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Abstract Phorbol esters activate protein kinase C and
modulate a variety of downstream cell signaling path-
ways. 12-O-tetradecanoylphorbol-13-acetate (TPA) is a
phorbol ester that induces differentiation or apoptosis in
a variety of cell lines at low concentrations. A phase I
dose escalation trial of TPA was undertaken for patients
with relapsed or refractory malignancies. The starting
dose was 0.063 mg/m2 and most patients were treated
with an intravenous infusion of TPA on days 1–5 and 8–
12 followed by a 2-week rest period prior to retreatment.
Thirty-five patients were treated. A biological assay was
used to monitor levels of TPA-like activity in the blood
after treatment. Serious adverse events included indi-
vidual episodes of gross hematuria, a grand mal seizure,
syncope, and hypotension. Many patients had transient
fatigue, mild dyspnea, fever, rigors, and muscular aches
shortly after the infusion. Dose-limiting toxicities in-
cluded syncope and hypotension at a dose of 0.188 mg/
m2. Only a single patient had evidence of tumor re-
sponse. These studies establish 0.125 mg/m2 as the
maximally tolerated dose when TPA is administered on
this schedule.
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Introduction

12-O-tetradecanoylphorbol-13-acetate (TPA) is a phor-
bol ester with the capacity to induce differentiation and/
or apoptosis in multiple cell lines and primary cells [1–8].
Phorbol esters activate protein kinase C (PKC) and
modulate the activity of multiple downstream cell sig-
naling pathways, including the mitogen-activated pro-
tein kinase (MAPK) pathways [9–12].

The MAPKs are proline directed ser/thr kinases
categorized into families based upon sequence homolo-
gies [13–21]. Each MAPK phosphorylates downstream
substrates, including kinases and transcription factors.
Histones, chromatin components, and other transcrip-
tional modulators are phosphorylated secondarily. The
MAPK extracellular signal-regulated kinase (ERK) is
often associated with cellular proliferation; ERK acti-
vation being central to signaling from receptor tyrosine
kinases, G-protein coupled receptors, selected integrins,
and activated ras and raf. In contrast, activation of
c-Jun N terminal-kinases (JNK) and p38 kinases has
been associated with stress responses and induction of
apoptosis [13–21]. However, there are complex interac-
tions among MAPKs and many factors, including the
kinetics of specific MAPK activation and inactivation,
can determine phenotypic effects [22–24].

Regulation of MAPK cascades is complex. The
subcellular localization of individual kinases, the nature
of associated ‘‘scaffolding‘‘/interacting proteins, the
presence of single and dual specificity MAPK phos-
phatases which target specific MAPK isoforms, and the
duration of kinase activation all modulate MAPK
signaling [9–11, 22–26]. Hence, activation of specific
MAPKs represents a balance of phosphorylation and
dephosphorylation mediated at various subcellular
locations in association with various interacting
proteins.
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The effects of TPA on MAPK pathways may be
particularly relevant to the differentiating and proa-
poptotic effects of TPA in certain cells. For example,
molecular analysis of AML indicates at least two over-
lapping classes of interacting genetic alterations. Sig-
naling pathway alterations facilitate proliferation and
survival, whereas transcription factor mutations/fusions
often alter chromatin remodeling and inhibit differenti-
ation (reviewed in reference [27]). Approximately 30%
of AML samples contains a Flt 3 receptor that is con-
stitutively active as a consequence of an internal tandem
duplication (ITD) or kinase domain mutation and
additional AML samples have mutations in other
receptor protein tyrosine kinase genes (e.g., c-kit) or ras
[27–29]. Furthermore, other related myeloid malignan-
cies have translocations (e.g., BCR-ABL, ABL-TEL,
TEL-PDGFR, TEL-JAK2) which result in fusion kin-
ases that may activate ras and other signaling pathway
components [27]. The downstream effects of these
alterations often include constitutive ERK activation,
present in 51–70% of primary AML, including all
samples containing the Flt 3 receptor ITD [30–32]. In
addition, pharmacologic inhibition of ERK pathway
activation results in growth inhibition of myeloid leu-
kemia cell lines [33]. Recent studies have identified TPA
as an agent that modulates ERK activation in primary
AML cells. In a subset of primary AML cells studied ex
vivo, prolonged exposure to TPA reduced ERK activa-
tion at 24 h and induced apoptosis [34].

