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Mitotic Inhibitors: The Rationale

• Disrupting mitosis is a well-validated method to treat 

cancer

• Drugs that disrupt mitosis (such as the taxanes and 

the vinca alkaloids) also target neural cells and 

cause peripheral neurotoxicity

• Targeting proteins involved exclusively in mitosis 

will result in an effective chemotherapeutic agent 

while avoiding neurotoxicity

• Aurora Kinase (AK) Inhibitors 

• Polo-like Kinase (PLK) Inhibitors

• Kinesin Spindle Protein (KSP) Inhibitors



Aurora A, Aurora B and Polo-like Kinases

Proteins with Pivotal Roles in Mitosis

Komlodi-Pasztor et al, Nature Reviews Clinical Oncology 2011



PLK Inhibitors
Agents that disrupt mitosis: Limited activity to date

ON01910 Onconova SD in 2 (6 wks and 22 wks)/5 - ASCO „06 Abstract 13137

0/13 - ASCO „06 Abstract 13026

SD in 1/23 - ASCO „08 Abstract 2515

OR in 1/20 - JCO “08

BI-2536 Boehringer PR in 4/95 - ASCO „08 Abstract 8030

PR in 2/33 - ASCO „08 Abstract 8115

SD in 7/23 - ASCO „09 Abstract 8108

GSK-461364 GlaxoSmithKline SD in 2/27 - ASCO „09 Abstract 3536

HMN-214 Nippon Shinyaku No activity - ASCO „02 Abstract 419

A minor response and SD - ASCO „02 418

1 transient response and 2 SD/33 - ASCO „04 Abstract 3034

7/29 SD - CCR „06

BI-6727 Boehringer recruiting



Aurora Kinase Inhibitors
Agents that disrupt mitosis: Limited activity to date

Compound Company Comment

MK-0457 (VX-680) Vertex/Merck Activity in 3 patients with Imatinib Resistant T315I CML, 

suspended due to heart safety issue

AZD 1152 Astra Zeneca No activity reported

PHA 680632 Nerviano No activity reported

PHA 739358 (Danusertib) Nerviano 1/56 PR; SD in 7/42 - CCR „09 + ASCO „08 Abstract 3507

MLN8054 Millenium SD in 3/43 - ASCO „09 Abstract 2578

MLN8237 Millenium SD in 5/23

R763 Merck/Serono Disease progression in 2/15 - ASCO „07 Abstract 14130 

AT9283 Astex PR 1/33 and SD in 4/33 - ASCO „09 Abstract 2566,

Hematological R in 2/29 - ASCO „08 Abstract 2518

SD in 3/22 - ASCO „08 Abstract 2519

PF-03814735 SD in 2/25

SNS-314 Sunesis SD in 6/32 - ASCO „09 Abstract 2536.

SU6668 Sugen/Pfizer SD in 4/35 - ASCO „02 Abstract 1922

SD in 3/35 - ASCO „02 Abstract 335

ENMD-2076 EntreMed 2/67 PR; SD in 4/14 - CCR „11 + ASCO „09 Abstract 3520

CYC116 Cyclacel one study is ongoing, one study is terminated

ENMD-981693; MKC 1693 Entremed/Miikana recruiting

BI 811283 Boehringer Ingelheim recruiting



What about stable disease?

A questionable measure of efficacy with any drug…

SD cannot occur with a mitotic kinase inhibitor



content.answers.com

Mitotic Arrest is not Sustainable



Mitotic Inhibitors: The Rationale

WHAT WAS WRONG?
• Disrupting mitosis is a well-validated method to 

treat cancer

• Drugs that disrupt mitosis (such as the taxanes and 

the vinca alkaloids) also target neural cells and cause 

peripheral neurotoxicity

• Targeting proteins involved exclusively in mitosis will 

result in an effective chemotherapeutic agent while 

avoiding neurotoxicity

• Disrupting mitosis is NOT a well-validated 

method to treat cancer



Mitosis is a well-validated method to treat 

cancer in vitro and in xenografts, where tumor 

doubling times approach 24 hours
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Tumor type Assessment # studies Doubling times

