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Abstract

Purpose: T-DM1 is an antibody drug conjugate with proven efficacy in metastatic breast can-
cer for progressive disease refractory to trastuzumab. Drug-induced pneumonitis is a rare se-
rious potential adverse effect. The purpose of this review was to estimate the incidence of
pulmonary toxicity at our institution. Methods: A retrospective analysis of electronic medical
record data inclusive of all women and men aged 18 years and older treated with T-DM1 at
out institution was undertaken. The records were reviewed for clinical symptoms and/or radi-
ographic evidence concerning for pneumonitis. We identified variables of interest with regard
to potential risk factors for toxicity. Results: A total of 50 patients were included, 6 (12%) of
whom had radiographic and/or clinical symptoms concerning for T-DM1-induced pneumon-
itis. All 6 patients had metastatic or unresectable breast cancer. Of the 6 patients, 5 (83%) had
suspected pulmonary metastases, 1 (17%) had a history of underlying lung disease, and 5 (83%)
had a history of prior taxane therapy. Pulmonary metastases (p = 0.38), the median number of
treatment cycles (p = 0.29), prior taxane therapy (p = 0.99), underlying lung disease (p = 0.99),
and hormone receptor positivity (p = 0.66) did not have any statistical significance for an
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association with pneumonitis. Conclusion: Pneumonitis is a recognized toxic effect of T-DM1.
While our sample size was small, the number of events was higher than described in the liter-
ature, which may be an artifact of referral bias. Future studies with a larger sample population

may detect potential risk factors for toxicity. © 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Ado-trastuzumab emtansine (T-DM1) was the first antibody drug conjugate (ADC) to se-
cure FDA approval in HER2-positive breast cancer. It consists of a monoclonal antibody,
trastuzumab, bound by a thioether linkage to emtansine [1]. Emtansine (DM1) is a may-
tansinoid derivative, originally isolated in 1971 from the East African shrub Maytenus serrata
[2, 3]. Its mechanism of action is that of an inhibitor of the microtubule apparatus, similar to
the vinca alkaloids, leading to eventual cell cycle arrest and significant cytotoxicity [4]. The
ADC represents an efficient drug delivery system, whereby trastuzumab binds to the extracel-
lular domain of HER2 expressed on breast cancer cells and subsequently signals uptake via
endocytosis of the trastuzumab-emtansine complex. This targeted drug delivery is designed
to minimize peripheral toxicity [1, 5]. The thioether linkage and antibody component undergo
lysosomal degradation when the endosome vesicle and lysosome fuse, allowing release of the
DM1 component into the cell [6]. Meanwhile, the trastuzumab component continues to exert
antitumor effects by way of cell signaling inhibition and antibody-directed cellular cytotoxi-
city [7].

T-DM1 has shown success in several clinical trials. Importantly, T-DM1 has proven effi-
cacy in the setting of trastuzumab resistance. In comparison to the combination of lapatinib
and capecitabine for advanced HER2-positive breast cancer in those who had progressed on
trastuzumab and a taxane, T-DM1 demonstrated improved overall survival (30.9 vs. 25.1
months) with a higher objective response rate (43.6 vs. 30.8%) in the EMILIA trial [8]. In the
phase III TH3RESA trial, patients with advanced breast cancer who had progression on two
or more HER2-directed therapies were randomized to receive T-DM1 versus chemotherapy
of the physician’s choice. At the second interim analysis for overall survival, T-DM1 demon-
strated improved overall survival (22.7 vs. 15.8 months) in comparison [9].

The most common phase III study toxicities associated with T-DM1 are diarrhea, consti-
pation, nausea, vomiting, fatigue, headache, epistaxis, peripheral neuropathy, arthralgia, py-
rexia, thrombocytopenia, anemia, and elevated AST/ALT levels [8-10]. The current FDA pre-
scribing information recommends discontinuation of T-DM1 in cases of interstitial lung dis-
ease or pneumonitis, and cites a pneumonitis incidence of 0.8% (7/884 cases), with 1 case of
grade 3 pneumonitis noted.

