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Why do we use mouse models?

• Small, easy to manipulate, many institutions have mouse vivaria
• Does the drug work?  (overt tumor growth inhibition and/or target modulation)

• What is happening in the tumor? (PD endpoints)

• How much drug is needed?  What’s too much? (therapeutic index)

• Will it have efficacy in humans? (rational interpretation of the data and the hypotheses)

• What diseases should be targeted? (mechanism of action?)

• Which molecule is the best in the family?(chemically/structurally related molecules?)

To defend hypotheses regarding potential drug efficacy to justify the 
costs & risks of clinical trials
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What kinds of rodent models are available?

• Implanted & Transplanted tumors
• Transgenic and knock-out/in tumors
• Spontaneous tumors 
random, hold mice for lifetime, low incidence

• Virus-induced tumors
Rauscher, Moloney, LP-BM5, Friend, AKR thymoma, MMTV

• Carcinogen-induced tumors
Epithelial, GI, Sarcoma, Lung
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• Tissue Source
• Syngeneic (immunocompetent) - tumor and host are the same inbred strain
• Allogeneic (variable) - same species tumor and host are not fully inbred
• Xenogeneic (immunocompromised) – tumor and host are from different 

species 

• Implant Site
• Orthotopic – tumor implanted in tissue matched to origin – e.g., lung into lung
• Heterotopic – tumor implanted into non-matched tissue – e.g., subcutaneous

• Endpoints – when is the study complete?

These models are commonly used to study diagnostics and interventions.

Implanted & Transplanted Models
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Transplanted Model Characteristics

• Predictable time to tumor occurrence

• Many tumor types available

• Commonly used, historically accepted models

• Do not recapitulate human disease

• Metastatic lesions can be difficult to find
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https://dtp.cancer.gov/organization/btb/docs/DCTDTumorRepositoryCatalog.pdf

DTP-supported source for human and non-human tumors and cell lines 
for in vitro and in vivo studies
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PDX – Patient Derived Xenografts

• Direct implantation of patient tumor material with serial passage 
through mice

• Grown in immunocompromised mice like other xenogeneic 
models

• Time to tumor occurrence can be protracted
• More tumor heterogeneity than cell line xenografts
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https://pdmr.cancer.gov/
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Genetically altered Models

• Many available through commercial and collaborative arrangements
• http://mouse.ncifcrf.gov/
• http://jaxmice.jax.org/query/f?p=205:1:1510299228434659165

• May be patented 

• Tumor incidence may be low

• Tumor latency may be protracted

• Breeding schemes may be complex 

• Well-characterized genetic alterations

• Disease may follow a more natural course

• Resulting tumors may be transplantable

cancer genetics, cancer progression and therapeutics testing

http://mouse.ncifcrf.gov/
http://jaxmice.jax.org/query/f?p=205:1:1510299228434659165
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What if mice are not appropriate for your studies – what are the options?
Non-murine models requiring only small animal vivaria

• Rat tumors – Fischer 344, Buffalo, Wistar, Sprague-Dawley, Noble
• Hamster tumors – golden Syrian host
• Rabbit tumors – Brown-Pierce tumor, VX2 tumor - used for eye, liver and imaging studies

See https://www.frontiersin.org/research-topics/7694/humanized-large-animal-cancer-models-accelerating-time-and-effectiveness-of-
clinical-trials#articles for a discussion of the large animal models being applied to cancer including pigs, sheep, dogs

Porcine models:
• SCID pig
• Transplantable tumors in inbred pigs 
• Transgenic pigs

Ovine spontaneous pulmonary adenocarcinoma

NCI CCR Comparative Oncology Program studies cancers in pet dogs and sponsors clinical trials in dogs
https://ccr.cancer.gov/Comparative-Oncology-Program

NCI-Funded Canine Immunotherapy Trials Network Treats Pet Dogs to Study Cancers Common to Humans
https://dctd.cancer.gov/NewsEvents/20190327_canine_immunotherapy.htm

