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Abstract
Purpose—Triple negative breast cancers (TNBC) frequently have high epidermal growth factor
receptor (EGFR) expression and are sensitive to DNA-damaging agents. Improved therapies are
needed for this aggressive malignancy.

Patients and methods—We performed a phase I trial of bendamustine and erlotinib, an EGFR
tyrosine kinase inhibitor, in patients with metastatic TNBC, ECOG performance status ≤2, and ≤1
prior chemotherapy for metastatic disease. Each 28-day cycle included intravenous bendamustine
on days 1, 2 and oral erlotinib on days 5–21 with dose escalation according to a 3 + 3 phase I
study design. Dose-limiting toxicity (DLT) was determined by toxicities related to study therapy
observed during cycle 1.

Results—Eleven patients were treated, 5 on dose level 1 and 6 on dose level 2. One patient had
DLT on dose level 2. However, cumulative toxicities were observed, including grade 3/4
lymphopenia in 91 % (95 % CI 0.59–0.998) with progressively decreased CD4 counts and grade
≥3 infections in 36 % (95 % CI 0.11–0.69) of patients.

Conclusions—Combination therapy with bendamustine and erlotinib causes excessive toxicity
with severe, prolonged lymphopenia, depressed CD4 counts, and opportunistic infections and
should not be pursued further. Future trials of bendamustine combinations in TNBC patients
should account for potential cumulative lymphocyte toxicity necessitating patient monitoring
during and after treatment.

Keywords
Bendamustine; Erlotinib; Lymphopenia; Triple negative breast cancer; Metastatic breast cancer

Introduction
Triple negative breast cancers (TNBC) are phenotypically estrogen receptor (ER) and
progesterone receptor (PR) negative and Her-2 non-overexpressing and account for
approximately 12–20 % of breast cancers [1]. These cancers tend to be of higher grade, have
more frequent distant metastases with earlier occurrence, and have shorter survival
compared with other types of breast cancer [2–4]. In addition, treatment options for TNBC
are limited compared with other breast cancer subtypes with no identified effective targeted
therapies.
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Bendamustine is a unique chemotherapeutic hybrid compound with purine antagonist and
alkylating properties. In the United States, it is principally used for hematologic
malignancies, while in Europe, it has also been used to treat solid tumors; several studies
have revealed breast cancer treatment efficacy [5–8]. Bendamustine causes DNA cross-
linking resulting in more extensive, durable single- and double-stranded DNA breaks
compared with other compounds [9]. Bendamustine’s mechanisms of action make it a
promising treatment for TNBC, which has known sensitivity to DNA-damaging drugs [10].

Erlotinib is an oral epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor (TKI)
used for treatment of non-small cell lung cancer (NSCLC) and pancreatic cancer. EGFR
expression in breast cancer has been shown to be an independent poor prognostic factor
[11]. Although EGFR over-expression is present in approximately 13 % of all breast cancers
[1], the majority of TNBCs express EGFR [3, 12, 13] and many also have EGFR gene
amplification [3, 13]. Several early phase clinical trials of EGFR inhibitors combined with
chemotherapy in metastatic TNBC patients have been conducted with varying results [14–
17].

Given that TNBCs are sensitive to DNA-damaging agents and have high EGFR expression
and amplification, we performed a phase I clinical trial to assess the toxicity and tolerability
of combination therapy with bendamustine and erlotinib. The study drugs were administered
on a sequential, rather than a concurrent schedule given the pre-clinical data, suggesting that
concurrent administration may be antagonistic [18–20]. It was hypothesized that a sequential
schedule would also limit the toxicity of the therapy.

Pharmacokinetic analyses were performed in multiple studies of erlotinib combined with
chemotherapy revealing no significant interactions, supporting the hypothesis that the study
drug combination would be safe and tolerable [17, 21]. While significant lymphopenia and
low CD4 counts have been observed with bendamustine, serious or opportunistic infections
are uncommon [5, 22]. Although lymphopenia was an expected toxicity, severe secondary
infections were not anticipated in this study. Overall hematologic toxicity and infection rates
were expected to be lower than those observed in treatment for hematologic malignancies,
which are more likely to have severe immunosuppression from underlying disease and prior
therapy with bone marrow damaging agents.

