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Summary R-etodolac is a novel pro-apoptotic agent with
potential antitumor activity against B-cell chronic lympho-
cytic leukemia (B-CLL). This phase I clinical trial was
conducted to determine the tolerability, safety, and maximum
tolerated dose (MTD) of R-etodolac, administered orally

twice a day (BID), in patients with B-CLL. Secondary
objectives included evaluating clinical response, pharmaco-
dynamic activity (reduction of lymphocytes), and pharma-
cokinetic (PK) profile. Forty-three patients were enrolled in
the study. The most frequently reported adverse events were
diarrhea, rash, pruritus, and headache. Increases in alanine
aminotransferase (ALT) were also observed. Adverse events
were generally mild and self-limiting, although in an
apparent dose–response relationship, grade 2 and 3 gastro-
intestinal toxicities and grade 3 skin toxicities were reported
with the highest dose regimens (1,800 and 2,400 mg BID).
Hematologic toxicity was rare. The MTD was determined to
be 1,200 mg BID. PK results indicated that oral absorption of
R-etodolac was rapid (time to maximum concentration
ranged from 2 to 4 h), and the half-life ranged from 5 to
7 h. The increase in maximum concentration, however, was
not proportional to the increase in dose. R-etodolac
significantly reduced absolute lymphocyte count (ALC) in
B-CLL patients in a dose-dependent manner up to 1,800 mg
BID and caused partial responses in 2 patients. Further study
of R-etodolac as a possible new maintenance therapy or as a
part of combination therapy of B-CLL appears warranted.

Keywords R-etodolac . CLL . Antileukemic activity .

NSAID . Safety

Introduction

B-cell chronic lymphocytic leukemia (B-CLL) is a slowly
progressive disease, characterized by the accumulation of
mature, malignant B lymphocytes in the bone marrow,
blood, and lymphoid tissues. This incurable disease occurs
primarily in elderly patients, with a median age at diagnosis
of 65 years, as reviewed in Rozman and Montserrat [1] and
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Chiorazzi [2]. In advanced phases, B-CLL patients may
experience severe morbidity such as transfusion-dependent
anemia and thrombocytopenia, autoimmune complications,
and immunosuppression leading to frequent infections [3,
4]. Median survival after diagnosis is between 1 and
>10 years, according to risk stratification. Patients usually
need many different and less toxic pharmacologic therapies
over the complete disease course, and ultimately, most
patients become refractory to conventional therapy.

The current standard of care includes treatment with
alkylating agents, purine analogues, or both [5]. More
recently, monoclonal antibody therapies have been entering
mainstream treatment strategies. Allogeneic blood stem cell
transplantation has also gained significant attention as a
potential cure for B-CLL, although such a procedure is
suitable only for a small proportion of patients due to
associated high risk of complications. In general, current
treatment regimens are not curative, and although they have
been relatively successful at delaying disease progression
[5– 9], a need remains for additional treatment options.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are pop-
ular agents that are used worldwide because of their anti-
inflammatory and pain relief effects. Recently, it was
discovered that NSAIDs can exert potent antitumor activity
by inhibiting cyclo-oxygenase 2 (COX-2) and through other
COX-independent mechanisms [10–13]. Etodolac is an
orally available, chiral NSAID that is currently marketed
for the treatment of arthritis. Etodolac is unusual among most
chiral NSAIDs in that the R- and S-enantiomers are not
metabolically convertible. Also, the R-enantiomer is metab-
olized significantly more slowly than the S-enantiomer and
thus can accumulate to up to 10-fold higher plasma levels
[14, 15]. Only the S-enantiomer has COX-inhibitory activity
[16], an activity common to many NSAIDs that is associated
with serious, often dose-limiting, adverse effects, including
gastric ulcers and renal dysfunction [17, 18].

It was serendipitously observed that etodolac lowered
the malignant lymphocyte counts in a patient with B-CLL
who was being treated for arthritis [19]. Further investiga-
tion revealed that this activity was unaffected by repeated
or prolonged treatment; however, the antileukemic effect of
300 mg of etodolac twice daily (BID) was short-lived, with
lymphocyte counts returning to pretreatment levels within
2 weeks of drug withdrawal. The same patient was treated
with 14 different NSAIDs and 4 different COX-2 inhibitors.
Lymphocyte counts were measured before and after
treatment with each drug. Etodolac was unique in lowering
lymphocyte counts, suggesting that the mechanism of
etodolac’s antileukemic activity was not related to its anti-
inflammatory or COX-two-inhibitory activities.

Additional in vitro studies have since shown that etodolac
has tumor cell-specific antiproliferative activity on cultured
tumor cells from patients with B-CLL and several other

cancers, including lymphoma, myeloma, and prostate cancer
[20– 25]. These and other preclinical studies have identified
apoptosis as a primary mechanism of action for etodolac in
B-CLL [25, 26]. Etodolac has been shown to induce
apoptosis in different cancer cells through down-regulation
of antiapoptotic proteins Bcl-2 and Mcl-1, activation of
caspases, activation of PPARγ, suppression of cell adhesion
molecules, and suppression of β-catenin and Wnt signaling
[20, 22, 24, 26]. Both enantiomers of etodolac individually
showed apoptotic activity against B-CLL cells that was
comparable to that of the RS-etodolac mixture [25]. With
these unique characteristics of antileukemic activity without
COX-inhibitory activity, the R-enantiomer (R-etodolac) is an
attractive candidate as a novel therapeutic agent for B-CLL.