Integrated Canine Data Commons (ICDC)
https://datacommons.cancer.gov/repository/integrated-canine-data-
commons#:~:text=The%20Integrated%20Canine%20Data%20Commons,comparative%20analysis%20with%20canine%20cancer.&text=Canin
es%20are%20also%20of%20scientific,to%20the%20ICDC%20data%20model

https://www.frontiersin.org/research-topics/7694/humanized-large-animal-cancer-models-accelerating-time-and-effectiveness-of-clinical-trials#articles
https://ccr.cancer.gov/Comparative-Oncology-Program
https://dctd.cancer.gov/NewsEvents/20190327_canine_immunotherapy.htm
https://datacommons.cancer.gov/repository/integrated-canine-data-commons#:%7E:text=The%20Integrated%20Canine%20Data%20Commons,comparative%20analysis%20with%20canine%20cancer.&text=Canines%20are%20also%20of%20scientific,to%20the%20ICDC%20data%20model
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The appropriateness of animal models to identify, qualify and 

promote new therapies for cancer has been under review, and in 

some ways under attack, for many years.  Continuing concerns 

about the failure rate of agents being sent to the clinic has led to 

a flurry of publications on the irreproducibility of published 

preclinical data and their over-prediction of activity. 
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What can you do?

• Use well powered animal studies [n= 3 to draw final conclusions is 
not adequate]

• Reproduce your own data
• Have 2 separate operators generate the data
• Provide adequate details in publications for others to replicate
• Don’t over-interpret your data
• Stage tumor studies correctly
• Don’t selectively use/present your data
• Remember the clinical situation and what can be assessed in man
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Common Clinical Endpoints In Man
• Toxicity 
• Tumor response 

• Biomarker modulation as a measure of the effect of a 
treatment that may correlate with a traditional clinical 
endpoint (PFS; TR) 

• Progression-free survival (stable disease)
• Tumor regression

• Survival 
• Quality of life
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Progression, Stable, Regression
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• Human Tumors
– Subcutaneous
– Intravenous
– Intraperitoneal
– Orthotopic

• Mammary fat pad
• Intracranial
• Intrarenal
• Intrahepatic
• Intracecal
• Intracranial
• Intrapancreatic
• intraprostatic

• Rodent Tumors
– Subcutaneous
– Intravenous
– Intraperitoneal
– Orthotopic
– Metastatic
– Transgenic
– Knock-in/out

In Vivo Efficacy Models

• Tumor sources 
– Cells cultured in vitro
– Serially passaged tumor 
– Cryopreserved tumor
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Questions in Efficacy Evaluations

•Which model(s)
•Dose, route and schedule
•Vehicle, formulation, stability
•Experimental protocol
•Pharmacologic and pharmacokinetic readouts
•Endpoints
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• What are you assessing? 
• Which type of model is most appropriate?
• Is the treatment designed to:

• impact the tumor biochemically, e.g., cytotoxicity
• impact the tumor genetically, e.g., modulator
• impact the stroma e.g., vasculature
• impact the immune system
• act as an adjuvant
• synergize with known drugs
• interact with specific proteins

Efficacy Model Selection
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https://doi.org/10.1093/jnci/djn351
See:
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• Published/prior knowledge?  
• Proposed/expected mechanism?
• How much exposure is required for effect? Continuous? Intermittent?
• Is the material soluble/stable in aqueous solution and compatible with mice?
• What routes of administration are technically feasible?
• Options 

• What are the maximum tolerated dose (MTD) and the Minimally effective dose (MED)?
• Typical routes - IP, IV, SC, PO
• Dose schedule: QDx?; Q2Dx?, Q3Dx?, BIDx?; TIDx? 

• For combinations – how much can be given? Will schedule be critical – A+B, A 
then B, B then A?

Dose, Route, Schedule
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What is nice to see when evaluating efficacy data

1.5 mg/kg

0.094 mg/kg

0.75 mg/kg
0.187 mg/kg
0.375 mg/kg

LOX-IMVI melanoma

Eribulin mesylate (Halaven ®) Dose Response Curve

A dose response curve

0.12 mg/kg IV infusion QDx5
0.05 
mg/kg 
QDx5 
IV

0.4 mg/kg QDx1 IV

0.054 
mg/kg IV 
infusion 
QDx5 

vehicle

0.4 mg/kg Q7Dx2 IV

0.24 mg/kg Q7Dx2 IV

0.24 
mg/kg 
QDx1 
IV

A dosing schedule comparison

5 day infusions were achieved using SC implanted osmotic pumps connected to indwelling 
jugular catheters.  All other administrations were bolus IV doses given via the tail vein.  Vehicle 
was 1% ethanol in 0.9% saline with 0.05% Tween 80. Dose volume: 0.1 ml/10gm BW for bolus, 
volume for osmotic pumps was  1 ul/hr using an Alzet® Model 2001 pump.

