
Risk Factors for Tumor Lysis Syndrome in patients with Chronic 
Lymphocytic Leukemia Treated with the Cyclin Dependent 
Kinase Inhibitor, Flavopiridol

Kristie A. Blum1, Amy S. Ruppert1, Jennifer A. Woyach1, Jeffrey A. Jones1, Leslie 
Andritsos1, Joseph M. Flynn1, Brad Rovin2, Miguel Villalona-Calero3, Jia Ji4, Mitchell 
Phelps4, Amy J. Johnson1, Michael R. Grever1, and John C. Byrd1

1Division of Hematology, Department of Internal Medicine, The Arthur G. James Comprehensive 
Cancer Center and The Ohio State University, Columbus, Ohio, United States of America.

2Division of Nephrology, Department of Internal Medicine, The Ohio State University, Columbus, 
Ohio, United States of America.

3Division of Medical Oncology, Department of Internal Medicine, The Arthur G. James 
Comprehensive Cancer Center and The Ohio State University, Columbus, Ohio, United States of 
America.

4Division of Medicinal Chemistry and Pharmacology, College of Pharmacy, The Ohio State 
University, Columbus, Ohio, United States of America.

Abstract

Tumor lysis syndrome (TLS) has been described in over 40% of patients with chronic 

lymphocytic leukemia (CLL) treated with the cyclin dependent kinase inhibitor, flavopiridol. We 

conducted a retrospective analysis to determine predictive factors for TLS. In 116 patients, the 

incidence of TLS was 46% (95% CI: 36%-55%). In univariable analysis, female gender, greater 
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number of prior therapies, Rai stages III-IV, adenopathy ≥ 10 cm, splenomegaly, del(11q), 

decreased albumin, and increased absolute lymphocyte count, white blood cell count (WBC), β2-

microglobulin, and lactate dehydrogenase (LDH) were associated (p<0.05) with TLS. In 

multivariable analysis, female gender, adenopathy ≥ 10 cm, elevated WBC, increased β2-

microglobulin, and decreased albumin were associated with TLS (p<0.05). With respect to patient 

outcomes, 49% and 44% of patients with and without TLS, respectively, responded to flavopiridol 

(p=0.71). In a multivariable analysis controlling for number of prior therapies, cytogenetics, Rai 

stage, age, and gender, progression-free survival (PFS) was inferior in patients with TLS (p=0.01). 

Female patients and patients with elevated β2-microglobulin, increased WBC, adenopathy ≥ 10 

cm, and decreased albumin were at highest risk and should be monitored for TLS with 

flavopiridol. TLS does not appear to be predictive of response or improved PFS in patients 

receiving flavopiridol.
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INTRODUCTION

Flavopiridol is a cyclin-dependent kinase inhibitor that induces apoptosis of CLL cell lines 

through down-regulation of Mcl-1 and the X-linked inactivator of apoptosis (XIAP) via a 

p53-independent mechanism.(1, 2) Despite robust apoptosis in vitro, initial clinical trials 

utilizing 24 or 72-hour flavopiridol infusion schedules demonstrated limited activity in 

patients with hematologic malignancies.(3-5) These initial schedules were modeled in vitro 

using media containing fetal bovine serum (FBS). Later studies demonstrated significant 

protein binding of flavopiridol in human serum with a higher LC50 of flavopiridol against 

CLL cells in human serum compared to FBS.(6) Therefore, the lack of in vivo efficacy with 

the 24-72 hour infusion schedules was postulated to be secondary to human protein binding 

that limited drug availability to malignant cells. Subsequent phase I and II studies utilizing a 

pharmacologically derived schedule of flavopiridol with a 30-minute bolus followed by a 4 

hour continuous intravenous (IV) infusion (CIVI) designed to increase peak flavopiridol 

concentrations and overcome human protein binding eventually corroborated the significant 

activity with flavopiridol previously observed in vitro in CLL.(5-7) Specifically in these 

trials, 40-47% of patients with previously treated CLL responded to flavopiridol, including 

patients with del(17p13.1). Median progression-free survival (PFS) reported with 

flavopiridol therapy in patients with relapsed or refractory CLL after a median of 4 prior 

therapies (range, 1-14) was 10-12 months.