Patients and methods
The study was a planned Phase I/II trial evaluating the combination of bendamustine and
erlotinib for treatment of metastatic TNBC. However, a high degree of cumulative toxicity
was observed after 11 patients were enrolled and treated on the Phase I section of the study.
Therefore, the study was terminated, and the Phase II study was not performed. The protocol
was approved by the Ohio State University Cancer Institutional Review Board. All patients
gave informed consent prior to study treatment in accordance with the Declaration of
Helsinki. The study was registered at www.clinicaltrials.gov as NCT00834678.

Eligibility criteria
The study enrolled patients ≥18 years with histologically confirmed metastatic TNBC,
defined as ER and PR<10 % by immunohistochemistry (IHC), and Her-2 non-amplified on
fluorescence in situ hybridization (FISH), or 0–1+ by IHC, or +2 on IHC and non-amplified
by FISH. No more than one prior chemotherapy regimen for metastatic breast cancer was
permitted. All patients had measurable or evaluable disease. No concurrent anti-neoplastic
treatments were administered; bisphosphonate therapy was permitted. Patients could not
have symptomatic or progressive central nervous system (CNS) metastases or
leptomeningeal disease. Patients with previously treated brain or CNS metastases were
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permitted provided that radiation was completed ≥8 weeks prior to study registration and
they were not receiving steroids.

Patients had Eastern Cooperative Group performance status of 0–2 with an estimated life
expectancy ≥6 months. Adequate bone marrow, renal, and hepatic function were required,
defined as absolute neutrophil count (ANC) >1.5 × 109/L, platelet >100 × 109/L, estimated
creatinine clearance >40 ml/min, bilirubin ≤1.5 times the institutional upper limit of normal
(ULN), ALT, AST, and alkaline phosphatase ≤2.5 × ULN. In the presence of documented
liver metastases, ALT and AST were to be ≤5 × ULN. Alkaline phosphatase was ≤5 × ULN
in the presence of liver or bone metastases. Patients were able to take oral medications and
without medical problems or prior surgeries that may interfere with the absorption of oral
medications.

Patients with prior treatment with bendamustine or EGFR-directed therapy, known
hypersensitivity to bendamustine, mannitol, or erlotinib, uncontrolled intercurrent illness
that may interfere with administration of study therapy, active infection requiring systemic
therapy, or HIV infection requiring anti-retroviral therapy were excluded from the study.
Pregnant and nursing women were ineligible due to the increased risk of fetal harm,
including fetal death, from study therapy. All patients of reproductive potential agreed to use
an effective barrier contraceptive method or abstinence. Patients could not have history of
prior malignancy except for: adequately treated basal cell or squamous cell skin carcinoma
or any other cancer from which the patient has been disease free for ≥5 years. All patients
were informed of the investigational nature of this study and signed written informed
consent prior to enrollment.

Treatment plan
Bendamustine was administered intravenously over 30 min on days 1 and 2 of each cycle.
Erlotinib was taken by mouth once per day on days 5–21 (17 days). Each treatment cycle
was 28 days. Study drug doses were determined by the dose escalation scheme shown in
Table 1. No intra-patient dose escalations or re-escalations were permitted. Therapy was
discontinued for disease progression (PD), unacceptable toxicity, or for patient and/or
treating physician preference. Patients were permitted to transition to maintenance erlotinib
therapy at any time following the administration of ≥6 cycles of therapy, as long as there
was not PD or unacceptable toxicity. Maintenance therapy consisted of 150 mg of
continuous daily erlotinib. Patients were administered pro-phylactic anti-emetics prior to
bendamustine administration and prescribed rescue anti-emetics. Pre-medications for
prevention of hypersensitivity reactions were only administered to patients who experienced
hypersensitivity to bendamustine. After study termination for severe lymphopenia and
opportunistic infections, CD4 monitoring was recommended. Pneumocystis carinii
pneumonia (PCP), viral, and mycobacterium avium complex (MAC) prophylaxis were
suggested until CD4 recovery.

