
Abstract. Aim: To evaluate the impact of BioZorb®, a 3D-
bioabsorbable marker, on the tumor-bed boost volume and
dosimetric parameters in adaptive boost planning for breast
cancer. Patients and Methods: Records were reviewed for 51
breast-cancer patients who underwent breast-conserving
surgery and adjuvant whole-breast irradiation between
January 2017 and October 2018. Changes in lumpectomy
boost volume (LBV), doses to organs at risk, toxicity and
cosmesis were compared between patients with and without
BioZorb®. Chi-square test and paired and independent t-tests
were used for comparisons of variables. Results: Median
follow-up was 35.5 months. Mean LBV on initial CT (LBV1;
32.2 vs. 33.8 cc, p=0.74) and on boost computed tomography
(CT) (LBV2; 25.3 vs. 24.8 cc, p=0.87) were similar with and
without BioZorb®. The mean decrease from LBV1 to LBV2
was 9.0 cc and 6.8 cc with and without BioZorb®, respectively
(p=0.42). LBV1 was significantly positively correlated with a
20% reduction in LBV (p=0.02). Mean heart and lung doses
on adaptive boost planning CT were slightly lower compared
to initial planning CT in both groups. Acute breast pain was
reported in 18/51 patients, 9 of whom had BioZorb® (p=0.24).
Grade-2 pain was reported in 5/51 patients, 3 of whom had
BioZorb® (p=0.11). Excellent or good cosmesis was reported
in 36/41 patients. Fair cosmesis was reported in 5/41 patients,
of whom 2 had BioZorb® (p=0.64). Conclusion: BioZorb®
placement does not impact the tumor-bed boost volume nor
the variation of seroma volume within the period of treatment.

More data and longer follow-up are needed to identify a
measurable clinical impact of BioZorb® placement. 

Adjuvant radiation treatment (RT) after breast-conserving
surgery is an established standard of care for the majority of
breast cancer patients (1, 2). A radiation boost targeted at the
tumor bed is often administered as part of the adjuvant RT
regimen. The rationale for a tumor-bed boost is based on data
on patterns of recurrence demonstrating that the vicinity of the
original tumor is the most common site of local recurrence and
therefore may benefit from a higher dose of RT compared to
the remainder of the breast (3). Several randomized controlled
trials have shown that the addition of a tumor-bed boost to
whole breast RT (WBRT) in women with localized breast
cancer leads to an improvement in local control (3-5). 
Various landmarks can be used to assist in the delineation or

the volume of the tumor bed, including the surgical scar,
surgical clips, seroma, and post-surgical parenchymal changes.
However, it has been shown that delineation of the tumor-bed
volume is often variable among radiation oncologists (6, 7).
Tumor-bed delineation can be even more challenging in
patients who undergo oncoplastic modifications during surgery
to optimize the cosmetic outcome. Although it is not standard
practice, some radiation oncologists will perform a second
computed tomographic (CT) simulation for planning the tumor-
bed boost, referred to as adaptive boost planning, as it has been
shown that the volume of the tumor bed can change during the
course of whole-breast treatment (8, 9). 
In 2012, BioZorb® (Hologic, Inc., Marlborough, MA, USA),

which is a three-dimensional surgical marker composed of a
bioabsorbable framework and six titanium clips, gained US
Food and Drug Administration approval to assist with tumor-
bed delineation in patients receiving adjuvant RT (10). Limited
retrospective series have examined the impact of a BioZorb®
marker on the volume for the tumor-bed boost (11, 12). The
purpose of this study was to compare these volumes and
dosimetric parameters for patients undergoing adaptive boost
planning with and without a BioZorb® marker. 
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Patients and Methods
After obtaining Institutional Review Board approval (approval number
Pro20170001227), a retrospective review of patients with breast cancer
treated at the Rutgers Cancer Institute of New Jersey who underwent
breast-conserving surgery and received adjuvant WBRT between
January 2017 and October 2018 was performed. A BioZorb® (Hologic,
Inc.) marker was placed at the time of surgery as per the surgeon’s
discretion. The cohort of patients was limited to those who underwent
repeat CT simulation for boost planning in order to assess changes in
the volume of the tumor-bed boost with and without the BioZorb®
marker. Patients with invasive cancer or ductal carcinoma in situ were
included. Patients treated in the prone position for WBRT and supine
position for tumor-bed boost were excluded, as this may compromise
volumetric and dosimetric plan comparison. CT simulation was
conducted per institutional standards. Patients were placed supine on a
breast board with both arms raised above the head. A custom headrest
was made. Additional custom immobilization for the body was utilized
as needed. CT simulation was obtained in two separate sessions: Initial
planning CT (CT1) was typically performed 1-2 weeks before the start
of WBRT, and adaptive boost planning CT (CT2) was performed before
the completion of WBRT, usually during the third week of treatment.
CT planning and volumetric calculations were performed using Eclipse
version 11 (Varian Medical Systems, Palo Alto, CA, USA). 
WBRT was delivered using 3-dimensional conformal RT to the