The primary objectives of this phase I trial were to
determine the tolerability, safety, and maximum tolerated
dose (MTD) of orally administered R-etodolac in patients
with B-CLL. Pharmacokinetics (PK), lymphocyte reduction
pharmacodynamic activity, and clinical response were
evaluated as secondary endpoints.

Design and methods

Patient selection

Male and female patients, aged 21 to 75 years, with clinically
stable Binet stage B or C or progressive Binet stage A B-
CLL were eligible for this study. B-cell CLL diagnosis was
defined by standard clinical and immunophenotype criteria.
After intensive discussion between the investigators, recruit-
ment of Binet stage A patients was restricted to those
individuals fulfilling progression criteria, because “nonpro-
gressive” Binet stage A patients did not meet criteria for
initiating treatment as generally accepted. Progressive
disease was defined as: (1) worsening anemia or thrombo-
cytopenia, defined as ≥25% decrease in ≤6 months; (2)
splenomegaly >6 cm below the costal margin; (3) massive
adenopathy >10 cm longest diameter; or (4) progressive
lymphocytosis with >50% increase in 2 months or doubling
time <6 months. Absolute lymphocyte count (ALC) ≥15×
109/l and platelet count >75,000/μl were required for
enrollment, and up to three prior antitumor treatment
regimens were permitted. Other eligibility criteria included
the following: Eastern Cooperative Oncology Group
(ECOG) performance status of 0, 1, or 2; adequate liver
function (aspartate aminotransferase [AST], alanine amino-
transferase [ALT], alkaline phosphatase, γ-glutamyl trans-
ferase [GGT], lactate dehydrogenase [LDH], total bilirubin,
and direct bilirubin no more than 1.5 times normal limits);
and adequate renal function (blood urea nitrogen and serum
creatinine within normal limits), including a calculated
creatinine clearance of ≥40 ml/min.
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Exclusion criteria included the following: active or
progressive disease (for definition see above), Binet stage
B or C, warranting cytoreductive therapy; evidence of central
nervous system involvement; active autoimmune manifesta-
tion of the B-CLL; concurrent treatment with chemotherapy,
corticosteroids, immunotherapy, aspirin, other NSAIDs,
warfiarin, heparin, histamine H2 antagonists, proton-pump
inhibitory drugs, or angiotensin-converting enzyme inhib-
itors; concurrent diagnosis of or previous treatment for other
active malignancies within 5 years before start of the study; a
history of excessive alcohol use or illicit drug use within
1 year before start of the study; use of any of the prohibited
medications within specified washout times before start of
the study or receipt of an investigational study drug within
30 days before study enrollment; active, clinically significant
medical or psychiatric conditions; chronic immunosuppres-
sive viral infections; any gastrointestinal (GI) bleeding,
esophageal varices, gastric or duodenal ulcer, or bleeding
dyscrasia within 2 years before start of the study; allergy to
or GI intolerance of any NSAID; and recent GI surgery or
medical condition that might affect absorption, metabolism,
or distribution of R-etodolac. Pregnant or lactating patients
were also excluded.

The protocol was approved by the Institutional Review
Board/Ethics Committee for each investigational center. All
patients provided signed informed consent, and the study
was conducted in full accordance with good clinical
practice (GCP) standards.

Treatment schema and trial design

R-etodolac was administered orally BID, at all dose levels,
for 8 weeks. Gelatin-locking capsules containing 200 mg
R-etodolac were used for the 600-, 800-, and 1,000-mg BID
dosing regimens; and for doses exceeding 800 mg, 600 mg
tablets were permitted to be substituted for the 200-mg
capsules to aid patient compliance. Dose escalation included
a stepwise approach across the 6 dosing regimens. Dosing
assignments were sequential in the order in which they
were received by a centralized Treatment Designation
Center. The 600-mg BID regimen was selected as a
conservative initial regimen based on more than 10 years
of clinical experience with RS-etodolac (Lodine®) at
doses up to 1,200 mg/day. The study protocol required
enrollment to begin with the 600-mg BID regimen, and
enrollment in the next-higher dosing regimen was contin-
gent on 3 patients completing the first 4 weeks of
treatment at the hitherto active dose without a hematologic
or nonhematologic dose-limiting toxicity (DLT). A non-
hematologic DLT, as defined by the National Cancer
Institute (NCI) Cancer Therapy Evaluation Program’s
Common Toxicity Criteria (CTC), was any grade 3 (or
greater) toxicity or grade 2 toxicity that did not resolve to

grade 1 within 1 week despite medical intervention. A
hematologic DLT, as defined by the modified CTC criteria
for hematologic malignancies, was defined as a grade 3
(or greater) toxicity or grade 2 toxicity that did not resolve
to grade 1 within 1 week despite medical intervention.
Adverse events classified as not related to study drug
administration were not assigned a CTC grade.

