasion and HER2 overex-
pression the continued elevation of CA 15-3 after 
primary therapy for locally advanced breast cancer 
predicted a worsened disease free survival [47]. This 
study was limited due to its small size and the fact 
that less than 35% of patients received taxane-based 
chemotherapy. While the results are intriguing, larger 
prospective trials are needed to help determine 
whether overall survival may be impacted by tumor 
marker surveillance in this setting. 

The primary role of neoadjuvant therapy is to 
downstage patients prior to surgery. Presumably, if a 
patient is not responding to neoadjuvant treatment in 
early stage breast cancer, then therapy should be 
halted to pursue definitive therapy. Unfortunately, 
we are unable to accurately ascertain which patients 
will respond or not respond to treatment. The current 
testing for ER, PgR, and HER2 do not reliably predict 
response to therapy, nor can they be repeatedly 
measured to monitor response. In addition, as de-
scribed above, no serum tumor marker has proved 
reliable in predicting or measuring response.  

MONITORING DISEASE RESPONSE 
IN THE METASTATIC SETTING 
SURGICAL ASPECTS 

As there are very limited indications for surgery 
in the metastatic setting, there are no specific moni-
toring strategies that are surgery specific. Monitoring 
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disease after surgical interventions such as metastec-
tomy or palliative debulking. Recommended moni-
toring strategies are outlined below.  

RADIOLOGY ASPECTS 
NCCN guidelines suggest the following for 

staging evaluation of women with recurrent or meta-
static breast cancer: diagnostic chest CT, bone scan, 
and radiographs of painful long bones or those with 
abnormal appearance. CT of the abdomen with or 
without the pelvis may also be considered for restag-
ing. PET/CT is considered an optional modality in 
this setting and should be considered in situations 
where standard imaging results are equivocal or sus-
picious. Per the NCCN guidelines either a bone scan 
or sodium fluoride PET/CT is recommended to 
evaluate for bony metastasis unless prior FDG 
PET/CT already indicated bony metastasis [16]. 

PET/CT 
Though PET/CT is considered optional, recent 

literature suggests that PET/CT is appropriate for 
restaging of breast cancer patients with documented 
or suspected recurrent breast cancer. It accurately 
detects abnormal extra-axillary lymph nodes, detects 
distant metastases, and often demonstrates recurrent 
and/or distant disease prior to conventional imaging 
modalities [48]. Evaluation of breast cancer patients 
with 18FDG PET or 18FDG PET-CT allows for survey 
of the chest, abdomen and bones in a single examina-
tion with both anatomic and metabolic information 
useful in the staging, restaging and assessing for 
therapeutic response. In the setting of asymptomatic 
patients with rising tumor markers the use of PET/CT 
may result in early detection of disease and a signifi-
cant change in management.  

Grassetto, et al. looked at 89 patients with breast 
cancer who had rising serum tumor markers but neg-
ative conventional imaging (mammography, ultra-
sound, contrast enhanced CT, and bone scan). 18FDG 
PET/CT identified tumor deposits in 40 of the 89 pa-
tients leading to change in treatment strategy and 
improved outcomes [49]. In a recent prospective 

study involving locally advanced or inflammatory 
breast cancer patients, 18FDG PET-CT outperformed 
conventional imaging for detection of bone and liver 
metastasis as well as distant lymph node involvement 
leading to a change in clinical stage in 61 of 117 pa-
tients (52%). 18FDG PET-CT had an increased accu-
racy (98.3 versus 89.7%) in comparison to planar bone 
scintigraphy and detected all sites of known liver 
metastasis in comparison to conventional imaging 
with CT or ultrasound. Furthermore, when recurrence 
is detected, PET/CT is useful for determining if there 
is isolated or distant recurrence. For example, addi-
tional lesions not apparent on conventional imaging 
may be depicted by PET/CT up to 45% of the time 
with resultant change in management [48]. 

Future directions and emerging imaging modal-
ities to monitor disease in the metastatic setting will 
be described in the paper to follow.  