Therapy has been complicated by acute tumor lysis syndrome (TLS) occurring within 4.5 to 

24 hours of initiation of flavopiridol. Life-threatening hyperkalemia and hyperphosphatemia 

requiring therapy with kayexalate, insulin and glucose, sodium bicarbonate, calcium, oral 

phosphate binders, and occasionally emergent dialysis has been described.(5-7) In the phase 

I trial, TLS was dose limiting and occurred in 44-55% of patients.(6, 7) As a result of this 

toxicity, enrollment was restricted to patients with a WBC < 200 × 109/L and aggressive 

TLS prophylaxis with hydration, rasburicase, and hourly potassium monitoring and 
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treatment was implemented. Flavopiridol dosing was also reduced to 30 mg/m2 bolus 

followed by 30 m/gm2 CIVI with dose escalation to 30 mg/m2 bolus and 50 mg/m2 CIVI 

only after at least one successful treatment with flavopiridol at the lower dose level without 

significant TLS. This intra-patient dose escalation, exclusion of patients with white blood 

cell (WBC) counts > 200 × 109/L, and implementation of aggressive TLS prophylaxis 

greatly improved the tolerability of this agent. However, in the subsequent phase II trial, 

TLS still occurred in 44% of patients.(5) Some of these patients required dialysis and could 

not be dose-escalated despite pre-treatment WBC < 200 × 109/L and the use of aggressive 

TLS prophylaxis, monitoring, and treatment, highlighting the unpredictable nature of this 

toxicity. Therefore, we conducted a retrospective analysis of 116 patients with relapsed or 

refractory CLL treated with single agent flavopiridol to determine predictive factors for the 

occurrence of acute TLS.

MATERIALS AND METHODS

Patients

Patients with relapsed or refractory CLL treated with single agent flavopiridol on National 

Cancer Institute sponsored phase I (NCI-5746, OSU 0055)(6, 7) and phase II trials 

(NCI-7000, OSU 0491)(5) were evaluated for TLS. These Ohio State University (OSU) 

trials were approved by the Cancer Therapy Evaluation Program of the NCI and the OSU 

institutional review board. All patients provided written informed consent in accordance 

with the Declaration of Helsinki. Fifty-two patients with CLL were treated on the phase I 

trial between May 2003 and February 2006 and 64 patients received flavopiridol on the 

phase II trial from February 2006 until June 2008.

Patients at least 18 years of age with CLL requiring treatment according to NCI 1996 

criteria(8) who had received at least one prior chemotherapy were enrolled. Additional 

eligibility criteria for these two trials included Eastern Cooperative Oncology Group 

performance status of 0-2, creatinine ≤ 2 mg/dL, bilirubin ≤ 1.5 × the upper limit of normal 

(ULN), and aspartate transaminase ≤ 2 × the ULN.

Treatment plan and Response Assessment

In the phase I and II trials, flavopiridol was administered intravenously over 30 minutes 

followed by a 4-hour CIVI weekly for 4 consecutive weeks followed by 2 weeks without 

therapy (6 weeks defined a cycle) for a maximum of 6 cycles. In the phase I trial, 

flavopiridol was dose escalated from 30-50 mg/m2 according to Table 1. Ten of the 52 

patients in the phase I trial were re-treated with flavopiridol on study at the time of disease 

progression (2 patients in cohort 3 and 8 patients in cohort 4); however, for the purposes of 

this analysis these patients were only included at the time of first exposure to flavopiridol. In 

the phase II trial, flavopiridol was administered at a dose of 30 mg/m2 over 30 minutes 

followed by 30 mg/m2 4-hour CIVI week 1 (Table 1). On week 2 and for all subsequent 

treatments, flavopiridol was increased to a 30 mg/m2 bolus with a 50 mg/m2 CIVI. After 32 

patients were treated, the phase II trial was amended to reduce the cycle length from 6 to 4 

weeks, decreasing flavopiridol administration to 3 doses with each cycle (days 1, 8, and 15). 
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Dexamethasone premedication to limit cytokine release symptoms and prophylactic 

pegfilgrastim day 16 were also added to each cycle.