If a DLTwas observed in 1 patient during the first 4 weeks
of treatment with any dosing regimen, dose escalation to the
next cohort was prohibited until a minimum of 6 patients
completed 4 weeks of treatment without a second occurrence
of a DLT. Further dose escalation ceased if 2 patients
experienced a DLT anytime during the 8-week treatment
period. Per study protocol, the MTD was defined as the
highest dose level that had no more than 1 reported DLT at
completion of the 8-week treatment period.

Baseline and follow-up assessment procedures

The study was performed in an outpatient setting. Patients
were screened prior to the first study visit, not to exceed
60 days from screening to first dosing. Screening consisted of
ECOG performance assessment; physical examination in-
cluding evaluation of lymph nodes and spleen; 12-lead ECG;
vital sign measurements including blood samples for hema-
tology, serum chemistry, serology and stool sample for occult
blood test, and urine sample; drug screening; and pregnancy
test if appropriate. These assessments were repeated at study
visit 1. Patients were examined immediately before start of
therapy and then at weekly intervals until end of study.
Adverse events were assessed and graded at each visit. Tests
conducted at weekly visits included complete blood counts,
serum chemistries, urinalysis, stool analysis, and vital signs.
Every other week, patients were given a complete physical
examination, including spleen and lymph node assessment,
and checked with a 12-lead electrocardiogram.

Response evaluation and pharmacodynamic activity

Clinical response was evaluated by the reduction in tumor
burden using the Revised NCI-Working Group Response
(WGR) criteria [27]. Patients who met the complete
response (CR) criteria at the 8-week assessment were to
have a bone marrow biopsy to confirm CR as specified by
standard hospital procedure. Patients were evaluated at
weekly intervals during the posttreatment follow-up period.
If, at the end of the 4-week posttreatment follow-up period,
patients preliminarily met the criteria for either CR or
partial response (PR), they were required to continue an
additional 4-week posttreatment assessment (two additional
study visits 2 weeks apart).

Pharmacodynamic activity was determined by the
percent change from baseline in the ALC and by flow
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cytometry for changes in B- and T-cell counts from
baseline. The ALCs for patients treated with R-etodolac
were recorded weekly over the course of treatment. Flow
cytometry measurements were conducted at weeks 0
(baseline), 5, and 8.

Pharmacokinetic sampling and methods

Blood samples (each sample 7 ml volume) for PK analysis
were obtained at week 8 before the first daily dose and at
0.5, 1, 2, 4, 8, and 12 h after the last dose. R-etodolac in
plasma was analyzed using a validated method developed at
MDS Pharma Services (Montreal, Quebec, Canada). The
analytical range was 0.2 to 200.0 μg/ml. To verify whether
there was in vivo isomeric conversion of R-etodolac to S-
etodolac, plasma concentrations of S-etodolac were also
assayed using a validated method developed at MDS
Pharma Services. For each study participant who completed
8 weeks of treatment, the following PK parameters of R-
etodolac in plasma were calculated using noncompartmen-
tal methods: area under the curve to the last quantifiable
concentration (AUC0 − t), maximum concentration (Cmax),
time to maximum concentration (Tmax), and terminal
elimination half-life (t1/2).

Study endpoints

The primary objectives of this study were to determine the
tolerability, safety, and MTD of R-etodolac when given in a
multidose regimen to patients with clinically stable B-CLL.
Secondary objectives included the following: (1) to
evaluate clinical response as determined by the reduction
in tumor burden using the revised NCI-WGR criteria; (2) to
assess the pharmacodynamic activity (i.e., the percent
change in lymphocyte count from baseline) of R-etodolac
in patients with documented B-CLL who had received
8 weeks of R-etodolac therapy; and (3) to determine the
steady-state PK profile of various R-etodolac dosing
regimens in patients with B-CLL.

Statistical methods

All statistical tests were performed against a one-sided
alternative hypothesis, with statistical significance defined
as P<0.05. All analyses and tabulations were performed
using SAS® Version 8.2 on a PC platform. Demographic
and background information was summarized by treatment
group for all study participants and presented as means,
ranges, and percentages where appropriate. Any finding
indicative of significant differences in baseline character-
istics between groups that might potentially affect the
endpoint variables was accounted for by subsequent
analysis of covariance (ANCOVA).

Sample-size calculations indicated that six patients
would be adequate to assess the initial pharmacodynamic
activity of R-etodolac when given in a multidose treatment
regimen. For pharmacodynamic analyses, the percent
change from baseline in lymphocyte count was calculated
for each patient in each group, and descriptive statistical
analysis was performed on each group. Statistical compar-
isons were used to compare the response in each of the four
dose groups. Percent changes from baseline for each visit
were compared by ANCOVA, with effects for treatment
group and baseline lymphocyte count. Percentages of
patients with 25 and 50% lymphocyte reduction were
summarized and compared between treatment groups using
the Fisher exact test. Reductions in lymphocyte count at
nadir and days on treatment to nadir were summarized and
compared between treatment groups for all patients and for
responders (all patients with ≥25% reduction in lymphocyte
count from baseline); analysis of variance (ANOVA) was
used to detect differences in the means.

