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Abstract 

Breast cancer is the most common cancer in women worldwide. The majority of deaths at-

tributed to breast cancer are a result of metastatic disease, and 30% of early breast cancers 

(EBC) will develop distant disease. The 5-year survival of patients with metastatic disease is 

estimated at 23%. Breast cancer subtypes continue to be stratified histologically on oestro-

gen, progesterone and human epidermal growth factor-2 (HER2) receptor expression. HER2-

positive breast cancers represent 25% of all breast cancer diagnoses. The therapies available 

for metastatic breast cancer (MBC) are expanding, in particular within the field of HER2-

positive disease, with the approval of trastuzumab, pertuzumab, lapatinib and trastuzumab 

emtansine (TDM-1). Recently, TDM-1 has been shown to improve progression-free survival in 

HER2 MBC when compared to capecitabine and lapatinib in clinical studies. Its main toxicities 

are deranged liver function tests and thrombocytopenia. There have also been cases of acute 

liver failure. Therefore, its use in acute hepatic dysfunction, to our knowledge, has been nei-

ther studied nor reported. We report a patient with progressive HER2-positive MBC who had 

previously responded to multiple HER2-targeted therapies that presented with acute hepatic 

dysfunction. She was treated with dose-reduced TDM-1 safely, with clear evidence of rapid 

biochemical, clinical and radiological response. This allowed dose escalation of TDM-1, and 

the patient maintains an ongoing response. © 2015 S. Karger AG, Basel 
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Introduction 

Breast cancer is the most common cancer in women worldwide [1]. One in 9 women will 
develop the disease in her lifetime [2]. In 2013, 230,000 women were diagnosed with breast 
cancer in the United States of America and 39,000 women died as a result of their breast 
cancer [2, 3]. Early breast cancer (EBC) mortality rates have declined by 30% over the past 
two decades, and 5-year overall survival rates approach 90% [4, 5]. The majority of breast 
cancer-related deaths are due to complications associated with metastatic disease [6]. Six 
percent of breast cancers will be metastatic at diagnosis, and approximately 30% of EBC 
patients will develop metastatic disease [6]. In contrast to EBC patients, overall survival of 
patients with metastatic breast cancer (MBC) is approximately 22 months [5].  

Breast cancer is a heterogeneous disease with molecular signatures that vary between 
patients and within individual cancers [7, 8]. The molecular diversity is likely to account for 
varying prognosis and treatment responses in breast cancer patients [9]. Despite these com-
plexities, breast cancer is still traditionally classified by oestrogen, progesterone and human 
epidermal growth factor-2 (HER2) receptor expression [7]. HER2-overexpressing cancers 
represent 25% of breast cancers [4].  

The treatment of HER2-positive MBC requires the analysis of histological, radiological 
and clinical information [10]. In addition to traditional chemotherapy regimes, hormonal 
manipulation and bone-protective therapies, there is an ever-expanding portfolio of HER2-
targeted therapies for the treatment of MBC [7]. These include trastuzumab, lapatinib, per-
tuzumab and, most recently, trastuzumab emtansine (TDM-1; fig. 1). Since the introduction 
of trastuzumab for the management of MBC, the 2-year survival rates in the metastatic set-
ting have doubled [11]. This highlights the impact of HER2-targeted therapies in the man-
agement of MBC.  

TDM-1 is currently available for the treatment of HER2-positive MBC in patients who 
have progressive disease and have previously been treated with a taxane and trastuzumab. 
TDM-1 demonstrated activity against trastuzumab-resistant breast cancer models in pre-
clinical studies [12]. Phase II clinical studies have confirmed TDM-1 activity in various set-
tings of HER2-positive MBC [13–15]. Recently, the phase III EMILIA trial compared TDM-1 to 
capecitabine and lapatinib in patients with HER2-positive MBC previously treated with an-
thracycline, taxane and trastuzumab [16]. TDM-1 improved progression-free survival (PFS) 
when compared to capecitabine and lapatinib (9.6 vs. 6.4 months, p < 0.0001) [16]. Ongoing 
phase III trials will further evaluate the use of TDM-1 in HER2-positive breast cancer [4]. 