Response was determined by NCI-WG CLL criteria(8) and toxicity assessed using NCI 

Common Terminology Criteria for Adverse Events (CTCAE) version 3.0. Progression-free 

survival (PFS) was calculated from the date on study until disease progression or death. In 

patients without documented progression, PFS was censored at the time of last follow-up, 

next treatment, or stem cell transplantation. Overall survival (OS) was calculated from the 

date on study until death, censoring patients alive at last follow-up.

Definition, prophylaxis, and management of TLS

TLS was defined as one or more of the following within 24 hours of flavopiridol 

administration: uric acid > 6.6 mg/dl (the upper limit of normal (ULN)), potassium > 5.1 

mmol/L (the ULN), phosphate > 4.5 mg/dL (the ULN), and/or an increase in lactate 

dehydrogenase (LDH) at least 2 × baseline. All patients received prophylaxis for TLS with 

allopurinol, rasburicase, intravenous hydration with sodium bicarbonate containing fluid, 

and oral phosphate binders. Serum potassium levels were monitored hourly and patients 

with hyperkalemia or hyperphosphatemia were treated with kayexalate, furosemide, 

albuterol, insulin and glucose, calcium, oral phosphate binders, or emergent dialysis.

Statistical methods

In this retrospective, observational study of patients treated with flavopiridol, the primary 

aim was to identify potential risk factors associated with the development of TLS. 

Associations between baseline characteristics and severity of TLS (defined as requiring or 

not requiring dialysis) were described using Fisher’s exact or Kruskal-Wallis tests. 

Univariable analysis by logistic regression and multivariable analysis with limited 

backwards selection identified variables significantly associated with the development of 

TLS. In these analyses, patients were grouped according to whether not they had TLS, due 

to the small numbers of patients requiring dialysis. Two models were considered: one that 

included creatinine clearance, which is a function of gender, age, and creatinine levels, and 

another that did not consider creatinine clearance but did consider gender, age, and 

creatinine levels as separate variables in the modeling process. The two models were 

compared using Akaike information criterion (AIC), and the model with the better fit to the 

observed data was chosen to present herein. The multivariable analysis was repeated in the 

subset of patients (n=92) with Rai stages III-IV, as only 3 of 24 patients with Rai stages I-II 

developed TLS. Odds ratios with 95% confidence intervals were included from the models. 

Variables with p values less than 0.05 were considered significant.

Estimated probabilities of PFS and OS were calculated using the Kaplan-Meier method and 

differences among survival distributions were evaluated with the log-rank test. Logistic 

regression and proportional hazards models were used to determine the impact of TLS on 

response and survival, respectively, controlling for study, number of prior therapies, 

cytogenetic risk group (using Dohner’s classification(9): del(17p), del(11q), other), Rai 

stage, patient age, and gender. In these analyses, where TLS might be associated with 
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clinical outcome, a 3-level variable of TLS taking into consideration the severity of TLS was 

initially utilized.

Lastly, a subset analysis in 83 patients, using logistic regression determined the association 

of peak flavopiridol levels and its glucoronide metabolite (flavo-G) during cycle 1 with 

TLS. In logistic regression models predicting TLS, all pharmacokinetic measures were log 

transformed.

RESULTS

Patient Characteristics

One hundred and sixteen patients enrolled and treated with one or more doses of single 

agent flavopiridol on OSU 0055 (n=52) or OSU 0491 (n=64) were included in this analysis. 

In 116 patients, the median age was 60 (range, 31-84), 69% of patients were male, the 

median number of prior therapies was 4 (range, 1-14), and 79% of patients had Rai stage III-

IV disease at the time of study enrollment. All but one patient had received a previous 

nucleoside analogue (fludarabine or pentostatin) and 76% were purine analogue-refractory. 

No patient had previously received flavopiridol or a cyclin dependent kinase inhibitor. Prior 

to flavopiridol treatment, 53% of patients had at least one lymph node mass ≥ 10 cm, 52% 

had splenomegaly, and 66% had adverse cytogenetics with del(17p) or del(11q). Median 

pre-treatment laboratory characteristics included β2-microglobulin of 4.4 mg/L, absolute 

lymphocyte count (ALC) of 8.86 × 109/L, WBC of 13.95 × 109/L, and LDH of 199 U/L. 

Additional patient characteristics including baseline potassium, uric acid, and serum 

creatinine are provided in Table 2. Pre-treatment phosphate levels were not routinely 

obtained in all patients and were not included in the analysis.