Parametric (normal-theory) general linear model proce-
dures were used to analyze PK data. An ANOVA was
performed on the PK parameters log-transformed (if appro-
priate) AUC and Cmax. Dose proportionality was evaluated
using a regression approach on log-transformed parameters.

Results

Forty-three patients were enrolled in the following R-
etodolac cohorts: 600 mg BID (n=7), 800 mg BID (n=6),
1,000 mg BID (n=6), 1,200 mg BID (n=8), 1,800 mg BID
(n=8), and 2,400 mg BID (n=8). Patient demographics are
shown in Table 1. At enrollment, 25.6% of patients overall
were Binet Stage A-progressive, 58.1% were Binet B, and
16.3% were Binet C. The majority had an ECOG status of 0
(83.7%); all others had an ECOG status of 1. The majority of
patients (60.5%) had received no prior CLL therapy, 27.9%
had received 1 prior treatment, 9.3% had received 2 prior
treatments, and 2.3% had received 3 prior treatments. Baseline
characteristics were similar across treatment groups.

Thirty-eight (88%) patients completed 4 weeks of
treatment, and 23 (54%) completed 8 weeks of treatment
and 4 weeks of follow-up. Eleven patients (26%) discon-
tinued the study because of adverse events (AEs). Data
from all patients were included in the pharmacodynamic
analyses, and data from the 23 patients who completed the
8-week treatment study were included in PK analyses.

Safety

The most frequently reported AEs for all patients were
gastrointestinal (GI) events, including loose stools or
diarrhea (16 and 37% of patients, respectively), followed
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by abdominal pain not otherwise specified (NOS) (16%),
nausea (14%), positive test for occult blood in stool (14%),
and flatulence (12%) (Table 2). Frequency and severity of
GI AEs increased with higher R-etodolac doses: only 16 of
47 (34%) GI AEs were reported in the first 4 dose cohorts,
while 31 of 47 (65%) reported AEs were documented in the
2 highest (1,800- and 2,400-mg BID) cohorts. In particular,
the incidence of diarrhea was highest at 1,800 mg BID
(88%) and abdominal pain (NOS) at 2,400 mg BID (50%).
Treatment-related GI events were generally mild and self-
limiting in the 600- to 1,200-mg BID cohorts. Most GI AEs
were CTC grade 1/2, and 1 case of diarrhea in the 2,400-mg
BID cohort was reported as CTC grade 3.

Skin disorders were the second most frequently docu-
mented AE complex. Erythema, pruritus, and rash were
reported in 14, 19, and 23% of patients, respectively. Skin
disorders were in general mild and self-limiting in the 600-
to 1,200-mg BID cohorts. One case each of grade 3 rash
and pruritus was reported in the 1,800 and 2,400-mg BID
cohorts, respectively (Table 3).

Headache was seen in 26% of all patients. Although this
AE was found at all dose levels, headache was thought to
be dose dependent because 7 of 13 events reported were
seen in the 2 highest-dose (1,800 and 2,400 mg BID)
cohorts. Notably, increased ALT levels were reported in 11
of 43 (26%) patients; however, a correlation with R-
etodolac dosage was not identified (Table 2). Other
occasionally occurring AEs were fever (12%), fatigue
(14%), nasopharyngitis (12%), pain in the limb (7%),
bilirubinuria (7%), and hypouricemia (7%). Lymph node
pain was a remarkable but manageable AE seen in 12% of

all patients, but only in the higher dose levels (1,000–
2,400 mg BID). It was suspected that this AE reflects
pharmacodynamic activity of R-etodolac.

Hematologic AEs were rare (Tables 2 and 3). One case
of CTC grade 4 thrombocytopenia, most likely not related
to R-etodolac treatment, was observed in a patient receiving
the 800-mg BID regimen. Other observed grade 1 or grade
2 hematologic adverse events included anemia (at 600 mg
and 800 mg BID), thrombocytopenia (at 2,400 mg BID)
and aggravated thrombocytopenia (at 800 mg BID), and
splenomegaly (at 1,800 mg BID). No signs of clinically
significant T-cell suppression were seen. All hematologic
AEs observed showed no obvious correlation to the R-
etodolac dose administered.

Dose limiting toxicity

During the course of this R-etodolac study, 12 patients expe-
rienced 15 DLTs that were related to the investigational drug.

