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Abstract

Purpose: Clinical trials of venetoclax reported negligible rates of clinical tumor lysis syndrome 

(TLS) in patients with chronic lymphocytic leukemia (CLL) when using an extended dose 

escalation schedule. We aimed to understand TLS prophylaxis, rates of select adverse events 

(AEs), and impact of dosing modifications in routine clinical practice.

Experimental Design: This retrospective cohort study included 297 CLL venetoclax treated 

patients outside of clinical trials in academic and community centers. Demographics, baseline 

disease characteristics, venetoclax dosing, TLS risk and prophylaxis, and AEs were collected.

Results: The group was 69% male, 96% had relapsed/refractory CLL, 45% had deletion 

chromosome 17p, 84% had unmutated IGHV, 80% received venetoclax monotherapy, and median 

age was 67. TLS risk was categorized as low (40%), intermediate (32%), or high (28%), and 62% 

had imaging prior to venetoclax initiation. Clinical TLS occurred in 2.7% of patients and 

laboratory TLS occurred in 5.7%. Pre-venetoclax TLS risk group and creatinine clearance 

independently predict TLS development in multivariable analysis.

Grade 3/4 AEs included neutropenia (39.6%), thrombocytopenia (29.2%), infection (25%), 

neutropenic fever (7.9%), and diarrhea (6.9%). 22 patients (7.4%) discontinued venetoclax due to 

an AE. PFS was similar regardless of number of dose interruptions, length of dose interruption, 

and stable venetoclax dose.

Conclusion: These data provide insights into current use of venetoclax in clinical practice, 

including TLS rates observed in clinical practice. We identified opportunities for improved 

adherence to TLS risk stratification and prophylaxis, which may improve safety.

Keywords

CLL; Venetoclax; Tumor lysis syndrome; Adverse events; Dosing

Introduction

Venetoclax inhibits BCL2 and induces apoptosis of chronic lymphocytic leukemia (CLL) 

cells, driving rapid tumor debulking and high response rates. Pivotal studies in relapsed and 

refractory (R/R) CLL have led to venetoclax approval in that setting either alone or in 

combination with rituximab.

In the initial phase I dose-escalation trial of venetoclax in CLL, this robust activity resulted 

in laboratory tumor lysis syndrome (TLS, defined by Howard criteria(2)) in 3 patients 

treated after a single initial starting dose of 100 or 200 mg. In the 56 patient dose-escalation 

cohort, a total of 3 cases of clinical TLS and 8 cases of laboratory TLS among 7 patients 

were observed. Of the 3 clinical cases, 1 experienced sudden death, 1 required hemodialysis, 
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and another had transient acute kidney injury. Nine of 10 patients with TLS resumed 

treatment with venetoclax, and 8 did not have subsequent TLS recurrence. During the 

venetoclax monotherapy lead in of the phase I trial of venetoclax plus rituximab in relapsed/

refractory CLL, two patients in the 50mg starting dose cohort experienced clinical TLS; one 

lead to death.(3) Based on this collective experience, an extended dose ramp-up schedule 

starting at 20 mg and TLS prophylaxis and monitoring strategy were devised. All 60 patients 

in the expansion cohort of the monotherapy trial were treated with this modification to 

venetoclax dosing, resulting in no episodes of clinical TLS.(4) Similarly, no additional 

clinical tumor lysis was experienced in the amended phase I venetoclax plus rituximab trial 

during the initial venetoclax dose ramp up. The phase II study of patients with R/R CLL 

harboring a chromosome 17p deletion (del(17p)) reported 5% laboratory TLS.(5) A phase II 

study of venetoclax in patients previously treated with ibrutinib reported 2% laboratory TLS.

(6)

The U.S. Food and Drug Administration (FDA) package insert for venetoclax defines TLS 

risk category as well as the recommended minimal prophylaxis strategies by risk category.

(7) Adherence to these recommendations outside of clinical trials is not known. Rates of 

TLS and other adverse events (AEs) of interest outside of the clinical trial setting have been 

less well described.(8,9)

We evaluated an international cohort of 297 patients treated with venetoclax, the largest 

cohort of patients treated outside of clinical trials to date, to describe clinical practice 

patterns for determination of TLS risk and prophylactic measures, as well as observed rates 

of TLS. We further characterized the AE profile for venetoclax outside of the clinical trial 

setting and outcomes for patients who require dose interruptions or dose reductions, data not 

readily available through clinical trial reports.

