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1. Introduction

Despite billions of dollars invested into cancer drug development
each year, studies have shown that oncological clinical trials had
a staggeringly low success rate of 3.5% in 2022 [1]. Drug candi-
dates tested in the commonly used murine models often fail to
reproduce a comparable efficacy and safety profile in clinical
trials. In addition, failure to meet parameters of ADMET
(Absorption, Distribution, Metabolism, Excretion, and Toxicity)
results in the filtering out of many drug candidates in the pre-
clinical phase. Such sunken costs call for changes in methodology
and policy to increase the success rates of cancer drug develop-
ment. One of the strategies is to implement additional in vivo
models to identify suitable hits and filter out inadequate candi-
dates early in the pipeline. From the perspective of clinical appli-
cation, it is difficult to predict treatment responses due to the
genetic predisposition of patients and the heterogenicity of can-
cer. Patient-derived organoids (PDO) and murine patient-derived
xenografts (PDX), the commonly used models to simulate
responses, have limitations in practicality and accuracy prediction
[2]. This calls for the inclusion of other cancer models to improve
the landscape of precision medicine.

The zebrafish was first introduced as a disease model in the
1970s. Owing to its unique strengths, its utilization in cancer
research has grown exponentially in recent years. The advan-
tages of zebrafish include 1) high conservation to the human
genome and oncologic signaling; 2) high reproduction rates
and low cost in animal housing; 3) relative transparency, which
enables live-tracking of tumors; and 4) lack of a mature adap-
tive immune system until four weeks of life, making xenograft
studies straightforward. Here, we summarize the current appli-
cation of zebrafish in the pipeline of cancer drug discovery
(Figure 1). Additionally, we provide examples of how zebrafish
helped advance therapeutics developments to various stages
of clinical trials (Table 1).

2. Target discovery with reduced toxicities

Although in vitro cell culture systems are the traditional tools
used to screen for primary drug targets, zebrafish offer advan-
tages as a whole organism to filter out those that impact

development or induce organ toxicity. Zebrafish are especially
useful for studying host-tumor interactions in tumor microen-
vironment and metastasis. Using tools such as mutagenesis
and transgenesis, researchers can manipulate molecular tar-
gets transiently or permanently, as well as spatially or tempo-
rally. In particular, these techniques have been combined with
zebrafish’s transparency (e.g. the complete transparent adult
fish Casper) to fluorescently label and study tumor cells and
tissues of interest [3]. Technological advances in imaging also
enable noninvasive observation of host-tumor interaction in
live zebrafish up to single-cell resolution [4]. Using zebrafish,
researchers can also validate drug targets by modulating the
expression, structure, or function of the target protein and
determining how the intervention impacts tumor develop-
ment and oncogenic pathways. For example, Vlecken and
Bagowski were able to identify and validate LIMK1 and
LIMK2 as potential targets for tumor angiogenesis by using
RNAi techniques in a zebrafish xenograft model of human
pancreatic cancer [3]. In addition, a genetic screen using trans-
genic zebrafish identified dihydrolipoamide
S-succinyltransferase, a TCA-cycle transferase, as a target for
MYC-driven tumors [5]. Devimistat, which inhibits the TCA
cycle, has been tested in clinical trials for treating both hema-
tological and solid tumors and recently received a fast-track
designation from the FDA for treating acute myeloid leukemia
(Table 1). Both examples highlight the ability of zebrafish as an
in vivo model in identifying drug targets with translational
value.

3. In vivo lead screens

Zebrafish-based screens often utilize transgenic or xenograft
models of cancer. The output of administered drugs can be
measured in zebrafish models for morphologic, therapeutic,
pathway, or behavioral changes [6]. Due to the high fecundity
and small size of zebrafish, these drug screens feature high
throughput capabilities and reliable statistical outputs.
Researchers have also ventured into optimizing the screens by
automating steps of the process such as microinjections, embryo
sorting, phenotype identification, and image acquisition.