Eleven of these DLTs experienced by 9 patients met the
per-protocol DLT grade criteria and are described as
follows. In the 600-mg BID group, 1 patient had deep vein
thrombosis (DVT) and pneumonia, and 1 patient had
pruritic rash; both patients were treated and the events
resolved. In the 1,200-mg BID group, 1 patient had
increased ALT, and 1 patient had lymphadenopathy (lymph
node pain) and fatigue. Lymphadenopathy was treated, and
in both patients study medication was stopped and all
events resolved. In the 1,800-mg BID group, two patients
had events that met DLT grade criteria (grade 3): one
patient had rash that resolved with treatment, and one

Table 1 Patient demographics

BID twice daily; B-CLL B-cell
chronic lymphocytic leukemia;
ECOG Eastern Cooperative
Oncology Group

R-etodolac dosage, mg BID

600 800 1,000 1,200 1,800 2,400 All patients

No. of patients 7 6 6 8 8 8 43
Age (year)
Mean 64.7 65.8 58.5 60.6 63.1 60.9 62.2
Range (53–76) (55–77) (50–67) (55–67) (40–75) (33–76) (33–77)

Gender, n (%)
Male 3 (43) 3 (50) 2 (33) 5 (63) 5 (63) 5 (63) 23 (54)
Female 4 (57) 3 (50) 4 (67) 3 (38) 3 (38) 3 (38) 20 (47)

ECOG status, n (%)
0 5 (71) 5 (83) 6 (100) 6 (75) 8 (100) 6 (75) 36 (84)
1 2 (29) 1 (17) 0 (0) 2 (25) 0 (0) 2 (25) 7 (16)

Binet stage at enrollment, n (%)
A – progressive 2 (29) 1 (17) 2 (33) 3 (38) 0 (0) 3 (38) 11 (26)
B – stable 3 (43) 3 (50) 4 (67) 5 (63) 7 (88) 3 (38) 25 (58)
C – stable 2 (29) 2 (33) 0 (0) 0 (0) 1 (13) 2 (25) 7 (16)

Previous B-CLL treatments, n (%)
0 3 (43) 2 (33) 5 (83) 4 (50) 7 (88) 5 (63) 26 (61)
1 4 (57) 2 (33) 0 (0) 3 (38) 0 (0) 3 (38) 12 (28)
2 0 (0) 2 (33) 0 (0) 1 (13) 1 (13) 0 (0) 4 (9)
3 0 (0) 0 (0) 1 (17) 0 (0) 0 (0) 0 (0) 1 (2)
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patient had DVT that was treated and resolved. In the
2,400-mg BID group, one patient had pain that resolved
after treatment and after study medication was stopped, one
patient had diarrhea that resolved with treatment, and one
patient had pruritus that resolved after study medication
was stopped.

Additionally three patients experienced four events that
did not meet the per-protocol DLT criteria but were none-

theless identified as DLTs by local investigators’ judgment:
rash and limb pain (1,800 mg BID), erythema (1,800 mg
BID), and gout (2,400 mg BID), all of which resolved either
with treatment or after study medication was stopped.

Occurrence of three DLTs in the lowest treatment cohort
(600 mg BID) was intensively discussed by the study
investigators and sponsor because, per strict protocol, this
would have constituted criteria to abort the study. Finally it

Table 2 Adverse events

R-etodolac dosage, mg BID

600 800 1,000 1,200 1,800 2,400 All patients

No. of patients (%) 7 6 6 8 8 8 43

Gastrointestinal disorders (Σ ) 4 3 2 7 14 17 47
Diarrhea NOS 1 (14) 1 (17) 1 (17) 2 (25) 7 (88) 4 (50) 16 (37)
Abdominal pain NOS 0 0 0 1 (13) 2 (25) 4 (50) 7 (16)
Nausea 2 (29) 1 (17) 0 0 0 3 (38) 6 (14)
Loose stools 0 1 (17) 1 (17) 3 (38) 1 (13) 1 (13) 7 (16)
Flatulence 0 0 0 0 2 (25) 3 (38) 5 (12)
Fecal occult blood positive 1 (14) 0 0 1 (13) 2 (25) 2 (25) 6 (14)

Liver
ALT increased 1 (14) 2 (33) 2 (33) 3 (38) 1 (13) 2 (25) 11 (26)

Skin and SC tissue disorders (Σ) 4 2 3 3 6 6 24
Rash NOS 0 1 (17) 2 (33) 1 (13) 3 (38) 3 (38) 10 (23)
Pruritus NOS 1 (14) 1 (17) 1 (17) 1 (13) 2 (25) 2 (25) 8 (19)
Erythema 3 (43) 0 0 1 (13) 1 (13) 1 (13) 6 (14)

General disorders (Σ) 3 2 1 5 5 3 19
Pyrexia 1 (14) 2 (33) 0 0 1 (13) 1 (13) 5 (12)
Fatigue 2 (29) 0 0 2 (25) 2 (25) 0 6 (14)
Lymph node pain 0 0 1 (17) 1 (13) 1 (13) 2 (25) 5 (12)
Pain in limb 0 0 0 2 (25) 1 (13) 0 3 (7)

Infections and infestations
Nasopharyngitis 1 (14) 0 1 (17) 2 (25) 0 1 (13) 5 (12)

Hematologic disorders (Σ) 1 2 0 1 1 1 6
Lymphadenopathy 0 0 0 1 (13) 0 0 1 (2)
Anemia NOS 1 (14) 1 (17) 0 0 0 0 2 (5)
Thrombocytopenia 0 1 (17) 0 0 0 1 (13) 2 (5)
Splenomegaly 0 0 0 0 1 (13) 0 1 (2)

Nervous system disorders
Headache NOS 1 (14) 1 (17) 0 (0) 2 (25) 3 (38) 4 (50) 11 (26)

