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Abstract. Background/Aim: Hepatic arterial infusion
chemotherapy (HAIC) is a treatment option for metastatic
breast cancer (MBC) patients with extensive liver metastasis
(LM); however, the appropriate regimen and the treatment
effects have not been discussed. The aim of this study is to
evaluate the efficacy and safety of HAIC with the 5-FU,
epirubicin, and mitomycin-C (FEM) regimen. Patients and
Methods: We reviewed MBC patients with critical LM who
were resistant to standard systemic chemotherapies and had
received HAIC with an FEM regimen. Results: We identified
57 patients who received HAIC between 2003 and 2017. The
patient characteristics were as follows: i) median age=56 (30-
80), and ii) Eastern Cooperative Oncology Group Performance
Status, 0/1/2=43/11/3. The median number of LMs was 8
(range 1 to =220), the median diameter of LM was 5.2 cm
(range=1.6 to 20.1). The median overall survival from the
initiation of HAIC was 11.3 months (95% confidence
interval=8.5-15.6). The objective response rate of LM was
63%. Conclusion: HAIC with an FEM regimen is an effective
salvage treatment for MBC patients with advanced LM.

Breast cancer is the most common cause of cancer-related
deaths in women worldwide (1). Distant metastasis is found
in approximately 20%-30% of breast cancer patients (2), and
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metastatic breast cancer (MBC) is incurable at present.
Despite improvements in systemic therapy, especially in
human epidermal growth factor receptor type 2 (HER2)-
positive subtypes (3), the prognosis of MBC patients with
liver metastasis (LM) is not improved (4).

Regimens containing taxane, anthracycline or
fluoropyrimidine have been established as first- or second-
line systemic therapy for patients with HER2-negative MBC
(5), and regimens containing taxane plus anti-HER2
monoclonal antibodies are standard first-line systemic
therapy for HER2-positive MBC (5). If following first-line
systemic therapy for MBC patients’ diseases is still
progressing, subsequent chemotherapies, i.e. second-, third-
or later-line systemic therapy, can be performed in addition
if patients have maintained a fair condition; however, with
limited therapeutic effects on LM (4).

Systemic chemotherapy has been recognized as the mainstay
for managing LM from MBC; therefore, local therapies, such
as surgical resection (6), radiofrequency ablation (7),
radiotherapy (8) or hepatic arterial infusion chemotherapy
(HAIC) (9-12), have been conducted as “other options”, with
“case by case” consideration. Specifically, HAIC has been
performed for extensive LM cases that were ineligible for
surgical resection or radiofrequency ablation and showed
resistance to conventional systemic chemotherapy. Therefore,
various regimens in patients with various backgrounds have
been reported for HAIC (9-12), and the efficacy of HAIC has
not been consistent among reports. Furthermore, the number of
patients included in these reports has been relatively small.
Therefore, the appropriate regimen and clinical utility of HAIC
have not been well discussed as yet.

Arai et al., (10) reported on the use of 5-FU, adriamycin
and mitomycin-C (MMC) (FAM) and 5-FU and epirubicin
(FE) regimens in the treatment of LM from MBC in 1994.
The response rate of LM in their report was 81%. Based on
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their report, we modified the FAM regimen to 5-FU,
epirubicin and MMC (FEM) with the aim of reducing
cardiac toxicity and used this FEM regimen for HAIC.

The purpose of this retrospective study was to evaluate the
clinical efficacy and safety of HAIC with an FEM regimen
on LM from MBC that had been resistant to systemic
chemotherapies.

Patients and Methods

Patients. We retrospectively examined MBC patients with LM who
underwent HAIC with an FEM regimen at our institute between
January 2003 and December 2017. MBC patients who showed
resistance to conventional systemic chemotherapy and maintained a
performance status (PS) <2 according to the Eastern Cooperative
Oncology Group (ECOG) (13) PS were included in this study.
Resistance to conventional systemic chemotherapy was defined as
resistance to taxane, anthracycline and fluoropyrimidine in HER2-
negative MBC or resistance to standard anti-HER?2 therapies,
including taxane and trastuzumab in HER2-positive MBC. HAIC was
conducted as a salvage treatment for the MBC patients with extensive
and life-threatening LM when other extra-LM was controlled. The
application of HAIC was discussed by the multidisciplinary tumor
board of our institution. This study was approved by our institutional
review committee (Approval number; 30-J11-30-1-3) and met the
standards set forth in the Declaration of Helsinki (14).