Incidence of TLS

In 116 patients, the incidence of TLS was 46% (95% CI: 36-55%), with 14 of 53 patients 

(26%) with TLS requiring dialysis for management of hyperkalemia or hyperphosphatemia 

not responsive to medical therapy. TLS occurred with the first dose of flavopiridol or at the 

time of dose escalation. Those patients who required dialysis were typically removed from 

protocol therapy and completed fewer cycles of flavopiridol (median 1.3, range 0.25-5.0 

cycles) compared to patients with TLS who did not require dialysis (median 3.5, range 

0.25-6.0 cycles) or patients without TLS (median 3.75, range 0.25-6.0 cycles). Twenty-five 

(48%) and 28 (44%) patients had TLS on the phase I and phase II trials, respectively. The 

proportion of patients who required dialysis on the phase II trial was 6%, compared to 19% 

in the phase I study.

Risk factors associated with TLS

Baseline characteristics are described in Table 3 for patients who did not develop TLS, 

patients with TLS that did not require dialysis, and patients with TLS requiring dialysis. In 

univariable analysis using logistic regression (Table 3), patient characteristics highly 

associated with the occurrence of TLS were female gender (p<0.001), increased number of 

prior therapies (p=0.001), Rai stages III-IV (p<0.001), lymphadenopathy ≥ 10 cm (p=0.002), 

splenomegaly (p=0.04), del(11q) (p=0.03), decreased albumin (p=0.04), reduced creatinine 
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clearance (p<0.001), and increased pre-treatment WBC (p<0.001), ALC (p<0.001), β2-

microglobulin (p<0.001) and LDH (p=0.003). Specifically, 72% of females compared to 

34% of males developed TLS. Fourteen percent of patients treated with 2 or fewer therapies 

compared to 53% of patients treated with 3 or more prior therapies developed TLS. In 

addition, TLS was observed in 54% of patients with Rai stages III-IV, but only 12% of 

patients with Rai stages I-II and in 59% of patients with adenopathy ≥ 10 cm as opposed to 

31% patients with adenopathy < 10 cm. Median pre-treatment WBC, β2-microglobulin, and 

LDH were all higher in patients with TLS. For example, TLS occurred in 100%, 75%, and 

38% of patients with a WBC > 150 (n=8), 100-150 (n=12), and < 100 × 109/L (n=96), 

respectively. Rates of TLS were 74% and 19% in patients with β2-microglobulin levels 

above and below the median value of 4.4 mg/L, respectively.

In a multivariable analysis using limited backwards selection (Table 4), the following 5 

variables remained significantly associated with the development of TLS: female gender 

(p<0.001), bulky adenopathy ≥ 10 cm (p=0.03), elevated WBC (p=0.01), increased β2-

microglobulin (p<0.001), and decreased albumin (p=0.04). This model had excellent 

discrimination between patients with and without TLS with an area under the ROC 

curve=0.897. As only 3 of 24 patients with Rai stages I-II developed TLS, the small 

numbers of these patients precluded use of this variable in the multivariable analysis. When 

the multivariable analysis was restricted to patients with Rai stages III-IV (n=92), the same 5 

variables remained significantly associated with TLS (data not shown). A second model 

incorporating creatinine clearance failed to provide as good of a fit to the observed data as 

the previous model (data not shown).

Association of TLS with patient response and survival

In 116 patients, the overall response rate (ORR) was 47%, with 1 complete response. 

Responses were observed in 44% of patients without TLS and 49% of patients with TLS 

(p=0.71). Within the TLS group, the ORR was 59% in patients who did not require dialysis 

and 21% in patients who underwent dialysis (p=0.03). Eighty-six patients have died, with 80 

deaths due to disease progression and 6 deaths due to toxicity including infection (n=4), 

gastrointestinal hemorrhage (n=1) and TLS (n=1). Median PFS was 0.9 years (95% CI: 

0.7-1.1) in patients without TLS, 0.8 years (95% CI: 0.4-0.9) in patients with TLS but 

without dialysis, and 0.4 years (95% CI: 0.1-1.4) in patients with TLS requiring dialysis 

(p=0.03, Figure 1). OS medians were 2.7 (95% CI: 2.1-3.2), 2.1 (95% CI: 1.1-3.6) and 0.9 

years (95% CI: 0.1-1.4) in patients without TLS, with TLS but not requiring dialysis, and 

with TLS and dialysis, respectively (p<0.001, Figure 2).