LOX-IMVI melanoma

All administrations were bolus IV doses given via the tail vein on a Q4Dx3 schedule.  
Vehicle was 2% Ethanol in 0.9% saline.  Dose volume: 0.1 ml/10gm BW

vehicle
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Vehicle, formulation, stability for preclinical studies
• Definitive clinical vehicle and formulation not required 

• KISS - Use the simplest vehicle that works

• Vehicle tolerability– e.g., PEG given PO can cause diarrhea; DMSO is tolerated @ 
3uL/gm

• Determine stability in solution or prep fresh solutions for each dose

• Consider a 100% DMSO stock solution, aliquot, freeze and dilute for dosing

• 0.9% saline (physiological saline) and D5W (5% dextrose in water) are physiological 
dosing solutions  PBS is not a physiological buffer

• Consider a 100% ethanol stock solution, aliquot, freeze and dilute with D5W or saline to 
dose. Insoluble compounds may work in ethanol:cremophor:D5W (10:10:80)

• Include a vehicle control in ALL studies not just an untreated control
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Kaplan-Meier Plot of mice bearing intraperitoneal OVCAR-5 human ovarian cancer xenografts.  Mice were treated 
with vehicle (PBS or lipid vehicle) or with a therapeutic solubilized in each of the vehicles.  Note the lipid vehicle 
alone was as effective in improving survival as was the therapeutic prepared in the lipid vehicle and it was more 
effective than the therapeutic prepared in PBS. 

https://doi.org/10.1093/jnci/djn351
See:

https://doi.org/10.1093/jnci/djn351
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Experimental Protocol

• When will treatment start?  early vs advanced

• When will treatment end? 

• How will the animals be randomized?

• Will samples be collected for ex vivo evaluation?

• Will tumors be monitored visually? By imaging techniques? By take-down 

timepoints?

• What will terminate the experiment, i.e., what are the humane endpoints?
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Staging Tumors

• Implant more mice than the study requires so you can 
select a range of mice to randomize into the study.  The 
percent excess will depend upon the take rate and 
heterogeneity in growth rates for the tumor model

• As tumors grow monitor growth until a cohort of tumors 
reach the size range desired

• early stage treatment – tumors staged between 75-225 mg
• advanced stage treatment – tumors staged between 200-400 mg

• Randomize the mice into treatment groups.  For manual 
randomization we use a ranked randomization method
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Endpoints
• Tumor size
• Weight loss (less than 10% is desired)
• Time to sacrifice
• Imaging
• Pre-defined time of termination
• Time post-treatment – remember holding the mice 

beyond last treatment day shows durability of effect
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Bioluminescent imaging of tumors

Anatomical MRI

Glucose metabolism

PET/CTPhotoacoustics

Tumor volume
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Monitoring drug effect
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7802886/

Understand your target’s stability

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC780
2886/

More drug is not necessarily better:  c-met kinase 
inhibitor PHA665752 was to be dosed intraperitoneally for 
10 days at  50 and 25 mg/kg.   PD samples were collected 
at multiple points during the study (4 and 24 hr post dose 
1, 4 hr post dose 3, 8, & 10). The high dose had to be 
discontinued after 8 administrations due to body weight 
loss.
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What about immunologically active agents?
An immune 
competent 
model and drug 
dosing schedules 
different from 
those for many 
small  molecules 
are likely needed

Immune modulating agent 3 
ug/mouse Q7Dx3 IV

Vehicle Q7Dx3 IV

paclitaxel 9 mg/kg Q7Dx3 IV

paclitaxel 4.5 mg/kg Q7Dx3 IV

paclitaxel 2.25 mg/kg Q7Dx3 IV

Immune modulating agent 3 ug/mouse Q7Dx3 IV
+ paclitaxel 2.25 mg/kg Q7Dx3 IV

Immune modulating agent 3 ug/mouse Q7Dx3 IV
+ paclitaxel 4.5mg/kg Q7Dx3 IV

Immune modulating agent 3 ug/mouse Q7Dx3 IV
+ paclitaxel 9 mg/kg Q7Dx3 IV

Colon 38 in C57Bl/6 mice

 Half-life
 Mechanism
 Human vs mouse 

target similarity
 Host response to 

therapeutic
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What about testing a combination of 2 drugs

