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Introduction

Breast cancer is the most frequent cancer of women with 
an estimation of 1.38 million new cases globally in 2008 (1) 
and 29% (about 0.22 million) of all new cancer cases 
among women in the United States in 2012 (2). Because of 

the increased incidence in breast cancer, many studies have 
been done to identify those women at risk for breast cancer 
and ways to prevent it from occurring. Currently, several 
different statistical models exist which attempt to predict 
the relative risk of women to develop breast cancer. These 
models are based upon the patient’s medical history as 
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well as family history related to cancer, specifically breast 
cancer (3-5). These models have been useful in identifying 
patients at increased risk for developing breast cancer, 
but there remain few viable methods to prevent breast 
cancer. The current available options for prevention are 
oophorectomy, bilateral mastectomy, or pharmaceutical 
therapy, such as tamoxifen (6-8), while many drugs have 
been researched with regards to prevention, aromatase 
inhibitors (AI) (9) and other selective estrogen receptor 
modulators (SERM) (10). 

Although, there is considerable work being done 
systemically with pharmaceuticals such as SERMs and 
AIs to prevent breast cancer, little work with regards of 
stopping carcinomatous changes has been done locally 
in the breast. It is recognized that the majority of breast 
cancer begins in the lining of the duct (11). Atypical lesions, 
such as atypical ductal hyperplasia (ADH) are thought to 
progress to ductal carcinoma in situ (DCIS) and to invasive 
cancer (12,13). Therefore it makes considerable sense to 
attempt to identify these changes and stop them from ever 
developing into carcinoma. Providing local intervention 
methods into the ducts could reduce the morbidity 
associated with prevention while targeting the potential 
carcinoma cell. Initial research shows much promise with 
regard to intraductal infusion in order to reduce the risk of 
breast cancer. Researchers have recently demonstrated the 
feasibility of intraductal delivery of epirubicin and paclitaxel 
(14,15). These intraductal methods did not produce severe 
toxic side effects and significantly reduced tumor burden. 
Additionally, some researchers also tested the efficacy 
of intraductal administration of the anti-cancer agents 
4-hydroxy tamoxifen (4-OHT) and pegylated liposomal 
doxorubicin (PLD), in the prevention of breast cancer using 
the rat models of breast cancer (16). Carboplatin, an analog 
of cisplatin, is an alkylating agent used in the treatment 
of many cancers. PLD is doxorubicin encapsulated in 
long-circulating STEALTH® liposomes, which improve 
stability of the drug in the circulation. This pattern of drug 
distribution leads to enhanced localization of doxorubicin in 
tumor tissues and malignant tumor exudates. 

Based on preclinical and clinical data, the intraductal 
method is being developed to eliminate precancerous cells 
inside mammary ductus. The main goal of this method is 
focus on “chemical stopping” of canceration. This clinical 
study represents a discreet step to assess the safety of 
intraductal administrating cytotoxic agents’ methods. In this 
paper, we describe and discuss the safety characters of this 
method.

Subjects, materials and methods

Subjects 

This study was approved by the Institutional Review 
Board (IRB) of the Cancer Hospital, Chinese Academy of 
Medical Sciences, Peking Union Medical College. A total 
of 31 subjects with a median age of 51 years (range, 25-
75 years) were evaluated in this study. All patients were 
pathological diagnosed of invasive carcinoma of breast and 
scheduled to receive chemotherapy after mastectomy. The 
subjects had normal hematopoietic, cardiac, pulmonary, 
renal and hepatic functions and signed informed consents 
prior to entering this study. One subject in the PLD arm 
withdrew from study because research drug cannot be 
injected in.

Cytotoxic agent administration and pathological 
examination

After the studied nipple was cleaned, an injection of 
1 mL of lidocaine mixed with 0.1 mL blue dye was made 
into the base of the nipple. At this point, patients were 
asked to assess their pain using a visual analog scale (VAS). 
Investigator inserted catheters into studied ducts and 
instilled 1ml of radio-opaque dye into the ducts. Then, 0.5-
6 mL (depending on the number of ducts identified, the 
drug used and the group) of the chemotherapy drug were 
slowly injected into each duct (doses of drug are listed in 
Table 1). The total procedure took 30 minutes to one and 
half hours. The operation of mastectomy was performed 
at least 48 hours to five days after this procedure. After 
the intraductal administration of the cytotoxic agents was 
complete, subjects were assessed for local and systemic side 
effects. Subjects completed a pain assessment at completion 
of procedure, then at 0.5, 1, 4, 12 h and then daily after 
study related procedures were completed. Subjects were 
assessed for pain; adverse events (AE), ECOG performance 
scale, blood drawn per drug schedule and vital signs (blood 
pressure, respiratory rate, pulse, temperature) recorded.