The capacity of TPA to induce phenotypic changes,
characteristic of differentiation and/or apoptosis in
hematopoietic cell lines, led investigators in China to
undertake a pilot study of TPA in patients with myeloid
malignancies [35]. A variety of doses and schedules, in
conjunction with cytarabine or vitamin D3, were used.
Clinical efficacy, as indicated by reduction in bone
marrow myeloblasts and/or improvement of blood
counts, was apparent in several treated patients, and the
most prominent adverse effects included fevers, chills,
dyspnea, hematuria, and phlebitis. These adverse effects
were transient and repeated cycles of treatment were
administered to most patients. Although the adverse
effects were not ascribed to individual components of
each patient’s therapy, they were not characteristic of
cytarabine or vitamin D3, and were felt to be most likely
related to TPA.

A subsequent formal phase I study of TPA was ini-
tiated in the United States. TPA-induced alterations in
AML cell gene expression and immunophenotype in
selected patient samples were reported after treatment of
the first 14 patients [36]. In addition, a biologic assay for
TPA-like differentiating activity in the blood of treated
patients was developed and used to determine the
kinetics of TPA-like activity in the blood of five treated
patients [37]. A biologic assay was required because a
physical assay of appropriate sensitivity could not be
developed. This report describes the maximally tolerated
dose and dose- limiting toxicity profile of TPA after the

treatment in 35 patients and completion of the phase I
trial.

Methods

Clinical trial/study drug

The clinical trial represents an investigator-initiated trial
without industry support, other than provision of drug.
This was a single institution trial with all patients treated
at The Cancer Institute of New Jersey, Robert Wood
Johnson Medical School, University of Medicine &
Dentistry of New Jersey and Robert Wood Johnson
University Hospital. All patients provided informed
consent approved by our Institutional Review Board. A
New Drug Application was filed with the Food and
Drug Administration. Clinical grade TPA was produced
by Xichuan Pharmaceutical Co. (Nan Yang, Henan).
The purity of TPA was >99% as measured by HPLC,
NMR, IR and mass spectrometry.

Patients

Patients with relapsed/refractory malignancies for which
there was no standard therapy anticipated to induce
disease response or result in palliation were eligible for
the study. Other eligibility criteria included ECOG per-
formance stage 0–2, age >18 years, bilirubin <1.5 times
upper limit of normal, serum creatinine <2.0 mg/dl,
AST <3.0 times upper limit of normal, left ventricular
ejection fraction >40% and pulmonary function
FEV1.0 >50% predicted [36].

Blood levels of TPA

Blood levels of TPA after an IV infusion were measured
in 31 patients by a recently developed bioassay that
measures organic solvent extractable differentiation
activity (toward HL60 myeloid leukemia cells) as pre-
viously described [37]. This assay utilizes two extractions
of 1 ml of blood with 5 ml of ethyl acetate, redissolving
the extraction residue in 50 ul of ethanol and addition of
an aliquot to HL60 cells. Adherent cells are measured
48 h later. A blood sample obtained from the patient
prior to administration of TPA is used as a negative
controls and is mixed with various amounts of TPA to
establish a standard curve during side-by-side assay with
the patient samples obtained after treatment with TPA.