In a multivariable model controlling for the number of prior treatments, cytogenetic risk 

group, Rai stage, age, and gender, response rates were not significantly different (p=0.38) 

among patients without TLS, with TLS not requiring dialysis, and with TLS requiring 

dialysis. OS was inferior in patients with TLS when controlling for other variables (p=0.03); 

however, this was secondary to increased deaths in the patients that required dialysis. When 

patients with TLS not requiring dialysis were evaluated, there was no significant difference 

in OS compared to patients without TLS (p=0.88, HR=1.0, 95% CI: 0.6-1.9). PFS was also 

significantly different among TLS groups when controlling for other variables (p=0.04). 
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However, risk of progression was not solely due to the higher rate of death in the patients 

requiring dialysis. The risk of progression for patients with TLS with and without dialysis, 

respectively, was 2.3 and 2.0 times higher than patients without TLS. Collectively, patients 

with TLS had a 2-fold higher rate of progression than patients without TLS (p=0.01, 95% 

CI: 1.2-3.6).

Flavopiridol pharmacokinetics and TLS

In a subset analysis of 83 patients with available pharmacokinetic data, we examined if peak 

levels (Cmax) of flavopiridol and its glucoronide metabolite, flavo-G, were correlated with 

TLS. Peak levels of flavopiridol were not significantly associated with TLS (p=0.66). 

However, peak levels of flavo-G did correlate with TLS (p<0.001). This association with 

TLS was independent of patient gender, a potentially confounding variable. Even though 

higher levels of flavo-G were observed in females (n=29, median Cmax=3.2 μM, range: 

0.9-23.8) compared to males (n=54, median Cmax=2.5 μM, range:0.2-9.2), higher levels of 

flavo-G were associated with a higher incidence of TLS within both sexes. Specifically 

when peak flavo-G levels were distributed into quartiles, the proportions of males with TLS 

in quartiles 1-4 were 27% (4/15), 27% (4/15), 27% (4/15), and 78% (7/9), respectively. 

Among women, the proportions of patients with TLS in quartiles 1-4 were 50% (3/6), 80% 

(4/5), 50% (3/6), and 100% (12/12), respectively. Therefore, the increased risk of TLS in 

women was still greater than men with similar flavopiridol pharmacokinetic profiles.

DISCUSSION

Traditional consensus recommendations for the management and prophylaxis for TLS call 

for identification of patients with high risk features based upon pre-treatment uric acid or 

LDH levels, renal impairment, bulky disease, and the disease histology; aggressive pre-

treatment hydration with allopurinol in low risk patients and rasburicase in high risk 

patients; and monitoring of potassium, phosphate, calcium, uric acid, LDH, and creatinine 

every 6-12 hours.(10-12) However, these recommendations do not adequately address TLS 

induced by flavopiridol in patients with CLL, traditionally considered low risk for TLS, 

which begins as early as 4.5 hours and peaks 12 hours from the start of the flavopiridol 

infusion.(11, 12) Despite the significant efficacy of flavopiridol in patients with relapsed or 

refractory CLL, the unpredictable occurrence of TLS with administration of flavopiridol, the 

aggressive hourly potassium monitoring, and the requirement for emergently available 

dialysis has limited the use of this agent outside of clinical trials and academic institutions. 

Therefore, we conducted a retrospective analysis to evaluate pre-treatment patient 

characteristics associated with the development of TLS in patients receiving single agent 

flavopiridol that should assist with the future development of this agent.

In two recently completed trials with flavopiridol for patients with previously treated CLL, 

the incidence of TLS was 46% (95% CI: 36-55%). Risk factors significantly associated with 

TLS by multivariable analysis were female gender, increased WBC, bulky adenopathy ≥ 10 

cm, elevated β2-microglobulin, and decreased albumin. The association of TLS with WBC, 

β2-microglobulin, and adenopathy ≥ 10 cm is likely reflective of increased disease burden, 

while the association with albumin may be related to the protein binding of flavopiridol. 
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Greater protein-binding in the setting of higher albumin likely decreases available 

flavopiridol to malignant tissues, reducing the risk of TLS. The association with female 

gender was surprising and could not be solely explained by reduced creatinine clearance or 

elevated levels of flavopiridol or its metabolite, flavo-G, in women compared to men.