MEDICAL ONCOLOGY ASPECTS 
Monitoring treatment responses for women with 

metastatic breast cancer can be difficult. With the 
goals of therapy focused on improving quality of life 
and overall survival, the challenge has been finding a 
test that is safe, non-invasive and reliable to assess 
response. Table 2 summarizes the current guidelines 
for monitoring disease status in women treated for 
metastatic breast cancer. Of all the standard monitor-
ing modalities, radiographic examination has been the 
most readily used to measure treatment response, but 
some studies report up to 10-40% of women who have 
disease that is not measurable [50]. This includes ir-
radiated lesions, pleural effusions, bone only meta-
static disease and other difficult to assess metastatic 
sites. This has led to the investigation of several cir-
culating and tissue-based tumor markers. If elevated 
at the time of treatment initiation, tumor markers 
could be helpful for monitoring treatment response. 
In addition, use of tumor markers have the potential 
to decrease the use of radiology re-staging studies 
[51]. 

 

Table 2: Current Guidelines for Monitoring Response to Therapy in Breast Cancer Patients 

 Baseline prior to 
new therapy 

Chemotherapy Endocrine Therapy Restaging if concern for 
progression 

Symptom Assessment Yes Prior to each cycle Every 2-3 months Yes 
Physical Exam Yes Prior to each cycle Every 2-3 months Yes 
Performance Status Yes Prior to each cycle Every 2-3 months Yes 
Weight Yes Prior to each cycle Every 2-3 months Yes 
LFTs, CBC Yes Prior to each cycle Every 2-3 months Yes 
CT scan chest/abd/pelvis Yes Every 2-4 cycles Every 2-6 months Yes 
Bone Scan Yes Every 2-4 cycles Every 4-6 months Yes 
PET/CT Optional Unknown Unknown Optional 
*Adapted from NCCN Guidelines 3.2013 
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 Circulating Tumor Markers 
ASCO published an update regarding the use of 

tumor markers in breast cancer in 2007 [15]. This up-
date focused on recommendations for the use of tu-
mor markers for diagnosis, staging, screening, prog-
nosis, predictive value, and monitoring of disease. We 
will focus on their recommendations regarding the 
clinical utility of the CA 15-3, CA 27.29 and CEA for 
monitoring patients with metastatic disease during 
active therapy. The basic premise is that rising tumor 
markers are concerning for tumor progression, espe-
cially when other clinical finding or imaging are in-
conclusive.  

CA 15-3 and CA 27.29 
Epithelial cells are protected by a mucous barrier 

consisting of both secreted and transmembrane mu-
cins. MUC-1 is a transmembrane mucin which can 
become overexpressed in epithelial cancer cells. 
Overexpression can lead to loss of epithelial polarity 
which in turn can cause activation of tyrosine kinases 
leading to downstream signaling and cancer cell sur-
vival [52]. Several murine antibodies to MUC-1 gene 
products are available including CA 15-3 and CA 
27.29 which detect soluble forms of MUC-1 [53] . CA 
15-3 is an FDA approved assay that detects shed or 
soluble forms of MUC-1 protein [54]. Currently, the 
most common assay for CA 15-3 detects antigens re-
acting with 2 monoclonal antibodies, DF3 and 115-D8 
[55]. CA 27.29 also detects MUC-1 through the mono-
clonal antibody BR 27.29, specific to an 8 amino acid 
tandem repeat region which partially overlaps with 
the binding site of DF3 tested for with the CA 15-3 
assay. It was shown to be effective for the early detec-
tion of recurrence in the follow up of previously dis-
ease free patients [56]. While some studies have sug-
gested that CA 27.29 is a more sensitive test [57]. A 
more recent study suggests that test value differences 
may have more to do with assay calibration rather 
than differences in specificity of the assays [58]. The 
majority of clinical data regarding the utility of 
MUC-1 based tumor markers for monitoring meta-
static breast cancer has been done using CA 15-3 as-
says. 

