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Abstract
Purpose—Preclinical data suggested that bryostatin-1 (bryo) could potentiate the cytotoxicity of
cisplatin when given prior to this drug. We designed a phase I study to achieve tolerable doses and
schedules of bryo and cisplatin in combination and in this sequence.

Methods—Patients with non-hematologic malignancies received bryo followed by cisplatin in
several schedules. Bryo was given as an 1 hour and a 24 hour continuous infusion, while cisplatin
was always given over 1 hour at 50mg/m2 and 75mg/m2; the combined regimen was repeated on
an every 3-week and later on an every 2-week schedule. Bryo doses were escalated until
recommended phase II doses were defined for each schedule. Patients were evaluated with
computerized tomography every 2 cycles.

Results—53 patients were entered. In an every 2-week schedule, the 1 hour infusion of bryo
became limited by myalgia that was clearly cumulative. With cisplatin 50 mg/m2 its recommended
phase II dose was 30 mcg/m2. In the 3-week schedule, dose-limiting toxicities were mostly related
to cisplatin effects while myalgias were tolerable. Pharmacokinetics unfortunately proved to be
unreliable due to bryo’s erratic extraction. Consistent inhibition of PKC isoform eta (η) in
peripheral blood mononuclear cells was observed following bryo.

Conclusions—Bryo can be safely administered with cisplatin with minimal toxicity;, however,
only 4 patients achieved an objective response. Modulation of cisplatin cytotoxicity by bryo
awaits further insight into the molecular pathways involved.

Introduction
Bryostatin 1 (bryo) is a macrocyclic lactone derived from the marine animal Bugula neritina
(27). Some of its anti-tumor activity has been ascribed to modulation of protein kinase C
(PKC) activity (10, 28) that may antagonize functions such as tumor invasion, angiogenesis
and cell adhesion. Bryo also has additional anti-tumor mechanisms such as inhibition of
topoisomerase II phosphorylation (3), prevention or reversal of multidrug resistance (6),
modulation of ionizing radiation damage (13), stimulation of cytokine production and
activation of cytotoxic T lymphocytes (16, 29, 34, 36). Preclinical studies have shown in
vitro and in vivo activity of bryo against a variety of tumors including melanoma, leukemia,
lymphoma and lung cancer (4, 17, 27, 28).
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Bryo underwent its initial clinical testing in the United Kingdom (29, 31). These trials
established myalgia as the dose-limiting toxicity (DLT), and this problem was both schedule
and dose-dependent (20, 37). The mechanism underlying this painful muscle syndrome has
remained obscure. One study suggested that bryo-induced myalgias are related to muscle
vasoconstriction and bryo’s direct toxic effect on mitochondria (14); these were not
improved by vasodilators (35). Nonetheless, interest in bryo increased based on its unique
molecular effects and preclinical experiments showing enhancement of the efficacy of
cytotoxic drugs. In vitro studies demonstrated enhancement of cisplatin cytotoxicity by bryo
in HeLa cells (2), and this stimulated exploration of cisplatin in combination with this agent.
PKC activation by phorbol esters increases the sensitivity of human ovarian carcinoma cells
to cisplatin (18), while others noted that inhibitors of PKC were synergistic with cisplatin
both in vitro and in large-cell lung tumor xenografts in nude mice (8).

Bryo prevents the down-regulation of PKC-delta, a tumor suppressor important in cell cycle
progression (11, 19), which is ubiquinated by phorbol esters, and in fact, it prevents the first
step of multistage carcinogenesis exerted by phorbol esters (11). PKC eta (η), a PKC
isoform that promotes cell proliferation through the mammalian target of rapamycin
(mTOR) pathway (1), is preferentially expressed in epidermis, lung and brain (12, 25, 40),
and its expression in invasive breast cancer is associated with lymph node positive status
(22). Bryo downregulates the activity of PKCη (12). Possibly related to its PKC modulation,
bryo has been shown also to potentiate the cytotoxic effects of cytosine arabinoside,
mitomycin C, BCNU and vincristine in cell line studies (2, 8, 9, 18, 23, 26, 30).