Methods

This international collaboration included 15 academic and 51 community centers across the 

United States and United Kingdom and was completed in partnership with the CLL 

Collaborative Study of Real World Evidence (CORE) and the United Kingdom CLL Forum. 

The CLL Collaborative Study of Real World Evidence (CORE) is a multicenter 

collaborative effort across academic and community centers aimed to pool retrospective data 

to study real world outcomes in CLL patients. The UK CLL forum is a collaborative work 

group of physicians and scientists with an interest in CLL who develop research, form 

guidelines, and share best practice. The UK CLL forum reached out to members of the 

broader CLL treating community in the UK to collect data from over 40 sites included in the 

manuscript. We have verified that no patients overlap between the contributions from US 

medical centers, CORE centers, and the UK CLL forum. The study was Institutional Review 

Board approved.

Investigators at each US center collected data through chart review of CLL patients treated 

with venetoclax from the time of US commercial approval through 7/2018, and UK 

investigators collected data from 8/2015 through 7/2018. Data collected included 

demographics, disease characteristics, venetoclax dosing, TLS risk and prophylaxis, and 
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AEs. To understand patterns of venetoclax use, we collected data on its administration as 

monotherapy and, if paired, which additional agent was given. To understand specific 

practices surrounding dosing schedules, we collected the maximum dose of venetoclax 

achieved during dose-escalation, the total number of dose reductions and/or interruptions 

(including duration) required while on therapy, and the stable venetoclax dose used 

following dose escalation.

To understand TLS risk, investigators assigned patients to low, intermediate, or high TLS 

risk categories as defined by the venetoclax package insert.(7,10) We also collected the 

absolute lymphocyte count (ALC) and largest lymph node measurement prior to venetoclax 

dosing (either by examination or CT imaging) to assess the accuracy of TLS risk 

assignment. The number of planned hospitalizations for venetoclax dose escalation and 

prophylaxis (allopurinol, rasburicase, normal saline, additional agents) were captured. 

Laboratory versus clinical TLS events were defined by the Howard criteria.(2) Selected AEs 

were collected and graded using the NCI Common Toxicity Terminology Criteria for 

Adverse Events v4.0 (CTCAE v4.0). Potential additional TLS risk factors were explored 

including age, sex, baseline renal function, cytogenetics, IGHV mutational status, number of 

prior therapies, exposure to prior ibrutinib, TLS risk classified by the investigator based on 

the FDA package insert,(7) and venetoclax administration as monotherapy or in combination 

with another agent.

We performed univariate analyses to evaluate the association between proposed risk factors 

and the development of TLS. Age and number of prior therapies were analyzed as 

continuous variables. Sex, baseline renal function, cytogenetics, IGHV mutational status, 

exposure to prior ibrutinib, TLS risk as defined by the investigator, and venetoclax 

monotherapy versus (vs.) combination were analyzed as categorical variables. Baseline renal 

function was stratified based on creatinine clearance <80 mL/min versus ≥80 mL/min as 

defined in the venetoclax package insert.(7) Cytogenetic abnormalities included this analysis 

were del(17p) and complex karyotype (3 or more chromosomal abnormalities(11)). IGHV 
mutational status was categorized as unmutated or mutated by standard criteria.(11) For all 

variables, odds ratios (OR) with 95% confidence intervals (CI) were estimated for 

association with TLS using logistic regression. All variables significantly associated with 

TLS to a level of p<0.05 in univariate analysis were included in a multiple logistic 

regression model. For independent predictors of TLS in this model, we report the area under 

the receiver operator characteristic curve (ROC). We used a bootstrap resampling method to 

evaluate and correct for any potential bias in our estimates and internally validated findings 

based on 100 bootstrap samples.