Treatment procedures. A catheter with a side hole was inserted into
the gastroduodenal artery via the left thoracoacromial artery or left
subclavian artery and was connected to an injection port implanted
subcutaneously in the left subclavian space. A port-catheter system
was placed via the side hole method reported by Tanaka et al. (15).
The FEM regimen: i) 5-FU at 330 mg/m?2 weekly, ii) epirubicin at
20 mg/m? every 4 weeks, and iii) MMC at 2.7 mg/m? biweekly, was
administered by a transcatheter bolus injection via the port-catheter
system. 5-FU, epirubicin and MMC were administered when the
white blood cell (WBC) count was =3000/ul and the platelet (PLT)
count was =100,000/ul. 5-FU alone was only administered when the
WBC count was 2000-3000/ul or the PLT count was 50,000-
100,000/ul. HAIC was withheld when the WBC count was <2000/l
or the PLT count was <50,000/ul. No concomitant systemic
therapies were administered during HAIC, except for endocrine
therapy in cases of hormone receptor (HR)-positive lesions,
trastuzumab in cases of HER2-positive lesions or bone-modifying
agent, in cases of osteolytic lesions. A written informed consent for
radiological intervention and treatment was obtained from all of the
study participants.

Efficacy and toxicity assessments. The tumor response was assessed
according to the guidelines of the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1 (16) by contrast-enhanced
computed tomography every six to eight weeks. Hematologic and
nonhematologic toxicities were evaluated based on the National
Cancer Institute Common Terminology Criteria for Adverse Events
(version 4.03) (17). Complications related to catheter use during
HAIC were also reviewed.

Statistical analyses. Continuous variables were presented as median
and range, and categorical variables as number and percentage. The
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overall survival (OS) was calculated as the period from the initiation
of HAIC to death from any cause. The duration of response (DoR)
was defined as the period from first achievement of any response
to progressive disease (PD) or death by any cause. Data from
patients who were alive at their last follow-up date were censored.
The date of data cut off was February 28, 2019. Kaplan-Meier
curves of estimated OS and DoR were generated, and comparisons
between subgroups were performed using a log-rank test. To
evaluate the efficacy of HAIC according to each patient’s
characteristics, univariate and multivariate Cox regression analyses
for the OS were applied. Univariate factors with a p-Value<0.05
were then analyzed using the multivariate Cox regression analysis
to test their independence. To avoid multicollinearity, Pearson’s
correlation coefficients were calculated among laboratory
parameters with a p-Value<0.05 in univariate Cox regression
analyses. If a correlation coefficient between two variables was
more than 0.6 or less than —0.6, only the one with the greatest
significance in the univariate analysis was included in the
multivariate analysis. A two-sided p-value<0.05 was considered
significant. All statistical analyses were conducted using the EZR
software, version 1.32 (Saitama Medical Center, Jichii Medical
University, Saitama, Japan) (18).

Results

Patients’ characteristics. We identified 87 female patients who
received HAIC with FEM regimen within the observation
period. Of these 87 patients, 57 (66%) met inclusion criteria
for the current study. Of the 30 patients who were excluded
from the analysis, 29 did not meet the criteria for systemic
chemotherapy resistance, and 1 had an ECOG PS of 3. The
patients’ characteristics are shown in Table I. During the
HAIC period, 24 out of 47 (51%) HR-positive patients
received concomitant endocrine therapy, and trastuzumab was
continued in 8 out of 14 (57%) HER2-positive patients.