Lung Imaging 9 29 - 255 days

Colon CEA values 5 18 - 153 days

Colon Imaging 5 86 - 942 days

Hepatocellular Imaging 14 63 - 203 days

Breast Imaging 12 45 - 325 days

Prostate PSA values 15 284 - 1694 days

Prostate Imaging 1 33 - 577 days

Melanoma Imaging 6 33 - 511 days

…but mitosis is NOT a well-validated method 

to treat cancer in humans, where tumor 

doubling times are much, much longer 24 hours



Preclinical models: Limited utility / No predictive value
BI 2536, an inhibitor of polo-like kinase 1, inhibits tumor growth in vivo

Steegmaier et al Curr Biol 17:316 (2007)



Steegmaier et al Curr Biol 17:316 (2007)

Preclinical models: Limited utility / No predictive value
BI 2536, an inhibitor of polo-like kinase 1, inhibits tumor growth in vivo



Crosio et al

Mol Cell Biol

22:874 (2002)

G1

G2

Prophase

Metaphase

Telophase

Aurora A and B are expressed in G2 and mitosis



mitosis is NOT a well-validated method...

The clinical exception and validation: 

normal bone marrow

Mitotic kinase inhibitors and neutropenia

…. the principal and recurrent DLT



Aurora Kinase Inhibitors

Human Clinical Trials
DLT: Febrile Neutropenia



Mean total marrow neutrophils* 7.70 ± 1.20 × 109 cells/kg

The mean number of normoblasts* 5.07 ± 0.84 × 109 cells/kg

Neutrophil:Erythroid ratio* 1.52 ± 0.071

Post-mitotic pool*‡ 5.59 ± 0.90 × 109 cells/kg (73%)

Mitotic pool*§ 2.11 ± 0.36 × 109 cells/kg (27%)

Neutrophil postmitotic transit time* 6.60 ± 0.03 days

Rate of marrow neutrophil 

production*
0.85 × 109 cells/kg per day

Seven 2 cm tumors 5.6 X 1010 cells

Neutrophil turnover* 1.62 ± 0.46 × 109 cells/kg per day

*Data from 13 normal human bone marrows
‡Metamyelocytes, bands and segmented neutrophils
§Promyelocytes and myelocytes

Neutrophil cellularity and kinetics in humans

Dancey, JT, et al. Neutrophil kinetics in man. J. Clin. Invest (1976) 



Mitotic Inhibitors: The Rationale
WHAT ELSE WAS WRONG?

• Disrupting mitosis is a well-validated method to treat 
cancer

• Drugs that disrupt mitosis (such as the taxanes 
and the vinca alkaloids) also target neural cells and 
cause peripheral neurotoxicity

• Targeting proteins involved exclusively in mitosis will 
result in an effective chemotherapeutic agent while 
avoiding neurotoxicity

• Disrupting mitosis is not a well-validated method to 
treat cancer

• The taxanes and the vinca alkaloids do not 
disrupt mitosis … in patients … So what do they 
do?



How do microtubule targeting agents 

(MTAs) work?

We‟ve established that in patients it 

cannot be by inhibiting mitosis - tumors do 

not divide fast enough.

So what are possible other mechanisms

What might be mechanisms that affect not 

mitotic cells but cells in interphase?



A new paradigm: 

Interphase MTs as the key target for MTAs

PARTIAL LIST OF ONCOPROTEINS THAT TRAFFIC ON OR 

ASSOCIATE  WITH MICROTUBULES 
Protein/Gene Function Reference 

p53  Role in genomic integrity and apoptosis Giannakakou et al, 02 

c-Myc  Roles in proliferation and tumorigenesis Niklinski et al, 00 

APC protein Degrad ation of ß-catenin in Wnt signaling pathway Brocardo and Henderson, 08 