Progression free survival (PFS) was estimated with the Kaplan Meier method.(12) PFS was 

defined as the time from venetoclax initiation until progression or death from any cause, and 

patients were censored at the time of last follow up. Patients who went on to receive cellular 

therapy (stem cell transplant or CAR-T) but had not progressed were censored on the date of 

cellular therapy. The log-rank (LR) test was used to compare PFS among patients who 

receive 400 mg daily venetoclax vs. < 400 mg daily venetoclax, those with dose 

interruptions vs. those without, and length of dose interruption. Hazard ratios (HR) were 

estimated using Cox regression analyses.(13) All other analyses were descriptive. Tests were 
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two-sided at the 5% level unless otherwise noted. Statistical analyses were performed using 

STATA 10.1 (Stata Statistical Software: Release 10, 2007; StatCorp LP, College Station, 

TX).

Results

Baseline Characteristics

Two hundred and ninety-seven patients from 15 academic (n=169) and 51 community 

(n=128) centers were treated with venetoclax outside of a clinical trial and included in this 

study. The group was 68% male and median age at venetoclax initiation was 67 years (range 

37–91), 96% had relapsed or refractory (R/R) CLL, 45% had del(17p), and 84% had 

unmutated IGHV, and 47% had baseline renal dysfunction (creatinine clearance <80 mL/

min) (Table 1). Venetoclax was given as monotherapy (80%, n=237) or paired with another 

agent (20%, n=59). Of those who received venetoclax paired, 75% (n=44) received anti-

CD20 monoclonal antibody (Ab), 8.5% (n=5) received ibrutinib, and 16.5% (n=10) received 

another agent. Median time from venetoclax initiation to progression or last follow-up was 

11 months (range 1 to 33 months).

TLS Risk, Prophylaxis, and Incidence

TLS risk classification by investigator at time of initiation of venetoclax was low in 40%, 

intermediate in 32%, and high in 28%. Sixty two percent of patients had a CT scan within 1 

month prior to venetoclax initiation. CT scans were most commonly obtained in high risk 

patients (76%), with a lower proportion of intermediate (65%) and low risk (55%) having 

had CTs. The median ALC was 3000/μL in low risk, 27,000/μL in intermediate risk, and 

35,100/μL in high risk. The proportion of patients in whom the largest lymph nodes was 

under 5 cm was 93% in the group at low risk for TLS, while only 30% of patients with high 

TLS risk had a lymph node under 5 cm. After review of patient level data of ALC and lymph 

node measurements, 168 patients had sufficient data available to determine TLS risk 

category. Based on available data, 12.5% of all patients were misclassified in terms of TLS 

risk. Of the misclassified cases, TLS risk appeared to be non-differential (under-classified in 

43% (n=9) and over-classified in 57% (n=12)). Given only partial patient level data, 

subsequent analyses were based on investigator assigned TLS risk.

We examined strategies employed for TLS monitoring and prophylaxis. At least one planned 

hospitalization during dose escalation occurred in 88% of high TLS risk patients, 80% of 

intermediate TLS risk, and 56% of low TLS risk patients based on investigator classification. 

For patients at high TLS risk, 65% of patients had 2 or more planned hospitalizations during 

dose ramp up.

Data regarding use of TLS prophylactic agents were available for a subset of the total cohort 

(Table 2). Normal saline was administered in 85% (n=62/73) of low, 88% (n=49/56) of 

intermediate, and 97% (n=30/31) of high risk patients. Allopurinol was prescribed in 91% 

(n=68/75) of low risk patients, 93% (n=52/56) of intermediate, and 94% (n=29/31) of high 

risk patients. Twenty seven percent (n=28/102) of low risk, 42% (n=34/81) of intermediate 

risk, and 72% (n=57/79) of high risk patients received at least 1 dose of rasburicase. For 
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those who received rasburicase, the median number of doses was 2 (range 1–17). For a small 

subset of patients (n=57), data regarding rasburicase dose was available with 23 receiving 3 

mg flat dose, 28 receiving 6 mg flat dose, and 6 receiving standard weight-based dosing.