CONTACT Hui Feng @ huifeng@bu.edu @ Department of Pharmacology, Physiology & Biophysics, Cancer Research Center, Boston University Chobanian &

Avedisian School of Medicine, Boston, USA
© 2024 Informa UK Limited, trading as Taylor & Francis Group


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/17460441.2024.2313454&domain=pdf&date_stamp=2024-03-14

370 B. XIAO ET AL.

Ayoedeo
indybnouyy ybiy -
syeibouax asnow
pue spiouebio oA
ul 0} snjeuwsdlly -
ETNGETTE]
awi pue jso) -
sasuodsal
juaned [enpiaipul jo
Jopipasd Buisiwosq -

| J

S|eul [edulo

Aoeaye

|ed1ul|D ajejnwis

0} ysyeiqaz

jo Aunqeray
spunodwod
ajenbapeul

jo Buuayy

Anoixoy pue Aoeoyye

JO uonen|eAa
snosuejnwig

sajepipued bnip

jo apyoud | 3NAY
sashjeue
sojweulpooewieyd
pue
sonaupjoorwIRYg
saipn}s diysuone|as
AyAnoe-jeinonss
10j wioneld

suonoesajul
|ea1BojoisAydoyied
pue

x3]dwod 1oassIp 0}
swsiuebio pajage|
Apuaosaiony

pue payipow
Aleonausg
Bunjoes; jesodway
pue Jlwojeuy
sadAjouayd

jo abues apipm
Kianoosip Aemyied

BAI08)8-1S0D

indino |eansnels a|qelay

Ayoedeo jndybnosy ybiH

$aIpN}s onsiueydaw Joj suidjoid pue sauab jo suonejndiuew juauewsad Jo Juaisues)
Kouasedsues) ysy pue Buijaqe) Juaosaony Aq pajeyioe) Guibew aal uonnjosal ybiH
nopeas aidAjouayd Ases pue siown) jo Bupjoes aan

SuonoBIBIUI JOWN}-}Soy Jo ApmS

s190ued uewny jo syeisbouax ajess-abie| pue pidey

sabejs |ejuswdojansp snouea ypm wsiuebio ajoymm

Ki1an09osip Bnup jo sdajs jje 0} uowwod sabejueApy

|

J

|

spunodwod 21x0}
Jo uoneuwyd Ape3 -

spunodwod
aAoeolq

JO uoneoynuap| -
SUD3IIS ONA

ur wsiuebio ajoyp -

Ayoeded

indybnosy ybiy -

4

/a

Sueal0g paseq
-adfjousyd

a—

y

Su88I0g peeT

=

SuealIos
peseg-jebie|

'S9X0Q Papeys Yy} ul paqudsIp ysiyeigaz jo syibuains anbiun ayy yum ‘suiadid juswdojaasp pue A1an0dsip bnip sy jo sdais ayy sauljano ueyd ay] uswdojansp pue A1aAodsip bnip ur uonedidde sysiyeiqaz “|L

SU93J0S

|ediwayd

pue 21jauas
uonn|osal
192-9)6urs 03 dn
SUOIOBIBUI JowN}
-}SOY JO UOIeAIaSqO
SAISBAUI-UON
suonendivew
|jesodwa) pue
‘leneds ‘yjuauewusad
‘Juaisues|

sjebie)

91X0} INO JaYy

0} wsiuebio ajoym

2Inb14

Kienoosig
1ebie)

spunodwod

21X0} Jo uoneulwd Ape3

spunodwod

SAIIOBOI] JO UOHEIYNUSP)

'SU8219S 0A/A Uy wsiuebio ajoym

Ayoeded jndybnouy) ybiH

SaIpniS [edlulPald

AJBA00SI peaT pue Yyoiessay oiseg



EXPERT OPINION ON DRUG DISCOVERY 371

(panunuo)d)

LEYBTSO0LON paiajdwiod/|| aseyd sidued ulelg
PV Jlounay-s-¢|

SELSELOOLON pa1ajdwiod/|| aseyd BUWO1Se|qOINSN
s19dued d11sAd plouape (eluadoyfd>oquioly |
ul gAw-> o siossaiddns Ajiuapl aunww| “TNdY
01 WA1SAS 2In}nd 2I9Wolse|q “TINY 10} JusWIeal}
ysiyeiqaz yuazodun|d eydje panoidde-yq4)

8107 ‘|e 19 wneqapuely  $#89666E0.LON pa1ajdwo)/|| aseyd ewouldIed d13SA) plouspe pasueapy Buisn susaids d1pUab [edIWBY)  J01dadas pIde dlounay pY dIounay-suel]-||y
TOSN pue sewoupied |93 snowenbs
Uo SN0} Yum sapueubijew pijos padueApy
TL1¥996001ON paajdwody/|| aseyd Jssued [e1day SIIIDIX0}