The efficacy analyses for intra- and extra-LMs. All patients
had evaluable LMs according to the RECIST version 1.1
criteria (16). The objective response [complete response (CR)
and partial response (PR)] rate (ORR) of LMs was 63% [95%
confidence interval (CI)=49-76] (36 out of 57 patients) (Figure
1). The median OS from the initiation of HAIC was 11.3
months (95%CI=8.5-15.6) (Figure 2A). In the HER2-negative
group, the median OS was not affected by the period [before
or after the approval of bevacizumab and eribulin methylate
(eribulin) in Japan] of initiating HAIC (p=0.084, Figure 2B).
In patients whose LM achieved CR or PR, the median DoR
of LM was 6.4 months (95%CI=4.5-9.5) (Figure 2C).

The univariate and multivariate Cox regression analyses
for the OS are shown in Table II. Univariate Cox regression
analysis identified eight significant prognostic factors: i)
ECOG PS, ii) HR, iii) maximum size of LM, iv) presence of
extra-LM, v) serum aspartate transaminase level (AST) and
vi) serum alanine aminotransferase level (ALT), vii) serum
total bilirubin level and viii) serum lactate dehydrogenase
level. Of these eight factors, all factors except ALT were
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Table 1. Patient characteristics.

All (n=57) HER2—-/unknown (n=42/1) HER2+ (n=14)
Median age, years (range) 56 (30-80) 55 (42-80) 58 (30-76)
ECOG PS, n (%)

0 43 (75) 33 (77) 10 (71)

1 11 (19) 7 (16) 4 (29)

2 3(5.3) 3(7.0) 0
Recurrent breast cancer, n (%) 52 (91) 39 91) 12 (86)
Median number of previous systemic regimens, n (range)* 6 (3-17) 6 (3-17) 6 (3-10)
Period of initiation of HAIC, n (%);

Through 2009 44 (77) 35 (81) 9 (64)

From 2010 13 (23) 8 (19) 5 (36)
Histology of the primary lesion, n (%)

Invasive ductal carcinoma 49 (86) 35 (81) 14 (100)

Invasive lobular carcinoma 2 (3.5) 247 0

Other/unknown 6 (11) 6 (14) 0
Receptor status, n (%)

HR+/HER2+ 10 (18) 0 10 (71)

HR+/HER2—- 37 (65) 37 (86) 0

HR-/HER2+ 4 (7) 0 4 (29)

HR-/HER2- 6 (11) 6 (14) 0
Median number of liver metastases (range) 8 (1-=20) 10 (1-=20) 4 (1-15)

=5, n (%) 36 (63) 31 (72) 5 (36)

<4, n (%) 21 (37) 12 (28) 9 (64)
Median maximum size of liver metastasis, cm (range) 5.2 (1.6-20.1) 4.6 (1.6-13.4) 5.7 (2.4-20.1)

=5 cm, n (%) 31 (55) 21 (49) 10 (71)

<5 cm, n (%) 26 (46) 22 (51) 4 (29)
Tumor distribution of liver metastasis, n (%)

Bilobar 46 (81) 37 (86) 9 (64)

Unilobar 5 (8.8) 2(4.7) 3 (21)

Segmental 6 (11) 4(9.3) 2 (14)
Extra-liver metastasis, n (%)

Yes 45 (79) 37 (86) 8 (57)

No 12 (21) 6 (14) 6 (43)
Median number of extra-liver metastases (range) 1 (0-5) 1 (0-5) 1 (0-3)
Metastatic site, n (%)

Bone 34 (60) 29 (67) 5 (36)

Lymph node 26 (46) 19 (44) 7 (50)

Lung 14 (25) 11 (26) 3 (21)

Brain 7 (12) 6 (14) 1(7.1)

Pleura 5 (8.8) 5(12) 0
Alb g/dl; median (range) 4.10 (2.7-4.8) 4.1 (2.7-4.8) 4.2 (2.9-4.5)

<LLN, n (%) 13 (23) 10 (23) 3(21)

>LLN, n (%) 44 (77) 33 (77) 11 (79)
AST U/l; median (range) 45 (16-328) 38 (16-328) 55 (16-161)

>ULN, n (%) 30 (53) 21 (49) 9 (64)