Clinical TLS occurred in 2.7% (n=8) of patients and laboratory occurred in 5.7% (n=17; 

Table 2). Of these 25 events (8.4% of total cohort), 5 total events (4.2%; 3 laboratory and 2 

clinical) occurred in low risk patients, 10 events (10.7%; 7 laboratory and 3 clinical) 

occurred in intermediate risk patients, and 10 events (12.0%; 7 laboratory and 3 clinical) 

occurred in high risk patients. Only one patient required permanent venetoclax 

discontinuation because of TLS. Significant AEs related to TLS included requirement of 

hemodialysis for one patient (intermediate risk, baseline creatinine clearance <80 mL/min) 

and one death from TLS.(14) This patient had experienced rapid disease progression and 

treatment-related neutropenia requiring hospitalization. Following dose interruption, the 

patient was re-challenged with 400 mg of venetoclax without dose escalation. The rate of 

TLS was 3.4% in patients who received venetoclax paired with another agent and 9.3% for 

those who received venetoclax as monotherapy (p=0.15). Data regarding timing of paired 

agents were not available in this analysis.

For those with baseline creatinine clearance ≥80 mL/min, the rate of TLS was 5.0% while 

the rate was 14.7% in patients with creatinine clearance <80 mL/min (p=0.02). Of the 8 

patients who developed clinical TLS, data regarding prophylaxis strategy were available for 

7 patients. All 7 (2 low, 2 intermediate, and 2 high risk) had planned hospitalizations for 

dose escalation (median 3 hospitalizations, range 2–4) and all received allopurinol and 

normal saline prophylaxis. Two of 7 also received rasburicase for prophylaxis.

Univariate analyses examining risk of TLS by baseline variables including sex, age at 

venetoclax initiation, number of prior therapies, prior ibrutinib, cytogenetics, IGHV 
mutational status, creatinine clearance, venetoclax monotherapy vs. paired, and TLS risk 

group as defined by the FDA package insert were performed (Supplemental Table 1). 

Variables associated with increased TLS risk were (1) creatinine clearance (<80 vs ≥80 

mL/min OR 3.3, 95% CI 1.1–9.5, p=0.031) and (2) FDA package insert defined TLS risk 

group prior to initiation of venetoclax (high risk OR 3.1 95% CI 1.007–9.3, p=0.048).

In a multivariable analysis adjusted for patient age at start of venetoclax, TLS risk group and 

creatinine clearance (categorized by <80 and ≥80 mL/min) independently predict TLS 

development (high risk vs. low risk OR 3.0, 95% CI 1.7–5.4, p<0.001; creatinine clearance 

<80 vs ≥80 mL/min OR 2.6, 95% CI 1.1–6.2, p=0.031). The area under the ROC curve for 

this model including TLS risk group and creatinine clearance was estimated to be 75.2% 

(Figure 1). As a comparison, the area under the ROC curve for TLS risk as per the FDA 

package insert was 64.7%. Both variables remained significant in multivariable bootstrap 

analysis (creatinine clearance <80 vs ≥80 mL/min OR 2.6, p<0.001; high vs. low risk OR 

3.0, p=0.021).

Other Adverse Events

Data regarding AEs of interest were captured and described in Table 3. In this cohort, grade 

3/4 neutropenia (absolute neutrophil count <1000/μL) was observed in 39.6% with 
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neutropenic fevers in 7.9%, thrombocytopenia (platelets <50/μL) in 29.2%, and diarrhea (≥7 

stools/day) in 6.9%. AEs were similar for those who received venetoclax paired with another 

agent. Specifically, for patients who received venetoclax in combination with another agent, 

AEs included grade 3/4 neutropenia in 35%, thrombocytopenia in 29%, neutropenic fever in 

6.3%, and diarrhea in 6.4%.

Prior chemoimmunotherapy was a significant predictor of neutropenia, even after adjusting 

for number of therapies prior to venetoclax (OR 2.0, p=0.021).

Venetoclax Dosing

Data regarding venetoclax dosing, including rates of dose reduction and interruption are 

included in Table 4. During dose escalation, 81% completed the full dose escalation to a 

maximum dose of 400 mg. The stable dose achieved was 400 mg for 65%, 200 mg for 9%, 

100 mg for 17%, 50 mg for 6%, 20 mg for 3%. Data regarding concomitant medications and 

dose reductions for concurrent CYP3A4 inhibitors were not available. PFS was similar for 

those whose final venetoclax dose was 400 mg and < 400 mg (Supplemental Figure 1A). At 

least one dose reduction was required for 29% of patients, and 32% of patients required at 

least one dose interruption. The median length of dose interruption was 7 days (range 1 – 

132). Dose interruption did not impact PFS (Supplemental Figure 1B). Dose reductions (≥8 

days vs. < 8 days) did not impact PFS (Supplemental Figure 1C).