Treatment

Initially patients were treated with a 1-h infusion of TPA
in 200 ml 0.9% sodium chloride on days 1 and 8,
followed by re-treatment on day 29. Based upon ex vivo

790



studies that demonstrated TPA-induced ERK pathway
modulation and induction of apoptosis after prolonged
exposure to TPA [34], the clinical trial was amended
after the eleventh patient to a modified treatment sche-
dule incorporating a 1-h infusion each day for 5 days on
two consecutive weeks. The starting TPA dose on this
amended schedule was 0.063 mg/m2 and repeat cycles
were allowed after a 2-week rest if the patient was clin-
ically stable and all toxicities had reversed. The starting
dose of 0.063 mg/m2 was empirically chosen based upon
results of studies in China indicating biological effects in
humans at total daily doses of 0.125–1.0 mg, with no
information about lower doses [35, 38]. The patients
were hospitalized for their first dose of TPA. All sub-
sequent doses could be administered as an outpatient.
Dose escalation in increments of 0.063 mg/m2 was
undertaken when three consecutive patients did not
experience a TPA-related dose-limiting toxicity (irre-
versible grade 2 or any treatment-related grade 3–4
nonhematologic toxicity). An additional three patients
were treated at the same dose if a single patient had
dose-limiting toxicity. The maximally tolerated dose was
the highest administered dose that did not cause a TPA-
related dose-limiting toxicity in more than one patient.

Patients were monitored on days 1, 2, 8, 12, and 29 with
history, physical examination, toxicity assessment, rou-
tine laboratory studies (hemogram, standard chemistry
analysis, BUN, creatinine, LDH, liver transaminases,
ECG, and urinalysis). Disease assessment with physical
examination, hemogram, bone marrow aspiration, and
biopsy and/or radiographic studies was done on day 29.
Clinical efficacy for patients with solid tumors, including
non-Hodgkin’s lymphoma and Hodgkin’s lymphoma,
after patient 15 was determined using RECIST criteria
[39]. Efficacy for patients with hematologic malignancies
was assessed using the following criteria: (i) complete
response: normalization of the marker and/or abnormal
cell counts and differential counts in blood and bone
marrow for at least 4 weeks; (ii) partial response: a de-
cline in the marker by 80% from the baseline value for at
least 4 consecutive weeks or an improvement in cell
counts and differential counts in blood and/or bone
marrow by at least 80% for at least 6 weeks; (iii) stable
disease: less than a 25% change in the marker or cell
counts from the baseline value over a period of 8 weeks;
(iv) progression: >50% increase in the marker from the
baseline value over a period of 8 weeks or a worsening
of cell counts in blood or bone marrow.

Table 1 Patient characteristics.
Thirty-five patients with
relapsed/refractory
malignancies were treated in a
phase study of TPA

Patient Age Sex TPA dose (mg/m2) Diagnosis

001 73 F 0.063 AML
002 73 M 0.063 2� AML
003 60 M 0.063 2� AML
004 72 F 0.125 2� AML
005 63 F 0.125 2� AML
006 74 M 0.125 2� AML
007 44 F 0.125 2� AML
008 68 F 0.125 2� AML
009 64 F 0.125 2� AML
010 76 M 0.125 2� AML
011 69 M 0.125 AML
012 61 M 0.063 2� AML
013 41 M 0.063 CML–myeloid blast crisis
014 29 F 0.063 Hodgkin’s lymphoma
015 21 F 0.063 Ovarian teratocarcinoma
016 52 F 0.063 Subcutaneous adenocarcinoma
017 42 M 0.063 Non-Hodgkin’s Lymphoma
018 34 F 0.063 Hodgkin’s lymphoma
019 38 M 0.063 AML
020 54 M 0.063 AML
021 78 M 0.063 Squamous cell carcinoma–skin
022 53 F 0.125 AML
023 75 F 0.125 AML
024 56 F 0.125 Renal cell carcinoma
025 71 M 0.125 Acute Lymphocytic Leukemia
026 68 F 0.125 AML
027 78 M 0.125 AML
028 70 M 0.125 AML
029 29 F 0.188 Hodgkin’s lymphoma
030 36 M 0.188 Non-Hodgkin’s lymphoma
031 45 M 0.188 Non-Hodgkin’s lymphoma
032 81 M 0.188 Prostate cancer
033 59 M 0.188 Prostate cancer
034 59 M 0.188 AML
035 64 F 0.188 Non-Hodgkin’s lymphoma
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Results