72707 '|e 19 uey S79695201ON pa13|dwo)y|| aseyd 19oued ayeysoud dneiseldy Jewiuiw yum sisauaboibue (e1wa]0i3159]0y249dAY
7207 “|e 19 Jewny| 6889//%01ON pa19jdwod/A| aseyd ewoudIed [el1dwopud Ape3 1qIyul 1ey} S3[NJ3JOW |[ews Joj Juswieasy
020 ‘|e 19 Jewny €7916¥701ON Buninnay/|| aseyq sawoipuAs dnsejdsApojaAw AJauapi 03 soiquia ysieiqaz panoidde-yq4)
0102 '|e 19 buepm 0LOE8YSOLON  buninidai 194 JoN/|| 9seyd pue a>uediubls paujwialapun jo eluadolfd [euo)  Buish susauds daub [eIIWBY)D 9senpal YoI-HNH U11eISRANSOY

Buninay/Apnis sawoipuks | adAy eisejdoau aundopua djdiynpy
/85509S01ON UONUARIJ Jadue) ewolaAw buuapjows ysu-ybiy sofiquia ysiyeigaz u
610T ‘|e 10 epas 9%9%1L0SOLON Buniniay/| aseyd ewo[aAw 3|diynw A101delyas Jo pasdelay Auaioe dieydwA| pue ‘lemaual (SIYMY projewnayy
7102 '|e 19 unsy 06/805¥0.1ON Buniniday/| aseyd salpueUbIjeW PIjOS padueApe [|NU-NILd -J|9s ‘yuswdojaAap |19 1531 10} Juswieasy
020 °|e 1@ oj|a103ueS €66.66701ON Buniniay/| aseyd JEBIV[:5) |einau bupdedwi spunodwod aseuaboipAyap panoidde-yq4)
LLOZ e 3@ dUYM 9¥60/E01ON Buninay/l/| aseyd jsealq aaizebau ajduy dnjeiselaw pajeasd A|snoinaid 10§ sudaIds ddURb [edIWAYD 91e301001pAYIP aplwounya
buisodinday bniq
siown) pljos £1017e1210WIYD PIdURAPY
ewodies d134o0[nuelb
1o elwayna| projaAw ainde Kio1deuyal 1o pasdejdy
elWN3| plojeAw a1nde Aloldeiyal Jo pasde|ay
buninnay/|| aseyd K19bins £Aq panowas ag jouued
pa19jdwo)y/|| aseyd 1By} J3dUBD 1DNP 3|Iq d1ILISEIAW 10 PIdUBAPY
000££/S0L1DN  buniniai 19K 10N/|| aseyd 135ued 1oei) Aeljig 9|qeIdasAIUN PIdURAPY
L6EV8YTOLON pa1vjdwo)/|l/| aseyd sealoued ay} JO BWOUIDIRIOUIPER DI1RISRIDN
996%58501IN Buniniay/I1/| aseyd ewoyduwi|
61799/101ON pa1a|dwiod/|| aseyd UBPOH-UON [19)-1 Aoyl Jo pasde|ay
091£0Z¥0LON Buinay/|| aseyd 13oued dieanued pasueape £[jedo
€TPY0SE0LON Bunnidal anssiy apfo
LLEL1LTHOIDON 10U ‘DAIDY/|I/] 3Seyd 1JOS JO BWIODJES [|9D Je3]> Al0)dRII Jo pasdejay ysyyeiqaz ynpe VDL 9y1 ul xajdwod
6L£669€01ON pa19|dwo)/||/| 9seyd elWN3| plojoAw ande Aloldeial/pasdeldy u) sadAjouayd Buissaiddns aseuaboipAysp
85/£65701ON pajeulwla] /||| dseyd 9709 Jo/pue g71Dg pue AW Jo sluswabuelieas -elWAYNI| uo paseq 1abiel desein|boiay-n
0L¥P0SE0LIN Bunidal yum ewoydwi| [193-g spesb-ybiy 10 Bnip ay3 se awAzua 3pAd> yHL pue aseuaboipAyap
9107 ‘|e 19 uosidpuy OvLE6ZE0LON J0U ‘BAIPY/|| dseyd ejwayna/ewoydwA 1pung A1o01oelj) 1o pasdedy Syl PaLHIUSPI JBY] SUSIDS DIIDUID 9leAnikd 1e1SIWIAD(Q
¥LELT9LO0LON pajeulwia] /|| 9seyd sapueubijew di6ojorewaH
SYPPSETOION pajeulua] /| aseyd SI3PJOSIP JIjogeIaw pajayu| uopINPUI |33 WIS JO SI01YD (z3nd
005068001ON pai9|dwo)y/| aseyd sapueubijew dibojorewaH Anuapt 03 soliqus ysiyeiqaz JO DAIRALISP [E2IWAYD)
£00T °|e 1@ YUON LLYPSETOION pajeuluad] /| aseyq sapueubijew d16ojojewsH Buisn suaaids d1xUIb [ed1WIYD 101da%31 73nd eWIHOI]
Buinidal sofiquia ysijeiqaz
€10 ‘oeIy pue buep $60S7EE0ION 10U ‘9AIY/|I| 9SeUd WOy NW eWOISe|qoI|D ul skesse sisauabolbue d1waisAs awoseajold 5oz qlwozuep
uonboy1uap| 12bp )
sadUIRYRY Jolepy SETHES]] snieys/auswdolanaq suonedIpuy| Buiusans jo Aujepoy s1obie] sbniqg
[elL [estuld [ed1ul) jo abeis