Unexpectedly, the occurrence of TLS and its severity did not correlate with higher response 

rates (p=0.38) in a multivariable model controlling for other variables. TLS was associated 

with inferior OS (p=0.03) and PFS (p=0.04). With respect to OS, the inferior outcome was 

largely due to poor outcomes in patients requiring dialysis. In contrast, risk of progression 

was approximately 2-fold higher in patients with TLS, regardless of severity, compared to 

patients without TLS. Therefore, although presumably the occurrence of TLS results from 

rapid tumor break-down and exquisite sensitivity of CLL cells to flavopiridol, patients 

without TLS have meaningful, durable responses with flavopiridol.

With other therapies typically utilized in CLL including fludarabine, fludarabine and 

cyclophosphamide, rituximab, pentostatin, or 2-chlorodeoxyadenosine,(13-17) the incidence 

of TLS is less than 5%. TLS typically occurs several days after the administration of 

nucleoside analogues or within 12 hours following rituximab. In the largest analysis of TLS 

in patients with CLL, TLS occurred in 20 (0.33%) of 6,137 patients receiving single agent 

fludarabine, within 7 days (range 5-14 days) after administration.(15) This incidence is 

strikingly low compared to the 46% incidence observed with flavopiridol and contrasts with 

the rapid onset of TLS with flavopiridol. In the analysis of 6,137 patients, risk factors for 

TLS after fludarabine included fewer prior therapies (p=0.004) and hepatosplenomegaly 

(p=0.05).(15) The median WBC pre-treatment was 108.5 × 109/L in patients with TLS 

compared to 83.6 × 109/L in patients without TLS, although this was not statistically 

significant. Similar to our data, the occurrence of TLS was associated with significant 

morbidity with 40% of patients with TLS dying during the first cycle of fludarabine.(15)

Our retrospective analysis was limited by the lack of a standardized definition and grading 

system for TLS. Historically, TLS has been defined as “a group of metabolic abnormalities 

that result from the rapid release of intracellular metabolites such as nucleic acids, proteins, 

phosphorus, and potassium from lysed malignant cells.”(11) A more specific definition 

includes the separation of TLS into laboratory TLS defined as “abnormalities of two or more 

of the following serum values: uric acid, potassium, phosphorus, or calcium” or clinical TLS 

defined as “the presence of laboratory TLS and one of the following: renal failure, cardiac 

arrhythmia, or seizure.”(10, 11) For the purposes of this analysis we utilized conservative 

criteria for TLS, defined as a rise above the ULN of uric acid, potassium, phosphate, and/or 

doubling of the lactate dehydrogenase (LDH) within 24 hours of flavopiridol administration, 

in order to capture all patients experiencing TLS. Aggressive pre-treatment prophylaxis 

incorporated into the phase I and II flavopiridol trials with kayexalate, oral phosphate 

binders, and rasburicase, frequently mitigated rises in potassium, phosphate, or uric acid 

confounding the diagnosis of TLS. This study utilized NCI CTCAE version 3.0 to assess the 

severity of TLS. According to NCI CTCAE version 3.0, TLS is grade 3 if it is present and 

grade 5 if associated with death, with no recognition of grades 1, 2, or 4 TLS. Therefore, in 

this retrospective study, separation of patients according to the severity of TLS was 

challenging. While some patients primarily had elevations in LDH, other patients 
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experienced life-threatening hyperkalemia or hyperphosphatemia. Therefore, in order to 

characterize the severity of TLS, TLS was classified into TLS requiring dialysis and TLS 

without dialysis, as this was clinically relevant. NCI CTCAE v. 4.0 does recognize grade 3, 

4, and 5 TLS with grade 4 defined as TLS with life-threatening consequences which should 

make future evaluation of TLS more accurate and reproducible among institutions at least 

with respect to the grade 4 category. Grade 3 TLS still remains poorly defined. In the future, 

strict definitions and grading of TLS should be utilized in prospective evaluations of TLS 

with flavopiridol in order to standardize diagnosis and management of this complication, 

which will ultimately improve tolerability and facilitate generalized use of this agent.

