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Flavopiridol (alvocidib) is a semi-synthetic flavon which inhibits cyclin-dependent kinases
(CDKs) 1, 2, and 4 by outcompeting adenosine triphosphate (ATP), and CDK7 and CDK9
by noncompetitive binding.[1] Promising preclinical data in cell lines derived from mantle
cell lymphoma (MCL) and activated B-cell subtype diffuse large B-cell lymphoma
(DLBCL) led to a series of clinical trials of flavopiridol in various hematological
malignancies; however, phase | and 1l trials in which the drug was given as either an
intravenous bolus (IVB) or a continuous infusion (CIVI) resulted in modest responses in
patients with newly diagnosed and relapsed MCL (overall response rate [ORR] 4-11%)[2, 3]
and relapsed DLBCL (ORR 2%)[4]. This was attributed to the propensity of flavopiridol to
bind to circulating albumin, resulting in a narrow therapeutic index. Herein, we report the
results of a hybrid dosing schedule of flavopiridol in patients with relapsed and refractory
(R/R) MCL and DLBCL, accompanied by an analysis of the /n vivo effects of the drug on
CDK targets seen in paired biopsy samples obtained before and after the first dose.

This was a single-center phase I/11 trial of flavopiridol given as a 30-minute bolus, followed
by a 4-hour infusion. In addition to the standard 3+3 inter-patient dose escalation, intra-
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patient escalation was also planned between the first and subsequent cycles to minimize the
risk of tumor lysis syndrome (TLS). Primary objectives were to assess the response rate of
flavopiridol hybrid dosing schedule in patients with relapsed MCL and DLBCL, and to
assess the toxicity profile, maximum tolerated dose (MTD) and dose-limiting toxicities
(DLTs) of the regimen. The trial was approved by the National Cancer Institute Institutional
Review Board and registered on ClinicalTrials.gov ().

28 patients with R/R MCL, DLBCL, transformed follicular lymphoma, and primary
mediastinal B-cell lymphoma were enrolled between February 2007 and May 2010 and
received at least one dose of flavopiridol (Table 1). Median age was 60.75 (range 24.5-80.7).
Most had advanced disease at diagnosis (Stage 1V 82%), and were heavily pretreated, with
median 3 (1-10) prior regimens. Dose levels on cycle 1 week 1 were 25 mg/m2 IVB + 25
mg/m2 4-hour CIVI (DL1, 4 patients), 30 mg/m2 IVB + 30 mg/m2 CIVI (DL2, 16 patients),
and 30 mg/m2 IVB + 50 mg/m2 CIVI (DL3, 8 patients). Thereafter, all patients received 30
mg/m2 IVB + 50 mg/m2 4-hour CIVI weekly for four weeks in a six-week cycle, which was
determined to be the MTD. Because of the occurrences of TLS seen in prior studies,
including two deaths associated with uncontrolled hyperkalemia, all patients received
allopurinol 300 mg orally once daily for the first five days of the first cycle along with
intravenous hydration six hour prior to the first dose. The median number of cycles was 1
(1-6), with reasons for treatment discontinuation being disease progression (n=20),
completion of all six planned cycles (6), adverse event (3), patient preference (1), and
investigator discretion (1).

Eight DLTs were observed in three patients: grade 4 metabolic acidosis and gastrointestinal
perforation; and grade 3 TLS, non-neutropenic infection, hyperkalemia, hypoalbuminemia,
and elevated AST and ALT. No single DLT occurred more than once. The most commonly
reported treatment-related adverse events (AES) were hematologic, including
thrombocytopenia and anemia (9 patients each), neutropenia requiring prophylactic
granulocyte colony-stimulating factor (G-CSF), leukocytosis, and lymphopenia (Table 2).
The most common non-hematologic AEs were hypoalbuminemia and LFT abnormalities (9
patients each), and the most commonly reported symptom was fatigue (7 patients). Seven
patients developed infections, most of them without concomitant neutropenia.