<ULN, n (%) 27 (47) 22 (51) 5 (36)
ALT U/l; median (range) 27 (10-409) 26 (10-228) 32 (11-409)

>ULN, n (%) 20 (35) 15 (35) 5 (36)

<ULN, n (%) 37 (65) 28 (65) 9 (64)
T-bil U/l; median (range) 0.5 (0.3-3.0) 0.50 (0.3-3.0) 0.6 (0.3-2.1)

>ULN, n (%) 9 (16) 7 (16) 2 (14)

<ULN (%) 48 (84) 36 (84) 12 (86)
LDH U/l; median (range) 293 (135-3245) 274 (135-3245) 368 (153-1888)

>ULN, n (%) 41 (72) 30 (70) 11 (79)

<ULN, n (%) 16 (28) 13 (30) 3 (21)

*Including perioperative chemotherapy, endocrine therapy and anti-HER2 therapy. HER2: Human epidermal growth factor receptor Type 2; ECOG
PS: Eastern Cooperative Oncology Group performance status; HAIC: hepatic arterial infusion chemotherapy; HR: hormone receptor; cm: centimeter;
Alb: serum albumin level; AST: serum aspartate transaminase level; ALT: serum alanine aminotransferase level; T-bil: serum total bilirubin level;
LDH: serum lactate dehydrogenase level; LLN: lower limit of normal; ULN: upper limit of normal.
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Figure 1. The response of the liver metastasis. A waterfall plot of patients
with metastatic breast cancer measuring the maximum reduction (from
baseline) in the sum of the longest diameter of liver metastasis based on
the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1
(16). CR: Complete response; PR: partial response.

included in the multivariate Cox regression analysis because
the Pearson’s correlation coefficient between AST and ALT
was equal to 0.632. The multivariate Cox regression analysis
identified two poor prognostic factors (PPFs): i) HR-negative
status and ii) the presence of extra-LM. A response of LM
was not influenced by PPFs. Among patients without PPFs,
any response of LM was achieved in 7/11 patients (64%,
95%C1=31-89). Similarly, a response was observed in 24/37
patients (65%, 95%CI=48-80) among patients with 1 PPF,
and in 5/9 patients (56%, 95%CI=21-86) among patients
with 2 PPFs. By contrast, there was a distinct difference
(p<0.001) in the median OS among patients without PPFs,
those with 1 PPF, and those with 2 PPFs [25.1 months
(95%ClI=16-67.9) vs. 11.3 months (95%CI=9.1-14.5) vs. 4.9
months (95%CI=2.0-8.5), respectively, Figure 3].

Toxicities. Grade (Gr) =3 toxicities included: i) leukopenia
(n=20, 35%), 1ii) neutropenia (n=20, 35%), iii)
thrombocytopenia (n=13, 23%), iv) increased AST (n=5,
8.8%), v) increased ALT (n=4, 7.0%) and vi) duodenal ulcer
(n=1, 1.8%). No treatment-related death, bleeding events or
symptomatic cardiac events were observed during the
observation period. Catheter-related events were observed in
12 (21%) patients, including kinked catheter (n=2, 3.5%),
stenosis of the hepatic artery (n=5, 8.8%), abdominal pain
caused by extrahepatic flow (n=3, 5.3%) and Gr 2 cerebral
infarction (n=2, 3.5%). Termination of HAIC due to catheter-
related events occurred in 6 patients (11%).

Discussion
The purpose of systemic therapy for MBC patients is to

prolong the OS and maintain their quality of life. LM is
known to be a poor prognostic factor in such patients (19),
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and extensive LM is directly associated with hepatic failure
causing death (20). Thus, the control of LM may prolong a
patient’s OS. However, the efficacy of chemotherapy
generally decreases in the late-line treatment compared to
front-line treatment (21). Eribulin monotherapy, as a whole,
can significantly improve the OS in HER2-negative MBC
patients who are resistant to anthracycline and taxane
compared to treatment of physician’s choice, as was
demonstrated in the EMBRACE study (22). In that study, the
median OS of the eribulin arm was reported to be 13.2
months, and the ORR of the patients was only 12%. In
contrast, the median OS in our study was 11.3 months, and
the ORR was 63%. Most of our patients responded to HAIC
with the FEM regimen. While there were some differences
in patients’ backgrounds between these two studies, HAIC
with the FEM regimen might be an alternative to eribulin for
MBC patients with extensive LM. In the present study,
eribulin was administered before HAIC in only 5 of 57
patients; therefore, a further study is necessary to evaluate
the efficacy of HAIC following eribulin treatment.

