Vol. 9, 109 –114, January 2003

Clinical Cancer Research 109

Weekly Bryostatin-1 in Metastatic Renal Cell Carcinoma:
A Phase II Study1
Naomi B. Haas,2 Mitchell Smith, Nancy Lewis,
Lynn Littman, Gwen Yeslow, Indira D. Joshi,
Anthony Murgo, Joyce Bradley, Robert Gordon,
Hao Wang, Andre Rogatko, and Gary R. Hudes

ABSTRACT
Purpose: We conducted a Phase II trial of bryostatin-1,
an inhibitor of protein kinase C, in advanced renal cell
carcinoma to measure toxicity, response rate, time to progression, and induction of cytokines.
Experimental Design: A total of 32 patients (26 male
and 6 female) received bryostatin-1 at 35– 40 g/m2 i.v. over
1 h on days 1, 8, and 15 of each 4-week cycle. Plasma
interleukin-6, tumor necrosis factor-␣, and C-reactive protein levels were assayed pretreatment, 1 and 23 h after
completion of bryostatin-1 infusion at weeks 1 and 5.
Results: Cycles (102) of bryostatin-1 were given (median 2, range 1– 8). The most common grade 1 or 2 toxicities
were myalgias (46.8%), fatigue (59.3%), and dyspnea
(18.8%). Grade 3– 4 toxicity included myalgias (40.6%),
ataxia (9.3%), and dyspnea (15.6%). Four (12%) patients
experienced cardiac events while on study (cardiac arrhythmias and congestive heart failure occurred in 2 patients, and
2 patients had fatal cardiac arrests). Of 32 patients evaluable
for response, 2 (6.3%) had partial responses lasting 9 with 6
months. A total of 15 patients (46.8%) had stable disease,
and 6 (18.8%) patients had stable disease for >6 months.
Plasma interleukin-6 increased >2-fold over baseline measurements in 5 of 17 patients (29.4%) but did not correlate
with response or toxicity.
Conclusions: Although weekly bryostatin-1 at 35– 40
g/m2 produced a low proportion of objective responses,
prolonged (>6 months) stable disease or partial remission in
25% of patients suggests that this agent, or other inhibitors
of protein kinase C, may have a role in the treatment of
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INTRODUCTION
An estimated 37,000 new kidney cancers were diagnosed
in 2001, and ⬃12,000 deaths will occur from this disease (1).
One-third of the patients will present with advanced or metastatic disease (2) for which therapeutic options are limited.
Chemotherapy and hormonal therapy for metastatic renal cell
cancer have been largely ineffective (3– 6). Biological therapies
for renal cell cancer, such as IL-2 and IFN-␣, have produced
objective response proportions of only 10 –15% (5, 7–9). Although responses have been durable in rare cases (8), most
patients develop progressive disease within 4 – 6 months. Because of limited activity and significant toxicity of these therapies, there is an urgent need to identify new, active therapies for
this disease.
Bryostatin-1, a macrocytic lactone isolated from the marine
bryozoan bugula neritina (10), has shown antitumor activity
against both murine and human tumor cell lines in vitro (11, 12).
Bryostatin-1 is a partial agonist of PKC,3 a mechanism that is
thought to be responsible for both immunomodulatory and antitumor activity (13). In the absence of ligands, bryostatin-1
activates plasma membrane PKC, which phosphorylates other
downstream proteins important in intracellular signaling. In the
presence of ligands, bryostatin-1 inhibits cell growth and differentiation by interacting with other activators of PKC (such as
phorbol esters; Ref. 13). In vitro studies have suggested that
bryostatin-1 may compete with phorbol esters whose interaction
with PKC may be tumorigenic (14). Ultimately, prolonged
exposure to bryostatin-1 down-regulates PKC kinase activity
(13). One potentially important mechanism of PKC activation
involves the epidermal growth factor receptor. The epidermal
growth factor receptor is strongly expressed in the majority of
RCCs and might drive tumor growth or survival through PKCdependent signaling (15, 16).
To test the hypothesis that an inhibitor of PKC-dependent
signaling has therapeutic activity against RCC, we conducted a
Phase II trial of bryostatin-1 in patients with this tumor. The
selected schedule of bryostatin-1 was a 1-h infusion weekly for
3 of 4 weeks at a dose determined from a previous Phase I trial
(17). Because a reliable assay for serum bryostatin-1 is unavailable, we measured plasma levels of IL-6 and TNF-␣ before and
after drug administration. A dose-response relationship between
weekly bryostatin-1 and increased plasma levels of IL-6 and
TNF-␣ had been demonstrated previously (18).
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The abbreviations used are: PKC, protein kinase C; IL, interleukin;
TNF, tumor necrosis factor; CRP, C-reactive protein; ECOG, Eastern
Cooperative Oncology Group; PR, partial remission; RCC, renal cell
carcinoma; DLT, dose-limiting toxicity; CR, complete remission.
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renal cell carcinoma, perhaps in combination with other
agents.
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The primary objectives of this trial were to assess the
objective response rate, time to progression, and toxicities of
bryostatin-1 in advanced RCC. A secondary objective was to
evaluate the effects of bryostatin-1 administration on the levels
of plasma IL-6, TNF-␣, and CRP.