There have been reports of drug-induced liver failure associated with the use of TDM-1. 
Toxicities reported from the EMILIA trial included thrombocytopenia (12.9%, grade 3), in-
creased alanine transaminase (2.9%, grade 3) and increased aspartate transaminase (4.3%, 
grade 3) [16]. Reports suggest that TDM-1 has not been studied in patients with serum 
transaminases >2.5 × ULN (grade 2) or total bilirubin >1.5 × ULN (grade 2) prior to initiation 
of treatment [17]. Therefore, experience of TDM-1 use within the context of hepatic dysfunc-
tion is limited. 

To our knowledge, this is the first report describing the use of dose-reduced TDM-1 in 
acute hepatic dysfunction. Dose-reduced TDM-1 was safe and active allowing a rapid dose 
escalation. 
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Case Presentation 

A 59-year-old woman with HER2-positive MBC presented with EBC in 2008. Investiga-
tions demonstrated this to be a 35-mm grade 3 invasive ductal carcinoma that was oestro-
gen receptor positive, progesterone receptor negative and HER2 receptor positive. There 
was also biopsy-proven left axillary disease but no distant metastasis on further imaging. 
She therefore proceeded to neo-adjuvant chemotherapy. 

The patient received 4 cycles of epirubicin and cyclophosphamide followed by 4 cycles 
of accelerated paclitaxel. The HER2-targeted antibody trastuzumab was added to her treat-
ment regime along with the initiation of the accelerated paclitaxel component. On comple-
tion of her neo-adjuvant chemotherapy in May 2009, she underwent a mastectomy and axil-
lary node clearance. Post-operative histological analysis demonstrated complete pathologi-
cal response to treatment with fibrosis within the breast and axillary lymph nodes, con-
sistent with previous sites of the disease. In the post-operative period, she underwent  
adjuvant radiotherapy, continued with trastuzumab for 1 year and commenced adjuvant 
letrozole. 

In March 2010, she relapsed with biopsy-proven skin recurrence that was negative for 
the oestrogen and progesterone receptor and positive for HER2. Imaging demonstrated no 
distant metastatic disease, and she was commenced on capecitabine and lapatinib (first-line 
treatment for MBC). Her disease remained stable until September 2011, when there was 
clinical and radiological progression within the left axilla and chest wall soft tissue. There-
fore, her treatment was changed to vinorelbine and trastuzumab (second-line treatment for 
MBC), and repeat imaging in March 2012 demonstrated no measurable disease. At this junc-
ture, the patient stopped vinorelbine treatment and continued maintenance trastuzumab 
treatment alone. The response to treatment was short-lived, and her chest wall disease re-
curred in June 2012, when vinorelbine was again added to trastuzumab leading to stabilisa-
tion of her disease.  

In January 2013, follow-up imaging demonstrated a solitary liver metastasis alongside 
progression of the chest wall disease. In light of her progressive disease, treatment was 
changed to docetaxel with ongoing maintenance trastuzumab (third-line treatment for 
MBC). Interval imaging demonstrated response to treatment and subsequently she under-
went radiofrequency ablation (RFA) to her isolated liver metastasis with complete remission 
and continued maintenance trastuzumab alone.  

The patient’s chest wall disease progressed clinically in September 2013, and she was 
commenced on vertical dual blockade with lapatinib and trastuzumab given in the absence 
of chemotherapy (fourth-line treatment for MBC). Clinical response to treatment was seen in 
the chest wall disease within the first three cycles of treatment. Interval imaging in January 
2014 showed recurrence at the site of the previous RFA, and the patient underwent further 
RFA to the area in March 2014. Her chest wall disease remained under good control and she 
continued on lapatinib and trastuzumab. 

In April 2014, the patient showed further signs of progression with the development of 
jaundice and abdominal discomfort. This was accompanied by an acute deterioration in her 
liver function tests (LFTs) (fig. 2). The patient was admitted to the hospital for further inves-
tigations. Ultrasound of the patient’s abdomen showed significant progression of her liver 
metastasis. This was confirmed by computerised tomography imaging demonstrating a dom-
inant lesion (7 cm) that had regrown in segment V of the liver causing intrahepatic biliary 
dilatation. Over the next 48 h, her LFTs worsened (fig. 2). It was felt that percutaneous or 
endoscopic intervention to relieve the intrahepatic biliary dilatation would be technically 
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difficult, and without immediate systemic treatment to gain disease control, her LFTs would 
continue to deteriorate. 