Early retrospective studies confirmed that CA 
15-3 was a sensitive tumor marker, present in over 
70% of women with metastatic breast cancer [59, 60]. 
Furthermore, when a bideterminant immunoassay for 
CA 15-3, with monoclonal antibodies to DF3 and 
115-D8, was used it was elevated in 73% of metastatic 
breast cancer patients versus only 55% CEA elevation 
in the same patient population. Todini et al. showed 
that use of CA 15-3 was 60.3% sensitive and 71.1% 
specific when monitoring response to therapy [61]. 
This retrospective study used an increase in CA 15-3 ≥ 

25% from initial levels to correlate with progressive 
disease (PD), while decreases in tumor markers ≥ 25% 
from baseline seemed correlated with disease re-
sponse. Finally, a change in CA 15-3 of ≤ 25% corre-
lated with stable disease (SD). CA 15-3 correlated with 
disease progression, regression, or stability in more 
patients than CEA (60.3% vs. 39.6%; p=0.02) Use of 
both CEA and CA 15-3 increased specificity to 95.5%.  

CEA (carcinoembryonic antigen) 
Current guidelines recommend monitoring the 

serum tumor marker carcinoembryonic antigen (CEA) 
in metastatic breast cancer to help guide treatment 
decisions, in conjunction with standard clinical mon-
itoring and imaging, if initial values are elevated at 
the diagnosis of disseminated disease [15]. Early 
studies of CEA monitoring in the metastatic setting 
showed that half of patients had an elevated CEA 
prior to initiation of chemotherapy [62]. In those with 
clinical response, a decrease in CEA was found in 94% 
of cases and in those patients who had normalization 
of CEA levels, their duration of response was close to 
22 months vs. 9 months in those whose CEA levels did 
not normalize. Although only 40-50% of patients with 
metastatic breast cancer have elevated CEA levels, 
adding the measurement of CEA to other MUC-1 an-
tigen testing (CA15-3) may result in a slightly im-
proved sensitivity [63].  

Several studies have described situations where 
the CEA is elevated, while the MUC-1 associated tu-
mor markers, CA15.3 and CA 27.29 are normal 
[64-66]. One study found that 35% of patients with 
normal CA15-3 levels may have elevations of other 
tumor markers (CEA and/or CA 125) [67]. This is in 
keeping with current recommendations, which call 
for evaluating a CEA level in conjunction with one of 
the MUC-1 assays on the initial presentation of meta-
static breast cancer. Ongoing CEA monitoring is only 
advised if the MUC-1 studies are in the normal range. 
However, current guidelines do not address moni-
toring of CA-125, a tumor marker commonly used in 
monitoring epithelial ovarian cancer. Available data 
suggest CA-125 levels are elevated in up to 84% met-
astatic breast cancer patients, so monitoring of this 
tumor marker maybe part of future guidelines [68, 
69], as adding CA-125 to standard tumor marker as-
says, may increase the sensitivity to as high as 90% in 
the metastatic setting [68].  

Prospective studies of tumor markers 
To further define the role of tumor markers in 

the monitoring of metastatic disease, several prospec-
tive studies were performed. Clinical utility of indi-
vidual tumor markers was prospectively evaluated 
using CEA, CA 15-3 and TPS (tissue polypeptide spe-



 Journal of Cancer 2014, Vol. 5 

 
http://www.jcancer.org 

66 

cific antigen)[70]. One hundred twenty-nine women 
with metastatic breast cancer were followed for 6 
months. The sensitivity for CA 15-3 was 73% vs. 69% 
for TPS. In another small, multi-center prospective 
trial, 83 women with metastatic breast cancer were 
assessable for following an established biochemical 
index, which included measurement of CA 15-3, CEA 
and ESR [71]. Treatment response was measured by 
standardized criteria at baseline and at 3 month in-
tervals. Eighty four percent of women had an eleva-
tion of at least one biochemical marker upon initial 
assessment. In this study, changes in tumor markers 
corresponded to standard criteria for disease pro-
gression at first assessment in 34/37 patients. In the 3 
women whose markers were falling at 3 months, they 
were found to have progressive disease by standard-
ized criteria. In women with late progression (defined 
as >6 months from initiation of treatment) 13/17 
(67%) had tumor marker elevation between 3-9 
months prior to progression as measured by standard 
criteria. Three women that never had an elevated in-
dex remained in remission for the duration of this 
study.  