PATIENTS AND METHODS

4

Internet address: http://ctep.info.nih.gov.

Downloaded from http://aacrjournals.org/clincancerres/article-pdf/2084846/df0103000109.pdf by guest on 28 November 2022

Patient Eligibility. Patients were ⱖ18 years of age and
had histologically confirmed metastatic RCC with bi-dimensionally measurable soft tissue or bone disease not ⬍1 cm2.
Entry criteria included an ECOG performance status of 0 or 1,
life expectancy ⬎3 months, and adequate organ function, including WBC ⱖ3000 cells/mm3, platelet count ⱖ100,000/mm3,
bilirubin ⱕ1.5 mg/dl, and creatinine ⱕ2 mg/dl (or creatinine
clearance of ⬎50 ml/min). One previous therapy with a biological response modifier regimen was allowed, but previous chemotherapy for the treatment of RCC was not permitted. Radiotherapy or major surgery, including nephrectomy, must have
been completed ⱖ4 weeks before protocol entry. Patients with
irradiated or resected brain metastases stable for a minimum of
3 months and not on corticosteroids were also eligible. All
patients provided written informed consent in accordance with
federal, state, and institutional guidelines.
Drug Administration. Bryostatin-1 (NSC 339555) was
provided by the Division Cancer Treatment and Diagnosis of the
National Cancer Institute. Bryostatin-1 was supplied in a formulation of two parts: a 6-cc vial containing 0.1 mg of bryostatin and 5 mg of povidone USP (as a bulking agent) lyophilized from 40% t-butanol was reconstituted with 1 ml of sterile
positron emission tomography diluent (60% polyethylene glycol
400/30% ethanol/10% Tween 80). The resulting solution was
further diluted with 9 ml of 0.9% sodium chloride injection,
producing a 10 g/ml solution of bryostatin-1. The drug was
further diluted in glass or polyolefin containers with 0.9%
sodium chloride or 5% dextrose in water to a final concentration
in the range of 0.15– 0.75 g/ml. Bryostatin-1 was administered
as a 1-h infusion on days 1, 8, and 15 of each 4-week cycle.
Evaluation of Patients. Patients were evaluated at baseline with complete blood count and chemistry profile, including
electrolytes, alanine aminotransferase, aspartate aminotransferase, total bilirubin, alkaline phosphatase, blood urea nitrogen,
creatinine, calcium, phosphorus, lactate dehydrogenase, magnesium, prothrombin time, partial thromboplastin time, urinalysis,
and serum pregnancy test (if applicable) within 2 weeks of
registration. Physical examination, height, weight, ECOG performance status, EKG, chest X-ray, and tumor measurements
were required at baseline. A complete blood count was drawn
weekly, and history, physical, performance status, weight, and
serum chemistries were assessed every 4 weeks. Tumor measurements were taken every 8 weeks.
Toxicity was graded by National Cancer Institute Common
Toxicity Criteria, version 2.0.4 Grade 3 or 4 hematologic (other
than anemia) toxicity required a dose reduction to 75% of the
starting dose for the next course. The dose was omitted if the