"ysieigaz buisn supipaw pazijeuosiad pue ‘uonepljea ‘A19A0dsIp Bnip ul sadURAPY | 3|qel



372 (&) B.XIAO ET AL.

3.1. Target-based screens

>
o o 5_ g g Zebrafish are suitable for screens to uncover the leads that
i ISR L . . .
g =) = S = g inhibit well-studied targets from libraries composed of thou-
< = T8 o sands of biochemical compounds. For example, a transgenic
o - -
5 o g ; g 2 zebrafish screen of pharmacologically active compounds iden-
= © ©
2 = &S ﬁ tified two antidepressants that target the B-catenin pathway in
e o £ hepatocellular carcinoma [6]. A zebrafish blastomere screen of
3,840 bioactive small molecules identified retinoid acid ago-
3 5 38 E o nists with potent anti-cancer properties, which reduce the
cel 8 g ° aberrant MYB expression in adenoid cystic carcinoma and
g § ) 8 8 leukemia [7]. Retinoid acid is tested in clinical trials for treating
ol | | |
~ = = =z multiple types of cancers including advanced adenoid cystic
s carcinoma, neuroblastoma, and brain cancers (NCT03999684,
s g < NCT00135135, and NCT00528437; Table 1). The third example
_Q:'né g 5 2o is the discovery of 16,16-dimethyl-PGE2 (dmPGE2; ProHema)
cQ = = n = c . .
S E 2 g2 gg through a screen for compounds targeting the prostanoid
o— 7] o8 =
« =g 29 receptors [8]. Dm was found to regulate vertebrate
°El g 5 R E ptors [8]. DmPGE2 found t gulat tebrat
23 4 g g hematopoietic stem cells by increasing their numbers in the
(2] q>) = o) o) . .
a [ o o aorta-gonad-mesonephros region of zebrafish. Subsequently,

dmPGE2 has progressed to a phase Il clinical trial for treating
hematologic malignancies (NCT00890500; Table 1) [8].

3.2. Phenotype-based screens

e g 5. g 5 g g Zebrafish are also ideal for screening leads based on pheno-
a| S g § 5 & g8 g C¢g g typic changes (e.g. cancer-suppressing) when the molecular
2 25 % S8 o gg 3 g ¢ target is unknown. This phenotype-based screen has several
-‘.Zj § é’,.g g ggggg = é strengths over target-based drug discovery. It can identify
1S .%i:% S5 58?3% G entirely new classes of therapeutics and reveal previously
= unsuspected ‘druggable’ pathways or molecular targets [9].
Moreover, candidate drugs identified through this method
must fulfill parameters of both anticancer efficacy and minimal
in vivo toxicity. ‘Traditional’ target-based drug discovery often
fails due to in vivo toxicities that are typically tested later in
5 E£Tc. T 'E > 'E >3 the process. Zebrafish phenotypic screens bypass this issue
o g% i g%»‘é § a g a g S with toxicity assessment as the first filtering criterion, saving
S| |48 e g% 28 g2s& both cost and time.
§ $2226%2 02 %% £ g, 2 Drugs discovered by this approach include Lenaldekar that
g §§; %é? i%g 9—;% g 9—;% was identified from a library of 26,400 molecules [10].
2 |= g sS85 2¢e 2 g_; Lenaldekar exhibits selective killing of multiple types of leuke-
5 S L% % % 53 <% ¢ gg < mia with potential for clinical utility. Another example is the
= £ %5 8L E% é; g §§ discovery of perphenazine for killing T-cell leukemia cells
Eo"d - 8° gUN through a similar phenotype-based screen of 4,880 FDA-
() -8 a .
approved drugs or drug-like molecules [11]. Notably,
- 2 = NSC210627 was discovered by screening a 2,000-chemical
v _§ géfg 8§ o 8§ o library ' based .on melanoma-inhibiting phenotypes [12].
) < EZ_:, S ggg ggg Chemoinformatic structural analysis revealed that NSC210627
= £8= &g &g resembles dihydroorotate dehydrogenase (DHODH) inhibitors
s ° © © and exerts its anti-melanoma effects through DHODH suppres-
sion. DHODH was then validated to be a new druggable target
for melanoma. Leflunomide, an FDA-approved DHODH inhibi-
= . tor for treating rheumatoid arthritis, was evaluated in preclini-
g:' r:% g cal studies and a phase | trial for melanoma treatment
g g S v %g (NCT01611675) [9]. Leflunomide is now tested in clinical trials
§ 5 S < gg < 5 §§ g for treating multiple myeloma and metastatic triple-negative
T I 25388 S28ay breast cancer (Table 1), demonstrating the ability of zebrafish
o S |8 E s3= 888823 phenotypic screens to simultaneously identify new targets and
Sl el e = = v therapeutics.