In 2004, a prospective Japanese study analyzed 
108 women with metastatic breast cancer who had 
sequential tumor marker (CEA, CA 15-3, and 
NCC-ST-439) measurements drawn every 4 weeks 
during treatment [72]. This study concluded that 
changes in tumor markers correlated to response to 
therapy. In addition, if a ≥ 20% decrease in tumor 
marker was noted, this predicted a longer time to 
progression. One of the more interesting findings was 
that patients followed with CA 15-3 who had con-
firmed response to therapy had an initial rise (≥ 20%) 
in their tumor marker measurement 21% of the time. 
The authors cautioned regarding a possible “spike” 
phenomenon shortly after the initiation of therapy 
which has been seen in other studies [73, 74].  

Finally, the largest prospective study looked at 
the prognostic significance of CA 15-3 levels during 
anthracycline-based chemotherapy for metastatic 
breast cancer patients [75]. In this study, 526 patients 
had serum CA 15-3 measurements obtained at base-
line, 3 and 6 months after initiation of chemotherapy 
while prospectively enrolled in five phase II-III trials. 
Median time to progression was 15.3 months in 
women with normal tumor markers throughout the 
study time, 11.7 for those with a ≥ 25% decrease, 9.6 
months for those with elevated CA 15-3 that did not 
change significantly, and 8.6 months for those with 
increased tumor markers (p<0.001). The authors sug-
gested that for women with negative CA 15-3 at 
presentation, continued monitoring was warranted 
due to the significant worsening in prognosis for these 
women who become positive. In this study, woman 

who did not have an elevation at baseline and re-
mained normal had an overall survival of 42.3 
months. Despite the prognostic value of the CA 15-3, 
up to 23.7% of patients had a false positive change in 
CA 15-3 levels and a false negative rate up to 46.2% 
leading to specificity at 6 months of only 53.8%.  

Current Recommendations 
Based on this data, ASCO has recommended that 

the MUC-1 assays, CA 15-3 and CA 27.29, can be used 
for monitoring patients with metastatic breast cancer 
during active therapy (See Table 3). These assays 
should be used in conjunction with diagnostic imag-
ing, history and physical examination. Currently, they 
do not recommend use of CA 15-3 or CA 27.29 alone for 
monitoring disease but recognize that in the absence of 
measurable disease an increase may indicate disease pro-
gression. They also recommend caution interpreting a 
rising MUC-1 associated assays during the first 4-6 
weeks of treatment as spurious rises can occur.  

 

Table 3: Current standards for using tumor markers in the 
metastatic setting 

CA 15-3 
CA 27.29 

NCCN: Optional 
ASCO: For monitoring patients with metastatic disease 
during therapy in combination with diagnostic imag-
ing, history, and exam.  

CEA NCCN: Optional 
ASCO: For monitoring patients with metastatic disease 
during active therapy in combination with diagnostic 
imaging, history, and exam.  

Adapted from NCCN Guidelines 3.2013 and ASCO Tumor Marker Guidelines 
(2007).  

 
Present data are insufficient to recommend use 

of any of these three tumor markers ALONE for 
monitoring response to treatment, although in the 
absence of measurable disease, increasing levels may 
point to progressive disease. Caution is recommended 
when interpreting results as rising levels during the 
first 4-6 weeks after new treatment is initiated may 
not be clinically significant. 

CONCLUSION 
Given the prevalence of breast cancer patients in 

the United States, future studies aimed at improving 
the monitoring of disease are paramount. We have 
described the common clinical scenarios and standard 
of care for breast cancer patients undergoing surveil-
lance and monitoring of treatment responses. In the 
adjuvant setting, the challenge has been improving 
early detection and more importantly, how to trans-
late early detection into increased survival.  

Determining which patients are at higher risk of 
relapse may aid in this challenge. In order to help 
identify high risk patients there has been a national 
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shift towards treating more women with 
neo-adjuvant therapy. With the use of new microarray 
and DNA based assays, the ability to obtain tissue to 
assess for predictive and prognostic markers before 
and after neo-adjuvant therapy may help us deter-
mine which woman may benefit from enhanced sur-
veillance.  

Finally, the challenge in the fight against meta-
static disease is to provide safe, inexpensive and ac-
curate tumor markers assessment for our patients. 
Only through well-designed and standardized clinical 
trials will we be able to move the field forward. More 
research in the metastatic setting may also help us 
discover new novel agents, markers or techniques that 
might be able to be pushed forward into the adjuvant 
or even average-risk screening population in order to 
find new ways to improve breast cancer-specific 
mortality. 
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