10% DMSO in D5W QDx5, Rest, QDx5 PO & 10% DMAc/6% Solutol/84% PBS QDx5, Rest 2 Days, QDx5 PO
50 mg/kg Temozolomide QDx5, Rest, QDx5 PO + 0.33 mg/kg Talazoparib QDx5, Rest 2 Days, QDx5 PO
50 mg/kg Temozolomide QDx5, Rest, QDx5 PO + 0.22 mg/kg Talazoparib QDx5, Rest 2 Days, QDx5 PO
50 mg/kg Temozolomide QDx5, Rest, QDx5 PO + 0.147 mg/kg Talazoparinib QDx5, Rest 2 Days, QDx5 PO
33.3 mg/kg Temozolomide QDx5, Rest, QDx5 PO + 0.33 mg/kg talazoparib QDx5, Rest 2 Days, QDx5 PO
33.3 mg/kg Temozolomide QDx5, Rest, QDx5 PO + 0.22 mg/kg talazoparib QDx5, Rest 2 Days, QDx5 PO
33.3 mg/kg Temozolomide QDx5, Rest, QDx5 PO + 0.147 mg/kg talazoparib QDx5, Rest 2 Days, QDx5 PO
22.2 mg/kg Temozolomide QDx5, Rest, QDx5 PO + 0.33 mg/kg talazoparib QDx5, Rest 2 Days, QDx5 PO
22.2 mg/kg Temozolomide QDx5, Rest, QDx5  + 0.22 mg/kg talazoparib QDx5, Rest 2 Days, QDx5 
22.2 mg/kg Temozolomide QDx5, Rest, QDx5  + 0.147 mg/kg talazoparib QDx5, Rest 2 Days, QDx5 

First step is tolerability determination
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Assess the effect of the 2 agents alone and in combination in 
relevant models

16.7 mg/kg Temozolomide (QDx5)x3 PO  
& 0.2 mg/kg talazoparib (QDx5)x3 PO

vehicle control

50 mg/kg Temozolomide (QDx5)x3 PO  

0.2 mg/kg 
talazoparib
(QDx5)x3

16.7 mg/kg Temozolomide (QDx5)x3 PO  

Sarcoma PDX
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Variability inherent in the methods used to study tumors

Operator injection and/or surgical skill

Caliper measurement variability

Positioning for bioluminescence data capture

Implantation site/method

Clumping of cells being injected particularly for IV & orthotopic implants

Drug prep errors

Using average mouse group weights rather than individual body weights 

for dosing determinations 
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C57Bl/6 mice C57Bl/6 mice
1x10e5 passage 10 1x10e5 passage 2
tech 1 tech 2 tech 1 tech 2

137 111 170 106
245 11 316 257
72 48 184 231
87 75 196 323

146 55 256 350
78 111 183 114
73 56 138 287
80 36 142 236

165 79 261 229
116 60 134 306
110 43 155 312
173 111 274 314
75 55 217 86

102 88 159 100
213 27 192 188
62 94 259 189

162 82 458 130
154 37 259 402
100 53 291 282
128 47 233 167

average 124 64 224 230

Technical aspects of the animal work require 
consideration and establishing standards

Note the difference in lung metastasis counts 
between the 2 operators with the passage 10 
cells and between the passage 2 and passage 
10 cells.  Identifying and controlling as many 
variables as possible improves study outcome 
and reproducibility
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Treatment groups:

0.9% saline Q4Dx3 IP
5 mg cisplatin/kg Q4Dx3 IP
10% ethanol in saline Q2Dx6 SC
TNP-470 in 10%ethanol/90% saline Q2Dx6 SC

4 experimental replicates 
conducted with the same 
test compounds against 
the same tumor model 
implanted from the same 
cryopreserved cell stocks 
with 4 different operators

LOX-IMVI LOX-IMVI

LOX-IMVILOX-IMVI
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Many Models – Many Options

With few exceptions, every rodent model, even if conducted with 
hundreds of experimental mice, represents a single patient.  

Strength is added to any drug development effort when multiple, 
distinct preclinical models are demonstrably sensitive to the test 
article.  If the range of antitumor activity is narrow take time to 
understand what the agent is doing so you can justify moving 
forward toward clinical trials through the identification of an 

appropriate patient population.

Statistically valid model assessing relevant 
endpoints on an optimal schedule with 

clinically appropriate doses.
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