absolute neutrophil count on day 8 or 15 was ⬍1,000 cells/mm3
or the platelet count was ⬍50,000/mm3, with subsequent dose
reduction to 75% for retreatment (day 29) and all subsequent
doses. Grade 3 or 4 nonhematologic toxicity led to a dose
reduction of 75% of the starting dose for the next course and
omission of treatment on that day if a patient had grade 3 or 4
nonhematologic toxicity on day 8 or 15. If the dose on a
scheduled dosing day was omitted, the patient could be retreated
on the next scheduled dosing day in the course, provided toxicity had resolved to a grade 2 or less. Myalgia was assessed
before each dose of bryostatin-1 using the following scale: 0 ⫽
none, 1 ⫽ mild pain not interfering with daily activities, 2 ⫽
moderate pain (pain or analgesics produce some interference
with daily activities), 3 ⫽ severe pain (pain or analgesics severely interfere with daily activities), or 4 ⫽ disabling. Grade 3
or 4 myalgia during a course prompted a dose reduction of 75%
of the starting dose for the next course. Response assessment
was defined by WHO criteria (19).
Correlative Laboratory Studies. One red top tube of
blood was obtained immediately before week 1 treatment and at
1 and 23 h after completion of the first infusion, during cycles
1 and 2 from patients participating in the study at Fox Chase
Cancer Center. Specimens were drawn, plasma was separated
by centrifugation within 30 min, and plasma was frozen at
⫺20°C and sent for measurement of IL-6 and TNF-␣. Plasma
IL-6 was determined by ELISA, according to the manufacturer’s
instructions (hIL-6; ELISA kit procedure; Biosource International, Inc., Camarillo, CA). Briefly, 100 l of plasma were
incubated for 2 h with 50 l of biotin conjugate (anti-hIL-6) in
hIL-6 antibody-coated wells, 96-well plates, at room temperature. After aspirate and washing four times with the second
antibody, streptavidin-horseradish peroxidase was added and
incubated for 30 min at room temperature and then processed in
a similar fashion with stabilized chromogen, and after the addition of stop solution, it was photometrically assayed (450 nm;
Cytoscreen ultrasensitive human IL-6, sensitivity ⬍0.1 pg/ml).
Plasma TNF-␣ was assayed in a similar fashion with biotinylated anti-TNF-␣ (BioSource International, Inc.). Plasma was
assayed by ELISA in a similar fashion duplicate for TNF-␣
(Cytoscreen ultrasensitive human TNF-␣ sensitivity ⬍0.1 pg/
ml). CRP was assayed by nephelometry using Beckman Array
commercially available assay (Beckman Coulter, Inc., Palo
Alto, CA). Plasma levels of these proteins were drawn immediately before week 1 bryostatin-1 and repeated at 2 and 24 h
poststart of infusion of bryostatin-1 in cycles 1 and 2 only.
Statistical Considerations. The primary endpoints for
this Phase II study were the proportion of patients with partial
and complete responses using the WHO response criteria (19)
and time to progression. The new treatment would be of interest
if the proportion of patients with objective PR or CR was
ⱖ20%. With 32 evaluable patients, the objective response rate
of interest could be distinguished from a response proportion of
⬍5% with 80% power. If ⱖ5 patients had PR or CR, then the
null hypothesis would be rejected at the 2% level of significance
(one-sided test). Conversely, if ⱕ4 patients had a PR or CR,
then the null hypothesis would be accepted. If no patients with
PR or CR were observed, or conversely, if ⱖ3 patients with
tumor responses were observed when 24 patients were evalu-
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Table 1

Table 2

Demographics

No. registered/evaluable

a

34/32
64 (42–81)
28
6
33
1
16
18
1
24
3
17
21
2
23
3
14
8
6
10
6
19
7

LDH, lactate dehydrogenase.

able, the trial would be terminated early on the grounds that the
null or alternative hypothesis was accepted.
For time to progression, 32 patients were needed to test the
null hypothesis that the proportion of patients progression free at
6 months is ⬍10% against the alternative hypothesis that the
proportion of patients free of progression is ⱖ30% with 88.7%
power. Using this design, if ⱖ7 patients with favorable response
were observed, then the null hypothesis would be rejected at the
3.6% level of significance (one-sided test).
Repeated measure ANOVA was implemented to examine
the change of the plasma levels of TNF-␣, IL-6, and CRP from
baseline to 24 h after bryostatin-1 administration and the effect
of first cycle dose levels on these measures in the 15 patients
treated at Fox Chase Cancer Center. One-sided t tests from the
ANOVA were used to test the hypothesis that plasma cytokine
levels increased after bryostatin-1 administration. Repeated
measure ANOVA was also used to study the relationships
among TNF-␣, IL-6, and CRP. Logistic regression was conducted to examine the relationship of IL-6, TNF-␣, or CRP with
response to therapy.
Although the major end point in Phase II trials is efficacy,
the search for the optimal dose is usually restricted to the Phase
I setting. The assumption that the dose selected in a Phase I
patient population will be optimal for Phase II or III populations
may be incorrect, and maximizing dose intensity is still regarded
as important to achieve an optimal therapeutic effect. Therefore,
the study design permitted dose escalation depending on the
frequency of DLT observed in an initial patient sample. Thus,
the adequacy of the initial dose was assessed after 15 patients
had been treated, and the dose was modified such that the

