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Abstract

Approved and marketed drugs are frequently studied in nonclinical models to evaluate the
potential application to additional disease indications or to gain insight about molecular
mechanisms of action. A survey of the literature reveals that nonclinical experimental designs (/n
vitro or in vivo) often include evaluation of drug concentrations or doses that are much higher than
what can be achieved in patients (i.e., above the maximally tolerated dose or much higher than the
clinically relevant exposures). The results obtained with these high concentrations may be
particularly helpful in elucidating off-target effects and toxicities, but it is critical to have a dose-
response curve that includes the minimally effective or clinically effective concentration for
comparison. We have reviewed the clinical literature and drug product labels for all small
molecules and biological agents approved by the U.S. Food and Drug Administration (FDA) for
use in oncology in order to identify and compile the available pharmacokinetic parameters. The
data summarized here can serve as a guide for selection of /n vitro concentrations and in vivo
plasma exposures for evaluation of drug effects in nonclinical studies. Inclusion of drug
concentrations or exposures that are relevant to those observed in clinical practice can improve
translation of nonclinical mechanism of action findings into potentially relevant clinical effects.
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Introduction

Nonclinical studies are important foundations for modern drug discovery. Beyond initial
discovery, nonclinical investigations with approved drugs are frequently conducted to
explore possibilities for expanded use and additional disease indications. In this situation,
nonclinical experiments can take advantage of existing pharmacokinetic and toxicity
findings, along with related exposure data, to design studies to test drugs at concentrations /n
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vitroor in vivothat are relevant to observed clinical exposures. In so doing, concentrations
known to be achievable and efficacious in patients can be included in the design of novel
nonclinical studies. In a recent commentary, Smith and Houghton (1) cited several examples
of reported activities of anti-cancer agents that were derived from /n vitro studies that used
concentrations far greater than those that could be realistically achieved in a clinical setting.
In some cases, these drug concentrations were several orders of magnitude greater than
concentrations needed to inhibit the desired targets of the drug. The use of such high
concentrations increases the possibility that the effects observed are due to off-target
activities that are not relevant when the drug is provided at therapeutic concentrations in
clinical practice, and efforts to translate conclusions drawn from these studies may be
unsuccessful. Therefore, awareness of the relationship between concentrations tested
nonclinically and what is achievable in a clinical context can greatly assist the interpretation
and translation of such studies.

As an aid to guide dose and concentration selection, we provide herein a comprehensive
compilation of human plasma exposures for drugs approved by the U.S. FDA for use in
oncology. We sought to identify the maximum plasma concentration at the highest single
dose recommended in the Drug Product Label to be used as a guide to derive a range of drug
concentrations to include in nonclinical studies. We have focused on therapies that have
direct effects on tumor growth or cancer cell viability. Adjunct or strictly palliative therapies
such as analgesics and anti-emetics were excluded, although these are widely used for
supportive care during cancer treatment. We also excluded diagnostics, imaging agents and
radiological therapies. Several drugs that are not approved specifically for use in cancer but
are increasingly being reported in experimental settings (e.g., metformin, celecoxib) have
been included where possible.

A comprehensive list of agents approved for use as anticancer therapies in the U.S. was
assembled from several sources. The National Cancer Institute (NCI) maintains a list of
approved drugs with drug information summaries (2) ; this list includes most individual
agents plus many commonly used drug combinations in oncology. A list of single agents
derived from this source was cross-checked against lists of oncology therapies compiled by
MediLexicon (3) and Centerwatch (4), two databases which allow searching of FDA-
approved drugs by therapeutic area (oncology). The resulting combined list was triaged to
remove strictly palliative agents, such as analgesics and anti-emetics. Combination drug
therapies were removed from the list, since each component within the combinations was
included as the individual drug. Biological agents were parsed into a separate list. Within
biological agents, vaccines were not included. All compounds on the final list were verified
for approval status at fda.gov, and drug product labels were downloaded from FDA (5) or
DailyMed (6), a service provided by the National Library of Medicine.

Human pharmacokinetic (PK) data were identified by examination of the drug product label,
the original literature or conference abstracts, with priority given to the clinical
pharmacology section within the drug product label. The intent was to determine the
exposure defined by maximum plasma concentration (Cp,ax) and the integrated area under
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the plasma concentration-time curve (AUC) associated with the highest recommended dose
of the drug. If the information in the label was not sufficiently explicit or detailed to derive
exposures associated with discrete dosing levels, the original publications describing the PK
data were identified using Thompson-Reuters Integrity® (7) and PubMed. These sources
were reviewed and a single reference was selected for each compound based on 1) the use of
a dose equivalent to the highest dose recommended in the label and 2) the availability of the
key parameters of Cpax and AUC, typically calculated from time zero to infinity. Whenever
possible, studies reporting Crhax and AUC following a single administration at the highest
dose recommended in the product label were chosen for review. When these data were not
found, the study reporting a dose as close as possible to the highest recommended dose was
selected.

Our survey identified 145 unique small molecule drugs approved to treat cancer, of which 10
are prodrugs. Table 1 provides a summary of the human PK parameters for all 135 unique
small molecule drugs and 5 alternative formulations approved for use in oncology
indications in the U.S, excluding prodrugs. Table 2 includes all 10 drugs delivered as
prodrugs, where the chief pharmacological activity is provided by an active metabolite. The
40 unique biological agents that have been approved for oncology are summarized in Table
3. We noted 16 additional drugs that are not currently approved for cancer indications but
have been reported in clinical trials for various cancers; these have been included in Table 4.

Each table is sorted alphabetically by the unique generic name. Also provided is one
proprietary (brand) name; some drugs are sold under multiple brands, particularly outside of
the U.S. market. The dose and route of administration from which the PK data are derived is
shown, which is typically the highest dose recommended in the label. For drugs
administered 1V, the duration of injection is included. The maximum plasma concentration
(Crnax) is usually reported as ng/ml, from which we calculated micromolar concentration
units. Also collected are the time of maximum plasma concentration (Tmax) and the plasma
half-life (Tq/2). The area under the plasma concentration-time curve (AUC) is shown,
following conversion to a consistent unit of ngehr/ml. The raw values and units for Cmax
and AUC as reported in the cited reference are included in the Supplementary Tables. The
fraction bound to plasma protein is also included, as this is an important parameter to
consider when translating from /n vivo settings to /n vitro systems with varied protein
composition.

A few agents included in Table 1 have been discontinued, and some older agents are no
longer listed in the FDA “Orange Book” (8). Although these agents are no longer marketed
in the U.S., they may be used experimentally, particularly in drug combination studies, so
the PK data for these drugs have been included.

Several agents are intentionally administered as a prodrug that is converted /n vivo into the
active drug; these are summarized in Table 2. In these cases, the metabolite carries the
predominant pharmacological activity, so the levels of these metabolites following
recommended doses of the parent have been reported. For abiraterone acetate, fludarabine
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phosphate and lomustine, the levels of the parent prodrug were below the limit of
quantitation /7 vivo, so only the levels of the active metabolite are shown. Three drugs are
precursors of the cytotoxic pyrimidine, 5-fluorouracil: floxuridine, capecitabine and tegafur.
Each of these is converted to 5-FU in the liver and other tissues. Because plasma 5-FU levels
following floxuridine may be as high as the parent, it was considered a prodrug and included
in Table 2. Two compounds (dacarbazine and temozolomide) are precursors of the same
active species, N-demethyldacarbazine (MTIC). Dacarbazine is converted intracellularly to
MTIC through cytochrome P450 oxidation (9), with little accumulation of the active
metabolite in plasma, so only exposure of the parent is shown in Table 1. However,
temozolomide is rapidly converted non-enzymatically to MTIC at physiological pH,
resulting in readily detectable plasma exposure of the active metabolite, so MTIC levels
following temozolomide administration are included in Table 2. In one instance,
mechlorethamine, the parent molecule undergoes such rapid chemical transformation that
plasma levels of the parent drug were difficult to measure reliably, and a C,x could not be
determined.