A clinical study of bryo in combination with cytotoxic drugs is particularly appealing
because of its near lack of myelosuppression, gastrointestinal toxicity, neuropathy or
alopecia. In pursuing a combination of bryo with cisplatin, we had a particular interest in
developing a regimen for possible activity against metastatic melanoma. Cisplatin has only a
10% response rate in this disease (7), bryo has activity in melanoma cell lines (20), and the
hypothesis underlying this trial was that successful modulation would be relatively easy to
detect.

Patients and Methods
The study was activated in November 1997 utilizing a 24 hour bryo infusion followed by a 1
hour infusion of cisplatin administered every 3 weeks. After 21 patients were entered, the
study was amended in May 1999 to evaluate 1 hour bryo infusions, as there had been bryo 1
hour infusion data in a phase I study involving patients with heterogeneous advanced
cancers, and this short infusion schedule had a tolerable side effect profile (38). An
additional 18 patients were enrolled on this schedule, and once a Maximal Tolerated Dose
(MTD) had been identified, the protocol was further amended to evaluate an every 2-week
schedule, completing accrual in November 2001. This schedule change was based on a study
that bryo can be given every 2 weeks (37). A 3 + 3 dose-escalation design was used so that
the MTD was considered the dose where no more than 2 out of 6 patients in an expanded
level had dose-limiting toxicities (DLTs). Routine peripheral blood tests and symptom and
sign survey took place at the time of every dosing. DLTs were defined by utilizing the NCI
Common Toxicity Criteria version 2.0 and taking into account any grade 3 or 4 non-
hematologic toxicities, including nausea, vomiting, alopecia or any grade 4 hematologic
toxicities such as anemia to expand a dose level. Tumor assessments were carried out every
2 cycles with computerized tomography (CT) scans, where recist criteria was utilized (39).

Bryo was supplied by the National Cancer Institute Division of Cancer Treatment and
Diagnosis. The protocol was approved by Cancer Therapy Evaluation Program (CTEP), the
Protocol Review and Monitoring Committee, Institutional Review Board (IRB) at New
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York University School of Medicine, and the IRB’s of all participating institutions. Written
informed consent was obtained from each patient.

Eligibility Criteria
Enrollment criteria included a histological diagnosis of a disseminated malignancy not
amenable to standard treatments, imaging studies including the relevant body CT scans (and
brain CTs in patients with melanoma) documenting at least one bidimensionally measurable
lesion of 2 cm or greater. Each patient had adequate organ functions defined as: absolute
neutrophil count ≥ 1500/mm3, platelets ≥ 100,000/mm3, serum creatinine ≤ 1.5mg/dl, total
bilirubin ≤ 1.5 upper limit of normal and AST / ALT / alkaline phosphatase ≤ 2.5 × upper
limit of normal. These patients had Eastern Cooperative Oncology Group (ECOG)
performance status of ≤ 2, age ≥18 and peripheral neuropathy < Grade 1. No more than 3
prior chemotherapeutic regimens were allowed, and radiation therapy should not have
encompassed more than 25% of bone marrow-bearing areas (i.e., no whole pelvic radiation).
Patients had to complete prior chemotherapy at least 3 weeks prior and radiation at least 2
weeks prior to entry. Previous cisplatin treatment was not an exclusion. Patients with
metastatic malignant melanoma were preferentially entered into this trial based on the
paucity of available effective therapies, and the ability to be able to detect early effective
modulation should any responses become apparent (Tables 1 and 2). The possibility of
overcoming cisplatin resistance with the addition of bryo in metastatic melanoma makes this
drug combination a suitable option for patients with metastatic melanoma.