Myalgias
Ataxiab
Headache
Fatigue
Urinary frequency
Dyspnea
Anemia
Leg weakness
Allergic reaction
GI (N/V)c
Anorexia
Edema/weight gain

1

2

3

4

6
0
5
17
1
3
3
0
0
6
7
0

9
0
1
2
2
3
6
0
0
4
3
0

13 (6)
3
0
2
2
3
2
1
1
0
1
1

0
0
0
0
0
2
0
0
0
0
0
0

(% Grades
3–4)
40.6
9.3
6.3
6.3
15.6
6.3
3.1
3.1
3.1
3.1

a
Six of the 13 patients had grade 3 myalgias after three or greater
cycles.
b
Reported ataxia was noted in two, three, and seven cycles.
c
GI (N/V), Gastrointestinal (Nausea/Vomiting).

probability of DLT was 0.2. This dose modification design was
based on methodology described by Babb et al. (20).

RESULTS
A total of 34 patients with metastatic RCC was enrolled at
Fox Chase Cancer Center (n ⫽ 15) and six Fox Chase Network
institutions (n ⫽ 19) from June 30, 1999 to March 5, 2001. Two
patients never received protocol treatment because of rapid
declines in performance status and were not included in toxicity
or response analysis. A total of 102 cycles (range 1– 8) of
bryostatin-1 was administered to the 32 evaluable patients.
Patient characteristics are summarized in Table 1. Nineteen
(59.4%) and 7 (21.8%) of our patients had an intermediate or
poor risk of death, respectively, with predicted median survivals
of 10 and 4 months based on pretreatment characteristics depicted in Table 1 (21). The first 15 patients received bryostatin-1
at 35 g/m2 over 1 h i.v. weekly for 3 of every 4 weeks. On the
basis of the occurrence of DLT during the first 4-week cycle in
2 of these patients, the estimated probability of DLT was ⬍0.2
after first-stage accrual. Accordingly, the dose of bryostatin-1
was increased to 40 g/m2 for the subsequent 17 patients
accrued.
Toxicity. Thirty-two patients were evaluable for toxicity.
Toxicities are shown in Table 2. The predominant toxicity was
myalgia, present in 87% (n ⫽ 28) of patients at some point
during treatment. Seven patients (22%) had grade 3 myalgia in
the first two cycles of treatment. Most of these (n ⫽ 5) occurred
in the 40 g/m2 dose group. However, 3 additional patients
receiving bryostatin-1 at the 35 g/m2 dose had grade 3 myalgias at four, six, or seven cycles, and 3 additional patients
receiving bryostatin-1 at the 40 g/m2 dose had grade 3 myalgias at three or four cycles. Four patients already receiving
reduced doses (26 –30 g/m2) for myalgias required an additional dose reduction for recurrent myalgias.
Three cases of transient grade 3 ataxia were seen at the 35
g/m2 dose, not reported previously as a toxicity of bryostatin-1. Brain magnetic resonance imaging studies performed on
these patients were normal. One patient had a pulmonary embolus from inferior vena cava tumor thrombus after one treat-
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Age, median (range)
Gender
Male
Female
Race
Caucasian
African-American
ECOG performance score
0
1
Previous biologic response modifiers
Previous nephrectomy
LDHa ⬎1.5 ⫻ normal
Time from diagnosis ⬍1 year
Hemoglobin less than lower limit of normal
Corrected serum calcium greater than normal
Tumor sites
Lung
Mediastinum
Lymph nodes
Bone
Liver
Kidney
No. adverse prognostic factors21,29
0 (Good)
1–2 (Intermediate)
ⱖ3 (Poor)