Anecdotal experience at our institution suggested the rate of pulmonary toxicity may be
higher than reported in the clinical trials. We sought to determine the incidence of pulmonary
toxicity, with a specific interest in the incidence of interstitial pneumonitis. Furthermore, var-
iables of interest with regard to potential risk factors for pneumonitis were investigated.
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Methods
This study was designed as a retrospective chart review.

Patient Population

The subject population included all women and men aged 18 years or older who received
atleast one dose of T-DM1 at the University of Michigan Rogel Cancer Center facilities between
January 1, 2013, and November 1, 2017. Patients with early-stage breast cancer and meta-
static or locally advanced HER2-positive breast cancer were included.

Data Acquisition

Patients were identified upon review of pharmacy records for ado-trastuzumab em-
tansine drug administration. Electronic medical record numbers were matched to pharmacy
records. The chart review of the electronic medical record data was performed by a single
member of the study team. We defined the case incidence of interstitial pneumonitis among
those patients who had a clinical picture (hypoxia, unexplained dyspnea, and exclusion of in-
fection) and/or concerning imaging findings consistent with pneumonitis. Several variables
of interest with regard to risk factors were abstracted from the chart, including the number of
treatment cycles, suspicion of lung metastases, a history of lung disease, documented prior
reaction to trastuzumab, and documented prior treatment with a taxane.

Statistical Methods

Due to the small number of pneumonitis events, the associations between the presence
of pneumonitis and categorical clinical variables were assessed using Fisher’s exact tests, and
the associations between the presence of pneumonitis and continuous variables were as-
sessed using the Wilcoxon rank-sum test.

Results

Baseline Characteristics of the Patients

Upon review of the pharmacy administration records, 50 unique patients were treated
with at least one dose of T-DM1 at the Rogel Cancer Center from January 1,2013, to November
1, 2017, all of whom were included in our analysis. The descriptive attributes of the study
population are outlined in Table 1.

The majority of the patients (43/50) had discontinued T-DM1 at the completion of the
chart analysis. Treatment discontinuation was most commonly a result of progression (n = 29;
65.9%); however, other reasons included any toxicity (n = 11; 27.2%), death as a result of
progression (n = 2; 4.5%), and clinical trial treatment completion for early-stage breast cancer
(n=1;2%).

Treatment-Related Events and Risk Factor Analysis
Of the analyzed population, 6 (12%) had radiographic and/or clinical symptoms concern-
ing for T-DM1-induced pneumonitis. All 6 patients identified with toxicity had metastatic or
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unresectable breast cancer. CTCAE v4.03 grade 3 pneumonitis (limiting activities of daily liv-
ing, severe symptoms, and new oxygen requirement) was observed in 3/6 patients.

On further analysis of those with clinical and/or radiographic symptoms of pneumonitis,
5 (83%) had suspected pulmonary metastases, 1 (17%) had a history of underlying lung dis-
ease, and 5 (83%) had a history of prior taxane therapy.

Table 2 outlines the results for potential associations of the clinical variables with pneu-
monitis. Pulmonary metastases (p = 0.38), the median number of treatment cycles (p = 0.29),
prior taxane therapy (p = 0.99), underlying lung disease (p = 0.99), and hormone receptor
positivity (p = 0.66) did not have statistical significance for an association with pneumonitis.
Time (in days) on T-DM1 did not predict pneumonitis (p = 0.32).

Clinical Outcomes

Reassuringly, all patients had significant resolution of their pneumonitis symptoms. Ster-
oids were given in 4/6 of the cases, with a time to complete resolution of 29.6 days (range 3-
81).

Discussion

The goal of this review was to investigate the incidence of pneumonitis among breast can-
cer patients treated with T-DM1, while also examining potential risk factors and outcomes to
guide toxicity identification and treatment in the future. Based on a review of the current pub-
lished literature, this is the first review of interstitial pneumonitis in patients treated with
T-DM1.

At least one prior study has investigated pneumonitis associated with trastuzumab
monotherapy, with the conclusion that this is a rare adverse event (0.5%) based on review of
two large clinical trials (NSABP B-31 and N9831) [11]. Another case series described 3 pa-
tients who received adjuvant trastuzumab monotherapy and subsequently developed inter-
stitial lung disease, which reassuringly resolved with drug discontinuation and steroids [12].