Table 3 presents a summary of the human PK parameters reported for all 40 biological
therapeutics approved for cancer indications in the U.S, excluding vaccines and
radiologicals. The table is sorted alphabetically by unique generic name, followed by
proprietary brand name. As in Table 1, the dose and route of administration are given,
followed by the Cpax provided as micromoles/liter and the integrated area under the plasma
concentration-time curve (AUC). The time of maximum plasma concentration (Tp,x) and
the plasma half-life (Ty/,) are also shown, where reported, as well as the duration of
injection for drugs administered 1V.

The 16 drugs included in Table 4 are approved for other indications, but are not specifically
approved for use in cancer, although finasteride, dutasteride and alfuzosin have been
approved to treat benign prostatic hyperplasia. All of these agents are currently undergoing
clinical trials for cancer indications, thus the PK data will be useful to researchers and have
been included.

An expanded Table is available for download in the supplemental materials which combines
all small molecules in Tables 1, 2 and 4 merged into a single, sortable spreadsheet
(Supplemental Table 1). A separate file containing the biological agents from Table 3 is also
provided (Supplemental Table 2). These are Excel files that include full references for the
primary sources of the PK values and the official Drug Product Labels. Annotations of the
molecular target (if known), the C,ax and AUC in raw units as reported in the reference, the
plasma clearance (CI) and volume of distribution (V) are included as available. The year of
initial approval in the U.S. is shown, along with the indication approved for use in the U.S.

The Cmax Values reported here represent the peak exposures observed at the highest
clinically recommended doses delivered as a single administration (except where noted). In
the clinic, most agents are typically given by repeated administration which may lead to
accumulation, so some agents may achieve higher exposures at steady-state. With IV
administration, the Cax is typically reported at the end of the infusion, but is sometimes
reported as Cg, a calculated concentration extrapolated from the plasma concentration-time
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curve to time zero. The Cax following 1V administration is highly dependent on the
duration of the injection, so the recommended injection duration is provided in the tables for
reference. The Cpax and AUC values are presented as total plasma exposure (bound and
unbound) of the parent molecule only, without consideration of the presence of active
metabolites. It is important to note that the C,ax and AUC values presented here are average
values, and interindividual variability can be quite large due to genetic polymorphisms in
clearance and other factors (e.g., Mercaptopurine).

A few alternative formulations of equivalent active ingredients have been included in this
compilation. For example, the nanoparticle formulation of paclitaxel (nab-paclitaxel;
Abraxane®) has recently been approved, and allows shorter infusion times and higher doses
to be delivered compared to paclitaxel (Taxol®). A suspension formulation of
mercaptopurine (Purixan®), which offers greater dosing flexibility than the original tablet,
was approved in 2014. Liposomal formulations of doxorubicin (Doxil®), irinotecan
(Onivyde®) and vincristine sulfate (Margibo®) have been approved. These formulations
have distinct PK properties compared to the original dosage forms, so have been included in
Table 1.

Three biological agents are available both as the native compound and as polyethylene
glycol (PEG) conjugates: asparaginase (pegaspargase; Oncaspar®), filgrastim
(pegfilgrastim; Neulasta®) and interferon alpha-2b (peginterferon; Sylantron®,
PEGintron®). Pegylation retains the biological activity, but alters the molecular form of the
drug; it is not processed /7 vivoto release the parent biological agent, so these are not
prodrugs. Hence, these were regarded as independent species distinct from the parent
compound, and have been included separately in Table 3. Three biological agents are
antibody-drug conjugates (ADC), with cytotoxic agents covalently bound to an antibody
(ado-tratuzumab emtansine, bretuximab vedotin, gemtuzumab ozogamicin). In these cases,
the plasma levels of the free cytotoxic agents are also included in Table 3.

The plasma Cax and AUC were considered to be the key pharmacokinetic parameters to
enable translation of clinical drug exposure to a nonclinical study application. The Cp,x data
were found for all but 2 of the 145 unique small molecule drugs or their active metabolites
listed in Tables 1 and 2; the AUC was not found for 21 of these. Two agents (Ingenol and
Mechlorethamine) were reported as Below the Limit of Quantitation (BLOQ). Additional
pharmacokinetic parameters (including half-life, Tyax, Clearance, volume of distribution)
were included when available, but not all of these parameters were reported for every agent.
For the biological agents, Crhax Was found for all 40 unique drugs listed in Table 3 and AUC
was found for 27 of these.

Plasma protein binding of small molecule drugs varies widely across agents (and
occasionally between species) and can have significant impact on plasma free drug
concentrations. This can be an important factor when designing nonclinical studies to
examine drug mechanisms, particularly for /in vitro studies, so plasma protein binding data
have been included for all but 14 of the small molecule drugs in Tables 1, 2 and 4. Protein
binding of biological agents was not considered.
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Discussion

Translational medicine can be aided greatly by the establishment of pharmacokinetic-
pharmacodynamic (PK/PD) relationships in nonclinical models (10-13). A fundamental
aspect of translational studies is the determination of the concentrations of drug that are
likely to be observed in clinical use. Attempts to translate doses or plasma exposures from
nonclinical models to humans most often utilize allometric scaling (14,15), /n vivo PK
(16,17) or PK/PD and physiologically-based pharmacokinetic (PBPK) models to bridge
doses from animal studies to humans (13,18,19). Very few studies have incorporated a
“reverse translation” of clinical exposure data to aid design of studies in nonclinical
oncology models. When testing approved oncology drugs in nonclinical studies to explore
expanded cancer indications, awareness of clinically achievable exposure can facilitate study
design. Similarly, when attempting to repurpose approved agents from their original
indications to use in oncology (e.g., metformin, celecoxib, sirolimus), it is valuable to have
an appreciation of clinically relevant exposures to assist translation to nonclinical models.
For /in vivo studies, these human exposures can be used to help determine the appropriate
doses to use in model species, either by allometric scaling or empirical measurement.
Allometric scaling is frequently based on body surface area, although this practice has
limitations (20). However, direct comparison of plasma exposure associated with a measured
clinical activity in humans (a clinical pharmacodynamic response) to an exposure observed
in nonclinical models which used doses and routes of administration that differ from clinical
use can assist the interpretation of pharmacodynamic results in the animal model. In this
regard, Spilker et al. (21) have recently proposed a rigorous strategy by which human PK
parameters can be utilized in conjunction with mouse PK studies to determine the doses and
routes of administration that can most closely mimic the clinically relevant exposures in the
animal model.

The plasma Cyax is highly dependent on route of administration, formulation and physical
properties of the drug. It provides an indication of the highest concentration that the subject
is exposed to during therapy, and the Cax may be considered as an upper limit for drug
concentration during /n vitro studies or the highest plasma exposure for /n vivo studies to
minimize off-target effects. During /n vitro studies, it is often possible to increase the drug
concentration to levels far in excess of what could be achieved /n vivo. However, testing
targeted agents at concentrations ten or one hundred times greater than the IC50 or K for the
molecular target increases the possibility of introducing off-target activities unrelated to the
clinical benefit (1), or from on-target activity (enzyme inhibition, receptor occupancy) that is
not realistically achievable in the clinic. Either of these situations can lead to a
misinterpretation of responses in nonclinical studies. Furthermore, the C,a« is maintained
only transiently for most compounds, and sustained levels well below Cp,ax may be
sufficient to achieve therapeutic efficacy. In cases where a pharmacodynamic response is
tightly linked to exposure, it may be important to maintain a minimum plasma concentration
to sustain inhibition of the target (e.g., receptor occupancy, enzyme inhibition) above a
certain threshold. In other cases, particularly when the drug interacts with the target
irreversibly (e.g., several alkylating agents; afatinib), the duration of the pharmacodynamic
effect (target binding) is uncoupled from the plasma PK and can be much longer than the
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plasma half-life of the drug (22), so the Cpax may be more directly related to efficacy than
AUC.