Treatment Regimens (Table 2)
The study design was to have 2 therapeutic doses of cisplatin (50 and 75 mg/m2), preceded
by bryo. Initially, a 24 hour infusion of bryo beginning on day 1 followed by cisplatin on
day 2 was used (Dose levels 1–7). Subsequently, based on clinical experience with shorter
infusions and better patient acceptance of the schedule, we shifted to 1 hour infusions just
prior to cisplatin infusion (dose levels 8–11). Each cycle was 3 weeks apart for dose levels
1–11. After concluding this portion of the study, we evaluated the combination given every
2 weeks (Dose levels 1A–2A). All patients had hydration and antiemetic measures including
HT3 antagonists prior to cisplatin. Treatment schedules are shown in Table 3. A patient was
considered evaluable if this patient completed at least 2 cycles of treatments and had clinical
and radiographic assessments every 2 cycles. Patients were taken off protocol either due to
progression of disease (PD), adverse events from the treatments (AE) or patient’s or
physician’s choice.

Pharmacokinetics and Correlative Studies
In addition to the usual clinical end-points of tolerance and response, we sought to
characterize the time course of effect from bryo on a specific PKC isoform in peripheral
blood mononuclear cells (PBMCs). Also, we attempted to develop and validate assays for
the detection of bryo by mass spectroscopy. PBMCs were collected for study of effects on
protein kinase C isoform η, as there is a commercially reliable antibody to detect the signal
of this isoform. Samples were collected prior to commencement of the bryo infusion (time
0), at the completion of the bryo infusion (time 1 hour), and 3 hours after the completion of
the bryo infusion (time 4 hours). PBMCs were prepared by centrifugation following
collection, then samples for DNA content were processed using a modification of the
diphenylamine colorimetric determination for use in a microtiter plate reader (15). Protein
mixtures obtained from the cell lysates were separated by 6% polyacrylamide gel
electrophoresis (PAGE) with 50 µL of each sample loaded per well using Western Blot
methodology (15, 21). Plasma samples were collected for bryo pharmacokinetics assay.
Samples were collected prior to commencement of the bryostatin-1 infusion (time 0) and at
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the completion of the bryostatin-1 infusion (time 1 hour).Bryo levels were difficult to detect
with 24 hour infusions, but its detection became possible during 1 hour infusions. A solid
phase plasma extraction procedure was developed employing a 1:1 addition of Dimethyl
Sulfoxide (DMSO) and used to simultaneously extract bryo while minimizing any protein
interactions from plasma. Detection of bryo was achieved by High Performance Liquid
Chromatography (HPLC) using Ultraviolet (UV) detection at 266 nm along with parallel
detection by mass spectroscopy (MS). The UV HPLC assay has a sensitivity of 20 ng/mL
but additional sensitivity down to 1 ng/ml was achievable through the use of electrospray
MS detection, but its detection was erratic. Subsequent to this study, a validated method
employing liquid-liquid extraction followed by reversed phase HPLC and tandem MS
(HPLC/MS/MS) detection by Zhao et al reported a lower limit of detection of bryo down to
50 pg/ml (41). However, our study clinical plasma samples were expended in our less
sensitive methodology.

PKCη isoform was detected in PBMCs after their isolation from baseline and from 1 hour
and 24 hour samples after exposure to bryo by Western blot. To interpret detection of these
changes in tumor, three patient cohorts were treated with cisplatin alone, followed three
weeks later by the usual bryo-cisplatin sequence. This was abandoned, however, because
only a paucity of patients had accessible lesions.

Results
Patient Characteristics

There were 53 patients enrolled in this trial, 29 were men and 24 were women. The median
age was 54 years, and most patients had an ECOG performance status (PS) of 0 or 1. Thirty
eight patients had at least 1 prior chemotherapy, 22 patients were treated with prior biologic
or immunotherapy and 19 patients had prior radiation therapy. Nearly half the patients had
melanoma; the next common tumor types were sarcoma and head and neck carcinoma.