Monitoring of treatment toxicity, including history, physical examination, and laboratory
monitoring, was performed on day 1 of each treatment cycle, or more frequently as
clinically indicated. Toxicity was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI CTCAE) Version 3. Protocol
specified guidelines for dose modifications and interruptions of bendamustine and/or
erlotinib were followed. For facilitation and monitoring of treatment compliance, patients
were provided with a treatment calendar and log on day 1 of each cycle. Patients were
required to bring their treatment logs and erlotinib pill bottles from the prior cycle to the
follow-up appointment on day 1 of each cycle. The study coordinator reviewed the log and
performed pill counts. Patients were assessed for treatment response by imaging studies and
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physical examination every 2 cycles. Treatment response was assigned according to
RECIST 1.1 criteria [23].

Statistical design and study endpoints
The primary endpoint of the Phase I study was to determine the appropriate Phase II dose of
bendamustine and erlotinib through assessment of treatment toxicity during the first cycle of
treatment. Dose-limiting toxicity (DLT) was defined based on toxicities possibly, probably,
or definitely related to the study therapy observed during the first cycle (first 28 days) and
included: ANC<1 × 109/L for >7 days despite use of white blood cell growth factor support;
platelet count<25 × 109/L for >7 days, or associated with bleeding, or <10 × 109/L at any
time; grade 4 rash or grade 3 rash not controlled with medical therapy; grade 4 diarrhea; or
any other non-hematologic toxicity ≥grade 3 by NCI CTCAE version 3.0.

Patients were treated according to a Phase I 3 + 3 study design. The dose escalation scheme
is shown in Table 1. All patients in each cohort were observed for the first cycle of treatment
(28 days) prior to dose escalation or expansion of a dose level. The Phase II dose was
defined as the highest dose tested in which fewer than 2 of 6 patients experienced DLT
attributable to the study drug(s).

The primary endpoint of the planned Phase II section of the study was to determine the
study therapy efficacy in patients with metastatic TNBC using progression-free survival
(PFS) defined as the time from first treatment date until the documented time of disease
progression or death. The secondary endpoints included the objective response rate [ORR =
complete response (CR) + partial response (PR)] and overall survival rate (OS). As the
Phase II study was not conducted, estimates of primary and secondary endpoints are
reported with 95 % confidence intervals in the Phase I setting. For the time-to-event
endpoints, estimates were obtained by the method of Kaplan–Meier.

Results
Patients

Eleven women with Stage IV TNBC were treated on the study, 5 on dose level 1 and 6 on
dose level 2. The median age was 53 years (38–66). The most common sites of metastasis
were lymph nodes (82 %), lung/pleura (55 %), and bone (36 %). One patient (9 %) had
previously treated brain metastasis. Patient characteristics are summarized in Table 2.

All patients received prior chemotherapy in the adjuvant and/or metastatic settings. Ten
patients (91 %) had received adjuvant chemotherapy; the 11th patient was diagnosed with
metastasis at a time of initial breast cancer diagnosis and had received 1 prior regimen in the
metastatic setting; 4/11 (36 %) patients received 1 prior chemotherapy regimen. Seven
patients (64 %) received 2 prior regimens; of these, six patients received 1 regimen in the
adjuvant setting and 1 regimen for metastatic or locally recurrent cancer, and one patient
received 2 adjuvant chemotherapy regimens for 2 separate primary breast cancers.

Toxicity
No patient treated on dose level 1 experienced DLT. One of the 6 patients treated on dose
level 2 had DLT with grade 3 fatigue and grade 3 dyspnea during her 1st treatment cycle
with no further therapy given. She was hospitalized for progression of her breast mass with
superimposed infection in the setting of grade 4 lymphopenia and was transitioned to
hospice care. Hence, dose level 2, the highest dose in the treatment plan, would have been
the recommended Phase II dose if the Phase II section had been conducted. However, the
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degree of cumulative toxicities observed prompted early closure of the study and is
described below.

Common toxicities included fatigue, constitutional symptoms, and gastrointestinal
symptoms (Table 3). One patient (9 %) was hospitalized for grade 3 diarrhea and
hypotension, and another patient developed grade 3 nausea; since these toxicities occurred
after completion of cycle 1, they were not considered DLTs. Two patients (18 %) developed
grade 1/2 hypersensitivity reactions with bendamustine administration, and 4 patients (36 %)
had grade 1/2 erlotinib-related rash.