entire breast with or without regional nodal irradiation. CT-based
treatment planning with tangential fields was used for all patients.
The heart was excluded from the primary beam using multi-leaf
collimator blocking. Deep inspiratory breath-hold was utilized to
limit cardiac exposure when clinically indicated.
Patient charts and treatment plans were retrospectively queried to

collect clinical, volumetric, and dosimetric data. Lumpectomy boost
plans on CT2 were completed at the time of treatment. Additional
contours, for both organs at risk and lumpectomy target volumes, and
boost plans were generated on CT1 for the comparison purpose of the
study. All target volumes on both CT1 and CT2 were contoured by the
same Radiation Oncologist for consistency. Breast volume was
measured in cubic centimeters (cc) for all patients on the initial CT
simulation scan. Primary tumor size was collected from pathology
reports and was grouped into three categories: <1 cm, 1-2 cm and >2
cm. Body mass index was collected for all patients and categorized into
three groups: <25 kg/m2, 25-305 kg/m2, and >305 kg/m2. Absolute and
relative change in lumpectomy boost volume (LBV) between CT1 and
CT2 was calculated for all patients. A significant decrease in LBV was
defined as a 20% or more reduction from CT1 to CT2. Toxicity and
cosmetic outcomes were extracted from patient charts. Dose–volume
histograms were compared between the two boost plans. Patients were
stratified based on the presence or the absence of the BioZorb® marker. 
Statistical analyses were performed using SPSS statistical software

version 25 (IBM Corp., Armonk, NY, USA). Chi-squared test was used
for categorical variable comparisons and paired t-test or independent t-
test were used for continuous variables comparison. Fisher’s exact test
was used for analysis of data including five or fewer patients.

Results
A total of 51 patients met the study inclusion criteria. Two
patients underwent treatment of both breasts, resulting in 53 sets
of lumpectomy boost plans for comparison between CT1 and
CT2. The median age of the cohort was 54 (range=38-85) years.

The majority of patients (66%) had pathological T1 primary
tumors by the eighth edition of the American Joint Committee
on Cancer classification (13), and 20.8% underwent re-excision.
Twelve (22.6%) patients received targeted treatment to the
regional lymph nodes. The majority of patients (75.5%)
received hypofractionated WBRT. Baseline characteristics are
listed in Table I. 
The median follow-up duration was 35.5 (range=2-63.8)

months. Of the 53 lumpectomy cavities, 33 (62.3%) had a
BioZorb® marker placed at the time of surgery. No difference
in age, body mass index, breast size, or American Joint
Committee on Cancer pathologic T-stage were reported
between the groups with and without BioZorb® placement, as
detailed in Table II. Re-excision was significantly more
common in the BioZorb® group (18.9% vs. 1.9%, p=0.04).
The use of hypofractionated WBRT and regional nodal
irradiation was similar in both groups. The mean (± standard
deviation) time from surgery to initial CT was at 5.5±4.4 weeks
for patients with BioZorb® and 8.5±7.6 weeks for patients
without BioZorb® (p=0.13). The mean time from surgery to
boost CT was 9.7±4.3 weeks for patients with BioZorb® vs.
12.8±7.4 weeks for those without, p=0.10 (Table II). 
Comparisons of the LBV and the doses to organs at risk are

listed in. The LBV was delineated on CT1 and CT2 and will
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Table I. Baseline characteristics of patient (N=51). 