Differences in free drug levels due to protein binding can be critical for translation of
clinical exposures to nonclinical models, particularly during /n vitro studies. For small-
molecule drugs, plasma drug analysis is typically performed following organic extraction of
samples, and the reported values represent total plasma concentration (free + protein bound)
rather than free (unbound) drug. Since the free (unbound) drug is generally the species that
interacts with the molecular target, reduction in free drug levels due to protein binding can
dramatically alter the concentration of drug available for interaction with the target during /n
vitro studies (i.e., cell culture or biochemical assays). Discrepancies between free drug
concentrations /7 vitro in cell culture media containing 5-10% bovine serum and /n vivo
(e.g., human plasma) will be dependent on the degree of protein binding for each drug and
the binding capacity of the added protein/serum.

Species differences in plasma protein binding may warrant consideration when designing
translational studies, as some drugs show clinically significant species differences in plasma
protein binding. For example, at clinically relevant concentrations, vismodegib is primarily
bound to a-1-acid glycoprotein (AAG), with a much lower affinity for albumin (23).
Quantitative assays of protein binding revealed an approximately 100-fold difference in
binding K4 between rat and human AAG, which resulted in significant PK differences
between species. In general, any species differences in binding affinity to the target should
also be factored into the calculation of the concentrations deemed to be equivalent to human
clinical exposure.

Plasma AUC is another key parameter to consider in planning nonclinical studies,
particularly when comparing exposures between species or routes of administration. The
AUC is the integration of plasma drug exposure over time, and as such takes into account
bioavailability, different absorption rates (e.g., IV vs oral) and elimination rates. This
provides a more complete picture of drug exposure than Cpax, Which represents exposure at
only the Trmax. While AUC can be useful to compare exposure following different routes of
administration or formulations, it is particularly useful to translate the exposure achieved in
humans to that seen in animal models. Modifying the dose or route in animals to mimic
more closely the AUC observed in the clinic, using a protocol such as suggested by Spilker
et al. (21), may provide a more relevant drug exposure in the model and help to avoid high
exposures which would not be tolerated in humans or that may lead to off-target activities of
the drug.

In cases where active metabolites contribute significantly to efficacy, the concentration of
those metabolites in plasma may need to be monitored to capture the exposure responsible
for the full pharmacological activity of the administered product. One example of this is
tamoxifen. Through the action of two cytochrome P450 oxidases (CYP2D6 and CYP3A4/5),
three metabolites are produced with affinities for the estrogen receptor that are similar to or
more potent than the parent molecule (24-27). In patients, these metabolites may be
responsible for much of the pharmacodynamic action of the drug (24,25). It has been shown
that mice can produce these metabolites (28), but levels and metabolite profile vary with

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liston and Davis

Page 8

dose. However, these metabolites may not be produced in all /n7 vitro systems under test
(e.g., cell culture, biochemical assays), so activity due to parent alone may not reflect the full
potential /n vivo activity of the drug. In addition, polymorphisms in cytochrome P450
enzymes responsible for activation (or degradation) can influence the plasma concentrations
of parent and metabolites. Hence, when testing tamoxifen in nonclinical models, levels of
parent and these active metabolites should be considered. As can be seen from this example,
the interpretation of results is complex in nonclinical models where active metabolites of the
parent have the potential to contribute significantly to the pharmacological action.

Several alkylating agents undergo activation to the reactive species /n vivo and this
activation should be considered when designing nonclinical studies. Activation of these
agents is described in the Drug Product Labels. The platinum-containing drugs (carboplatin,
cisplatin and oxaliplatin) are subject to aquation in water, which will occur in most /n vitro
and /n vivo systems to generate the active agents. Temozolomide undergoes rapid non-
enzymatic hydrolysis to MTIC, which is present at about 3% of parent levels in plasma.
Similar to temozolomide, busulfan undergoes non-enzymatic hydrolysis in aqueous media to
become activated, releasing methanesulfonate groups. Three alkylating agents are activated
by cytochrome P450 enzymes (altretamine, cyclophosphamide, ifosfamide). For the agents
requiring enzymatic activation, evaluation in nonclinical models (/n7 vitro and in vivo) should
ensure that the appropriate P450 enzymes are present within the system to allow full activity
to be manifest. Three drugs (aminolevulinic acid, methoxysalen and porfimir) require
photoactivation, which yields free radicals or derivatives that form covalent bonds with
nucleic acids and proteins, in order to generate cytoxicity.

The most common routes of administration for oncology drugs in the clinic are oral and V.
In animal studies, particularly in rodents, the IP route is often preferred. Following IP
injection, many small molecule drugs are absorbed by capillaries within the visceral
peritoneum, which collect into the mesenteric and omental veins and drain into the hepatic
portal vein. Drugs absorbed through this route will be subject to first-pass hepatic
metabolism, similar to orally administered drugs (29). For certain high molecular weight
drugs, such as biologics, and some lipophilic small molecules, absorption into the lymphatic
drainage predominates, thereby avoiding first-pass hepatic clearance (30). Some biological
agents are subject to target-mediated clearance, in addition to the the hepatic and renal
clearance mechanisms more typical with small molecule drugs. The formulation of drugs
(vehicle and excipients) can have a significant effect on the rate and extent of absorption
following either IP or oral delivery. In animal studies, oral drugs are often delivered as
suspensions. While suspensions are generally tolerated for oral administration, drugs
delivered IP should be fully solubilized. All of these factors can influence Cp,x and AUC, so
should be considered during the design and interpretation of nonclinical studies.

Our goal in this compilation is to provide a convenient data resource of PK estimates for
clinically relevant plasma exposures (Cnax and AUC) for all single agents marketed for
oncology indications in the U.S. We chose the highest dose recommended in the label
delivered as a single administration (except where noted), the intent being to provide a
benchmark for achievable and relevant human exposures. The therapeutic effects of many of
the agents are likely due to repeated administration of these doses using a variety of
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schedules which may lead to accumulation, so some agents may achieve higher exposures at
steady-state. Consideration of these clinically achievable exposures in conjunction with
animal studies to characterize the PK in the model species, such as described by Spilker et
al. (21) and including dose-response curves, will ultimately improve the translation of
pharmacological activity in the model back to the clinic. We expect the greatest utility of this
report will be a source from which an upper boundary on the clinically achievable plasma
concentrations of anti-cancer agents can be readily applied to /n vitro studies. Admittedly,
there are limitations and caveats associated with any attempt to reduce something as
complex as efficacy and human pharmacokinetics down to a single approach, and successful
application of these clinical exposure values will also require a thorough understanding of
the underlying biology of the target and disease processes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Financial Support: supported by the Developmental Therapeutics Program in the Division of Cancer Treatment and
Diagnosis of the National Cancer Institute.

