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OVERVIEW

Introduction

Trastuzumab is a humanized monoclonal antibody to the HER2 receptor which is used in combination with
other antineoplastic agents in the therapy of breast and gastric cancer. Trastuzumab has been implicated in rare
instances of transient, marked serum enzyme elevations, but has not been linked to instances of clinically
apparent liver injury with jaundice. In contrast, the recently developed conjugate of trastuzumab with the
microtubule inhibitor emtansine, which is used as an antineoplastic agent for advanced resistant breast cancer,
has been linked to frequent serum enzyme elevations during therapy and, when given chronically, to nodular
regenerative hyperplasia.

Background

Trastuzumab (tras tooz’ ue mab) is humanized monoclonal antibody to HER2 which is a human growth factor
receptor that is overexpressed in 20% to 25% of breast cancers. The interaction of epidermal growth factor (EGF)
with HER2 results in rapid cell growth and proliferation via intracellular pathways that include MAP and P13
kinase. Binding of trastuzumab to the HER2 receptor blocks this cell signaling pathway and causes growth
arrest. Trastuzumab was shown to decrease recurrences and prolong survival in women with breast cancer that
were HER2 positive. Trastuzumab was approved for use in the United States in 1998 and current indications
include breast and gastric cancers that express HER2. Trastuzumab is available in multiple use vials under the
brand name Herceptin. The typical dose is 2 to 8 mg/kg intravenously every week, the dose and duration of
therapy varying with different indications. Common side effects include fatigue, nausea and vomiting, diarrhea,
infusion reactions, rash, headache, neutropenia, infections and anemia. Rare, but serious side effects include
infusion reactions (usually with the initial dose), cardiomyopathy (especially when combined with an
anthracycline), pneumonitis and fetal toxicity.

Ado-trastuzumab emtansine (em tan’ seen) is a conjugate of trastuzumab with emtansine (DM1), a microtubule
inhibitor derived from maytansine that is taken up with trastuzumab into HER2 expressing cancer cells and
degraded in lysosomes resulting in release of DM1, which binds to tubulin and disrupts microtubular networks
resulting in cell cycle arrest and cell death. This conjugate, when combined with other antineoplastic agents, has
shown increased efficacy in advanced, metastatic breast cancer. Ado-trastuzumab emtansine was approved for
use in previously treated, advanced breast cancer in the United States in 2013, and experience with its use has
been limited. The antibody conjugate is available in single use vials under the brand name Kadcyla. The
recommended dose is 3.6 mg/kg intravenously every 3 weeks until disease progression or intolerability. The
antibody conjugate has a higher rate of adverse side effects than trastuzumab alone; the more common adverse
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events include fatigue, nausea, myalgias, headache, constipation, serum enzyme elevations and
thrombocytopenia.

Hepatotoxicity

In large registration trials of trastuzumab for breast and other cancers, rates of serum enzyme elevations were
rarely reported and there were no instances of clinically apparent liver injury. Since its approval and wide scale
use, there have been several isolated reports of serum ALT elevations occurring after 1 to 8 cycles of trastuzumab
therapy. The abnormalities have been elevations of ALT and AST with no or minimal increase in alkaline
phosphatase levels and no symptoms or bilirubin elevations. The abnormalities were invariably self-limited and,
in at least one instance, did not recur with use of lower doses of trastuzumab. There have been no published
reports of clinically apparent, acute liver injury with jaundice attributed to trastuzumab.

In contrast, in large registration trials ado-trastuzumab emtansine was linked to serum enzyme elevation or
bilirubin elevations in up to 24% of patients. Furthermore instances of acute liver injury including deaths from
hepatic failure were reported, although details of the timing and pattern of injury were not provided. A recent
report of nodular regenerative hyperplasia in two women with breast cancer who were treated for 16 months
with ado-trastuzumab emtansine suggests that it can cause vascular injury to the liver and with chronic therapy
can lead to nodular regeneration. Patients present with symptoms or signs of portal hypertension with modest,
typically nonspecific elevations in serum aminotransferases and alkaline phosphatase and decrease in platelet
count. Jaundice did not occur. Imaging studies demonstrated a nodular liver and evidence of portal
hypertension (splenomegaly, varices). Both patients improved once the antineoplastic agent was withdrawn.
Typically nodular regenerative hyperplasia improves upon withdrawal of the causative agent, but it can result in
hepatic failure if not identified and the drug is continued.

Mechanism of Injury

The cause of the serum enzyme elevations during trastuzumab therapy is not known, but appears to be dose
related and may be a mild direct toxicity of the infusions. The hepatotoxicity of ado- trastuzumab emtansine has
not been fully defined, but is probably due to injury to endothelial cells and vasculature, possibly by the
microtubule inhibitor conjugate. While sinusoidal obstruction syndrome has not been described, mild forms of
it may explain the frequent serum enzyme and bilirubin elevations during ado-trastuzumab emtansine therapy.

Outcome and Management

The liver injury attributed to trastuzumab has invariably been self-limited and not associated with symptoms or
jaundice. There is no information on possible cross sensitivity to the injury among different monoclonal
antibodies or therapies directed at epidermal growth factor receptors. In some instances, trastuzumab has been
tolerated at lower doses after recovery with minimal ALT elevations. Patients who develop evidence of portal
hypertension or nodular regeneration during ado-trastuzumab emtansine therapy should have the drug
discontinued.

Drug Class: Antineoplastic Agents, Monoclonal Antibodies

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Trastuzumab - Herceptin®

Box continues on next page...
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Box continued from previous page.
DRUG CLASS
Antineoplastic Agents
COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULA AND STRUCTURE

DRUG CAS REGISTRY NO. MOLECULAR FORMULA STRUCTURE
Trastuzumab 180288-69-1 Monoclonal Antibody Not Available
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