Hematologic toxicity was frequently observed during study therapy and included grade 3/4
leukopenia, neutropenia, lymphopenia, and anemia. Grade 3 thrombocytopenia occurred in 1
patient. Prolonged lymphopenia was observed and persisted after discontinuation of study
therapy, for some patients more than 300 days (Fig. 1). Two patients (18 %) had grade 3
lymphopenia, and 8 (73 %) had grade 4 lymphopenia. CD4 counts were obtained in 7 of the
11 study patients. Of these, 1 (14 %) had grade 3 suppression of CD4 counts and 6 (86 %)
had grade 4 depressed CD4 counts (Fig. 2).

Serious infections, including opportunistic infections with PCP, occurred in 4 (36 %) study
patients and were deemed to be related to study therapy-associated lymphopenia. Three of
these patients died as a result of infection. Serious adverse events (SAEs) are summarized in
Table 4.

Efficacy
Efficacy data are summarized in Table 2. Patients received a median of 2 cycles of study
therapy (range 1–6). Two patients received all six cycles of treatment, one on dose level 1
and one on dose level 2. No patient attained complete response. One patient (9 %) on dose
level 2 had a partial response. Five patients had stable disease (45 %), three on dose level 1
and two on dose level 2. All 11 study patients progressed within 7 months of beginning
treatment, with a median time to progression of 3.7 months (95 % CI 1.7–5.5). Nine patients
have expired with an estimated median overall survival of 10.8 months (95 % CI 3.6–13.1).
Two patients who were treated on dose level 2 are currently alive at 16.2 and 18.9 months
following the start of treatment.

Discussion
Although only 1 DLT was observed during the first cycle of therapy, high rates of severe,
prolonged lymphopenia resulting in serious opportunistic infections occurred with additional
cycles and persisted even long after treatment discontinuation. Grade 3/4 lymphopenia was
observed in 91 % (95 % CI 0.59–0.998) of patients, and 4 (36 %, 95 % CI 0.11–0.69)
patients had grade ≥3 infections. Unfortunately, 3 (27 %) patients treated with study therapy
ultimately died with infectious complications. It is likely that severely depressed CD4 counts
contributed to the high rate of serious infections. While it is widely accepted that
chemotherapy is associated with myelosuppression, lymphopenia, and infectious
complications, the high incidence and severity observed on this study was unexpected.

In the United States, bendamustine is primarily used for treatment of hematologic
malignancies. A randomized Phase III trial in untreated chronic lymphocytic leukemia
(CLL) patients treated with bendamustine versus chlorambucil revealed grade 3/4
lymphopenia in only 6.2 % and grade 3/4 infections in 8 % of patients treated with
bendamustine [22]. Phase II studies in previously treated patients with hematologic
malignancies have revealed higher rates of infections [24, 25]. For example, a Phase II trial
of bendamustine monotherapy in advanced or refractory CLL patients revealed grade 3/4

Layman et al. Page 6

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2013 July 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



lymphopenia in 51 % of patients; three (13 %) patients severely immunocompromised at
baseline died from treatment-related sepsis. Decreased CD4/CD8 ratios were observed in all
evaluable patients, but did not correlate with increased infectious risk [25]. By nature of
their disease, patients with CLL are more prone to hematologic and infectious complications
at baseline compared with solid tumor patients. However, unexpectedly higher rates of
lymphopenia and serious infections were observed in patients with breast cancer with our
study therapy.

Lymphopenia and opportunistic infections have also been reported in patients with solid
tumors treated with bendamustine, but without the high infectious complication rates that we
observed. A Phase I study of weekly bendamustine in previously treated solid tumors
showed grade 3/4 lymphopenia in 11/12 (92 %) patients, but no opportunistic infections
[26]. No grade 3/4 infections were observed in two Phase II studies of bendamustine mono-
therapy at doses greater than those administered in the current study [5, 6]. However, cases
of opportunistic infections, including PCP, associated with bendamustine treatment in
metastatic breast cancer have been reported [27]. All patients on our study had received
prior chemotherapy, possibly placing them at higher risk for complications related to
cumulative bone marrow toxicity when compared with chemotherapy-naïve patients;
however, our patients were not heavily pre-treated having received 2 or less prior
chemotherapy regimens.