TPA-associated adverse effects

Patient characteristics are presented in Table 1. Adverse
events and serious adverse events are summarized in
Table. 2 and 3. Transient fevers, chills, dyspnea, mild
hypoxia (decline in oxygen saturation by pulse oximetry
not requiring supplemental oxygen at rest), muscle
aches, and pain, and fatigue were common. These were
grade 1 or 2 toxicities by NCI Common Toxicity Cri-
teria v 2.0. The symptoms generally lasted <4 h. The
dyspnea and hypoxia did not have any radiographic
correlate on chest X-ray. Phlebitis, previously described
in association with TPA infusion [35, 36], was not seen
in this study after central venous access was mandated.
No clinical abnormalities suggestive of renal or hepatic
dysfunction were detected. Gross hematuria requiring
cystoscopy for evacuation of clots occurred in one pa-
tient. Cystoscopy demonstrated multiple mucosal hem-
orrhagic lesions. A grand mal seizure without associated

metabolic, electroencephalographic, or radiographic
findings occurred in another patient treated with TPA.
Hypotension or syncope that was not readily reversible
occurred in 2 patients treated at 0.188 mg/m2 on days 1–
5, 8–12. These grade 3 nonhematologic toxicities were
dose-limiting toxicities and were used to define the
maximally tolerated dose as 0.125 mg/m2 intravenously
on days 1–5, 8–12. The adverse events and serious ad-
verse events are summarized in Table. 2 and 3

Blood level studies

Blood levels of TPA biological activity were measured
before infusion and immediately after a 1-h infusion in
31 patients and at several times after the infusion in 28 of
these patients (Table 4). The average blood level of
TPA-associated biological activity after a 1-h infusion of
0.063, 0.125 or 0.188 mg/m2 on days 1 and 8 was
1.20±0.26 ng/ml (n=18), 1.68±0.22 ng/ml (n=27),
and 4.08±0.77 ng/ml (n=11) of TPA equivalents in
blood, respectively. Patients receiving 0.188 mg/m2 had
blood levels also measured at 5 and 11 h after the start
of infusion. In those patients the blood half-life for TPA
equivalents was �3–4 h between 5 and 11 h after infu-
sion (Table 4).

Tumor response

One of the patients (patient 014—relapsed/refractory
Hodgkin’s lymphoma) had a reduction in a palpable
chest wall mass (7–2.5-cm-long dimension) during
treatment. This patient had relapsed refractory disease
with a biopsy-proven chest wall recurrence within a
prior radiation port. Previous treatment for relapsed
Hodgkin’s lymphoma included high-dose chemotherapy
followed by autologous hematopoietic stem cell rescue.
A reduction in palpable tumor mass was noted 3 weeks
after initiation of TPA, but after two cycles of therapy
(2 months), there was an increase in tumor size and the
patient was removed from the study to undergo alloge-
neic hematopoietic stem cell transplantation. None of
the other patients had evidence of disease response
during the treatment.

Discussion

TPA is a potent modulator of signal transduction and
cell differentiation in primary AML cells and multiple
cell lines [1–8, 34]. The best-characterized cellular
receptor for TPA is protein kinase C (PKC), which once
activated, induces substrate phosphorylation that prop-
agates signals to the MAPK cascades [9–26]. TPA
modulation of these pathways is cell type-specific and
dependent upon the activity of interacting signaling
pathways. MAPK modulation of immunophenotype,
proliferation, adhesion, phagocytosis, differentiation,