We compared the OS by HER?2 status and period of HAIC
initiation because the prognosis in HER2-negative patients
was relatively poor, and newly developed anticancer drugs,
such as capecitabine, S-1, vinorelbine, gemcitabine,
bevacizumab and eribulin, were approved during the
observation period. However, the HER?2 status and period of
starting HAIC therapy did not affect OS in MBC patients
who received HAIC in combination with an FEM regimen.
The HER2 status and history of chemotherapeutic regimens
may therefore not influence the indication of HAIC.

Our results suggest that the FEM regimen might be suitable
for HAIC. Arai et al., (10) have reported 81% ORR of LM
from MBC with the FAM and FE regimens. LM has also
shown a good response to HAIC with 5-FU and adriamycin
(ORR, 54%) (9). The therapeutic efficacy of HAIC with other
regimens was also reported recently. Tewes et al., (11) have
reported HAIC with 5-FU and MMC (ORR, 24%), while
Hsiao, et al., (12) have reported HAIC with mitoxantrone,
folinic acid, 5-FU and cisplatin (ORR, 48%). Our results are
comparable to these previous reports. Furthermore, the
toxicities observed during the HAIC therapy in our study are
also similar to those described in previous reports (9, 11, 12).
The toxicities related to anticancer agents in the present study
were tolerable and manageable. Therefore, the FEM regimen
may be a candidate regimen for HAIC.

We identified two PPFs, i) the HR-negative status and ii)
the presence of extra-LM. These PPFs are clinically
reasonable. Triple-negative MBC is generally aggressive (23),
and concomitant endocrine therapy cannot be used to
maintain extra-LM in such HR-negative patients. HAIC is not
suitable for controlling extra-LM. The prognosis in patients
with 2 PPF was markedly worse compared to those with 0-1
PPF, thus, HAIC may also not be suitable for patients with 2
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Figure 2. Treatment outcomes. A. The overall survival (OS) stratified by the human epidermal growth factor receptor Type2 (HER2) status. B. The
OS in HER2-negative patients classified by period. C. The duration of response of liver metastasis classified by HER?2 status. CI: Confidence interval.

PPFs. On the other hand, the clinical outcome in patients with
0-1 PPF indicated that HAIC was reasonable to be considered
as a salvage treatment for such patients. While the PPFs
identified in the present study must be validated, these PPFs
may be useful for predicting the treatment outcome of MBC
patients treated with HAIC and have potential application in
determining the indication of HAIC.

Catheter-related events were observed in 12 out of 57
(21%) patients, which was consistent with previous reports
(9, 10) in which the incidence rate of catheter-related events

was reported to be 20%-31%. It is difficult to predict the
incidence of catheter-related events. Therefore, the port-
catheter system should be checked constantly by contrast
angiography via the port-catheter system or X-ray in order
to detect catheter-related events early.

Several limitations associated with the present study warrant
mention. First, this study was a retrospective one. Second, this
study did not include a control arm that was treated with
standard systemic therapies. Third, we were unable to exclude
selection biases (i.e. the study population included a large
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Table II. Median of overall survival for subgroups and Cox regression analysis.