Dose escalation and dose limiting toxicities
The first 7 dose levels administered a 24 hour infusion of bryo followed by a 1 hour infusion
of cisplatin. Bryo was escalated from 10 to 40 mcg/m2 and the cisplatin from 50 to 75 mg/
m2 IV every 3 weeks. No dose limiting toxicities were observed. The protocol was then
modified to administer bryo as a 1 hour infusion at 40–80 mcg/m2 with a 1 hour infusion of
50 mg/m2 of cisplatin. Dose limiting myalgias occurred at the 80 mcg/m2 dose level of bryo,
while bryo at 65 mcg/m2 was well tolerated (Table 4).

We then investigated an every 2-week schedule based on safety data of every 2-week bryo
infusion in hematological malignancies (37). Noteworthy were dose limiting myalgias,
observed at the first dose level when bryo at 40 mcg/m2 over 1 hour was given with cisplatin
50 mg/m2 (Dose level 1A): By comparison to the prior experience the 2-week interval was
associated with cumulative myalgias. On the amended dose level (2A) of bryo at 30 mcg/m2

over 1 hour with 50 mg/m2 of cisplatin every 2 weeks, 6 patients were treated without any
dose limiting toxicity. Therefore, the tolerable Phase II dose for an every 2-week schedule is
bryo 30 mcg/m2 over 1 hour with cisplatin 50 mg/m2 (See table 4).

Other toxicities such as nausea and vomiting were attributable to the administration of
cisplatin, with patients who received a cycle of cisplatin alone (cycle 0) experiencing the
same toxicities as when they received bryo followed by cisplatin. Symptoms resolved upon
discontinuation of the study drugs. Interestingly, complaints of peripheral neuropathy and
headaches were only noted in patients on the every 2-week schedule. Four of the 12 patients
developed Grade 2 peripheral neuropathy and 5 patients (4-Grade 1–2 and 1-Grade 3)
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developed headaches, which occurred in patients who required additional doses of
antiemetics.

Observations at both the 24 hour and the 1 hour infusions of bryo attested to the relatively
safety and tolerance of this agent, except at the MTD (Table 4: Toxicities). Other toxicities
(hematological or gastrointestinal) were limited and managed with supportive care measures
and could also be attributed to cisplatin. There were 6 patients who required hospitalization
during the treatment, in 3 patients, this was clearly attributable to cisplatin toxicities such as
vomiting, dehydration and infection. The remaining 3 patients were hospitalized for disease-
related reasons.

Response (Tables 5–6)
A total of 4 patients achieved partial responses (PR), duration of response ranged from 10 to
22 weeks. One PR in melanoma lasting 15 weeks was observed following 24 hour bryo at 10
mcg/m2 and cisplatin 50 mg/m2, this was the only PR in patients who had been resistant to
cisplatin (Table 5). The other 3 PRs occurred in 1 melanoma patient and 2 head and neck
patients who had previously been treated with either radiation therapy or chemotherapy, but
not exposed to cisplatin.

There were 20 patients who had stable disease (SD) at reassessment, although 15 patients
received only 1 cycle of therapy on the every 3-week schedule. In fact, the median time to
progression (TTP) was 12 weeks for patients who were classified as SD at this first
assessment (Table 6). One melanoma patient remained stable for 22 weeks and 1 small cell
lung cancer patient and another melanoma patient had SD for 18 weeks.

Conversely, at the time of first reassessment, 19 patients had disease progression. Ten
patients were not evaluable for response: 7 due to rapid progression prior to reassessment, 2
due to toxicity with (rash and nausea vomiting, respectively); and 1 due to refusal of re-
evaluation after 2 cycles). There were 9 patients taken off study due to side effects, 4
patients was off study due to noncompliance.