Toxicity for all cycles (worst grade)a
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ment. Three patients died while on study, 1 from a perforated
gastric ulcer and 2 from cardiac arrests that occurred several
days after drug administration. One of these 2 patients had
observed ventricular tachycardia. Neither had cardiac disease
diagnosed previously. Two additional patients experienced nonfatal
cardiac arrhythmias and congestive heart failure while on study.
We cannot be certain that these toxicities were unrelated to bryostatin-1 treatment.
Response to Treatment. Thirty-two patients were evaluable for response. Two patients had partial responses that lasted
9 and 6 months. A total of 15 patients (46.8%) had stable
disease, and 15 patients (46.8%) had progressive disease after
two cycles of treatment. A 65-year-old female with multiple
pulmonary lesions achieved a partial response after four cycles.
A 45-year-old male with pulmonary nodules and mediastinal
and retroperitoneal lymph nodes achieved a partial response
after two cycles. A 3rd patient, a 71-year-old male with multiple
pulmonary nodules and retroperitoneal lymph nodes, had a 50%
decrease in the size of the lung nodules but concurrently developed a new pelvic mass and therefore had progressive disease as
his best response
Time to progression was ⱖ6 months (26 weeks) in 8 of 32
(25%) patients (95% confidence interval was 11.8 – 44.6). This
result rejects the null hypothesis for time to progression. Overall
and progression-free survival distribution are shown in Figs. 1
and 2. Nineteen of the patients (59.4%) were deceased at the
time of this analysis. The median survival was 106 weeks, and
the median time to progression was 13 weeks.
Serum IL-6, TNF-␣, and CRP. Baseline, 2-, and 24-h
poststart of bryostatin-1 infusion mean ⫾ SD plasma levels of
IL-6, TNF-␣, and CRP levels are shown in Table 3. Adjusted for
cycle and dose level, IL-6 level increased 24 h after first dose
initiation compared with baseline (P ⫽ 0.02). For TNF-␣ level
or CRP, the data did not show any difference between baseline
and 24 h afterwards (P ⫽ 0.86 and 0.67, respectively). However,
TNF-␣ level decreased 2 h postinitiation of treatment (P ⫽ 0.02)
and increased back 24 h postinitiation of infusion (P ⫽ 0.01).
Adjusted for cycle, time, and dose levels of CRP were signifi-

Fig. 2 Kaplan-Meier curve for time to progression in weeks from
time of registration to date of radiological documentation of disease
progression.

cantly related to plasma IL-6 (P ⫽ 0.001), but there were no
other pair-wise correlations of these cytokines. Changes in
plasma IL-6, TNF-␣, and CRP levels did not correlate with
response to therapy or toxicity.

DISCUSSION
Bryostatin-1 has undergone Phase I evaluation on several
schedules, including 1-h infusion every other week (22), 1-h
infusion q weekly ⫻ 3 (18), 24-h infusion weekly ⫻ 3, (23), and
72-h continuous infusion q 2 weeks (24). The doses recommended for Phase II trials were 25–35 g/m2/week for the
weekly 1-h infusion schedules, 25 g/m2/week for 24 h weekly,
and 40 g/m2/day for the 72-h infusion q 2 weeks (17, 18, 23,
24). The DLT for all schedules was myalgia. Myalgias were
reported to be cumulative in a previous publication (18), and we
confirmed substantial cumulative toxicities of myalgias at the 35
g/m2 dose level. This toxicity occurred earlier in patients
receiving the 40 g/m2 dose. Thus, although only two DLTs
were initially observed in the first 15 patients, resulting in dose
escalation to 40 g/m2, there were additional patients in the 35
g/m2 cohort who developed grades 2 and 3 myalgia in later
cycles of treatment. These observations lead us to conclude that
both the 35 and 40 g/m2 doses exceed the maximally tolerated
dose for multiple consecutive weeks of treatment. An earlier
report by Philip et al. (18) of bryostatin-1 administered as a 1-h
infusion on a weekly schedule recommended 25 g/m2 as a
single agent Phase II dose. Our results support the use of a lower
weekly dose of bryostatin 1.
We used a Phase II dose escalation design, in which lack of
toxicity in the initial cycle of treatment resulted in further dose
escalation (20). Although this design may be valuable in optimizing the dose of antitumor agents based on acute toxicity, it
does not account for cumulative toxicity that may emerge after
multiple cycles of treatment, as in the present trial of bryostatin
1. Thus, when cumulative toxicity is a concern, we recommend
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Fig. 1 Kaplan-Meier curve for survival, according to weeks from time
of registration to trial.
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Table 3