References

1. Smith MA, Houghton P. A proposal regarding reporting of in vitro testing results. Clin Cancer Res.
2013; 19(11):2828-33. DOI: 10.1158/1078-0432.CCR-13-0043 [PubMed: 23580781]

2. National Cancer Institute. [Accessed 2017 02/17/2017] A to Z List of Cancer Drugs. Feb 17. 2017

<https://www.cancer.gov/about-cancer/treatment/drugs>

3. MediLexicon. [Accessed 2017 02/17/2017] FDA Approved Drugs » Cancer & Oncology. Feb 17.

2017 <http://www.medilexicon.com/drugs-list/cancer.php>

4. Centerwatch. [Accessed 2017 02/17/2017] FDA Approved Drugs for Oncology. Feb 17. 2017

<http://www.centerwatch.com/drug-information/fda-approved-drugs/therapeutic-area/12/oncology>

5. U.S. Food and Drug Administration. [Accessed 2017 02/17/2017] Drugs@FDA: FDA Approved

Drug Products. Feb 17. 2017 <http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm>

6. National Library of Medicine DailyMed. [Accessed 2017 02/17/2017] DailyMed. Feb 17. 2017

<https://dailymed.nlm.nih.gov/dailymed/index.cfm>

7. Thompson-Reuters PS. [Accessed 2017 02/17/2017] Integrity®. Feb 17. 2017 <https://

integrity.thomson-pharma.com/integrity/xmlixsl/pk_self_reg.show _initial_page>

8. U.S. Food and Drug Administration. [Accessed 2017 02/17/2017] Approved Drug Products with

Therapeutic Equivalence Evaluations. Feb 17. 2017 <http://www.accessdata.fda.gov/scripts/
cder/ob/>

9. Reid JM, Kuffel MJ, Miller JK, Rios R, Ames MM. Metabolic Activation of Dacarbazine by Human

Cytochromes P450: The Role of CYP1A1, CYP1A2, and CYP2EL. Clinical Cancer Research. 1999;
5:2192-7. [PubMed: 10473105]

10. Peterson JK, Houghton PJ. Integrating pharmacology and in vivo cancer models in preclinical and
clinical drug development. European Journal of Cancer. 2004; 40(6):837-44. DOI: 10.1016/j.ejca.
2004.01.003 [PubMed: 15120039]

11. Kumar R, Knick VB, Rudolph SK, Johnson JH, Crosby RM, Crouthamel MC, et al.
Pharmacokinetic-pharmacodynamic correlation from mouse to human with pazopanib, a
multikinase angiogenesis inhibitor with potent antitumor and antiangiogenic activity. Mol Cancer
Ther. 2007; 6(7):2012-21. DOI: 10.1158/1535-7163.MCT-07-0193 [PubMed: 17620431]

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.


https://www.cancer.gov/about-cancer/treatment/drugs
http://www.medilexicon.com/drugs-list/cancer.php
http://www.centerwatch.com/drug-information/fda-approved-drugs/therapeutic-area/12/oncology
http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm
https://dailymed.nlm.nih.gov/dailymed/index.cfm
https://integrity.thomson-pharma.com/integrity/xmlxsl/pk_self_reg.show_initial_page
https://integrity.thomson-pharma.com/integrity/xmlxsl/pk_self_reg.show_initial_page
http://www.accessdata.fda.gov/scripts/cder/ob/
http://www.accessdata.fda.gov/scripts/cder/ob/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liston and Davis

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 10

Haznedar JO, Patyna S, Bello CL, Peng GW, Speed W, Yu X, et al. Single- and multiple-dose
disposition kinetics of sunitinib malate, a multitargeted receptor tyrosine kinase inhibitor:
comparative plasma kinetics in non-clinical species. Cancer Chemother Pharmacol. 2009; 64(4):
691-706. DOI: 10.1007/s00280-008-0917-1 [PubMed: 19169880]

Yamazaki S, Skaptason J, Romero D, Vekich S, Jones HM, Tan W, et al. Prediction of oral
pharmacokinetics of cMet kinase inhibitors in humans: physiologically based pharmacokinetic
model versus traditional one-compartment model. Drug Metab Dispos. 2011; 39(3):383-93. DOI:
10.1124/dmd.110.035857 [PubMed: 21098644]

Reagan-Shaw S, Nihal M, Ahmad N. Dose translation from animal to human studies revisited.
FASEB J. 2008; 22(3):659-61. DOI: 10.1096/fj.07-9574LSF [PubMed: 17942826]

Tang H, Mayersohn M. A novel model for prediction of human drug clearance by allometric
scaling. Drug Metab Dispos. 2005; 33(9):1297-303. DOI: 10.1124/dmd.105.004143 [PubMed:
15958605]

Obach RS. Predicting clearance in humans from in vitro data. Curr Top Med Chem. 2011; 11(4):
334-9. BSP/CTMC/E-Pub/-00027-11-5 [pii]. [PubMed: 21320062]

Obach RS, Baxter JG, Liston TE, Silber BM, Jones BC, Maclntyre F, et al. The prediction of
human pharmacokinetic parameters from preclinical and in vitro metabolism data. J Pharmacol
Exp Ther. 1997; 283(1):46-58. [PubMed: 9336307]

Hoshino-Yoshino A, Kato M, Nakano K, Ishigai M, Kudo T, Ito K. Bridging from preclinical to
clinical studies for tyrosine kinase inhibitors based on pharmacokinetics/pharmacodynamics and
toxicokinetics/toxicodynamics. Drug Metab Pharmacokinet. 2011; 26(6):612—20. [PubMed:
21897052]

Hosea NA, Collard WT, Cole S, Maurer TS, Fang RX, Jones H, et al. Prediction of human
pharmacokinetics from preclinical information: comparative accuracy of quantitative prediction
approaches. J Clin Pharmacol. 2009; 49(5):513-33. DOI: 10.1177/0091270009333209 [PubMed:
19299532]

Mathijssen RH, de Jong FA, Loos WJ, van der Bol JM, Verweij J, Sparreboom A. Flat-fixed dosing
versus body surface area based dosing of anticancer drugs in adults: does it make a difference?
Oncologist. 2007; 12(8):913-23. DOI: 10.1634/theoncologist.12-8-913 [PubMed: 17766650]
Spilker ME, Chen X, Visswanathan R, Vage C, Yamazaki S, Li G, et al. Found in Translation:
Maximizing the Clinical Relevance of Nonclinical Oncology Studies. Clin Cancer Res. 2017,
23(4):1080-90. DOI: 10.1158/1078-0432.CCR-16-1164 [PubMed: 27551002]

Singh J, Petter RC, Baillie TA, Whitty A. The resurgence of covalent drugs. Nat Rev Drug Discov.
2011; 10(4):307-17. DOI: 10.1038/nrd3410 [PubMed: 21455239]

Giannetti AM, Wong H, Dijkgraaf GJ, Dueber EC, Ortwine DF, Bravo BJ, et al. Identification,
characterization, and implications of species-dependent plasma protein binding for the oral
Hedgehog pathway inhibitor vismodegib (GDC-0449). J Med Chem. 2011; 54(8):2592-601. DOI:
10.1021/jm1008924 [PubMed: 21438527]

Jordan VC, Collins MM, Rowsby L, Prestwich G. A monohydrxylated metabolite of tamoxifen
with potent antiestrogenic activity. J Endocr. 1977; 75:305-16. [PubMed: 591813]

Jordan VC, Bain Richard R, Brown Raymond R, Gosden Barbara, Santos MA. Determination and
Pharmacology of a New Hydroxylated Metabolite of Tamoxifen Observed in Patient Sera during
Therapy for Advanced Breast Cancer. Cancer Res. 1983; 43:1446-50. [PubMed: 6825112]
Jin'Y, Desta Z, Stearns V, Ward B, Ho H, Lee KH, et al. CYP2D6 genotype, antidepressant use,
and tamoxifen metabolism during adjuvant breast cancer treatment. J Natl Cancer Inst. 2005;
97(1):30-9. DOI: 10.1093/jnci/dji005 [PubMed: 15632378]

Dickschen K, Willmann S, Thelen K, Lippert J, Hempel G, Eissing T. Physiologically Based
Pharmacokinetic Modeling of Tamoxifen and its Metabolites in Women of Different CYP2D6
Phenotypes Provides New Insight into the Tamoxifen Mass Balance. Front Pharmacol. 2012;
3:92.doi: 10.3389/fphar.2012.00092 [PubMed: 22661948]

Robinson SP, Langan-Fahey SM, Jordan VC. Implications of Tamoxifen Metabolism in the
Athymic Mouse for the Study of Antitumor Effects upon Human Breast Cancer Xenografts. Eu J
Cancer Clin Oncol. 1989; 25(12):1769-76.