Correlative Science
The pharmacokinetic studies among 7 patients revealed detectable bryo during 1 hour
infusions; however, the levels varied widely when run at different times. In PMBC sample
from 7 patients where PKC isoform signal were performed, 4 showed augmentation of the
signal while 3 showed depletion. It was concluded that the inconsistencies were due to
capricious behavior of the drug during extraction procedures. On the other hand, near virtual
disappearance of the PKCη isoform by 3 hours followed by recovery on the subsequent day
was noted consistently in the 3 PBMCs from patients examined at dose level 9 (bryo at 50
mcg/m2 over 1 hours and cisplatin at 50 mg/m2) (Figure 1), no simultaneous tumor data was
obtainable.

Discussion
Prior to this study, the combination of bryo and cisplatin has not been examined in humans.
Interest was stimulated by the broad spectrum of antitumor activity for cisplatin and the
absence of overlapping toxicities. The study design explored 2 dose levels of cisplatin (50
and 75 mg/m2), preceded by bryo infusions. Initially, a 24-hour infusion schedule of bryo
beginning on day 1 followed by cisplatin on day 2 was used. Subsequently, we administered
1-hour infusions of bryo just prior to cisplatin injection, in part with the hope of determining
bryo peak levels. Several dose schedules of bryo were explored not only to simplify the
regimen but also to detect whether modulatory effects could correlate with a given peak
plasma level. Disappointingly, our efforts to measure plasma levels (in collaboration with
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the GC/MS unit at Mt Sinai of Dr. J. Roboz) did not produce any consistent results.
Subsequently, the availability of new instrumentation and the development of an optimized
liquid/liquid extraction has led to a validated assay by Zhao and coworkers employing a
triple-quadrupoic mass spectrometric detection with an electrospray interface. This
advancement will provide adequate sensitivity for the detection of bryo (41) in future
studies.

The majority of patients (26 out of total of 53) had melanoma. A patient that was clearly
platinum refractory responded to the combination, thus providing a hint that bryo exerted a
modulatory effect on the efficacy of cisplatin. However, overall, only this patient and 3
others (one other melanoma and 2 head and neck cancers) among 53 had a PR. Although 20
patients had SD, only 5 remained stable beyond 3 months, indicating that bryo did not offer
a sustained inhibition on tumor growth. On the other hand, the trial provided information on
drug tolerance: myalgias appeared to be cumulative and markedly more apparent on the 2-
week interval. The toxic effects of the drug at the MTD were reversible, and we defined the
tolerable Phase II dose as bryostatin 30 mcg/m2 over 1 hour with cisplatin 50 mg/m2,
repeated every 2 weeks.

The results of several Phase I and II trials using bryo with chemotherapy have been recently
published, also following preclinical leads. Roberts et al recently showed that the
combination of bryo 24 hour infusion with fludarabine produced anti-tumor effects
suggestive of potentiation of drug action in patients with chronic lymphocytic leukemia or
indolent lymphomas (32). Those patients were refractory to fludarabine but had response to
the combination regardless if bryo was infused first or not. In pancreatic cell lines, treatment
with gemcitabine followed by bryo resulted in significant more growth inhibition than
treatment with bryo followed by gemcitabine; phase I study using this schedule combination
showed 8 stable disease in 36 patients with pancreatic cancer (5), raising the question
whether a preferred sequence for antitumor activity is actually the reverse of the one
employed here.

We subsequently tested our level 1A bryo and cisplatin combination within New York
Gynecologic Oncology Group in a Phase II study of patients with metastatic carcinoma of
the cervix who had received prior platinum. The results were disappointing with no response
observed among 14 patients (24). The dose limiting toxicity in this study was also myalgia
(24). The finding of severe headaches and peripheral neuropathy for patients dosed every 2
weeks may possibly reflect bryo’s aggravation of cisplatin neurotoxicity and/or enhanced
symptoms from the use of antiemetics. This may be important in future combination studies
with other potentially neurotoxic drugs and with this recommended schedule. Careful
neurosensory monitoring may be warranted, and guidelines to manage myalgias may be
required on short bryo infusions and repetitive cycles on an every 2-week interval.