We hypothesize that unexpectedly high rates of lymphopenia and opportunistic infections
observed in our study were related to treatment with erlotinib that intensified expected
bendamustine toxicity. A Phase III study of erlotinib compared with placebo revealed more
infections in patients treated with erlotinib (p < 0.001) [28]. Two Phase III trials evaluating
the addition of erlotinib to chemotherapy in patients with advanced NSCLC showed
increased overall toxicity with erlotinib, including treatment-related AEs, grade 3/4 AEs,
SAEs, AE related deaths, and grade 5 infections [21], [29]. Pharmacokinetic (PK) analyses
have been performed in multiple studies with erlotinib combined with chemotherapy
revealing no significant PK interaction between erlotinib and chemotherapeutic agents [17,
21, 29]. Since PK analysis was not performed in our study, while unlikely, it is possible that
PK interaction contributed to toxicity.

With an aggressive malignancy, such as metastatic TNBC, some treatment-related toxicity is
acceptable if it can be appropriately managed and/or prophylaxed. The lymphopenia
observed in our study is especially concerning because of the prolonged duration resulting in
late serious adverse events. Capture of late toxicity is a weakness of classical Phase I study
designs, which typically base DLT on the first 1 or 2 cycles of therapy. Most SAEs observed
on our trial were not considered DLTs based on the protocol-defined definition. The
decision to terminate the trial was based on delayed SAEs and the prolonged duration of
lymphopenia placing patients at high risk of infection over time.

Many study patients were treated with subsequent chemotherapy following study treatment
despite persistent lymphopenia. We continued to follow lymphocyte and CD4 counts, and it
is possible that these therapies contributed to lack of lymphocyte recovery. It was
recommended that patients were placed on PCP, viral, and MAC prophylaxis until CD4
recovery. While infectious prophylaxis is commonly administered in hematologic
malignancies, it is less frequent in solid tumors. Prophylaxis in solid tumor patients should
also be considered when severe, prolonged lymphopenia is encountered.

The efficacy of the study therapy was disappointing with only 1 patient attaining a partial
response. TNBC has historically been difficult to treat, likely because of its inherent genetic
instability leading to rapid development of resistance [10]. Our study therapy used erlotinib
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to target EGFR expression associated with TNBC, but TNBC is not a homogeneous
malignancy and EGFR is not uniformly expressed and/or amplified. The cancers treated on
this trial may have had low rates of EGFR expression. Correlative studies, including
assessment of EGFR expression and gene amplification, were planned, but not performed
because of early trial termination.

In conclusion, the combination of bendamustine and erlotinib in TNBC patients is not
feasible as it is associated with an unacceptable rate of significant lymphopenia leading to
life-threatening infections. The greater severity and duration of lymphopenia than previously
observed may relate to potentiation of bendamustine-related lymphopenia by erlotinib.
Future trials of bendamustine combinations in TNBC patients should account for potential
cumulative toxicity to lymphocytes requiring patient monitoring during and following
treatment.
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Fig. 1.
Lymphocyte counts over time. Individual profiles (light gray lines) with average trend line
(solid black) of lymphocyte counts. Reference lines (dotted black) are at 1.00 corresponding
to presence of lymphopenia and 0.50 corresponding to the division between grade 2 and 3
lymphopenia. Created using Microsoft PowerPoint
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Fig. 2.
CD4 counts over time. Individual profiles (light gray lines) with average trend line (solid
black) of CD4 counts. Reference lines (dotted black) are at 200 and 50, highlighting areas of
grade 3 CD4 counts (<200–50) as well as areas of grade 4 CD4 counts (<50). Created using
Microsoft PowerPoint
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Table 1