With a median follow up of 12 months (range 1–33 months), 40% (119/297) of patients 

discontinued venetoclax. The most common reason for discontinuation was CLL 

progression (35.3%; 42/119 discontinuations, 38/42 with prior ibrutinib exposures), 

followed by toxicity (19.3%; 23/119), planned cellular therapy (14.3%; 17/119), and 

Richter’s transformation (10.9%; 13/119). The most common toxicities leading to 

discontinuation in descending order were thrombocytopenia, infection, and neutropenia.

Discussion

Although data available from several clinical trials clearly demonstrate significant activity, 

durable remissions, and manageable side effects of venetoclax in the R/R setting, non-trial 

experience is limited. These data from 297 patients treated with venetoclax outside of the 

clinical trial setting allow for a richer understanding of TLS classification and prophylaxis 

strategies employed, rates of clinical and laboratory TLS and other adverse events, and 

predictors of TLS development. The observations from this dataset can help to shape clinical 

management strategies, particularly from a patient safety perspective.

Though the package insert for venetoclax defines TLS risk based on tumor burden and 

provides guidance on prophylaxis strategy, setting of administration, and frequency of 

assessments, our data suggest variable adherence to these recommendations outside of the 

clinical trial setting. First, we identified limited use of CT scans to determine lymph node 

size as only 62% of the cohort had a CT to inform risk stratification. We found that 12.5% of 

patients who had sufficient data to verify their assigned TLS risk category were 

misclassified based on the FDA package insert.(7) However, this does not account for 

possible misclassifications based on non-palpable large lymph nodes unidentified because of 
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lack of radiographic evaluation. These data demonstrate an educational need as imaging is 

recommended to inform TLS risk, and thus TLS prophylaxis, monitoring, and need for 

planned hospitalizations. Regardless of TLS risk, adherence to measures such as intravenous 

fluids and uric acid lowering agents were universally high.

For patients categorized as low risk, the vast majority (91%) were appropriately prescribed 

allopurinol. Interestingly, 85% received normal saline and 57% had at least one planned 

hospitalization during dose ramp up. The package insert guidance for patients at low TLS 

risk is to employ oral hydration and perform the dose ramp up in the outpatient setting. 

These discrepancies may reflect burden of comorbidities, impaired renal function, or 

functional status of patients receiving venetoclax. Further, these practices may represent an 

abundance of caution on the part of the treating physician using a new agent with a novel AE 

profile or local logistics in which admission is more practical than outpatient monitoring. It 

is interesting that, despite very conservative TLS prophylactic measures, a small number of 

clinical events were noted in low risk patients (laboratory TLS 2.5%, clinical TLS 1.7%). 

Data regarding prophylaxis strategy was available for 4 of 5 low risk patients who developed 

TLS; 100% were hospitalized for dose escalation (median number of hospitalizations was 4, 

range 3–5), 100% received allopurinol, and 50% received rasburicase. These data suggest 

that less intensive TLS prophylaxis and monitoring strategies than recommended by the 

package insert should not be considered at this time. Additionally, future studies should aim 

to understand which other factors contribute to the risk for TLS despite standard 

classification as low risk.

For high risk patients, the FDA package insert recommends use of oral and IV hydration, 

allopurinol with consideration of rasburicase, and hospitalization for the first 2 dose levels. 

Use of normal saline (97%) and allopurinol (94%) was nearly ubiquitous, and rasburicase 

was employed frequently (72%). Not consistent with the FDA package insert, 12% of this 

group were never hospitalized and 23% were hospitalized once for dose escalation. With 

these management strategies, the rate of laboratory TLS was 8.4% and clinical TLS was 

3.6%, rates that are higher than may be expected based on clinical trial experience.(15) Of 

the 10 high-risk patients who experienced TLS, 2 patients (both with laboratory TLS) were 

not hospitalized ≥2 times for dose escalation, 1 did not receive allopurinol given history of 

Stevens Johnsons Syndrome and instead received rasburicase, and 4 (2 clinical, 2 laboratory) 

did not receive rasburicase. All of these patients received normal saline. This observation 

highlights the opportunity for improvement in adherence to the FDA/EMA package insert 

based on risk, which may allow for lower rates of TLS as have been observed in clinical 

trials.