In summary, the combination of bryo and cisplatin resulted in myalgias as the dose limiting
toxicity when given on an every 2-week schedule. Unfortunately, in any of the bryo
schedules preceding cisplatin among 53 patients, only 4 patients experienced partial
responses. Modulation of cytotoxicity by bryo awaits further insight into the molecular
pathways involved, and may be facilitated by the recent introduction of a sensitive
determination for byro in human plasma.
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Figure 1.
Companion Western blot analysis for the protein kinase c isoform η from PBMCs isolated
from two patients (lanes 1–6; & 7–12) receiving (combination cisplatin (50 mg/m2) and
Byro (50 mcg/m2 × 1hr). For both patients, a substantial depletion of the baseline signal
(lanes 1, 2 and 7, 8) can be observed 28.3 and 48% respectively for the pkc isoform eta after
the end of the Byro infusion (lanes 3,4 compared to 1,2 and lanes 9,10 compared to 7,8).
This effect increased to respectively to 95.4 and 90% at 3 hours post Byro infusion (lanes
5,6 and 11,12).
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Table 1

Patient Characteristics (n=53)

Age (years) Median 54

Range 25–83

Gender Male 29

Female 24

Performance Status 0 14

1 36

2 3

Prior chemotherapy 0 15

1 18

2 20

Prior radiation Y/N 19/34

Prior biologic/immunotherapy Y/N 20/33

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2014 January 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Pavlick et al. Page 12

Table 2

Tumor Types (n=53)

Melanoma 26

Sarcoma 6

Head and Neck 6

Squamous Cell (Unknown Primary) 2

Ovarian 2

Cervix 2

Esophageal 2

Pancreatic 2

Appendiceal 1

Renal 2

Lung 2
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Table 3

Treatment Schedules

24 hour infusion of Bryo every 3 weeks

Dose level Bryo
(mcg/m2)

Cisplatin
(mg/m2)

# of patients
(Total/Eval)

Cycles
(Total)

1 10 50 3/3 11

2 15 50 3/3 6

3 20 50 3/3 10

4 25 50 3/3 9

5 30 50 3/3 5

6 30 75 3/3 7

7 40 75 3/3 8

1 hour infusion of Bryo every 3 weeks

Dose level Bryo
(mcg/m2)

Cisplatin
(mg/m2)

# of patients
(Total/Eval)

Cycles
(Total)

8 40 50 3/3 9

9 50 50 3/3 6

10 65 50 6/3 19

11 80 50 7/6 13

1 hour infusion of Bryo every 2 weeks

Dose level Bryo
(mcg/m2)

Cisplatin
(mg/m2)

# of patients
(Total/Eval)

Cycles
(Total)

1A 40 50 7/6 28

2A 30 50 6/6 28
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Table 5

Anti-tumor Activity

Patient ID Dose Level Tumor Type Response TTP (wks)

3 1 Melanoma* PR 15

24 8 Head/Neck PR 22

28 10 Melanoma PR 11

43 1A Head/Neck PR 10

*
Prior cisplatin treatment
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Table 6

Patient characteristics with stable disease

Time to
progression
(weeks)

Total # of
patients

Most common tumor
types

Most
common
dose
levels

Reasons to be off
protocol other than PD
(AE/Noncompliance)

9 5 Melanoma/liposarcoma 5 and 11 2/2

12 9 Melanoma/ appendiceal cancer/ head and neck cancer/ NSCLC/ RCC 2A and 1 3/3

15 3 Melanoma/ head and neckcancer/ appendiceal cancer 4,7,1A 2/0

18 3 Melanoma/ small cell lung cancer 3,10, 2A 0/1

22 1 Melanoma 2A 0/0
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