Renal and urinary disorders
Bilirubinuria 0 0 0 1 (13) 2 (25) 0 3 (7)

Vascular disorders
Venous thrombosis, deep limb 1 (14) 0 0 1 (13) 1 (13) 0 3 (7)

Σ Total; ALT alanine aminotransferase; BID twice daily; NOS not otherwise specified; SC subcutaneous
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was decided to continue the study because the relationship
to R-etodolac was estimated to be weak, and DLTs did not
reflect prior experiences with R-etodolac. In fact, DLTs
were then not found in the next two treatment cohorts (800
and 1,000 mg BID) again. In the 1,200-mg BID cohort,
three DLTs were reported, and four DLTs were reported in
each of the 1,800 and 2,400-mg BID cohorts.

Reasons for study discontinuation

Eleven patients (26%) discontinued the study prematurely
because of AEs, which included pruritic rash (600 mg
BID); decreased weight, macular rash, oral candidiasis,
vomiting, pneumonia, and DVT (600 mg BID); abnormal
liver function tests (1,000 mg BID); hepatotoxicity
(1,000 mg BID); increased ALT (1,200 mg BID); back
pain, limb pain, and DVT (1,200 mg BID); abdominal pain
(1,800 mg BID); arthralgia, rash, limb pain, and peripheral
swelling (1,800 mg BID); erythema and pruritus (1,800 mg
BID); pain and hypersensitivity (2,400 mg BID); and
erythema and pruritus (2,400 mg BID). No clear correlation
between discontinuations from the study and the R-etodolac
dose was found. Some of these AEs were classified as
SAEs (see next section).

Serious adverse events

Six patients experienced 7 serious adverse events (SAEs).
One patient treated with the 600-mg BID regimen experi-
enced both DVT of the leg and pneumonia. Other SAEs
were Pneumocystis carinii pneumonia at 800 mg BID,
hepatotoxicity at 1,000 mg BID, painful lymphadenopathy
(that resolved with discontinuation of study drug) and DVT
of the left leg at 1,200 mg BID, and pneumonia at 1,800 mg
BID. All but the pneumonia at 1,800 mg BID were
considered DLTs. The P. carinii pneumonia at 800 mg
BID and the DVT at 1,200 mg BID were regarded as
unrelated to R-etodolac treatment. Notably, no SAEs were
observed among patients treated with the highest dose of
2,400 mg BID.

Maximum tolerated dose

Based strictly on protocol, the MTD could be defined as
1,000 mg BID, which is 1 dose level immediately below
the first cohort (1,200 mg BID) with more than 1 DLT. This
issue was discussed by the study investigators and sponsor,
and it was found that two DLTs reported at 1,200 mg BID,
increase of ALT and fatigue, were most likely non-dose-
dependent AEs and consequently should not be used to
define the MTD. In contrast, the 1,800- and 2,400-mg BID
dose levels were associated with increasing numbers of
DLTs and were found to be toxic. As a result, the 1,200-mg
BID dose was defined as the MTD.

Pharmacokinetics of R-etodolac

Blood samples for a PK assessment were provided during a
12-h visit at week 8 by the 23 patients who remained in the
study. Mean PK profiles of R-etodolac following treatment
at week 8 are depicted in Fig. 1. Mean PK plasma
parameters are presented in Table 4. The AUC0 − t and
Cmax of R-etodolac increased with dose (600–2,400 mg
BID); however, these increases were not proportional to
dose. The Tmax for all dose regimens was 2 to 4 h, and the
mean t1/2 of R-etodolac ranged from 5 to 7 h (data not
available for the 600-mg BID regimen). All plasma S-
etodolac concentrations were below the limit of quantifica-
tion, with the exception of trace amounts observed at the
0.5- and 2-h plasma samples from 1 patient in the 1,200-mg
BID cohort.

R-etodolac-mediated reduction of absolute
lymphocyte counts

Statistically significant trends in decreased ALCs with
increasing doses of R-etodolac were observed in terms of
the number of patients achieving at least 50% reduction in
ALC and the percentage reduction at nadir for all patients
(Table 5). The magnitude of the mean decrease in ALC
from baseline was greatest in the 1,800-mg BID cohort at

Table 3 CTC grade 3 and grade 4 adverse events

R-etodolac dosage, mg BID

600 800 1,000 1,200 1,800 2,400

Grade 3 Deep vein
thrombosis (DVT)

Pneumonia Hepatotoxicity Increased ALT, fatigue,
hypoesthesia,
lymphadenopathy, DVT

Rash, DVT Diarrhea, pruritus, skin
lesion, pain, facial
pain

Grade 4 None observed Thrombocytopenia None observed None observed None observed None observed

ALT Alanine aminotransferase; BID twice daily
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weeks 2, 3, 7, and 8 (−28.1 to −46.0%) and in the 1,000-mg
BID cohort at weeks 9, 10, and 12 (−36.0 to −42.6%);
sample sizes in these groups were two to eight patients at
each time point.