BRCA1 Maintain genomic intregrity; controls cell growth Henderson, 05 

RB Tumor suppressor protein Roth et al, 07 

Smad2, 3 and 4 Signaling effe ctors of TGF-ß Dong et al, 00 

Glucocorticoid receptor Binds/transports glucocorticoids Dvorak et al, 02 

ArH receptor Cytochrome P450 (CYP) induction Vrzal et al, 08 

Androgen rece ptor Binds/transports androgens  --- 

RA receptors Nuclear receptors with diverse functions Dvorák et al, 07 

GLUT4 Insulin-responsive glucose transporter Semiz et al, 03 

HSP 90 Heat shock protein / important chaperone Giustiniani et al, 09 

PTHrP Apoptosis, prolifer ation and hypercalcemia Lam et al, 02 

MIZ-1 myc-interacting zinc finger protein Ziegelbauer et al, 01 

Elk-1 ETS domain transcription factor  Demir et al, 09 

Runx2 Regulator of cell growth and differe ntiation Pockwinse et al, 06 

Alpha 4 Regulatory subunit of PP2-type phosphatases Liu et al, 01 

MID1 (assoc with MID2) Ubiquitin ligase; Regulates MT function Aranda-Orgillés et al, 08 

 
Komlodi-Pasztor et al, Nature Reviews Clinical Oncology 2011



Food for thought……..



DNA damaging agents and 

DNA repair proteins



DNA Damage

DSBs

ATM / ATR Activation

p53

Hdm2

p21 14-3-

3
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Cell Cycle Arrest

BRCA1

DNA Damage

Repair
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MMR proteins

H2AX



Microtubules + DNA Damaging Agents (DDAs)

Effective Combinations in Clinical Oncology

Non-Hodgkin Lymphoma:

Cytoxan + doxorubicin + vincristine + prednisone [CHOP]

Cytoxan, vincristine, prednisone [CVP]

Hodgkin Lymphoma:

Doxorubicin + bleomycin + vinblastine + dacarbazine [ABVD]

Ovarian Cancer:

Platinum + paclitaxel

Lung Cancer:

Platinum + paclitaxel

Platinum + vinorelbine

Head and Neck Cancer:

Platinum + paclitaxel



Non-Hodgkin Lymphoma:

Cytoxan + doxorubicin + vincristine + prednisone [CHOP]

Cytoxan, vincristine, prednisone [CVP]

Hodgkin Lymphoma:

Doxorubicin + bleomycin + vinblastine + dacarbazine [ABVD]

Ovarian Cancer:

Platinum + paclitaxel

Lung Cancer:

Platinum + paclitaxel

Platinum + vinorelbine

Head and Neck Cancer:

Platinum + paclitaxel

Microtubules + DNA Damaging Agents (DDAs)

Effective Combinations in Clinical Oncology

Ruth Plummer:

• DNA dmage repair inhibitors 

(DDRi) are chemo- and 

radio-sensitizers

• ? danger in combining DDAs

with DDRi

• Are combinations of DDRi 

possible



Prostate cancer and the 

androgen receptor



Prostate Cancer
An evolution in our understanding….

An evolution in terminology

AIPC = Androgen-independent prostate cancer

HRPC = Hormone refractory prostate cancer

CRPC = Castration-resistant prostate cancer









OK so prostate cancer remains dependent 

on androgens….

What does that tell us about interphase 

microtubules as drug targets?



Prostate Cancer and Taxotere



Prostate Cancer and Cabazitaxel



Prostate cancer
Berges RR et al (1995)

High-grade prostatic intraepitherlial neoplastic cells

Localized prostatic cancer cells - low Gleason sum 

Localized prostatic cancer cells - high Gleason sum

Metastatic hormone-naïve tumors – lymph node metastases

Metastatic hormone-naïve tumors - bone  metastases

Hormone-refractory tumors - within distinct nonbone sites

Hormone-refractory tumors - within the bone

154 days

577 days

495 days

33 days

54 days

126 days

94 days

Range 33 days - 577 days

Johann de Bono agrees



Neurotoxicity



Neurotoxicity is evidence that disrupting 

interphase microtubules leads to cell death



“Restricted Expression” of Mitotic Kinases
The root cause of their failure in the clinic

Inhibition of mitotic kinases

Myeloid cells

30%

Severe neutropenia

Tumor cells

< 5%

No effect

Inactive against patient tumors

Toxic to normal bone marrow elements

Superb drug design



Conclusion

Mitotic kinase inhibitors



Preclinical 

models with 

rapidly 

dividing cells

Patients with 

tumor 

doubling times 

> 80 days

Microtubule targeting agents

Preclinical 

models with 

rapidly 

dividing cells

 

Patients with 

tumor 

doubling times 

> 80 days

Evidence that MTAs work not only by targeting mitotic 

cells but also by inhibiting cells in interphase
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