Fortunately, the acute occurrence of TLS within 24 hours of initial flavopiridol 

administration not only allows for close monitoring for this toxicity but also permits 

development of strategies to minimize TLS with flavopiridol. Such strategies include use of 

flavopiridol as initial therapy when patients may have a limited disease burden, lower β2-

microglobulin, or normal albumin. In addition, flavopiridol after initial debulking 

chemotherapy or as maintenance therapy may minimize the risk of TLS and these strategies 

are currently under evaluation at OSU. The development and validation of predictive models 

for TLS that incorporate pre-treatment clinical risk factors, in vivo sensitivity testing of 

patient derived-CLL cells, or pharmacokinetic modeling may help identify patients at 

greatest risk for TLS and are also ongoing. Patients at risk for TLS by clinical, in vivo, or 

pharmacokinetic modeling may benefit from either reduced flavopiridol doses or stepped-up 

administration schedules. While these flavopiridol dosing strategies are under development, 

we recommend that further studies of flavopiridol be limited to patients with CLL with pre-

treatment WBC < 100 × 109/L and adenopathy < 10 cm. In addition, close monitoring of 

female patients, patients with an elevated β2-microglobulin, and patients with a low serum 

albumin is recommended. Such recommendations should also be incorporated into studies of 

other emerging novel cyclin dependent kinase inhibitors(18-20) in patients with CLL in 

order to minimize the risks of acute TLS until prospective, therapy specific data are 

available.
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Figure 1. 
PFS of CLL patients with respect to occurrence of TLS after treatment with flavopiridol. 

(Solid line: patients without TLS; dotted line: patients with TLS who did not require 

dialysis; dashed line: patients with TLS who required dialysis).
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Figure 2. 
OS of CLL patients with respect to occurrence of TLS after treatment with flavopiridol. 

(Solid line: patients without TLS; dotted line: patients with TLS who did not require 

dialysis; dashed line: patients with TLS who required dialysis).
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Table 2

Patient characteristics

Characteristic All Patients, N=116 (%)

Age, years
 Median (range) 60 (31-84)

Gender
 Male
 Female

80 (69)
36 (31)

Race
 White
 Black

109 (94)
7 (6)

Prior therapies
 Median (range) 4 (1-14)

Previous nucleoside analogue therapy
(fludarabine or pentostatin)

115 (99)

Nucleoside analogue refractory
(fludarabine or pentostatin)

88 (76)

Rai Stage
 0
 1
 2
 3
 4

0 (0)
19 (16)
5 (4)
29 (25)
63 (54)

β2-microglobulin, mg/L*

 Median (range) 4.4 (0.8-14.9)

Bulky lymphadenopathy
 ≥ 5 cm
 ≥ 10 cm

87 (75)
61 (53)

Splenomegaly 60 (52)

WBC, × 109/L
 Median (range) 13.95 (1.3-314.5)

ALC, × 109/L
 Median (range) 8.86 (0.17-266.31)

LDH, U/L*

 Median (range) 199 (102-654)

Albumin, g/dL
 Median (range) 3.4 (2.0-4.7)

Potassium, mmol/L
 Median (range) 3.8 (2.5-4.8)

Creatinine, mg/dL
 Median (range) 1.02 (0.50-1.79)

Creatinine clearance, cc/min
Median (range) 74 (31-196)

Uric acid, mg/dL
 Median (range) 5.1 (0.7-10.0)

Cytogenetics (presence of any of the
following abnormalities)
 Del (13q)
 Normal
 Tri (12)
 Del(11q)
 Del(17p)
 Not available

57 (49)
15 (13)
18 (16)
49 (42)
40 (34)
4 (3)

Cytogenetics utilizing Dohner’s 11 (9)
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Characteristic All Patients, N=116 (%)

prioritization(9)
 Del (13q)
 Normal
 Tri (12)
 Del (11q)
Del(17p)
Not available

15 (13)
9 (8)
37 (32)
40 (34)
4 (3)

Abbreviations: WBC: white blood cell count, ALC: absolute lymphocyte count, LDH: lactate dehydrogenase.