Overall, 26% of patients had at least a 50% reduction in
ALC, and 58% of patients had at least a 25% reduction in
ALC. The proportions of patients experiencing at least a 50
or 25% reduction in ALC at some point during treatment
appeared to be dose dependent up to 1,800 mg BID (63 and
88%, respectively) and dropped with the 2,400-mg BID
regimen (38 and 63%, respectively). Similarly, the percent
reduction of ALC at nadir was dose dependent, both overall
and specifically for responders, up to 1,800 mg BID
(Fig. 2).

Clinical response

According to NCI criteria, two patients (5%) had a PR at
the end of treatment: one patient in the 1,800-mg BID
cohort and one patient in the 2,400-mg BID cohort. Neither

of these responses, however, was maintained during the
posttreatment follow-up period. Additionally, 32 patients
(74%) had stable disease, and nine patients (21%) showed
disease progression at treatment completion.

Discussion

This phase I study was conducted to determine the
tolerability, safety, and MTD of R-etodolac in clinically
stable B-CLL patients. Results suggest that R-etodolac has
a generally acceptable safety profile with rare hematologic
toxicities. Most AEs were mild to moderate and self-
limiting (grade 1/2). The severity and frequency of AEs
markedly increased above 1,200 mg BID, which was
determined to be the MTD.

In this study, 11 patients discontinued treatment because of
AEs, the most common of which were diarrhea, rash, pruritus,
and headache. However, study discontinuation due to AEs
was found through all dose levels and does not accurately

Table 4 Pharmacokinetic profile of R-etodolac in B-CLL patients

R-etodolac dosage, mg BID (no. of patients) Mean AUC0 − t (mcg h/ml) Mean Cmax (mcg/ml) Mean Tmax (h) Mean t1/2 (h)

600 (n=4) 390.1 (n=4) 52.7 (n=4) 4.00 (n=4) N/C
800 (n=6) 428.7 (n=6) 62.6 (n=6) 2.99 (n=6) 6.80 (n=5)
1,000 (n=3) 460.2 (n=3) 69.3 (n=3) 2.07 (n=3) 6.59 (n=3)
1,200 (n=5) 543.3 (n=5) 85.1 (n=5) 3.23 (n=5) 5.76 (n=2)
1,800 (n=2) 544.9 (n=2) 88.5 (n=2) 3.00 (n=2) 5.79 (n=1)
2,400 (n=3) 768.7 (n=3) 106.4 (n=3) 1.67 (n=3) 4.94 (n=3)

AUC0 − t, Area under the curve to the last concentration quantifiable; BID twice daily; B-CLL B-cell chronic lymphocytic leukemia; Cmax,
maximum concentration; N/C not calculated; Tmax time to maximum concentration; t1/2 terminal elimination half-life

Fig. 1 Mean pharmacokinetic
profiles for R-etodolac twice-
daily dosing regimens following
8 weeks of treatment
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reflect the safety profile of R-etodolac. The tolerability of R-
etodolac can be more accurately estimated by the total number
and severity of AEs recorded during the complete study than
by the number of study discontinuations.

A large number of different AEs were recorded, many of
which occurred at low frequency, and some had question-
able relation to the study drug. Two symptom complexes
clearly showed dose dependency: (1) GI events (diarrhea,
abdominal pain, nausea, flatulence, and positive test for
occult blood in stool); and (2) severe skin disorders
(erythema, rash, and pruritus). Headache also appeared to
be somewhat more common at the higher dose levels.
These dose-dependent AEs guided determination of the
MTD of R-etodolac in B-CLL patients (1,200 mg BID).
Overall, this study showed that R-etodolac has an accept-
able safety profile at doses up to 1,200 mg BID.

The occurrence of three incidences of DVT (one at
600 mg BID, one at 1,200 mg BID, one at 1,800 mg BID)

was striking. DVTs lead to hospitalization and can cause
serious harm. It could not be clearly concluded whether R-
etodolac caused the DVTs or if they occurred coincidentally.
However no preexisting coagulation abnormalities were
reported for these patients. The possibility that COX-2
inhibition through the S-enantiomer of etodolac could be
related to the observed DVTs was ruled out because the
concentration of S-etodolac was below detection levels.
Furthermore, although COX-2 inhibition has been associ-
ated with an increased risk of cardiovascular atherothrom-
botic events, which resulted in market withdrawal of
NSAIDs such as rofecoxib and celecoxib [28], DVTs were
not reported in large safety analyses of rofecoxib and
celecoxib. Prospective monitoring of patients for DVTs in
future investigations may shed more light on the relation-
ship of this AE to R-etodolac. Evaluations of the clinical
activity and the PK profile of R-etodolac in patients with B-
CLL were secondary objectives of this study. The two

Table 5 Reduction of absolute lymphocyte count in relation to R-etodolac dosage in B-CLL patients

R-etodolac dosage, mg BID

600 800 1,000 1,200 1,800 2,400 P value* All patients

Number of patients 7 6 6 8 8 8 – 43
Overall reduction from baseline
≥25%, n (%) 2 (29) 1 (17) 4 (67) 6 (75) 7 (88) 5 (63) 0.0621 25 (58)
≥50%, n (%) 0 (0.0) 0 (0.0) 1 (17) 2 (25) 5 (63) 3 (38) 0.0496 11 (26)