Overall survival Cox regression analysis

Median, months (95%CI)

Univariate analysis
Hazard ratio (95%CI, p-Value)

Multivariate analysis*
Hazard ratio (95%ClI, p-Value)

All patients, n=57
Age
>60, n=22
<60, n=35
ECOG PS
1/2,n=14
0, n=43
Period of HAIC
From 2010-, n=13
Through 2009, n=44
Hormone receptor
+, n=47
-, n=10
HER?2 status
HER2+, n=14
HER2-, n=43
No. of liver lesions
>5, n=36
=4,n=21

Maximum size of liver metastasis

>5 cm, n=31
<5 cm, n=26
Extra-liver metastasis
Yes, n=45
No, n=12
Alb g/dl
<LLN, n=13
>LLN, n=44
AST U/
>ULN, n=30
<ULN, n=27
ALT U/
>ULN, n=20
<ULN, n=37
T-bil U/
>ULN, n=9
<ULN, n=48
LDH U/
>ULN, n=41
<ULN, n=16

11.3 (8.5-15.6)

10.4 (6.1-16)
142 (8.2-15.8)

14.5 (8.5-20.5)
9.2 (3.5-14)

10.8 (6.8-48.4)
11.3 (8.0-15.6)

14.5 (10.4-19.3)
52(20-7.2)

12.6 (5.5-21.4)
11.3 (8.5-15.6)

9.8 (7.2-14.3)
15.7 (7.8-25.2)

93 (10.4-11.3)
15.7 (10.4-21.4)

10.1 (7.2-14.0)
23.8 (7.8-67.9)

6.6 (2.5-10.4)
142 (9.8-16)

7.0 (6.0-9.3)
20.7 (14.5-28.2)

6.6 (4.9-9.8)
15.6 (11.1-21.4)

6.6 (13-8.5)
14.2 (10.1-15.8)

8.5 (6.7-11.1)
28.2 (14.5-67.9)

0.961 (0.543-1.70, p=0.893)
1

2.360 (1.238-4.499, p=0.009)
1

0.613 (0.301-1.248, p=0.177)
1

0.142 (0.0635-0.320, p<0.001)
1

1.006 (0.532-1.898, p=0.985)
1

1.74 (0.964-3.138, p=0.066)
1

1.935 (1.098-3.41, p=0.022)
1

3.971 (1.738-9.074, p=0.001)
1

1.761 (0.911-3.402, p=0.092)
1

4.393 (2.397-8.05, p<0.001)
1

3.244 (1.781-5.908, p<0.001)
1

2.196 (1.009-4.778, p=0.047)
1

4.883 (2.223-10.73, p<0.001)
1

1.831 (0.895-3.747, p=0.098)
1

0.0203 (0.082-0.502, p<0.001)
1

1.944 (0.971-3.892, p=0.060)
1

3.476 (1.365-8.853, p=0.009)
1

1.938 (0.908-4.136, p=0.087)
1

2.567 (0.990-6.656, p=0.052)
1

1.466 (0.520-4.137, p=0.469)
1

*Eastern Cooperative Oncology Group performance status (ECOG PS), hormone receptor, maximum size of liver metastasis, presence of extra-
liver metastasis, serum aspartate transaminase level (AST), serum total bilirubin level (T-bil) and serum lactate dehydrogenase level (LDH) were
included in the multivariate Cox regression analysis. Serum alanine aminotransferase level (ALT) was excluded due to multicollinearity between
AST and ALT (r=0.623). CI: Confidence interval; HAIC: hepatic arterial infusion chemotherapy; HER2: human epidermal growth factor receptor

Type 2; cm: centimeter; Alb: serum albumin level; LLN: lower limit of normal; ULN: upper limit of normal.

number of patients highly selected by their conditions
associated with extra-LM). However, the observation period
was long enough and we were able to follow most patients
until their death. In most cases, the catheter port was inserted
by an interventional radiology specialist. Therefore, our data,
such as the OS and catheter-related events, may be reliable.
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In conclusion, HAIC with an FEM regimen was effective
for treating LM from MBC refractory to conventional
systemic chemotherapy. However, there are concerns about
the progression of extra-LM and catheter-related events.
Therefore, the indication of HAIC should be decided
carefully with consideration of poor prognostic factors, such
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Figure 3. The overall survival classified by the number of poor
prognostic factors (PPFs) (0 versus 1 versus 2). CI: Confidence interval.

as the HR status and the presence of extra-LM. A prospective,
randomized study is warranted.
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