Table 2 Adverse events for all grades and cycles are listed by
frequency

Adverse events n Percentage

Anemia 23 65.7
Thrombocytopenia 20 57.1
Fever 16 45.7
Fatigue 15 42.9
Neutropenia 14 40.0
Pain 13 37.1
Hyperglycemia 12 34.3
Rigors 10 28.6
Dyspnea 9 25.7
Nausea 9 25.7
Chills 8 22.9
Anorexia 6 17.4
Infection 4 11.4
Increased alkaline phosphatase 4 11.4
Cough 4 1.4
Hematuria 4 1.4
Hyponatremia 4 1.4
Diarrhea 3 8.6
Hypoxia 3 8.6
Petechiae 3 8.6
Vomiting 3 8.6
Weakness 3 8.6
Chest pain 3 8.6
Edema 2 5.7
Epistaxis 2 5.7
Extravasation 2 5.7
Headache 2 5.7
Hives 2 5.7
Hypoalbuminemia 2 5.7
Rash 2 5.7
Rhinitis 2 5.7
Sore throat 2 5.7
Syncope 2 5.7
Hypotension 2 5.7
Myalgia 2 5.7
Night sweats 2 5.7
Death 2 5.7
Dizziness 2 5.7
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apoptosis, and gene expression have been studied in
primary hematopoietic cells and hematopoietic cell lines
[1–9, 34].

Exposure of primary AML cells to TPA ex vivo may
result in differentiation or apoptosis, cellular outcomes

anticipated to be associated with clinical response [34].
In fact, reduction in leukemic blasts and improvement in
blood counts were seen in a pilot trial of TPA for pa-
tients with myeloid malignancies performed in China
[35]. In that study, patients received higher doses of TPA

Table 3 Serious adverse events
are listed by grade, likelihood of
relationship to TPA and patient
number

Patient number Serious adverse events Relationship to study therapy

01 Increasing WBC count Not related
02 Hospitalization for hydration

Poor appetite
Not related
Not related

04 Neutropenic fever Probably
08 Fever

Pneumonia
Possibly
Not related

09 Syncope
Seizure

Possibly
Possibly

10 Cellulitis
Neutropenic fever
Hematuria (hemorrhagic cystitis)

Possibly
Possibly
Possibly

11 Cellulitis
Vomiting (aspiration)

Definitely
Not related

12 Chest pain
Neutropenic fever
Erythematous, multiform macules
Fever
Abdominal pain
Diarrhea
Chills

Not related
Not related
Unlikely
Unlikely
Unlikely
Unlikely
Unlikely

13 Fever Possibly
15 Pain (lower back)

Pain (l-thorax)
Abdominal pressure/distention

Not related
Not related
Not related

16 Right hip pain (hospitalized for right
orbital fracture)

Unlikely

17 Hospitalization for observation after
liver biopsy
Febrile neutropenia

Not related
Not related

19 Respiratory distress Possibly
20 Febrile neutropenia

Shortness of breath
Neutropenic fever

Possibly
Possibly
Unlikely

21 Hyperkalemia Unlikely
22 Neutropnic fever

Cellulitis
Unlikely
Unlikely

25 Herpes zoster infection (without neutropenia) Not related
26 Fever Possibly
27 Fever

Death
Possibly
Not related

32 Hypotension
Hypoxia

Definitely
Definitely

33 Dyspnea
Deep vein thrombosis

Possibly
Possibly

35 Dyspnea
Syncope
Abdominal pain
Death (disease progression)

Probably
Probably
Unlikely
Not related

Table 4 Blood levels. Patients were given a 1-h infusion of TPA and blood levels determined as described [37]. Each value represents the
mean ± SD from patients who had three blood level measurements (0.063 mg/m2, and 0.125 mg/m2) or five blood level measurements
(0.188 mg/m2) on day 1

Dose (mg/m2) Number Time after the end of infusion

Preinfusion 0 h 1 h 2 h 3 h 5 h 11 h

0.063 8 0 1.09±0.24 0.22±0.07 – 0.12±0.05 – –
0.125 13 0 1.66±0.20 0.62±0.16 – 0.28±0.05 – –
0.188 7 0 4.93±1.06 2.56±1.15 1.94±0.93 – 1.40±0.90 0.40±0.15
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administered on varying schedules and as a component
of combination therapy with cytarabine or vitamin D3.
In contrast to that study, TPA was used as a single agent
in this study and the dosing regimen was based upon
anticipated benefit with prolonged exposure to TPA [34].
However, tumor reduction was seen only in one patient
(patient 014, Hodgkin’s lymphoma).