Characteristic                                                                     Value

Age, years                                                                               
  Median (range)                                                           54 (38-85)
Breast laterality, n (%)                                                           
  Right                                                                           23 (43.4%)
  Left                                                                             30 (56.6%) 
BMI, kg/m2                                                                            
  Mean±SD                                                               27.9 (18.4-43.5) 
Tumor size, mm*                                                                   
  Mean±SD                                                                     12.6±8.3
Breast size, cm3*                                                                   
  Mean±SD                                                                  860.7±390.3
AJCC pathological T-stage, n (%)*                                      
  Tis                                                                                7 (13.2%)
  T1                                                                                35 (66.0%)
  T2                                                                                10 (18.9%)
  T3                                                                                  1 (1.9%)
Nodal RT, n (%)*                                                                   
  Yes                                                                              12 (22.6%)
  No                                                                               41 (77.4%)
Hypofractionated RT, n (%)*                                                
  Yes                                                                              40 (75.5%)
  No                                                                               13 (24.5%)
Re-excision, n (%)*                                                              
  Yes                                                                              11 (20.8%)
  No                                                                               42 (79.2%) 
AJCC: American Joint Committee on Cancer; BMI: body mass index;
RT: radiotherapy; SD: standard deviation. *N=53 Due to two patients
being treated for both breasts. 



be referred to as LBV1 and LBV2, respectively. The mean
LBV1 in the BioZorb® group was 32.2±16.6 cc, similar to the
mean LBV1 in the no BioZorb® group (33.8±17.4 cc; p=0.74).
The mean LBV2 was 25.3±13.6 cc) in the BioZorb® group and
24.8±11.1 cc) in the no BioZorb® group (p=0.87). LBV2 was
smaller than LBV1 in both groups. The mean decrease was
9.0±9.7 cc in the BioZorb® group and 6.8±8.5 cc in the group
without (p=0.42). On dose–volume histogram analysis of doses
to organs at risk, mean heart and lung doses from lumpectomy
boost plans on CT2 were slightly lower than on CT1, which
was seen for both groups (Table III). 
Of the 53 lumpectomy cavities, 25 had more than a 20%

reduction in LBV on the repeat CT. Of these 25 cases, 17
had the BioZorb® marker (p=0.22). On bivariate regression
analysis accounting for BioZorb® marker placement, breast
size, tumor size, re-excision, the use of hypofractionation,
and LBV1, the only variable that significantly positively
correlated with a reduction of 20% was LBV1 (p=0.02). 
A total of 18 patients reported acute breast pain within 3

months of completing RT, of whom nine (50%) had BioZorb®

(p=0.24) (Table IV). Grade 2 pain was reported in a total of five
patients, three of whom had BioZorb® placement (p=0.11).
Only one patient attributed grade 1 pain/discomfort to
BioZorb®. At the last follow-up, pain or tenderness to palpation
was reported by 14 patients, of whom seven had a BioZorb®
device. Cosmetic outcome was available for 41(80%) patients
at the last follow-up. Cosmesis was reported as fair in five
patients, two of whom had BioZorb® marker (p=0.64). A total
of 36 patients had excellent or good cosmesis reported by the
same physician using the Harvard scale (14) (Table IV). 

Discussion

Placement of a BioZorb® device at the time of breast-conserving
surgery has been recently adopted by some surgeons, particularly
when performing oncoplastic surgery. Oncoplastic surgical
techniques that aim to improve cosmetic outcomes often result
in remote incisions and alteration of tissue arrangement in the
tumor bed. This results in difficulty delineating the tumor-bed
volume by radiation oncologists. As a result, some radiation
oncologists would rather irradiate a much larger volume of the
breast, while many others may elect to omit the tumor-bed boost
because they cannot identify a cavity. 
Omitting the tumor-bed boost in such patients is especially

concerning because patients undergoing oncoplastic surgeries
appear to be relatively younger in age, and they are a subset for
whom a tumor-bed boost has been shown to have the greatest
benefit (14, 15). The European Organization for Research and
Treatment of Cancer 22881 trial, which was the largest study
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Table II. Patient characteristics according to BioZorb® placement. 