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Liston and Davis

Page 11

29. Lukas G, Brindle SD, Greengard P. The route of absorption of intraperitoneally administered
compounds. J Pharmacol Exp Ther. 1971; 178(3):562—6. [PubMed: 5571904]

30. Lu Z, Wang J, Wientjes MG, Au JL-S. Intraperitoneal Therapy for Peritoneal Cancer. Future
Oncol. 2010; 6(10):1625-41. [PubMed: 21062160]

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



Page 12

Liston and Davis

%08 - - - 05Ty 6T yc A\l cw/Bw | 009 NNOIg aunsnuied
%.6 7> - 6.€ [4r47% 88'G ulw g Al wbw | 1z S11010A qloz|yed
%0 € 050 €EEE8 0000S SET ulw oe A\l cw/Bw | ooy unejde.ed unejdogred
%Ge xoldde V0 280 0S¥8 0.S2 T7T¢ - Od zw/bw | 05zT BpOoIaX aulqenosded
%.'66 S S—¢ 009T¥ 0T€C 97 - Od bw | ovT biswod qlunuezoqed
%<C6—68 G6 0T 166 9¢¢ 020 yt Al cw/bw | sz BUEIASL |9xelizeqed
%eE - - 06LY et 96 e Al By/6w | 80 Xajjinsng ueyjnsng
%96 §'ee 9 059¢ 00¢ L1€°0 - Od Bw | oos Jnsog qiunnsog
%¢€8 L8y 800 967 0cT (4240 snjoq A\l w/bw | €7 dpeIIoA qlwozayog
%1 1% - 90+366'7 000000T 90L snjoq Al cw/bw | g1 auexous|d upAwoslg
%96 6€T T€ 8€80€C 89L 8L'T - Od bw | os X3poseD aplwelniedlg
%66< ¥'E §¢ 0869 08717 6€°¢ - Od zw/Bw | oog unaibrel sudjoiexagd
%9616 L0 - GEOET 0v8S €97 ulw 09 A\l cw/Bw | ozt BpuealL aunsnwepuag
%V6 T - §S0062 1992y V€T ulw oe Al zw/Bw | 000T bepos|ag Jejsouljad

- 9€'0 - 0T 0S.¢ €11 ulw oy-0T A\l cw/bw | g/ BZEPIA aulpnidezy

- 890 050 096 0S. L0°€ - oS w/bw | g/ BZEPIA sulpnioezy
%66< T¢€ 8T 99 €9 €970 - Od bw | g el quunixy
%SL - - Sejou 99s 08T 076°0 yc Al By/bw | 170 XOussi L 9PIXOLL| dlussiy
%0¥ €Tv - 9€g ) SE0°0 - Od bw | T Xspluny 8]0zoMseuy

- €80 - 00LET 0069T 62T ulw't | Bw | oot onselsl uejnaAaT PRV dlulnAsjouly
a]qib1jBau 92’0 - 8€Cy ¢lyee S0T ulw g, A\l cw/Bw | 00z [0Au3 aunsojlwy
%V6 ¢oT-LY €-90 - 06. 9.°€ - Od bw | ooz usjexsH sulwelpnvy
a|q1b1i6au A vl vi8y 0v6T eVl - Od bw | ooe wudo}Az louundol v
%66< €€ oy 0EYL G99 8e'T - Od Bw | 009 BSU303Y qlunos|v
%56 6'9¢ oy ¥ee 14 ¢S0°0 - Od bw | oy 310119 qlune}y
%66-96 8'9T¢ cL 0002T V'Ey T€00 - Al Bw | oot SIXeus|d Xljaleqy
Butpuiquisload | (y) @ty | (y)xewr | (uyayebu) onv | (Jwybu) xewd | (AN) xewd uolsnjul oy | uunaesog | 8soq aweN puelg ET =N IBETELS)

Author Manuscript

suoneaipul ABojoouo Jo) panoidde sbnip ajndsjow-|jews oy sialeweled anauodewseyd uewny A

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



Page 13

Liston and Davis

%0T - - 06STT 0075 9z ysnd Al cw/Bw | oor 1oMIpY (N4-5) poeanouoni4
%06 A 67CT s 6L 1200 - Od bw | sz uIsewoly aueIsaWax3
%L - 0T 18 19 #90°0 - Od bw | ot lonuyy snwijosang
%L6 29€ - 00862 0996T 7'€e uIw 09 Al zw/Bw | 00T PISadan apisodo)g
%E6 e §g 987 8ezT aT'e - 0d bw | ost BAS0JBL qunop3
%S9-61 7'ov LT0 1S 1€ 805°0 ulw G- Al Zw/bw | v'T uanefeH ajeIAsaIAl UliNqLIT
%LL L€E - 00vE 0006 99T ulw o1 Al cw/Bw | ozt oua|(3 udIgnId3
%86 85 0T - 00991 L'SE - Od bw | o9t 1puelX aplweInfezug
%0L G5 - 000065 oves ve'ST ulw og Al cw/bw | oz IIxoQ (rewosodiy) uraignioxoq
%G. A4 - 0581 099€¢ €L'9 ulw g Al zw/Bw | 09 ulAwelpY udignioxoq
%L6 134 - 0065 0zvy Lr'S ut Al cw/Bw | 00T aJzjoxeL [exe1800Q
%> 5T - - 0059 9€T ulw T Al zw/Bw | 00§ pleoauIz auexozeIxad
%06 - 8y 9625¢ 9z 9700 - 2s bw | ove uoBew.iy IEN e
%T> 290 ST €97 12 €260 ue Al Zw/bw | g1 usbooeq auIqenoeq
%L6 T - GlS QLT 0T€0 ut Al cw/Bw | og aloxouneq urdigniouned
%96 29 0 8Ly 621 ¥92°0 - Od bw | oot 189Auds quuneseq
%S er—vT T Sy T4 0200 snjoq Al cw/Bw | 0ST-020 uafowsoD uAwounoeq
%G> S - 098 0L29 77 uIwog Al zw/Bw | 00z awo@-o11a auIzeqedeq
%.'66 8y 0 7G0T 1252 98y - 0d bw | ost Tejuyel quajeiqeq
%ET z8'e - 8268¢ 6TZET A ue Al zw/Bw | 000 N-1esolkD aulqeseI )
%02 1€ - 280922 80vEE 8c1T snjoq Al cw/Bw | 009 uexo}ho apiweydsoydojoAD
%16 6'7€ o 088¢ Ty €160 - od bw | osz Lo [ex quupozuy
%G6 44 7'e oveY €L2 7150 - 0d bw | 09 a118100 quuiawIqoD
%Ly 67 - €6 92z 7.0 uz Al zw/bw | oy 1e[o]D auIqeseyo|
%02 'S - - 8y 89T°0 uz Al B/bw | 210 uneisnaT auiqupe|
%02 - - - LS 0200 uve Al Kep/B>i/6w | 600 unelsnaT auIqupeld
*B/U 70 - 12627 TZEY vyt Th Al cw/bw | 08 Jouneld une|dsio
%66 €T €80 €88 1434 291 - Od By/bw | 2o uesna 11onquieIolyd
%L6 134 0S 0001 .9 127 - 0d bw | o5z eIpexAz qunued
Butpuiq uisload | (ay) @ty | (y)xewr | (uyaysbu) ONv | (Jw/bu) xewd | (AN) xewD uoisnjul anoy | uunesog | esoq awepN puelg EININIGIBEELS)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