The toxicity profile seen in this study was predomi-
nated by reversible pulmonary toxicity, fever rigors, and
muscle aches and pains, generally occurring within 4 h
after the completion of the infusion. Prior to mandating
the use of central venous access, phlebitis and pain with
the infusion were common. The dose-limiting toxicities
(treatment-related grade 3 or greater toxicities ascribed
to TPA) were variable and included hypotension and
syncope at the highest dose tested (0.188 mg/m2). Other
toxicities included seizure in a single patient (in associ-
ation with a platelet transfusion and without metabolic,
radiographic or electroencephalographic correlate) and
gross hematuria in a single patient (with cystoscopy re-
quired for clot evacuation).

The maximally tolerated TPA dose in our study was
0.125 mg/m2 when administered daily for five consecu-
tive days on two consecutive weeks. This is in contrast to
doses of 0.125 mg, 0.25 mg, 0.5 mg, and 1.0 mg
administered in various schedules and combinations in
China [35, 38]. The ability of patients in China to tol-
erate daily doses as high as 1.0 mg may be related to the
schedule (once weekly for most patients in China as
opposed to daily for five consecutive days on consecutive
weeks in this study); the associated components of
therapy (many patients in China received combination
therapy with cytarabine and/or vitamin D3), or other
uncharacterized parameters impacting on metabolism or
toxicity.

A physical assay of TPA and metabolites with
appropriate sensitivity could not be developed. Hence,
pharmacokinetic studies were undertaken using a bio-
logical assay that measured the capacity of an organic
extract of blood to induce differentiation of HL60 cells
[37]. Advantages of a biological assay include the po-
tential for a single measurement of the activity of several
biologically ‘‘active’’ metabolites and the ability to as-
sess activity in the context of patient-specific physiologic
parameters. Disadvantages to a bioassay include the
need to select a specific restricted biological parameter to
study, the presence of physiologic variables that might
affect drug activity in the assay, and uncertainty about
what is actually being measured. In this study, there was
a nonlinear response in blood levels of TPA biological
activity immediately after the infusion as the dose of
TPA was increased. In addition, significant variability in
blood levels was determined between different patients
receiving the same dose. Some of this variability may be
the consequence of the biological nature of the assay.
Despite the appearance of TPA-like activity in the blood
of most treated patients, there was no correlation of
blood levels with toxicity or clinical features.

The majority of treated patients had relapsed/
refractory AML or other advanced malignancies. Eligi-
bility criteria included an ECOG performance status of
two or lower and an estimated life expectancy of
>1 month, but many patients did not complete a course
of therapy because of disease progression or disease-re-
lated adverse effects that were not ascribed to the drug.
TPA administered as a single agent in dose and schedule
described in this report resulted in a reduction in pal-
pable disease in a single patient with Hodgkin’s lym-
phoma and no durable clinical benefit in any patient,
and resulted in adverse effects at a dose of 0.188 mg/m2.
Given the reduction in leukemic blasts and improvement
in blood counts seen in some patients with myeloid
leukemias in China [35] and synergistic differentiation of
HL60 cells in combination with all-trans retinoic acid
[40], combination therapies, or alternate dosing regimens
may be developed clinically for patients with AML. In
addition, TPA, alone or in combination, may be studied
in patients with other malignancies. For example, TPA
in combination with all-trans retinoic acid results in
enhanced apoptosis of LNCap prostate cancer cells in
immunodeficient mice [41].
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