Characteristic                                 BioZorb®      No BioZorb®    p-Value

Age                                                                                                      
  Median, years (range)                 54 (38:74)         57 (44:85)        0.14
Breast laterality, n (%)                                                                   >0.99
  Right                                           14 (26.4%)          9 (17%)            
  Left                                              19 (35.8%)       11 (20.8%)          
BMI, kg/m2                                                                                         
  Mean±SD                                      29.5±6.1           27.9±5.2          0.34
Tumor size, mm                                                                                  
  Mean±SD                                      11.8±7.8           13.9±9.1          0.41
Breast size, cm3                                                                                  
  Mean±SD                                      893±386           806±400          0.44
AJCC pathological
T-stage, n (%)                                                                                  0.87
  Tis                                                 4 (7.5%)           3 (5.7%)            
  T1                                                22 (41.5%)       13 (24.5%)          
  T2                                                 6 (11.3%)          4 (7.5%)            
  T3                                                  1 (1.9%)           0 (0.0%)            
Hypofractionated RT, n (%)                                                            >0.99
  Yes                                              25 (47.2%)       15 (28.3%)          
  No                                                8 (15.1%)          5 (9.4%)            
Nodal RT, n (%)                                                                               0.75
  Yes                                               7 (13.2%)          5 (9.4%)            
  No                                               26 (49.1%)       15 (28.3%)          
Re-excision, n (%)                                                                           0.04
  Yes                                              10 (18.9%)         1 (1.9%)            
  No                                               23 (43.4%)       19 (35.8%)          
Time from surgery, weeks                                                                  
  To CT1, mean±SD                        5.5±4.4             8.5±7.6           0.13
  To CT2, mean±SD                        9.7±4.3            12.8±7.4          0.10

AJCC: American Joint Committee on Cancer; BMI: body mass index;
CT1/2: initial/boost planning computed tomography; RT: radiotherapy;
SD: standard deviation.

Table III. Comparison of doses to organ at risk in patients treated with
BioZorb® and without BioZorb®.

                                                    Mean dose±SD, cGy

Organ           Time point         BioZorb®         No BioZorb®        p-Value

Heart                 CT1                9.7±9.4                10±14.0               0.79
                          CT2                8.7±9.3                7.3±6.0               0.51
Lung                  CT1              52.4±41.4            52.6±46.3             0.99
                          CT2              46.8±41.4            47.7±42.6             0.94

CT1/2: Initial/boost planning computed tomography; SD: standard deviation.

Table IV. Toxicity and cosmesis according to the BioZorb® placement.

                                                  BioZorb®,       No BioZorb®,     p-Value
                                                      n (%)                   n (%)

Acute breast pain (N=18)         9 (17.6%)            9 (17.6%)            0.24
Cosmesis (N=41)                                                                                  
Excellent                                10 (24.4%)           5 (12.2%)            0.64
Good                                       11 (26.8%)          10 (24.4%)              
Fair                                           2 (4.9%)              3 (7.3%)                



that established the use of RT boost, included 5,318 patients
with stage I-II breast cancer who underwent lumpectomy with
axillary lymph node dissection (3, 4). Following conventionally
fractionated WBRT (50 Gy/25 fractions), patients were
randomized to no further treatment or an additional 16 Gy boost
to the tumor bed. With a median of 17.2 years of follow-up, the
cumulative incidence of local failure was 9% in patients
receiving a RT boost compared with 13% in the remaining
patients (hazard ratio=0.65, 99% confidence interval=0.52-0.81;
p<0.0001). The median age in that study was 55 years, with
67.4% of the patients being younger than 60 years (3, 4). 
The use of BioZorb®, which is sutured to the tumor-bed wall

prior to tissue rearrangement, can be very helpful in guiding the
boost volume more accurately for radiation planning. In a recent
study, Kaufman et al. enrolled 818 women (826 breasts)
implanted with BioZorb® from a national registry and followed
them up for 24 months (16). The reason for BioZorb®
implantation by surgeons was provided in 76.4% of the cases and
included improving communication with Radiation Oncologists
in 91% and improving cosmetic outcomes in 62%. Radiation
Oncologists answered survey questions on the usefulness of
BioZorb® in reducing the boost planning target volume and
deemed it useful in 46% of cases. In their study, 87.3% of patients
reported excellent or good cosmetic outcome at 24 months (16). 
In our institutional retrospective cohort, placement of the