Of the 28 patients, 26 were evaluable at the time of study completion (Figure 1). One patient
with DLBCL had a sustained partial response (PR) lasting 84 days, for an overall response
rate of 3.8%. One patient with MCL had a 50% decrease in the size of target lesions at two
months, which was not sustained at 4-month follow-up; another patient with DLBCL had
>30% decrease but had developed new malignant pleural effusions. Nine of 26 patients
(34.6%) had stable disease (SD), for a disease control rate (SD+PR) of 38.4%. There was
decreased Rb staining at the S807/811 phospho-site in 8 of 9 paired samples analyzed, and
at the S870 site in 7 of 8 paired samples, suggestive of the G1-related CDK2 and CDK4
inhibition. In one sample in which p53 was detected, there was an increase post-treatment,
suggestive of CDK®9 inhibition.

Our findings are similar to those seen in a phase Il trial conducted at the Ohio State
University, which used a hybrid schedule of flavopiridol in 46 patients with various R/R
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non-Hodgkin lymphomas (of which 7 MCL and 17 DLBCL or other intermediate/aggressive
B-cell lymphomas).[5] MTD for the two cohorts that completed accrual was not reach, with
the maximum planned dose being 50 mg/m2 1VVB + 50 mg/m2 CIVI. Eleven patients did not
complete the first cycle, most for disease progression (7). Six patients (14%) achieved a PR,
two with MCL, three with indolent B-cell lymphomas, and one with DLBCL. Median
duration of response was 6 months. Five patients (12%) had SD, making the disease control
rate 26%.

The hybrid dosing schedule of flavopiridol did seem to improve tolerability, and paired
biopsies showed the appropriate pharmacodynamic effect of the drug. However, this did not
translate into clinical responses, suggesting that broad CDK inhibition alone is insufficient
to induce durable responses in MCL and the other included B-cell lymphomas. Other
clinical studies have made similar observations. Phase I trial of a pan-CDK inhibitor
roniciclib included 7 patients with lymphoid malignancies, and a phase I trial of the
CDK1/4/9 inhibitor P276-00 had 13 patients with R/R MCL; no objective responses were
seen in either trial.[6, 7] The small molecule AT7519M, which in addition to CDK1/2/4/9
also inhibits CDK5 but not CDK?7, had ORR 17% (2 of 12) for R/R MCL in a phase Il trial.

[8]

Experience with other kinase inhibitors, most notably those of the phosphatidylinositol 3-
kinase (PI3K), has shown that pan-inhibitors which target many isoforms have narrow
therapeutic windows and limited efficacy in clinical trials. More specific CDK inhibitors
have been investigated, including two of the three CDK4/6 inhibitors now approved by the
US Food and Drug Administration for the treatment of certain breast cancer: palbociclib and
ribociclib. In a phase Ib study of palbociclib, one of 17 patients had a complete response and
two had PRs (ORR 18%);[9] and in the first-in human study of ribociclib, none of the seven
patients with R/R MCL responded.[10] At least two selective CDK9 inhibitors, voruciclib
and AZD4573, are in phase | studies in patients with R/R hematological malignancies with
results yet to be reported.

CDK inhibitors may be more effective when used in combination with other drugs. One
approach is to identify agents which could further sensitize lymphoma cells to CDK
inhibition: metformin reduced the 1C-50 value of the CDKJ inhibitor BAY 1143572 3-fold
and 10-fold in a Burkitt lymphoma and an MCL cell line respectively.[11] Alternatively,
CDK inhibitors themselves may be used as sensitizing agents for drugs with known clinical
activity in MCL. For example, flavopiridol caused downregulation of MCL-1 expression in
BCL2hig" lymphoma cell lines and had marked synergy with venetoclax.[12] The
combination is being tested in AML using CIVI dosing of flavopiridol in an ongoing
multicenter Phase I trial (). Clinical trials of this combination in MCL may be limited by the
risk of tumor lysis syndrome, but are a potentially rational doublet. The CDK3 inhibitor
voruciclib, structurally similar to flavopiridol, has recently been shown to inhibit Mcl-1 in
DLBCL cell lines, and sensitize them to the Bcl-2 inhibitor venetoclax both /n vitroand in
vivo.[13] If safety of voruciclib is demonstrated in the ongoing phase I trial (), its efficacy
when combined with venetoclax in MCL and DLBCL should be explored. Similarly,
palbociclib sensitized BTK-unmutated (but not BTK-mutated) ibrutinib-resistant lymphoma
cell lines to ibrutinib by prolonging early G1 arrest.[14] In a recently reported phase | trial,

Leuk Lymphoma. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miljkovic et al.