% Reduction at nadir: all patients
Number (n) 7 6 6 8 8 8 43
Median −7.1 −14.3 −27.0 −36.2 −55.4 −39.7 0.0228 −29.2
Range −48 to −11 −29 to −3 −83 to −17 −58 to −22 −63 to −11 −63 to −5 −83 to −22

% Reduction at nadir: respondersa

Number (n) 2 1 4 6 7 5 25
Median −39.9 −29 −34.2 −44.6 −57.5 −51.9 0.5674 −47.3
Range −48 to −32 −29 to −29 −83 to −27 −58 to −28 −63 to −38 −63 to −32 −83 to −27

BID Twice daily; B-CLL B-cell chronic lymphocytic leukemia
a Responders included all patients with >25% reduction in absolute lymphocyte count from baseline
*P value is based on the Fisher exact test comparing the number of patients with 25 or 50% reduction between the regimens

Fig. 2 Mean percent reduction
in absolute lymphocyte count
(ALC) at nadir (BID, twice
daily)
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transient PRs (5%) observed in this study occurred in the
1,800- and 2,400-mg BID cohorts. The 1,800-mg BID
regimen also correlated with the greatest pharmacodynamic
efficacy (25–50% reduction in ALC) of R-etodolac in the
B-CLL patients studied. The antileukemic activity of R-
etodolac did not increase with the subsequent higher dose
regimen (2,400 mg BID). By comparison, the therapeutic
dose of RS-etodolac, which is limited by AEs related to
COX inhibition, is typically 600 to 1,000 mg daily. These
findings show that R-etodolac can safely be administered at
much higher doses than RS-etodolac. Notably, despite
significant reductions in ALC in response to R-etodolac
treatment, significant effects on lymph node status and
spleen size were not observed, suggesting that R-etodolac
may have a compartment-specific effect on the circulating
B-CLL pool. Histological examination of lymph nodes
during R-etodolac therapy may be of interest in future
studies of R-etodolac in B-CLL patients.

Increased rates of infections were not an obvious
problem during the study, since frequency and severity of
the few cases of infections as recorded does not exceed the
rate seen in other CLL populations for our feeling.
However a single Pneumocystis carinii pneumonia is
reported, which should be reason to keep an eye on
opportunistic infections and impaired T cell function in
future studies covering larger patient numbers.

The PK data analysis revealed a nonlinear relationship
between dosing and AUC0 − t and Cmax parameters. The
AUC0 − t and Cmax of R-etodolac following BID oral admin-
istration seemed to increase in a less-than-proportional
manner after 8 weeks of treatment. These nonlinear PK
data may partly explain the observation that increases in
dose did not elicit proportional increases in pharmacody-
namic activity. This finding differs from previously
published PK results describing a linear increase in AUC
with the RS-etodolac mixture in healthy volunteers [15].
The mean t1/2 of R-etodolac ranged from 5 to 7 h after
8 weeks of treatment, similar to the previously observed 6-
to 8-h elimination t1/2 with each of the etodolac enan-
tiomers [15]. Plasma concentrations of S-etodolac were not
detectable, confirming that R-etodolac does not undergo
racemic conversion to S-etodolac in patients with B-CLL.

Current treatment options for B-CLL offer patients hope
of sustained response or stable disease; however, no
treatment regimen currently offers a cure for this disease.
In a retrospective comparison study, the historically used
front-line treatment chlorambucil achieved ∼4% CR,
whereas frontline fludarabine achieved 20% CR. The
improved response rate with front-line fludarabine, how-
ever, failed to translate into a significant benefit in median
overall survival over chlorambucil (66 vs 56 months), and
fludarabine was associated with increased risk for infection
and neutropenia [6]. Other studies have reported up to 63%

CR with front-line fludarabine and prednisone, and 13 to
37% CR in previously treated B-CLL patients [7, 8].
Alemtuzumab (CD52 monoclonal antibody) induces an
overall response rate of 33 to 50% in advanced-phase B-
CLL patients [29], and recent clinical data show that the
addition of alemtuzumab or rituximab monoclonal antibody
therapies to alkylators and purine analogues in second-line
or subsequent salvage therapy may provide additive or
synergistic effects [30, 31].

An important finding of this study is that, unlike more
aggressive current therapies, R-etodolac treatment up to
2,400 mg BID does not lead to hematologic toxicity. In
addition, antileukemic activity of R-etodolac has been
demonstrated in this study by significant reductions in
ALC. Together with previous reports that etodolac activity
is maintained even after multiple treatments [19], the results
of this study may provide a rationale for further investiga-
tion of the efficacy of R-etodolac as maintenance therapy or
in combination therapy strategies.

Other compounds in a family of R-etodolac analogues
have shown antitumor activity, as well as synergy with
standard cytotoxics, against B-CLL cells in preclinical
studies [32, 33]. SDX-308 and SDX-309 in particular have
greater potency than R-etodolac. Further clinical investiga-
tion of R-etodolac and these analogues in the treatment of
B-CLL may be warranted.
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