BioZorb® device did not significantly affect the boost volume,
nor did it affect the variation in the boost volume during
adaptive RT. Almost half of the patients had a more than 20%
change in boost volume during RT; however, this did not
correlate with the use of a BioZorb® device. In the European
Organization for Research and Treatment of Cancer study,
patients who received the boost had a significantly higher
incidence of severe fibrosis (4.4% vs. 1.6%, p<0.0001). In our
cohort of patients, five patients reported fair cosmetic outcome
(9.4%) and BioZorb® placement had no impact on cosmesis.
While the BioZorb® device is helpful in delineating the cavity
location and can provide more accurate targeting of the boost
volume than traditional techniques, based on our experience, we
did not find a decrease in LBV nor in the dose to normal organs
with the use of a BioZorb® marker. We thus do not anticipate
that BioZorb® would, independently of the type of surgery, have
an impact on the cosmetic outcome, which was also evident in
our cosmetic outcome assessment in our patient cohort.
The studies in the literature looking at the effect of

BioZorb® on tumor-bed boost volume are limited to few
retrospective articles; the two most recent studies did show a
significant decrease in the boost volume with the placement of
BioZorb®. Neither study mentioned the time from surgery to
CT simulation, which is an important variable in determining
seroma volume (11, 12). It is worth noting that in our study,
the mean time from surgery to boost CT simulation was shorter
in patients with the BioZorb® marker, although not statistically
significantly so (p=0.10). This difference was likely seen

because there were 10 patients in the BioZorb® group who
underwent re-excision surgeries versus only one patient in the
non-BioZorb® group. A shorter time interval between surgery
and simulation can result in a larger clinical target volume,
which may suggest that patients with the BioZorb® marker
could have had smaller clinical target volume if the time
interval between surgery and simulation were equivalent. 
Some patients have reported pain after a BioZorb® implant.

There is very limited data in the literature on pain and toxicities
associated with BioZorb®. A recent article from the Cedar-Sinai
medical center examined the surgical complications associated
with BioZorb® placement. In their cohort of 89 patients, one
patient required removal of BioZorb® because of discomfort
(15). A case report from Stanford by Ju et al. described a case
of recurrent infections and pain in a patient with a BioZorb®
device, which required surgical excision after the BioZorb®
eroded through the nipple areolar complex 1 year post-
operatively (17). This resulted in the need for surgical
debridement and excision of the complex (17). To date, the data
show acceptable complication rates with use of a BioZorb®
device. Kaufman et al. reported that only 1% of patients with a
BioZorb® device reported pain at 24 months of follow-up (16).
The BioZorb® device was removed from 2.7% of the patients
(n=22) during the entire follow-up period. Of these 22 patients,
BioZorb® was removed due to infection in five patients and due
to pain/anxiety in two; it was removed for unknown reasons in
three patients (16). In our study, there was no significant pain
associated with BioZorb® markers and no device had been
removed from any patient by the last follow-up.
Another important consideration includes the appearance of

BioZorb® in follow-up imaging studies. While some reported
that mammographic follow-up appearance of the breast was not
adversely affected by the device, Ram et al. presented challenges
in interpretation of post-operative surveillance imaging, some of
which may be specific to the device (18). As the device is
absorbed and convergence of titanium markers is observed,
vague nonspecific densities from adjacent tissue ingrowth and
fibrosis may develop around the site postoperatively. In addition,
the time to absorption may vary among patients, often around 1-
2 years post placement, but sometimes delayed to 4-5 years from
placement (18).
Limitations of our study include its small sample size,

retrospective design, and inherent confounding factors that
cannot be completely accounted for in a non-randomized
study. In addition, longer follow-up is needed to assess the
potential clinical benefits of BioZorb® placement in
providing better local control due to more accurate tumor-
bed targeting. Cost-effectiveness of BioZorb® placement is
also to be considered once longer-term data are established.
To our knowledge, this is the first study to examine the

effect of BioZorb® on boost volume in the setting of adaptive
RT. Our institutional experience shows that among patients
with similar age, breast size, body mass index and tumor size,
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BioZorb® placement has no impact on the boost volume or the
variation of seroma volume during the period of RT. 
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