Both target and phenotype-based screens can result in drug
repurposing, which is time and cost efficient as the drug is
already well characterized. Using zebrafish gastrulation as
a readout in a screen, Nakayama et al. identified 20 FDA-
approved drugs that can inhibit tumor cell invasion [13]. Their
follow-up studies using zebrafish and mouse xenografts led to
the identification of pizotifen, an antagonist of serotonin recep-
tor 2C, as a metastasis-suppressing drug. Wang et al. demon-
strated that Rosuvastatin, an FDA-approved drug for treating
hypercholesterolemia and cardiovascular diseases, impacts
endothelial cell function and suppresses prostate tumor growth
[14]. Rosuvastatin is now being tested in clinical trials for treating
multiple cancers, including metastatic breast cancer, rectal can-
cer, squamous cell carcinoma, and prostate cancer (Table 1).

4. Mechanistic elucidation of the drug candidates

Zebrafish are optimal for studying complex molecular mechan-
isms that impact organ and system development. Zhu et al.
investigated the spatial and temporal role of an activated ana-
plastic lymphoma kinase (ALK) mutation to neuroblastoma
pathogenesis [15]. Their results demonstrated the prosurvival
effects of the ALK F1174L mutation that collaborates with
MYCN in tumor development, providing implications for targeted
therapy. Additionally, compared to in-vitro systems, zebrafish
offer a wider range of phenotypes that aid mechanistic studies
of drug candidates. For example, fumagillin, an anti-angiogenic
natural product that inhibits methionine aminopeptidase type 2
enzyme, induced a gastrulation phenotype in zebrafish embryos
like those caused by gene mutations in the noncanonical Wnt5
pathway [16]. This led to further elucidation of the mechanism of
action of fumagillin and the discovery of the targetability of the
noncanonical Wnt signaling pathway in cancer angiogenesis [16].

5. Lead optimization

Zebrafish are suitable for pharmacokinetics and pharmacody-
namics studies using mass spectroscopy and liquid/gas chro-
matography [6,9]. Therefore, an ADMET profile of selected
drugs can be generated using zebrafish. This shows the strong
potential of using zebrafish as a platform for structural-activity
relationship studies and drug optimization, another vital step
in drug discovery [9]. Hence, zebrafish can facilitate the devel-
opment of the drug prototype into those possessing optimal
potency, bioavailability, and minimal toxicity.

6. Lead prioritization for mammalian testing

Mammalian models, particularly mice, are the current gold
standard of preclinical testing. However, murine models of
cancer are time-consuming to study and are often kept in an
artificial sterile environment. Due to cost and regulatory con-
straints, murine experiments, including toxicity studies, are
mostly short-term and predict clinical outcomes inconsistently.
On the other hand, the predictability of zebrafish for various
toxicity parameters has been validated, with sufficient to good
accuracy of 60-100% [17]. Examples of these include cardio-
toxicity, developmental toxicity, and seizure liability. The
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zebrafish is thus suitable for in vivo toxicity screens, which
should complement and precede mammalian studies to elim-
inate toxic compounds early on and save costs.