Drugs and dose escalation scheme

Dose level Dose escalation

Bendamustine Erlotinib

Level −1 100 mg/m2 IV 100 mg po

Level 1 120 mg/m2 IV 100 mg po

Level 2 120 mg/m2 IV 150 mg po
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Table 2

Patient characteristics and outcomes

Characteristic All
N = 11

Dose level 1
N = 5

Dose level 2
N = 6

Age, years

 Median 53 53 53

 Range 38–66 45–65 38–66

Race. No. (%)

 Caucasian 9 (82) 5 (100) 4 (67)

 African American 2 (18) 0 (0) 2 (33)

ECOG performance status, N (%)

 0 4 (36) 2 (40) 2 (33)

 1 6 (55) 2 (40) 4 (67)

 2 1 (9) 1 (20) 0 (0)

Sites of metastasisa, N (%)

 Lymph nodes 9 (82) 4 (80) 5 (83)

 Lung/pleura 6 (55) 3 (60) 3 (50)

 Bone 4 (36) 1 (20) 3 (50)

 Liver 3 (27) 0 (0) 3 (50)

 Chest wall/skin 3 (27) 1 (20) 2 (33)

 Brain 1 (9) 1 (20) 0 (0)

Prior chemotherapy, N (%)

 Adjuvant only 4 (36) 3 (60) 1 (17)

 Metastasis/local recurrence only 1 (9) 0 (0) 1 (17)

 Both 6 (55) 2 (40) 4 (67)

Number of prior regimens, N (%)

 1 4 (36) 2 (40) 2 (33)

 2 7 (64) 3 (60) 4 (67)

Cycles received

 Median 2 4 2

 Range 1–6 2–6 1–6

Overall response rate, N (%) 1 (9) 0 (0) 1 (17)

Progression-free survival

 Median, months 3.7 3.7 3.9

 95 % CI 1.7–5.5 1.7–5.5 1.7–7.0

Overall survival

 Median, months 10.8 7.6 12.8

 95 % CI 3.6–13.1 3.6–10.8 2.4–NR

CI confidence interval, NR not reached

a
A patient can be represented among multiple sites
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Table 3

Summary of toxicities

Toxicity, N (%) Worst grade N = 11

1/2 3 4 5

Leukopenia 6 (55) 2 (18) 1 (9)

Neutropenia 3 (27) 1 (9)

Lymphopenia 1 (9) 2 (18) 8 (73)

CD4 counta 1 (14) 6 (86)

Hemoglobin 3 (27) 2 (18) 1 (9)

Platelets 6 (55) 1 (9)

Infection 1 (9) 3 (27)

Hypersensitivity 2 (18)

Rash 4 (36)

Diarrhea 4 (36) 1 (9)

Nausea 4 (36) 1 (9)

Vomiting 2 (18)

Mucositis 2 (18) 1(9)

Constitutional 2 (18) 5 (45)

Metabolic 5 (45) 1 (9)

Pulmonary 2 (18) 2 (18)

1 patient had DLT on dose level 2 (fatigue, dyspnea–grade 3)

a
Percentages for CD4 Count use a denominator of 7, the number of patients evaluated for CD4 toxicity
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Table 4

Summary of serious adverse events

Patient 1 (DL1): <1 month after completing 6 cycles, hospitalized for pneumocystis carinii (PCP) pneumonia with associated grade 4
lymphopenia. She recovered and received additional chemotherapy, but died from sepsis in the setting of persistent lymphopenia >4 months
after completing study therapy

Patient 5 (DL1): Completed 4 cycles followed by PD and 2 months later received whole brain radiation and steroids for new brain metastases.
She was hospitalized 1 month later for presumed PCP pneumonia with grade 4 lymphopenia and subsequently died. No diagnostic procedure
was performed

Patient 6 (DL 2): <1 month after completion of 6 cycles, she was hospitalized and treated for presumed opportunistic pneumonia with grade 4
lymphopenia and neutropenia, but did not have a diagnostic procedure performed

Patient 8 (DL2): After 1 cycle, was hospitalized with progressive breast mass and superimposed infection. She had grade 4 lymphopenia when
transitioned to hospice

Patient 10 (DL 2): Hospitalized for hypotension and grade 3 diarrhea during cycle 2

DL dose level
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