*
Upper limit of normal β2-microglobulin is 2.5 mg/L, Upper limit of normal LDH is 190 U/L.
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Table 3

Patient characteristics in patients with and without TLS

Characteristic Patients
without TLS

(n = 63)

Patients with
TLS Without

Dialysis
(n = 39)

Patients with
TLS With
Dialysis
(n = 14)

P-
value**

Study, no. (%)
OSU0055 (phase I), n=52
OSU0491 (phase II), n=64

27 (52)
36 (56)

15 (29)
24 (38)

10 (19)
4 (6)

0.64

Gender, no. (%)
 Male, n=80
 Female, n=36

53 (66)
10 (28)

17 (21)
22 (61)

10 (13)
4 (11)

<0.001

Age, years
 Median (range) 58 (36-77) 63 (39-82) 60 (31-84)

0.15

Number of prior therapies
 Median (range) 4 (1-10) 5 (1-14) 6 (3-10)

0.001

Rai Stage, no. (%)
 I/II, n=24
 III/IV, n=92

21 (88)
42 (46)

2 (8)
37 (40)

1 (4)
13 (14)

<0.001

Bulky lymphadenopathy ≥
10 cm, no. (%)
 No, n=55
 Yes, n=61

38 (69)
25 (41)

13 (24)
26 (43)

4 (7)
10 (16)

0.002

Enlarged Spleen, no. (%)
 No, n=56
 Yes, n=60

36 (64)
27 (45)

15 (27)
24 (40)

5 (9)
9 (15)

0.04

del(17p), no. (%)
 No, n=72
 Yes, n=40

37 (51)
26 (65)

24 (33)
12 (30)

11 (15)
2 (5)

0.16

del(11q), no. (%)
 No, n=63
 Yes, n=49

41 (65)
22 (45)

14 (22)
22 (45)

8 (13)
5 (10)

0.03

WBC, × 109/L
 Median (range) 8.3 (2.5-146.5) 25.1 (1.3-252.1) 94.2 (1.9-314.5)

<0.001

ALC, × 109/L
 Median (range) 4.8 (0.2-145.0) 20.9 (0.7-248.3) 89.0 (0.5-266.3)

<0.001

Beta-2 Microglobulin, mg/L
 Median (range) 3.1 (1.3-9.0) 5.0 (0.8-14.9) 8.3 (2.7-12.6)

<0.001

LDH, U/L*

 Median (range) 169 (112-654) 224 (102-506) 277 (148-545)
0.003

Albumin, mg/dL
 Median (range) 3.4 (2.5-4.3) 3.1 (2.0-4.7) 3.5 (2.4-3.7)

0.04

Potassium, mmol/L
 Median (range) 3.8 (3.0-4.7) 3.8 (2.5-4.7) 3.7 (3.2-4.8)

0.72

Creatinine, mg/dL
 Median (range) 0.95 (0.65-1.79) 1.04 (0.50-1.74) 0.97 (0.79-1.60)

0.61

Creatinine clearance
(cc/min) 82 (38-196) 62 (31-117) 61 (37-166)

<0.001

Uric Acid, mg/dL
 Median (range) 4.9 (1.9-9.0) 5.1 (0.7-10.0) 6.0 (2.9-7.9)

0.80

Abbreviations: TLS: tumorlysis syndrome, WBC: white blood cell count, ALC: absolute lymphocyte count, LDH: lactate dehydrogenase

*
Upper limit of normal β2-microglobulin is 2.5 mg/L, Upper limit of normal LDH is 190 U/L.

**
P-value is determined by logistic regression analysis where TLS (Yes vs. No) was the dependent variable.
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Table 4

Risk Factors for TLS in multivariable analysis

Risk Factor Odds Ratio* 95% CI P value

Female vs. Male 8.6 2.6-27.7 <0.001

Bulky lymphadenopathy ≥ 10 cm 3.5 1.1-10.8 0.03

WBC, 50 unit increase 2.0 1.2-3.5 0.01

β2-microglobulin, 1 unit increase 1.6 1.2-2.0 <0.001

Albumin, 1 unit increase 0.3 0.1-0.9 0.04

*
An odds ratio >1 (< 1) indicates a greater (lesser) odds of TLS for either the first category listed for dichotomous variables or higher values of 

continuous variables
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