Efficacy is another major reason for drug candidate attrition
in the drug discovery process. Indeed, an estimated 40-50% of
drug failure is due to a lack of clinical efficacy [18]. As none of
the animal models can perfectly simulate human diseases,
employing multiple in vivo systems in preclinical studies can
help increase the confidence of a drug candidate. The zebra-
fish is suitable for this purpose as its physiology and patho-
physiology are highly conserved. It can sometimes simulate
drug effects in humans better than mice do, as shown in the
study of thalidomide’s ability to cause morphological limb
defects in zebrafish while lacking any teratogenic effects in
mice [9]. Combined with the ease to assess the ADMET profiles
of drugs, zebrafish can ascertain and prioritize drug candidates
for further testing in mammalian models.

7. Zebrafish avatars to advance precision medicine

Over the past 10 years, precision medicine has emerged to perso-
nalize and improve treatment for cancer patients. Cancer avatars,
which historically rely on in vitro organoids and mice xenografts,
serve as a key tool to predict responses and select drugs for
individual patients. However, these avatars have substantial lim-
itations including biological fidelity and logistical constraints in
cost and time [2,19]. Zebrafish avatars can overcome the limitation
of in vitro organoid models by simulating complex physiological
environments. Additionally, due to their high fecundity and small
size, zebrafish cancer avatars can complement murine models
with increased statistical outputs, reduced patient tissue usage,
and rapid readouts [19]. Currently, zebrafish avatars are often
established through transplanting patient-derived tumor samples
into zebrafish embryos. High throughput screening with a variety
of therapeutic agents is then conducted and readouts are often
available within just 4-7 days, enabling the selection of high-
efficacy treatments to guide clinical decisions.

Despite being relatively new, the predictability of zebrafish
avatars has been validated in several types of cancers, such as
lung cancer, breast cancer, colorectal cancer, and leukemia [20].
Recent work demonstrated that zebrafish avatars can faithfully
recapitulate radiosensitivity of colorectal cancer and chemosensi-
tivity of both breast cancer and colorectal cancer in patients [20].
Yan et al. discovered the combination therapy of Olaparib and
Temozolomide against human rhabdomyosarcoma while validat-
ing the biological fidelity of immunodeficient adult zebrafish xeno-
grafts [21]. This work subsequently led to the initiation of a clinical
trial (NCT01858168). In addition, a trial enrolling 120 cancer
patients is currently ongoing to evaluate the ability of zebrafish
PDXs to predict individual responses (NCT03668418). This trial is
expected to provide valuable insights into the overall utility of
zebrafish cancer avatars, highlighting their potential in precision
medicine [19].

8. Expert opinion

The zebrafish has demonstrated its unique strengths in cancer
research and its suitability to improve the process of drug
discovery and development. For instance, it can speed up
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the discovery of drug targets and the identification of ther-
apeutic leads through phenotypic screens. With its high repro-
ducibility, mechanistic studies in this versatile organism can
dissect complex oncogenic pathways and facilitate the selec-
tion of combination treatments in a cost-effective manner. The
rapid embryonic development of zebrafish can be leveraged
to filter out toxic drug candidates and increase success rates of
preclinical and clinical testing. Unlike mice, zebrafish are raised
in a non-sterile environment. They also manifest telomere
shortening, a feature central to human cancer biology yet
lacking in mice. Therefore, zebrafish aptly complement the
murine models for preclinical testing to decrease the failure
rates of drug candidates in clinical trials. Recent evidence
emerging from zebrafish avatars also supports their utility in
precision medicine to help stratify patient populations for
personalized treatment.

The application of zebrafish in drug discovery and development
is still in its early stages, having only been introduced into cancer
research in the past two decades. As zebrafish are vertebrates, but
not mammals, hesitation in their inclusion in preclinical testing and
doubts about their relevance to patients still require additional
evidence to be overcome. In addition, even though zebrafish can
be used to study ADMET of drugs, their pharmacokinetics may be
different from those in humans and should be compared carefully.
Despite concerns about potential unphysiological responses in
zebrafish avatars, studies show that fish tolerate 32-34°C,
a temperature conducive to human tumor cell growth.

Future technological advances, such as the generation of fish
suited to live at 37°C, will optimize the utility of zebrafish avatars.
Pairing zebrafish with other model systems should hasten the
process of drug discovery while increasing its success rates.
Enhanced communications among the zebrafish research com-
munity, the industry, funding agencies, and policymakers will help
steer and prioritize translational research using this model system.
We hope that the accumulated scientific evidence collected
through collaboration between academia and industry will soon
convince policymakers to favor zebrafish as an essential tool for
drug discovery and development.
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