Page 14

Liston and Davis

%06 4 0 (1147 GET 7290 - 0d bw | ov dOIN-8 ‘XapeAn UB[BSXOLBIN
%08 67 2 99¥¢ 765 €T - od bw | og arexaay aexa.oyIsN
%6T 4 - 9eT 6 G290 0d bw | og uexung aunndoideassiy
%6T €T - v.2 06 0650 - Od cw/bw | sz [oyauLnd aunndoideasy
%0609 TA - - 0082 LT'6 uwoz-ST | Al cw/bw | oz uesAY uefeydjain
- - 0§ 9/%0T €5. 96'T Od bw | oo aoebaN ajejaoe jonsalalN

- - - - oo1ga 0o1g snjoq Al By/6w | 0 uabueisniy | (suiyiawiiolyD) aulweyiaio|yosin
%67 - €€ - 0ST vero - 0S bu | oe prebi3 3)e1a0Y apijoidnaT
%09 - ST 9vee 91T 907'0 - 0d bw | 52 elRWaS aj0zona
%6686 8z 0 0T0€ Gee 19.°0 - od bw | vz BIIAUDT quurenus
%0€ € ST 028¢ 1514 vLT - 0d bw | sz plLuIASY apiLopi[eud
%66< A4 oY 0029¢ 0gve 8T'Y - Od bw | oszt QAL qiunede]

- - - - Ll L00°0 - 2s bw | ozt jodaq surnyewos apnoaiue]
%66 82z 0T 0917 19 8110 - od bw [ v 0JB|UIN quuiozex|
%LL=L9 Ge - evTe F4T4 L67°0 ue Al cw/Bbw | oy eidwsx| auojidagex|
%66< - - - o079 felont:! - [edrdoy bw [ g0 0yedld JouaBuj
%5606 - - 16200 7T 95000 - [eardoy bu | 62 elep|y powinbiwj
%G6 1T - 00887 00L€ 05°L - od 6w | 009 09AB9|9 quuew|
a|q1b11Bau Ty - 90+3¢ VEGCTT 1534 ue Al cw/Bw | 00og Xa}| 3pIWEJSOy|
%v8 GL'S 81 6656 14144 8T'S - Od bw | ost BrjopAz qisifelapl
%L6 871C - LT 19 €210 ulw g Al cw/bw | ST urdAwep| uoignep|
%86 z6 0 €927 zet LLZ0 - od bw | 095 BOIANIQWI] quunniql

- zee 2 181662 709 G6L - 0d bw | oooz eIx0iq ©3InAX0IpAH
%0 - 4 81€C TT €8000°0 - 2S Kep/buwr | 2500 urjaaddng aJe)ade uljansIH
%.C - 8T - 6'8 L00°0 - 2s bw | got X3pe|oZ aJelaoe Ulj219s09
a|q1b11Bau €20 - 0052T 00S€C €68 uiw ot Al cw/Bw | oget fezwa auIgENIWID
%06 G505 0€ STTS 65T 95€°0 - 0d bw | osz ©ssal| quunyeo
%66 096 - 00vTT T4 700 - I bw | oog Xapojseq JuensaAINg
%96~16 8L €T - €Tl 6070 - 0d bw | osz uIxe|n3 apiwen|4
Butpuiq uisload | (ay) @ty | (y)xewr | (uyaysbu) ONv | (Jw/bu) xewd | (AN) xewD uoisnjul anoy | uunesog | esoq awepN puelg EININIGIBEELS)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



Page 15

Liston and Davis

%0L LT 67 00691 0v6T 0009 - Od bw | 009 eoRIQNY quedeony
%626 € - 65T 1€ 169°0 Uy Al Zw/pw | $1 Xepos| uisdapiwoy
%G 66 8z o 0085 006€ 80'8 - Od bw | 091 ebleAns quuayelobay
%56 Lre - (/Bw)/(wyyequ) 2/ S0 11000 - Od bw | 09 eising auajIxoley

- ¥ST'0 12°0 L12 269 eT'e - Od bw | oog aue|neN aU1Zeqed0.d
IAISUBIXD - - - 29 SYT0 - Od Buw 0S auoselsg auoslupald
%L9 8T - 006 006Y €01 ulw g Al zw/bw | oy uAiojo4 ajexaleleld
%06 STy - 000002 0000¥ 6'€€ ulw 6-¢ Al B/bw | ¢ unjojoyd Jawiglod
%66< A - LTAN €L LET0 - Od bw | oy Bisnoj quuireuod
%y—CT g6 €-C 00v GL v.2°0 - Od bw | v 1sAlewod aplwopijewod
%8S T§ 050 Trly 926 8T - 28 B/bw | vzo 11qozo 10JexX1I3]d
%Y €s - eeet 681 28T ulw g1 Al cw/bw | usdIN uleIsoluad
%18 vy - 000881 000TET 90¢€ ulw 0t Al zw/bw | 00§ ey paxanawed
%66< 6'0¢ vz 000L€0T 00185 €€t - od bw | oos UBLION quuedozed
%06 G'ST 0T 082 62 2800 - Od bw | oz Yephreq Jeisoulgoued

- - 'h7% 02T.T 0192 TTT uy Al Bw | 06 rIpaIyY areuo.piwed
%G8 e 09 Lyt 14 T0T°0 - Od bw | szt aouelq| qupa190q[ed
%8668 zoz - L00ST 059¢ 1y ue Al zw/bw | o1 [oxeL |axe3tjoed
%06< 987 - 066Y 067 9% uyz Al zw/bw | 01T unexo|3 uneldilexo
%66 9 09 zeTe €9 9210 pb Od bw | 08 osstBeL quunIBWISO
%05 L S50 9eT T4 900 - 28 zw/bw | §z'1 0quUuAS aUIXe130BWO
%28 61T €T 00085 005 TET - od 6w | ooy ezreduk quede|0
%G9 T v9'0 vt (N4 8£00°0 - 28 bw [ 170 uneIsopues 3p10aNI0
%v8-08 95 87 0006€ 006 8T - od bw | ost uopuelIN spILEN|IN
%86 €T o 006TT 44 080 - Od bw | ooy eubisel. QuURo|IN
%8668 1z - 72€0T 0v.8T 612 uIw og Al zw/bw | 09z auexelqy [2Xe3|oed-geu
%8L LT - 862 81¢ STL0 uIw og Al zw/bw | 21 auoNUBAON BUOAUBXONIN
%9 918€-ZEY - - 00€9T 6'0S - Od AKep/bw | 0009 uaiposA aueloNN
%be 180 - 169 62L 8T'C uIwoe Al zw/bw | g1 XeNAZOUN D UIAWONIN
Butpuiq uisload | (ay) @ty | (y)xewr | (uyaysbu) ONv | (Jw/bu) xewd | (AN) xewD uoisnjul anoy | uunesog | esoq awepN puelg EININIGIBEELS)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



Page 16

Liston and Davis

aJ1]-}ey ewse|d :¢/T] : ‘uonenuaduod ewseld wnwixew jo asop-1sod awi] :XeW | : {aAInd uoiesuaouo) ewsejd-awil syl Japun ealy :DNY Uoieuaduod ewsejd wnwixew :XBWy suoleinaiqqy