Page 4

palbociclib and ibrutinib were given together to 27 patients with R/R MCL with CR and
ORR of 37% (10 patients) and 67% (18 patients) respectively.[15] However, the contribution
of CDK4/6 inhibition to this activity will be challenging to establish even with the ongoing
Phase Il trial of the combination (), as single-agent ibrutinib has activity in MCL and is
already approved for its treatment by the United Stated Food and Drug Administration.
Notably, the trial excludes patients who have received prior ibrutinib even in cases of
primary resistance, which are not usually associated with BTK mutations.

In summary, hybrid bolus/continuous dosing of the pan-CDK inhibitor flavopiridol was
marginally better tolerated than prior dosing regimens and showed appropriate on-target
effects detected in paired tumor biopsies. Despite this, it had minimal efficacy in patients
with relapsed/refractory non-Hodgkin B-cell lymphoma, casting doubt on the utility of CDK
inhibition in this disease. Ongoing trials of more specific CDK inhibitors in combination
with other agents will help elucidate their role in lymphoma treatment.
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Figurel.
Patient responses per protocol-defined RECIST 1.1 criteria. Evaluations were performed

every two months.
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Patient demographics and disease data. MCL=mantle cell lymphoma, DLBCL=diffuse large B-cell lymphoma,

FL-T=transformed follicular lymphoma, PMBCL=primary mediastinal B-cell lymphoma.
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Characteristic All patients (N=28) MCL (N=15) Other (N=13)
No. of males (%) 20 (71) 12 (80) 8 (62)
Median age, years (range) 60.75 (24.5-80.7) 60.7 (43.7-69.7)  61.9 (24.5-80.7)
Performance status, no. (%)

0 6 (21) 2(13) 4(30.5)

1 21 (75) 13 (87) 8 (61.5)

2 1(4) 0 1(8)
Diagnosis, no. (%)

MCL 15 (53) 15 (100)

DLBCL 10 (36) 0 10 (77)

FL-T 2(7) 0 2 (15)

PMBCL 1(4) 0 1(8)
Stage

I 2(7) 0 2 (15)

I 3(11) 2(13) 1(8)

v 23 (82) 13 (87) 10 (77)
Median LDH (range) 199 (121-1177) 178 (121-264) 290 (121-1177)
Median no. of prior treatments (range) 3 (1-10) 1(1-6) 4 (1-10)
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Adverse events deemed possibly, probably, and definitely related to the study drug. Grade 1 and 2 events with

fever that 3 occurrences not shown. Dose-limiting toxicities denoted with an asterisk.
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Grade Grade

CTCAE term 12 34 CTCAE term 2 34
Metabolic/laboratory Hematologic
Hypoalbuminemia* 8 1 Thrombocytopenia 7 2
AST elevation* 8 1 Neutropenia 6 2
Hyperkalemia* 7 1 Leukocytosis 6 2
ALT elevation* 6 1 Lymphopenia 5 2
Hyperbilirubinemia 5 1 Anemia 8 1
Hypophosphatemia 4 1
Hyponatremia 3 1 Other
Hyperuricemia 2 1 Infection without neutropenia* 4 1
Hypokalemia 2 1 Hypotension 4 1
Acidosis* 0 1 Diarrhea 4 1
Cardiac troponin | elevation 0 1 Vomiting 3 1
Renal failure 0 1 Infection with neutropenia 1 1
Creatinine elevation 8 0 Gl perforation (jejunum)* 0 1
Hypocalcemia 5 0 Febrile neutropenia 0 1
Hypernatremia 5 0 GI hemorrhage (rectum) 0 1
Hypercalcemia 4 0 Syncope 0 1
CPK elevation 4 0 Tumor lysis syndrome* 0 1
Alkaline phosphatase elevation 4 0 Fatigue 7 0
Low serum bicarbonate 4 0 Anorexia 5 0
Hypomagnesemia 3 0 Fever (non-neutropenic) 5 0
Hyperglycemia 3 0 Nausea 5 0

Sinus tachycardia 3 0

Bone pain 3 0
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