The patient had previously responded well to sequential HER2-targeted therapies 
(trastuzumab and lapatinib) and it was felt that she would benefit from further treatment 
with HER2-directed therapy. In light of her progression on both trastuzumab and lapatinib, 
she was treated with TDM-1 (fifth-line treatment for HER2-positive MBC). There is limited 
experience of TDM-1 in acute liver dysfunction, so the patient was treated with a calculated 
dose reduction (125 mg, 35% dose reduction) and remained as an inpatient for close obser-
vation (fig. 2, fig. 3). Magnetic resonance cholangiopancreatography (MRCP) was performed 
at baseline and confirmed an 87-mm metastatic deposit in segment V of the liver (fig. 3). In 
addition, her cancer antigen 15–3 (CA15–3) demonstrated an increase in line with disease 
progression both clinically and on imaging (fig. 3). 

The patient’s LFTs worsened in the first 6 days after administration of her first cycle of 
TDM-1 (fig. 2). However, by day 6, her LFTs began to improve and this was maintained (fig. 
2). Consistent with this, her clinical state was much improved, her jaundice and associated 
symptoms resolved and her CA15–3 stabilised. The patient received her second cycle of 
TDM-1 as an outpatient, and with rapid further improvement in her clinical state the dose 
was escalated (220 mg, 20% dose reduction). Her second cycle of treatment was accompa-
nied by a continued improvement in her LFTs and associated drop in CA15–3 (fig. 2, fig. 3). 
She remained clinically well with no predictable toxicities associated with TDM-1 such as 
thrombocytopenia, worsening LFTs or lethargy.  

In light of her ongoing improvement she received her third cycle of TDM-1 at a full dose 
(260 mg, 0% dose reduction). This was again well tolerated and both the patient’s LFTs and 
CA15–3 continued to improve (fig. 2, fig. 3). In addition to her clinical and biochemical im-
provement, repeat MRCP after 3 cycles of treatment demonstrated radiological evidence of 
disease response (fig. 3). It demonstrated a reduction in the previously seen metastasis 
(from 87 to 46 mm) and resolution of the previously described intrahepatic dilatation. The 
patient continued on full dose TDM-1 on a three weekly basis as an outpatient. She contin-
ued to tolerate the treatment well with no predicable toxicities and with ongoing improve-
ment in her LFTs and CA15–3. 

Discussion 

MBC remains incurable with an estimated 5-year survival of 23% [18]. However, there 
are an ever increasing number of therapies available for the treatment of MBC [7]. HER2-
positive breast cancer represents 25% of all breast cancer diagnoses [19]. Over recent years, 
a number of therapies for HER2-positive MBC have been approved, including the monoclo-
nal antibodies trastuzumab and pertuzumab, the dual tyrosine kinase inhibitor lapatinib, 
and most recently, the antibody-drug conjugate TDM-1 (fig. 1). The multiple treatment op-
tions available for HER2-positive MBC mean that its transformation to a chronic disease is 
becoming reality with improved patient outcomes [4]. The challenge to the oncology com-
munity is how to best use these treatments to ensure maximum benefit to the patient popu-
lation. 

TDM-1 has recently been approved for the use in HER2-positive MBC. TDM-1 is a unique 
antibody-drug conjugate combining the HER2-targeted antibody trastuzumab and the cyto-
toxic moiety emtansine [20]. Trastuzumab inhibits HER2 signaling, mediates antibody-
dependent cell-mediated death and inhibits HER2 shedding [21]. In addition, the associated 
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delivery of emtansine to the cell provides cytotoxic activity, including microtubule disrup-
tion, mitotic catastrophe and apoptosis [22].  