%0b—€E 9vT - ozy 9z 160 ulw T Al buw | v elaWoz PIOY d1UOIPB|0Z
%TL 4 ST 0TTT LT€ 071 - Od bw | ooy ezu1j0Z TBISOULIOA
%66< 96 - 9rresee 82T 6'€€ - Od bw | ost afpanu3 qiBspowsin
%68 ov'1e - 85 €9 1180 uIw 0z Al zw/bw | gz aulg|aneN auIgaIoUIA
%G/ 99'L - 9951 0zetT 6LY'T uiw 09 Al cw/bw | sz'e oqibren (rewosodiy) sunsudUIA
%G - - - 'S 000 snjoq Al zwbw | T Sdd JeseduIn BUNSLIOUIN
%6686 0792 [4%0} 14 8z €00 snjog Al TW/BW | xT ueqg|an aunseIquIA
%66< 9z 8§ 0082¢ 00012 8r'y - Od bw | ooy IX3OUA Xe|o013UBA
%66< L5 0€ 000109 00029 Lzt - od bw | 096 Jeioqez QIUaJRINWIBA
%06 95 g 0902 5207 9T'e - Od bw | oog esjaided qluElapuBA
%66< - 9-C 7'95 8 1700 - pisIO ey 6w | oo8 TeIS[en uIoIgnIfeA
%0 - &1 - 44 €00 - Wi bu | g2z 1odaq JeisjalL upioduL
%56< - 2T 289 Lve STT - od zw/bw | oy pIouesan urounaiL
%L6 8v-6'¢ 0 L'69 €1 1200 - Od bw | z ISIUDRIN quunawres |
%L6 /T 895 8T #2000 ez Al zwbw | g1 113PUOA uipaloage. L
%G 66< §'95 6C 00TSTT 0587 95y - Od bw | ozt uojsased aUBJIBIOL
%GE 6v'c 122 €9 ST00 - od zwbw | €z unweakH ueoajodol

- - ST 6,600 25 €T€0 - od zw/bw | oy piojgeL ausuenBjory L
%99 :(4)-(+) %55 oy 8G 0ogee 00€2 16'8 - Od bw | ooz piwofey L aplwopijey L
%66< - - - 002ST T€C uzL Al zw/bw | 05.-00€ uownA apisodiual
%.8 1T - 1297 85 8950 Ui 09-0 Al bw | sz [as1oL snwifjoliswal

- 88, 0T 0892 €08¢€ 0'6T - Od zw/bw | 05 so4eIN inyeBa]
%66< 89T-0CT 0§ - ov 80T°0 - od bw | oz X3PEA|ON DENTGRICIGITTLTE
%G6 98-t S8 9627 [ 1870 - Od bw | og ang ale[eN qIUNIUNS

- 20 - 0STZ. 00v18E 8evT ysnd Al zw/Bw | 00ST Jesouez urozoydang
%G 66 8'€z ST 000L0T 05¢6 102 - Od bw | ooy JenexaN quuayelos
%L6< 29 v—¢ 0002¢ 00T A%4 - Od bw | ooz 0ZWopO qibapiuos
%L6 €2 €9°0 6.6 gee 60T - Od bw | gz Lyester quuijoxny
Butpuiq uisload | (ay) @ty | (y)xewr | (uyaysbu) ONv | (Jw/bu) xewd | (AN) xewD uoisnjul anoy | uunesog | esoq awepN puelg EININIGIBEELS)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



Page 17

Liston and Davis

ey ewse|d :¢/T1 : ‘uolrenuaduod ewseld wnuwixew Jo asop-isod awiy XeWw

: 9AIND UOIRAUSIU0D BLUSe|d-aWIl 8y} J8pUN BaIY DNV ‘UONRIUSOUOD ewse|d wnwixew :XeW?s :suoieinsiqqy

- L'ST - a7 €6 v0'C - Al anoQe se (xaydory1) Vd3aLl«
%0T €T - L2ty 88T 99'6 ysnd Al B 08 xajdory L edalony |
%86 - S8 - Gt 1500 - I anoge se | (1Ansayea@) 3U0.B1S0IS3] x

- - - - ‘pu ‘pu - NI B 002 _\Abmma_mh_ 9]eylueus au0.91s01sa ]

- - - 1768 9z v9'T - Al anoqe se (+epows) OILNx
%ST 8T 0T 009vC 00€L 9'.€ uIwo6 Al qw/Bu 0ST JTepowdL apILojozowd)

%G2> ze - 00029T 00vTE 11T - Al anoqe se (uoueny) O-BlR «
%S> €0 - 00ty 000S 89T uz Al cw/Bw | 00ST uoueLy aulgese|aN

- 8T v oove L8 6€°€ - od anoqe se (unso8|9) | NNOD-HO-¥ SUBL+SIO «
%08 - - - 0019 0019 - Od cw/bu 0€T aunsos|o (NNDD) sunsnwoT
%56 819 - 029 'S ¥10°0 - Al anoge se (epAniuQ) (rewosodi]) 8€-NS

%t 0> 8'Ge - 00079€T 00z2.€ 7'€9 uIwo6 Al qw/B 0L apAnuo (rewosody) ueozjoun
%56 14 - vy 95 evT0 - Al anogese |  (tesoydweD) 8E-NS
%89—0€ LT - 70902 76€€ 8L'S uIwo6 Al qw/B ove Tesodwed uedaIoUL|
- €Tl - G82€ 808 00°€ - Al anoqe se (esepn|d) Vele-4-7 x
%6¢-6T - - - 0019 0019 ulwiog Al cw/bu 514 elepn|4 ajeydsoyd sulgeepnid

- - - - GTT 880 - aNoQe se (¥an3) N4-G «

- 20 - GOET 65¢ S0'T ug Al B>/6w 0 dgand auIpLNXo|4

- 62T - TGETTC 0299 9'GT - Al anoqe se (fow3) BUO.ISNLLEIISS «

- 66 - 509.€ 0chy 70T - Al anoqge se (fow3) aUNSNWE.SA

- §C - 88688 00T 161 uIwo9 Al zw/Bw | 0002 Yow3z | aereydsoyd sunsnwens3

%66< 4 - €LTT 9ze Ly9'0 - od anoge se (ebnAz) 3U0IBTRIIOY .

- - - - 0014 0014 - Od B 000T ebnhz 81e180y suoJRRIgY

Butpuiq uisload | (ay) @ty | (au) xewy | (uyjaysbu) onv | (quy/bu) xewd | (n) xewD | uoisnyur | sInoy | Mun 8soq asoqg aweN pueag ET TN IBENELS)

suolrealpul ABojoouo 1o) panoidde salljogelaw aAnde,, 18y pue sBnip-oid sjndsjow-jjews 1oy} sis1aweled onauiooewseyd uewny Asy|