Pathological examination was performed after the 
operation. All sections were reviewed by two pathologists 
without specific knowledge of dose levels of each drug 
treatment arm. Inflammatory response and ductal 
epithelial cell change were graded as no change, mild, 
moderate, or severe change. The detailed methods 
and results of cytotoxic agents’ administration and 
pathological examination have been described by Dr. 
Love previously (17).
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Pain and systemic effects assessment post intraductal 
administration

After the intraductal administration of the cytotoxic agents 
was complete, subjects were assessed for pain, local and 
systemic AE. These assessments were performed at 
completion of procedure, 0.5, 1, 4, 12, 24 h after and then 
daily after study related procedures were completed.

Pharmacokinetic analysis

Subjects had blood drawn several times as described in 
Table 2. Humam plasma samples were analyzed at the 
Chinese Center for Disease Control and Prevention, 
National Institute of Occupational Health and Poison 
Control (Beijing, China). The assay of concentration level 
of carboplatin was developed and validated in human plasma 
ultrafiltrate that was obtained from stored frozen plasma 
using flameless atomic absorption spectrometry for diction 
of platinum. Total plasma doxorubicin was assayed by high-
performance liquid chromatograph-mass spectrometry 
(HPLC/MS).

Statistical methods

The pharmacokinetic parameters of each agent were 
calculated by WinNonlin. SAS version 9.1.3 was used for 
all statistical analysis. Descriptive statistics were used in this 
study and were tabulated by treatment group and overall: 

descriptive statistics (N, Mean, SD, Min, Median, and Max) 
for continuous variables and counts and percentages for 
categorical variables. Due to the low number of subjects in 
each treatment group, the statistic SD and percentages were 
for reference only.

Results

Pain assessment 

During study drug instillation, pain was measured from 0 
to 10. The mean of pain was 1.2 in carboplatin arm and 
1.5 in PLD arm. A total of 26 subjects experienced pain, 
13 subjects in each arm. Pain assessment was performed 
at 0, 0.5, 1, 4, 12, 24 h and daily after intraductal 
administration, the mean of pain ranged from 0.2 to 1.2 in 
the carboplatin arm and ranged from 0.4 to 1.3 in the PLD 
arm. No subjects felt pain at 72 and 96 h after intraductal 
administration (Table 3 and Figure 1). The types of pain 
were sharp pain, dull pain, stabbing pain, burning pain. 

Systemic effects after intraductal administration

Two subjects experienced nausea at 72 h, one subject at 
96 and 120 h in the carboplatin arm of dosage 60 mg. 
Two subjects experienced nausea at 48, 72 and 96 h in the 
carboplatin arm of dosage 120 mg. Two subjects experienced 
nausea at 12 h in the carboplatin arm of dosage 300 mg. 
One subject experienced nausea at 0.5 and 1 h in the PLD 

Table 1 Cytotoxic agents’ dosage (mL) by ducts

Study arm Study group mg/breast mL/breast 5 ducts 6 ducts 7 ducts 8 ducts

Arm 1: 

carboplatin  

10 mg/mL

A 60 6 1.2 1 0.8 0.7

B 120 12 2.4 2 1.7 1.5 

C 300 30 6 5 4.3 3.7

Arm 2:  

PLD 2 mg/mL

D 10 5 1 0.8 0.7 0.6 

E 20 10 2 1.7 1.4 1.2

F 50 25 5 4.2 3.6 3.1

PLD, pegylated liposomal doxorubicin.

Table 2 Venous draw schedule

Drug Plasma sampling times

Carboplatin 0.25, 0.5, 1.5, 4.5, 16, 24, 48 and 72 h after completion of intraductal procedure, and 24 h after mastectomy

PLD 0.5, 1, 4, 12, 24, 48 and 72 h after completion of intraductal procedure, and 24 h after mastectomy

PLD, pegylated liposomal doxorubicin.
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arm of dosage 20 mg. One subject experienced vomiting 
at 72, 96 and 120 h in the carboplatin arm of dosage 
60 mg. three subjects experienced vomiting at 12 h in the 
carboplatin arm of dosage 300 mg. No subjects experienced 
diarrhea, rash and itching after intraductal administration. 
One subject experienced headache at 12 and 24 h in the 
PLD arm of dosage 20 mg. Two subjects experienced 
fatigue at 12, 24 and 48 h in the carboplatin arm of dosage 
300 mg. No subjects experienced diarrhea and hair loss 
and rash and itching after intraductal administration. One 
subject experienced headache at 12 and 24 h in the PLD 
arm of dosage 20 mg. Two subjects experienced fatigue at 
12, 24 and 48 h in the carboplatin arm of dosage 300 mg.