The approval of a new therapy leads to questions regarding its clinical positioning. 
TDM-1 has demonstrated activity in HER2-positive MBC in the first and second line setting. 
In the first-line treatment of HER2-positive MBC, TDM-1 demonstrated improved PFS com-
pared to the combination of docetaxel and trastuzumab (14.2 vs. 9.2 months) [14]. Similarly, 
TDM-1 demonstrated improved PFS compared to capecitabine and lapatinib (9.6 vs. 6.4 
months) as second-line treatment of HER2-positive MBC [16]. Although no large randomised 
trials have investigated its efficacy beyond second-line treatment, TDM-1 has demonstrated 
activity as a single agent in HER2-positive MBC previously treated with multiple therapies 
[13, 15]. Ongoing studies will further evaluate the role of TDM-1 in the treatment of HER2-
positive breast cancer [4]. In the case reported, we demonstrated clinical, biochemical and 
radiological response to TDM-1 in the fifth-line setting for HER2-positive MBC. 

The most commonly reported toxicities associated with TDM-1 within the studies de-
scribed are thrombocytopenia and raised LFTs. In addition, there have been cases of acute 
hepatic dysfunction [13–17]. In light of this, experience of TDM-1 in the context of acute 
hepatic dysfunction is limited and, to our knowledge, has not been reported. Here, we de-
scribed the use of TDM-1 in a patient with acute hepatic dysfunction. Treatment with dose-
reduced TDM-1 led to rapid disease control with clinical, biochemical and radiological re-
sponse allowing a rapid dose escalation. In addition, the patient experienced no predictable 
toxicities reported with TDM-1.  

The challenge to the oncology community remains to define the best treatment strate-
gies for individual patients with HER2-positive MBC. This will involve decisions, aided by 
further clinical trials, on where to position each HER2-targeted therapy to gain maximum 
benefit. Finally, oncologists will need to determine at which point it is reasonable to re-
challenge patients with targeted therapies to gain additional clinical benefit. 
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Fig. 1. HER2-targeted therapies. Human epidermal growth factor (EGF) HER1, HER2, HER3 and HER4 are 

receptor tyrosine kinases within the plasma membrane (PM) that are involved in signal transduction 

pathways that modulate cellular processes. They consist of an extracellular ligand binding domain and 

intracellular tyrosine kinase domain (T) (except for HER3). The ligand (L) binds the receptor extracellular 

domain, homo-dimerisation and hetro-dimerisation leads to tyrosine kinase domain phosphorylation and 

activation of downstream signaling pathways. These include the MEK and PI3K/AKT/MTOR pathway that 

regulate proliferation, survival, metastasis and angiogenesis. HER2 is an orphan receptor and does not 

need ligand binding for activation. HER2 is also the preferred dimerisation partner for other HER family 

member proteins. The humanized monoclonal antibody pertuzumab binds HER2 at a region distinct from 

that of trastuzumab and prevents HER2 dimerisation (A). Similarly, the humanized monoclonal antibody 

trastuzumab binds HER2, leading to inhibition of downstream signaling in a mechanism that is not fully 

understood (B). Lapatinib is a reversible small-molecule tyrosine kinase inhibitor that has dual activity 

against the tyrosine kinase ATP-binding pocket of HER1 and HER2 (C). The antibody-drug conjugate 

TDM-1 combines trastuzumab linked to the microtubulin-disruptive agent emtansine (DM1). 

Trastuzumab binds HER2-overexpressing cells and is internalized via endocytosis. Emtansine is released, 

causing inhibition of microtubule assembly and regulation of cellular processes (D). 
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Fig. 2. Changes in LFTs with TDM-1 treatment. Serum bilirubin (μmol/l), alanine transaminase (U/l) and 

alkaline phosphatase (U/l) levels are shown. The normal ranges (NR) for bilirubin, alanine transaminase 

and alkaline phosphatase are <17 µmol/l, <40 U/l and 24–110 U/l, respectively. Each cycle of TDM-1 

treatment is shown along with its cycle number, dose and any dose reduction instituted. Day 0 represents 

the administration of the first cycle of TDM-1. 
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Fig. 3. CA15–3 and radiological response to treatment with TDM-1. Changes in CA15–3 (U/ml) were rec-

orded in response to treatment (A). The normal range (NR) for CA15–3 is <28 U/ml. Each cycle of TDM-1 

treatment is shown along with its cycle number, dose and any dose reduction instituted. Day 0 represents 

the administration of the first cycle of TDM-1. MRCP was performed at baseline (B) and after administra-

tion of 3 cycles of TDM-1 (C) to monitor radiological response of the metastatic deposit (yellow arrows). 
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