TLS high risk group and impaired renal function (creatinine clearance <80 mL/min) 

independently predict development of TLS. Modeling using these variables performs better 

than using TLS risk group alone (ROC area 75.2% vs. 64.7%). These data suggest that 

decision making regarding prophylaxis strategy and setting for dose escalation should 

consider a patient’s renal function in addition to their TLS risk.

Regarding AE profile, a comprehensive safety analysis of venetoclax monotherapy in CLL 

patients treated on three early phase clinical trials described rates of grade 3/4 toxicities 
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including neutropenia in 37%, thrombocytopenia in 14%, and diarrhea in 2.5% (9/350).(15) 

Our observed rate of grade 3/4 neutropenia was similar at 39.6%, though our observed rates 

of thrombocytopenia (29.2%) and diarrhea (6.9%) were higher than this pooled clinical trial 

experience. Our data suggest that the toxicity profile for patients treated with venetoclax 

monotherapy versus venetoclax paired with another agent is similar. While combination 

therapy appears to be well tolerated, these data highlight the need for prospective data 

examining monotherapy versus combination therapy to assess comparative efficacy.(16) This 

analysis was limited by heterogenous population of combination therapy, though the 

majority (75%) were in combination with anti-CD20 Ab.

Compared to the real-world experiences with ibrutinib where most discontinuations are due 

to toxicity (rather than progression), toxicity drives discontinuation in a smaller proportion 

of venetoclax treated patients.(17,18) In our cohort, 29% of patients required dose reduction, 

32% required dose interruption for median length of 7 days (range 1–132 days), and 40% 

discontinued venetoclax with 7.7% having discontinued for AEs. As a comparison, in a 

composite analysis of safety of venetoclax in the clinical trial setting that included 350 

patients, 13% required dose reduction, 34% required dose interruption, and 10% 

discontinued venetoclax due to AEs.(15) This suggests that, in clinical practice as compared 

to clinical trials, more patients require dose reductions, although rates of dose interruption 

and discontinuation for AEs were similar. Notably, we found that dose reductions and 

interruptions did not adversely impact PFS, and duration of interruption (<8 vs. ≥8 days, a 

cutoff used by Barr, et al. to examine outcomes with ibrutinib therapy dose 

interruptions(19)) did not significantly impact PFS in Cox regression analysis. This 

observation is consistent with data suggesting that outcomes are not adversely impacted by 

dose interruptions or reductions in patients treated with ibrutinib.(20–22) These hypothesis 

generating data are the first to examine outcomes stratified by dose reduction or interruption 

of venetoclax as venetoclax clinical trials have not reported outcomes stratified by these 

features. These observations are consistent with pharmacodynamic data suggesting that 

lower doses of venetoclax yield similar responses in lymphocyte count and lymph node size. 

These data will need confirmation in future studies but provide reassurance that, if clinically 

required, venetoclax dose interruption and dose reductions do not appear to negatively 

impact outcomes.

This study is limited by its retrospective design, which required data collection by multiple 

providers. Although investigators were directed to characterize TLS risk based on the 

venetoclax package insert and development of TLS based on Howard criteria, central review 

for consistency of data collection was not possible and we cannot rule out ascertainment bias 

in these data. The toxicity data presented here were collected based on retrospective chart 

review, which is not as closely controlled as data collected through prospective trials. 

However, while many retrospective studies only capture AEs that lead to drug 

discontinuation, we collected AEs in all patients to provide a more comprehensive AE 

profile in clinical practice. Given that we do not have data on timing of dose reductions and 

interruptions, survival data presented here have the potential for survivor bias and need to be 

confirmed in future studies. Further, given lack of data on concurrent medications and drug-

drug interactions, some dose reductions reported here may reflect appropriate dose reduction 

strategy in the setting of a CYP3A4 inhibitor. Many retrospective series are limited by 
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predominance of patients treated in academic centers. By including both academic and 

community centers in this study, we have attempted to overcome this limitation.