Systemic doxorubicin exposure was erratic in each 
dosing group. AUC was poorly characterized from the time 
points collected. Total plasma doxorubicin had delayed 
peak concentration times (Tmax >48 h) with a linear dose 

response and peak concentrations substantially lower than 
expected from equivalent intravenous injection dosing. No 
doxorubicinol metabolite was detected in the plasma and no 
systemic toxicity was observed. 

Safety analysis

All 30 subjects experienced a total of 123 AE. Fifteen 
subjects in the carboplatin arm experienced 61 AE (17 AE in 
the dosage 60 mg and dosage 120 mg, 27 AE in the dosage 
300 mg) and 15 subjects in the PLD arm experienced 
62 AE (18 AE in the dosage 10 mg, 24 AE in the dosage  
20 mg, 20 AE in the dosage 50 mg). All of the AE were mild 
to moderate.

Of the 30 subjects, 21 subjects (70%) experienced a 
total of 62 drug related AE. Six subjects in the carboplatin 
arm experienced 19 AE (1 subject in the dosage 120 mg 
experienced 1 AE and 5 subjects in the dosage 300 mg 
experienced 18 AE), and 15 subjects in the PLD arm 
experienced 43 AE (14 AE in the dosage 10 mg and 16 AE  
in the dosage 20 mg and 13 AE in the dosage 50 mg). 
There was no severe related AE in the two arms (Table 4 and  
Figure 2). No serious AE was reported during this study and 
no AE withdrew from this study prematurely. No subject 
in each arm had newly occurred abnormality with clinical 
significance pre- and post-mastectomy. The liver and renal 
function of all patients was normal. No clinically relevant 
shifts from baseline for the most of biochemistry parameters 
in each arm. Only one subject in the PLD arm of dosage 
10 mg and one subject of 50 mg had a newly occurred 
abnormality of the parameter creatine kinase with clinical 

Table 3 Pain assessment after intraductal administration

Time 

(h)

Carboplatin PLD Overall

N Mean SD Min Median Max N Mean SD Min Median Max N Mean SD Min Median Max

0 15 1.2 0.9 0 1 2 15 1.3 0.7 0 1 2 30 1.3 0.8 0 1 2

0.5 15 1.1 0.8 0 1 2 15 1.3 0.6 0 1 2 30 1.2 0.7 0 1 2

1 15 1 0.7 0 1 2 15 1.3 0.6 0 1 2 30 1.2 0.6 0 1 2

4 15 0.8 0.6 0 1 2 15 1.2 0.6 0 1 2 30 1 0.6 0 1 2

12 15 0.6 0.5 0 1 1 15 0.9 0.3 0 1 1 30 0.8 0.4 0 1 1

24 15 0.3 0.5 0 0 1 15 0.5 0.5 0 0 1 30 0.4 0.5 0 0 1

48 12 0.2 0.4 0 0 1 14 0.4 0.5 0 0 1 26 0.3 0.5 0 0 1

72 4 0 0 0 0 0 6 0 0 0 0 0 10 0 0 0 0 0

96 1 0 0 0 0 4 0 0 0 0 0 5 0 0 0 0 0

PLD, pegylated liposomal doxorubicin.

Figure 1 Pain assessment after intraductal administration of 
carboplatin and PLD. PLD, pegylated liposomal doxorubicin.
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significance post-mastectomy. There were no clinically 
relevant changes from baseline were observed in the vital 
signs parameters. ECOG performance statuses of all 30 
subjects were asymptomatic at baseline and pre-mastectomy.

After more than 7 years of following up, 28 subjects is 
still living without locally adverse effect. Two subjects died 
of metastasis of breast cancer.

Pharmacokinetic analysis

Pharmacokinetic evaluation demonstrated that there were 
detectable levels of both drugs in the systemic circulation. 
Using Compartmental model, the mean of AUC was 
33,107.9 h×μg/L, and the mean of Cmax (Maximum observed 
concentration) was 2,352.7 μg/L, and the mean of Tmax 
(observed time at which Cmax occurred) was 0.5 h in the 
carboplatin arm of dosage 60 mg. The mean of AUC was 
35,768.7 h× noncompartmental g/L, and the mean of Cmax 
was 4,714.1 μg/L, and the mean of Tmax was 0.5 h in the 
carboplatin arm of dosage 120 mg. The mean of AUC was 
253,039.2 h×μg/L, and the mean of Cmax was 9,380.4 μg/L, 
and the mean of Tmax was 0.8 h in the carboplatin arm of 
dosage 300 mg.