The currently available ADCs approved by the FDA include ado-trastuzumab emtansine,
brentuximab vedotin, gemtuzumab ozogamicin, and inotuzumab ozogamicin, although only
T-DM1 is approved for solid tumor malignancies. According to the FDA prescribing infor-
mation, brentuximab vedotin was associated with a higher rate of noninfectious pulmonary
toxicity; however, this was in combination with bleomycin, an agent with known pulmonary
toxicity. A review of toxicities with regard to gemtuzumab ozogamicin and inotuzumab ozo-
gamicin did not suggest increased pulmonary toxicity [13, 14]. Lorvotuzumab mertansine
(DM1) has been used as the cytotoxic agent in ADCs in prior clinical trials. A recent phase 1/I1
study of DM1 in combination with carboplatin/etoposide in extensive-stage small cell lung
cancer did not report pneumonitis as an adverse event [15]. Similarly, pneumonitis was not
reported in phase I studies of cantuzumab mertansine in advanced solid tumors and of bi-
vatuzumab mertansine in metastatic breast cancer and squamous cell carcinoma of the
head/neck and esophagus [16-18]. Hence, the etiologic component and biologic mechanism
responsible for inciting pneumonitis in patients receiving T-DM1 remains to be determined.

The diagnosis of interstitial pneumonitis is a challenging one, as competing diagnoses of-
ten delay initial recognition. The CTCAE v4.03 defines pneumonitis as “a disorder character-
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ized by inflammation focally or diffusely affecting the lung parenchyma.” In this study, we used
clinical symptoms including dyspnea, cough, fever, and hypoxia plus/minus imaging to iden-
tify index cases. This was further substantiated by excluding infectious causes and progressive
metastatic disease. Reassuringly, all patients in this study had significant resolution of their
symptoms with steroid initiation and cessation of therapy, except for 1 patient who continued
on T-DM1 at the cutoff date of the analysis.

We explored several potential risk factors for pulmonary toxicity. Taxanes are recognized
as a drug class associated with pulmonary toxicity; however, prior taxane use was not associ-
ated with a higher incidence of toxicity in this review. Prior reaction to trastuzumab appeared
to be statistically significant in those who experienced pneumonitis, but this was a very small
number of patients and limited based on review of the record for documentation of a prior
reaction. It is difficult to draw a firm conclusion due to the limited sample size; however, it
may suggest an immunoreaction to the antibody component as a potential etiology for devel-
opment of symptoms. We hypothesized that the site of delivery of the ADC cytotoxic payload
may influence toxicity, but those with lung metastases did not appear to have a statistically
significantly higher rate of pneumonitis.

Limitations of our study include the small sample of patients from a single institution.
Based on the pattern of referral to tertiary care centers, the incidence of pulmonary toxicity
in this study may be overestimated in comparison to the general population. Future studies
with larger sample sizes should focus on further investigation of the potential risk factors for
this serious toxicity, as this would in turn allow for better patient selection and outcomes.

Statement of Ethics

The University of Michigan approved the study under IRB exemption, given the minimal
risk to the subjects.
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Table 1. Baseline characteristics of the subjects (n = 50)

Mean age, years 57
Hormone receptor positive 31 (62%)
HER?2 positive 50 (100%)
Median number of treatment cycles 8.5

Range 1-33
Suspected lung metastases 29 (58%)
Underlying lung disease 9 (18%)

Documented history of reaction to trastuzumab 2 (4%)
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Table 2. Association with pneumonitis

Variable

Frequency of p value

pneumonitis, n (%)

Hormone receptor positive
No
Yes

Suspected lung metastases
No
Yes

Underlying lung disease
No
Yes

Prior reaction to Herceptin
No
Yes

Taxane
No
Yes

0.66
3 (15.8)
3(9.7)

0.38
1(4.8)
5(17.2)

0.99
5(12.2)
1(11.1)

0.012
4 (8.3)
2 (100)

0.99
1(9.1)

5 (12.8)
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