Despite these limitations, we believe that these data provide important insights into the 

current use of venetoclax in clinical practice and help inform future use and study design. 

We have identified both TLS risk classification and TLS prophylaxis strategies that differ 

from the FDA/EMA package insert, as well as rates of TLS that are higher than those 

reported in clinical trials of venetoclax. With improved attention to accurate risk 

classification and adherence to recommended TLS prophylaxis strategies, rates of TLS may 

be further reduced, likely translating to better patient outcomes. We have validated that the 

FDA recommended TLS risk strata are predictive of TLS events in clinical practice and that 

baseline renal function is an important independent predictor of TLS, which should be 

considered across all TLS risk categories. For patients with a creatinine clearance of <80 

mL/min, additional attention to prophylaxis strategies and more conservative monitoring 

may be warranted. Finally, we found that PFS is not impacted by dose reductions, dose 

interruptions, or duration of dose interruptions. Further prospective data examining this 

question will further inform practice. In summary, these data provide important insights into 

venetoclax use which may allow for improved safety of this effective agent in CLL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance:

Venetoclax, a potent inhibitor of BCL-2, induces apoptosis and is approved for relapsed/

refractory CLL (400 mg daily). We examined the adverse event profile of venetoclax and 

report current approaches to tumor lysis syndrome (TLS) risk stratification and 

prophylaxis in clinical practice. We identified factors associated with TLS and 

neutropenia. Pooled pharmacodynamic data (PD) for exposure–efficacy analyses suggest 

that steady state concentrations of 0.008 μg/mL and 0.146 μg/mL decrease lymphocyte 

counts and lymph node size by 50% respectively.(1) PD modelling suggests similar 

responses at 200 mg or 400 mg/day after 6 months of venetoclax exposure (80.9% vs. 

84.8%).(1) Impact of dose modifications on outcomes in practice has not been studied. In 

this large, multicenter cohort of venetoclax-treated CLL patients, we stratified outcomes 

based on stable venetoclax dose and dose interruptions. Our data suggest that, when 

clinically indicated, venetoclax dose reduction and/or interruptions do not appear to 

adversely impact outcomes.
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Figure 1. 
Receiver-operating characteristic curve of sensitivity vs. 1–specificity for a multivariate 

model including TLS risk group (low, medium, high) and creatinine clearance (< 80 mL/min 

vs ≥ 80 mL/min). The area under the ROC curve is 79.6%
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Table 1.

Baseline Characteristics

Total Cohort n=297 Number with Available Data

Age, median (range) 67 (37–91) 297

Male, % 68.0% 297

Baseline renal dysfunction (creatinine clearance < 80 mL/min), % 46.8% 188

R/R, % 95.6% 297

Unmutated IGHV, % 84% 94

del(17p), % 45% 278

Prior lines of therapy, median (range) 3 (0–15) 297

Prior ibrutinib, % 80% 281

Venetoclax monotherapy, % 80% 296

TLS Risk

 Low, % 40% 295

 Intermediate, % 31.9% 295

 High, % 28.1% 295

TLS Rate 8% 296
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Table 3.

Rates of Selected Grade 3/4 Adverse Events

Total Cohort n=297 Number with available data

Total TLS 8.1% 296

Neutropenia,
1
 %

39.6% 189

Thrombocytopenia,
2
 %

29.2% 188

Febrile neutropenia, % 7.9% 188

Infections, % 25% 189

Diarrhea,
3
 %

6.9% 186

1.
Neutropenia defined as absolute neutrophil count < 1000/μL

2.
Thrombocytopenia defined as platelet count < 50,000/μL

3.
Diarrhea defined as > 7 stools per day
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Table 4.

Venetoclax Dosing and Discontinuation

Rate, % (proportion)

Achieved 400 mg daily 81% (137/169)

Maintained 400 mg daily 65% (108/166)

Required Dose Reduction 29% (51/177)

Required Dose Interruption
Duration median (range)

32% (58/181)
7 days (1–132)

Venetoclax Discontinuation Rate 40% (119/297)

Venetoclax Discontinued for AE 7.7% (23/297)
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