Author Manuscript

¢ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



Page 18

Liston and Davis

8'GT - €97729 vLEFTOT 13qe] 398 Al B 000C eURZIY qewnwnie0
¥'8¢ - 99¢ 0L1.SL°€ 18qe] 98s Al Bw 000T enhzen gewnzmnuiqo
LT ute €185T vE0TY'0 uIw 09 Al Bx/6w € onipdo Qqewn|oAIN
126 - 12819 6TGTS'E uIwo9 Al B 008 ezZzel)0d gewinwnioaN
- - - 0€.LYS°0 uw-06 Al B/6w € -KoniaA qewnwijid)
- - 056000 TE000°0 ulw-0g Al ni 90T*0C v-uonu| qg-ej[e-uosapion
7y - 44} S9€00°0 - - - - (B1e10]AIN) UIo1WaRYDI[RI-981)
20'e - eetT 698100 u-c Al gwy/Bu 6 -BrerolAN urIWel0ZQ-geWwnNZNiweD
€9v°0 - 8€9°0 ¥00T0'0 uIw-0g-GT Al Bx/6n S uaBodnaN winsesbji4
L6T'0 Uty T0L0% 618.2°¢C uw-09-sT | Al Bo/6w o1 mondw3 -gqewnznio|3
01 - - 199100 U-02-07 Al Zw/Bw G uIxnuun qewixmnuig
T'6C p-0T S5 91120 - oS B 08T -enabix qewnsousg
VaT4 p-0T zet 265700 - oS B 09 eljoid qeunsousQ
9500 - |W/UIWeN-Z8YEE | 1W/N-60ET uIw-09 Al Bx/6n 61 Xeuo XOUPI@-upina|iueq
8T - - £728T'9 u-g'9 Al Bx/6w 9T Xa[ezied gewnwneseq
€T'e u-e 0006T 22907’ T u-z Al qw/Bw 0oy “XN)g3 qeIxniz)
p-60'C GT000 969000 - - - - (stne0py) IVININ-9314
er'y P-680'0 6T'€ ST60Z°0 uIw-0g Al B31/6w 8T SLIR0pY UNOPaA-geWIXNIUIg
G/80°0 - - 1100000 u-ve Al Bn 8¢ ovhoung qewowneulg
12 - - 70906'T uIw-0g Al Bo/6w o1 -unseny qewnZzIoenag
192°0 - - w/N1-0g u-e Al cw/nl 000'0€ azeuinu3 | (1waypuesAiyo-eruimiz)-asedifeledsy
TLL°0 - L0 ¥8915°0 ulw-0g Al zw/n 000§ Teds|3 (110-'3)-sseuiBesedsy
Lz - - 000622 uIw-09 Al Bw 00zt bruasal -qewnzi|ozaly
9 - - 95€20°0 u-z Al B 0 -Uyredwed qewnzmuws)y
1.00 U5z 1ST0°0 651000 - oS B TT -upnajoid unnajsapIy
- - - 9000 - - - - (e1hopey) TINQ--994)
v 0ISnyuI-§o-pud 86T 2.5°0 uIw-06 Al Bx/Bw 9¢ elhopey| aUISUBIWS-qRINZNISeN-0pY
(sheq@) z/TL xew | (Jwzaysbn) oNw | (in) xewd uolisnjul a1noy | 1un aso@ 8s50Q awepN pueag EINI NI IBETEL)

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.

suoneaipul ABojosuo Jo) panoidde sbnip eaibojoiq Joy sialeweled anauodewseyd uewny A

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 19

Liston and Davis

ajI]-}ey BwWse|d :C/T : ‘uoIeUSOUOD BWSE|d WNWIXew Jo asop-1sod awi] :XeW ] : ‘3AINd UoNesIUSoU0D ewse|d-awil 8yl Japun ealy DNV ‘Uoneuaduod ewseld wnwixew :XeW? suoneinsiqqy

§'g - za 9TS00°T ut Al B3/6w 4 denjez 1deosaquyv-nMzZ
4" - - 228yt uiw 06 Al B/Bu 9 undeoseH qewinznsel |
v0'T uot - 221000 - I Bu 60 uaboiAyL ejfe urdonoiAy L
9'0¢ - - 99682°C uiw 09 Al B/Bu T UeAAS qewiIxm|is
70 - 19200 220000 snjog Al B/6n T ajeldN wnsojdiwoy

- - - L6€CT'E leqe| ses Al cw/Bw Gl€ uexniy qeLuxmiy
680 - 417 GLETTO uiw og Al /6w 20 PRI[E] aseanngsey
¥S'L - 00€8T LTEITT uiw 09 Al Bx/6w 8 ezweikD qewnionuwey
T'6T - 2912 TGETO'T ulw 09-0g | Al Bw oz ejaliag qewnznyed
9 PLTO L85 06070 uiw g Al Bx/6w [ epniike qewinzijoiquiad
SrAn - 4] #T000°0 - oS B3/6n 9 uo.ul-93d qz-ejle uosapaiuIbad
€880 usy €62 185000 - s B3/6n 00T else|naN winsesBjybad
L - - 0v.GE0 yz-1 Al cw/nl 0052 TedseauQ asefiedsefad

- pPSL v'rS 8681771 uiw 09 Al Bx/6w 9 XIG199A Qewnwnjued
9670 - €20 822210 snjoq Al B3/6n 06 aouentday ulwIayifed
GLEE0 uLe o 00T00°0 - o B3y/6n 05 efawneN unjanj1do
12 uese oorey 00260°€ uIw 09 Al /6w Gt oAnIpe] qewniese|o
(sheq@) z/TL Xew | (lwyayebn) onv | (in) xewd uoisnjul anoy | 1un esoa asoQ aweN puelg aweN 9143us

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



Page 20

Liston and Davis

aJl]-4[ey ewse|d :¢/T] : ‘uonenuaouod ewseld wnwixew jo asop-1sod awi] :XeW | : ‘sAInd uoiesuaouo) ewsejd-awil ay) Japun valy :DNV ‘UoNeU8du09 ewise|d wnwixew :XBW?Y) :suoieinaIqqy

%br> - 080 2L Sz 6TT0 - od bw | g1 PINH | (supnAoAxospiq) sulqendfez
%66 8ve 91 eve 0€ LE0°0 - Od bw | g Jeiboid snwijoloel
%26 29 g'g 0€2 ST 9100 - Od bw | aunuredey (urAwedey) snwijons
%96 9/°¢ 0T S6¢T L€ 6.0 - Od Bw | oot eibeIA |lfeusplis
%06-08 - - - 0ct 00€°0 - Od Bw | oot BUIYILDY auLIveuInd
a]q1b116au 86'S g1 00781 00T€ o've - Od bw | oost aBeydoon|o ulwionsin
%06 72T 12 G6'9 0T 92000 - Od fw | oz RIONOId 911908 duols)saboldAxoipaln
%98 1) €9°0 444 L2€ 0T ulw oe Al bw | 9 eAluog djeuolpueqi
%Sy Y95 8¢ ST0CT VLT 000S€0 - Od bw | ooz [luanbeld aumnbouojyoAxoIpAH
%0L - 4 8T€¢C 7T €8000°0 oS Kep/bw | 29500 ujasddns 8]e1ae UljaisiH
%06 9 8T 68€ o ¥Z10 - Od bw | g Je3s0id splisiseuly
%66 0ov8 €-¢ - or 900 - Od bw | g0 Hepony spLisIseIng
%S5 - L'E G8€E8 (474 G¢lL0 - Od Bw | osL usjely auinboioyo
%.6 8'8 - 6V0€T [4<7A) 09y - Od Bw | oor Xa1g318D QIX029[3D
%G¢-T¢ x4 ST - 0069 A4 - Od Bw | oog ualpeifo apiunyieIniBoury
%06—¢8 0T 08 Y61 14 GE0°0 - Od Bw | ot |esjexoin utsozny|y
Butpuiq uieroad | (ay) @ty | (au) xewy | (uyaysbu) onv | (uy/bu) xewd | (Wn) xewd | uoisnyur | snoy | munesoq | eso@ aweN pueag aWweN J118uUdD

Author Manuscript

suoneaipul ABojoouo Jo) panoidde | ON sBnip ajndajow-|jews pa1da]as oy sialeweled anauodewseyd uewny A

¥ alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Cancer Res. Author manuscript; available in PMC 2018 July 15.



	Abstract
	Introduction
	Methods
	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