Using noncompartmental model, the mean of AUC(0-∞)  
was 34,883.2 h×μg/L, and the mean of AUC(0-t) was 
20,727.8 h×μg/L, and the mean of Cmax was 2,375.9 μg/L, and 
the mean of Tmax was 0.5 h in the carboplatin arm of dosage 
60 mg. The mean of AUC(0-∞) was 39,343.5 h×μg/L,  
and the mean of AUC(0-t) was 31,730.3 h×μg/L, and 

the mean of Cmax was 4,546.6 μg/L, and the mean of Tmax 
was 0.5 h in the carboplatin arm of dosage 120 mg. The 
mean of AUC(0-∞) was 138,496.5 h×μg/L, and the mean 
of AUC(0-t) was 111,869 h×μg/L, and the mean of Cmax 
was 11,740.9 μg/L, and the mean of Tmax was 0.5 h in the 
carboplatin arm of dosage 300 mg (Table 5 and Figure 3). The 
parameters of PLD were not available due to the low plasma 
level, and the summary statistics couldn’t be calculated.

Discussion

Investigation of the role that the intraductal route may 
play in the treatment and prevention of breast cancer is 
in its infancy (18). Currently, cancer chemotherapy is 
administered predominantly through the systemic route 
orally or by intravenous injection. Although systemic 
administration is the most efficient route of delivery to 
cancers in many organs, it also exposes all healthy tissues 
to the delivered drugs, frequently resulting in harmful 
side effects. The goal of this study is to exploring a local, 
minimally invasive method which will be used in the 
prevention of breast cancer.

This trial was designed as a mono-centre, uncontrolled 
observational dose escalation study, to evaluate the feasibility 
and safety of intraductal administration of cytotoxic agents 
(carboplatin and PLD) in women with breast cancer prior 
to mastectomy and to study the pathological effects on 
breast cancer cells. We demonstrated in this study that 
intraductal administrated with carboplatin or PLD can be 

Figure 2 Adverse events and types related to body system in different dosage of carboplatin and PLD. PLD, pegylated liposomal doxorubicin.
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Figure 3 Pharmacokinetics of intraductal administration of 
carboplatin. (A) Dose versus peak concentration; (B) dose versus 
AUC. This figure has been previously published by Dr. Love (17). 
AUC, area under the curve.

easily and safely performed with acceptable advised effects 
in patients with breast cancer. There was a dose-response 
increase in mild to moderate inflammatory response and 
ductal epithelial cell changes in subjects in carboplatin 
groups. Furthermore, we also found dose-response increase 
in the ducal epithelium cell changes suggestive of cellular 
degeneration in patients treated with carboplatin. For PLD, 
there was a trend of increased inflammatory response in 
nipple, dye stained ducts and stromal tissue. Compared 
with ducts without blue dye, epithelial response to PLD 
in ducts with dye was significant increased with all dose 
levels (17). The safety of PLD has been reported by Serarns 
who performed a neoadjuvant intraductal trial in 17 women 
scheduled for mastectomy for invasive carcinoma (19). No 
serious AE as a result of the treatment were reported in that 
study. 

The pharmacokinetic population included all subjects 
who received the study drug through intraductal 
administration and provided results that could be evaluated. 
It was demonstrated that plasma drug concentrations were 
lower and drug concentrations in the breast were higher 
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in women who received intraductal PLD compared with 
those who received intravenous PLD (19). This result 
also support our hypothesis that duct administration of 
chemotherapeutic drugs offers the potential of providing 
prolonged drug concentrations at the site of disease and 
minimal systemic exposure to these toxic agents. This 
method has been found success in treatment of bladder 
cancer and intraperitoneal treatment of ovarian cancer 
(20,21). In breast cancer, local therapy could enable both 
anatomical and molecular targeted therapy, possibly 
eliminating the need for surgery altogether by providing a 
pharmacological method for eradicating premalignant tissue 
in the breast. This “chemical mastectomy” could be used as 
a strategy for breast cancer prevention.

Safety parameters of all 30 subjects were acceptable. For 
most of the laboratory parameters, no subject in each arm 
had newly occurred abnormality with clinical significance at 
pre- and post-mastectomy, just the biochemistry parameter 
creatine kinase of two subjects had newly occurred clinically 
significant abnormalities at post-mastectomy. Vital signs 
and ECOG performance statuses of all 30 subjects showed 
no clinically significant abnormalities. 

Conclusions

It can be concluded from this study that it is feasible and 
safe for the intraductal administration of cytotoxic agents 
(carboplatin and PLD) in women with breast cancer prior 
to mastectomy. All the drug dosage groups were well 
tolerated by the subjects. Our analysis results suggest 
that the intraductal method has the potential of being 
used as chemoprevention in patients with precancerous 
lesions. Further studies should be conducted to prove this 
probability.
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