Effect of bryostatin-1 on plasma cytokine levels; pg/ml (mean ⫾ SD)
Cycle 1: mean ⫾ SD

Cycle 2: mean ⫾ SD

Time from start of infusion

Baseline 0

2h

24 h

Baseline

2h

24 h

IL-6
TNF-␣
CRP

14.75 ⫾ 17.02
13.24 ⫾ 6.6
3.87 ⫾ 5.8

19.36 ⫾ 23.5
9.31 ⫾ 4.4b
3.75 ⫾ 5.6

21.89 ⫾ 25.2a
16.1 ⫾ 13.2
5.86 ⫾ 8.6

13.12 ⫾ 15.6
13.53 ⫾ 9.3
4.47 ⫾ 6.6

16.52 ⫾ 19.2
10.16 ⫾ 7.26b
4.17 ⫾ 6.6

29.97 ⫾ 58a
11.4 ⫾ 8.5
3.06 ⫾ 6.1

a
b

Significantly different from pretreatment level (P ⫽ 0.02).
Significantly different from pretreatment level (P ⫽ 0.02) and 24-h level (P ⫽ 0.01).

The median survival was longer than expected for patients
treated on this trial. We can attribute this finding to three
possibilities: (a) although most of the patients would be considered intermediate or poor risk as noted above, patient selection
may still have contributed to this finding in a small Phase II
study (21, 29); (b) a number of patients on this treatment went
on to receive biological therapy or additional investigational
new drugs that may have had an impact on survival; and (c)
although bryostatin-1 activity was limited in terms of inducing
tumor regression, the drug may still have reduced the rate of
tumor cell proliferation or increased the rate of cell death to an
extent sufficient to restrain net tumor growth. If the latter
possibility is true, then investigation of this PKC inhibitor in
combination with other agents may produce greater antitumor
effects.
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modification of this design such that the decision to escalate the
dose is based on the toxicity experienced in two or more cycles.
The schedule of a 1-h infusion of bryostatin-1 given
weekly for 3 of 4 weeks was selected based on data that
demonstrated a dose-response relationship between weekly
bryostatin-1 and increased plasma levels of IL-6 and TNF-␣
(18). These findings and the fact that the measurement of serum
bryostatin-1 levels has been unreliable by present analytical
methods (25) prompted us to measure IL-6, TNF-␣, and CRP
levels to further evaluate correlation with bryostatin-1 biological
activity. We saw no correlation between changes in plasma
IL-6, TNF-␣, or CRP levels to bryostatin-1 dose, response to
therapy, occurrence of myalgias, or other toxicity, such as
anemia or fever. Plasma IL-6 levels were reported previously to
correlate with the presence of anemia or fever in patients with
metastatic RCC, although not to response (to IL-2; Refs. 26
and 27).
We observed limited antitumor activity of single-agent
bryostatin-1 on a 3- of 4-week schedule in a group of patients
with RCC, leading us to accept the null hypothesis for the
efficacy end point of objective response (objective response
rate ⬍ 20%). These results were consistent with a previous
Phase II trial in RCC using the same schedule of bryostatin-1,
but at a lower dose of 25 g/m2, in which two objective
responses were seen in 30 patients (28). However, for the
second efficacy end point of time to progression, we were able
to reject the null hypothesis based on a time to progression of
ⱖ6 months in 8 of the patients. Using the criteria from two
publications that analyzed survival of patients with RCC, we
determined that 81% of our patients had an intermediate or poor
prognosis, with a predicted median survival of 10 or 4 months,
respectively, based on pretreatment characteristics (21, 29).
These risk factors, including weight loss, number of metastatic
sites, previous chemotherapy, and performance status, were
used to divide patients into prognostic subtypes (29). Good risk
patients had none of these adverse factors (median survival 20
months; Ref. 21). There was a 10% progression-free, 6-month
survival in patients receiving no treatment and an estimated
6-month, 20% progression-free survival in patients receiving
biological response modifiers (21). Thus, despite the low proportion of objective responses, our patient population, of which
the majority had one to two risk factors, nevertheless had a
median overall survival of 25 months. This was substantially
longer than overall survival of 13.1 months in a previous Phase
II trial of 25 g/m2 bryostatin-1 using a similar schedule in
which 93% of patients appeared to have similar pretreatment
characteristics (28).
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