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Chemotherapy resistance in biliary tract cancer (BTC) presents a major clinical hurdle. Ren et al.1 developed
and characterized an extensive collection of BTCpatient-derived organoid (PDO)models, enabling advanced
investigation of chemotherapy response prediction.
Biliary tract cancer (BTC) poses a distinc-

tive challenge in oncology, primarily due

to late-stage diagnosis and limited effec-

tive systemic treatment options.2 Chemo-

therapy serves as the primary therapy for

BTC patients, with variable responses

and a dismal survival rate.2 There is an ur-

gent clinical need for predictivebiomarkers

of response to chemotherapy to advance

precisionmedicineofBTC.Patient-derived

organoids (PDOs) offer a reliable 3D in vitro

model that closely mirrors the original

tumor, facilitating cancer modeling and

response prediction.3 Compared with

alternative patient-derived models, such

as patient-derived xenografts (PDXs),4

PDOs provide a cost-effective platform

for high-throughput anti-cancer drug

screenings.While numerousBTCPDOcol-

lections have been documented (Table 1),

the utilization of large-scale BTC PDO col-

lections for modeling and predicting

chemotherapy responses remains limited.

Ren et al.1 introduced a novel collection

of 61 BTC PDO models, offering a prom-

ising avenue for BTC precision medicine

(Figure 1). These BTC PDOs accurately

recapitulate histopathologic and genomic

features of their original tumors. They can

be orthotopically or subcutaneously im-

planted into immunodeficient mice to

generatePDO-derivedxenografts (PDOXs)

for in vivo research. Interestingly, clinical

parameters of the original tumors, such as

high tumor grade (stage IV), high tumor

content, and intrahepatic localization,posi-

tively influencePDOgeneration. Transcrip-

tional profiling also revealed that higher

expressionof ‘‘stemnessandproliferation’’

genes and lower levels of ‘‘anti-prolifera-
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tion’’ geneswere associatedwith success-

fully established PDOmodels. Importantly,

BTC PDOs displayed varying responses

to distinct clinical chemotherapy agents,

such as 5-fluorouracil (5-FU), SN-38

(an active metabolite of irinotecan), oxali-

platin, mitomycin C, and paclitaxel. These

in vitro observations were subsequently

confirmed in the PDOX models in vivo,

and an impressive 92.3% agreement was

found in BTCpatientswho exhibited actual

clinical responses.

To explore the transcriptional character-

istics associated with the response of

BTC patients to chemotherapy drugs

5-FU (the active metabolite of capecita-

bine) and cisplatin, genome-wide tran-

scriptomic studies were conducted on 19

BTC PDOs. The results revealed that

genes involved in ‘‘tumor apoptosis’’ and

‘‘chemotherapy sensitivity’’ were upregu-

lated in the 5-FU-sensitive BTC PDOs

compared with the 5-FU-intermediate

group response. Of note, among these

genes, TP73 has been reported to be

involved as a pro-chemotherapy-sensitive

factor in various tumor types.9 Interestingly,

gene set enrichment analysis (GSEA) also

suggested Fanconi anemia and ataxia-tel-

angiectasia mutated and Rad3-related

(ATR) pathways as potential regulators

of hypersensitivity to 5-FU. Furthermore,

pathways involved in programmed cell

death and TP53 regulation were identified

asenriched in the cisplatin-sensitive group,

while genes related to drug resistance,

suchasDDL4andDNAJC12,wereupregu-

lated in the resistant group.

Finally, the authors have proposed a

panel consisting of 13 genes for predict-
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ing response to 5-FU and a panel of 17

genes for predicting response to cisplatin.

Employing support vector machine

(SVM) and naive Bayes (NB) models, the

authors have substantiated the excep-

tional discriminatory power of these

gene panels in effectively distinguishing

patients who exhibit a favorable response

to chemotherapy from those who do not.

These findings underscore the potential

inherent in utilizing biomarker panels ob-

tained from BTC PDOs to provide accu-

rate predictions of patient responses to

5-FU and cisplatin.

This study byRen et al.1 presents a valu-

able platform of BTC PDOs that faithfully

recapitulate the key characteristics of the

original tumors and offer potential predic-

tive biomarkers for patient responses to

chemotherapy. However, several ques-

tions remain for future investigation. First,

the challenge of long-term maintenance in

BTCPDO isapparent, as23%of theestab-

lished models only supported short-term

growth. Adeeperexplorationof theclinical,

genomic, and transcriptional features

contributing to sustained growth is war-

ranted. Second, it is essential to validate

the specificity and sensitivity of the pro-

posed gene panels in larger and indepen-

dent patient cohorts. This step is crucial

for establishing the clinical significance

and applicability of these panels in preci-

sion medicine for BTC. Finally, a growing

body of evidence indicates that elements

of the tumor microenvironment (TME),

such as cancer-associated fibroblasts

(CAFs) and immune cells, play a crucial

role in determining drug response.10 This

holds significant relevance because the
ovember 21, 2023 ª 2023 The Author(s). 1
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Table 1. Comparisons of BTC PDO collections

Collections

BTC PDO models Tumor types Characterizations Drug screening

Total

Success

rate (%) iCCA eCCA GB Others Histopathologic Genomic Transcriptomic Drugs

Prediction

model

Broutier

et al.5
8 – 3 – – 5 H&E, HepPar-1,

EpCAM

WES RNA-seq 29 drugs including

cisplatin, 5-FU,

doxorubicin, and

gemcitabine

–

Lee et al.6 16 69.5 16 – – – H&E, CK19,

SOX9, PD-L1

WES RNA-seq gemcitabine and

cisplatin

–

Saito et al.7 6 33.3 3 – 1 2 H&E, CK7,

MUC1

WES microarray 339 compounds,

including

antimicrotubule

agents, mitomycin

C, and aclarubicin

–

Kinoshita

et al.8
60 88.2 5 49 1 5 H&E, CK7,

HepPar-1

TP53,

KRAS

– – –

Ren et al.1 61 74.4 44 13 4 – H&E, CK19,

CK7

WES RNA-seq gemcitabine, 5-FU,

cisplatin, SN-38,

oxaliplatin, mitomycin

C, paclitaxel

yes, with the

NB and SVM

models

Abbreviations: BTC, biliary tract cancer; PDO, patient-derived organoid; iCCA, intrahepatic cholangiocarcinoma; eCCA, extrahepatic cholangiocar-

cinoma; GB, gallbladder cancer; H&E, hematoxylin and eosin staining; HepPar-1, hepatocyte paraffin-1; EpCAM, epithelial cell adhesion molecule;

CK19, cytokeratin 19; SOX9, SRY-box transcription factor 9; PD-L1, programmed death-ligand 1; CK7, cytokeratin 7; MUC1, Mucin 1; TP53, tumor

protein p53; KRAS, Kirsten rat sarcoma viral oncogene homolog; WES, whole-exome sequencing; 5-FU, 5-Fluorouracil; NB, naive Bayes; SVM, sup-

port vector machine.
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current standardof care for non-resectable

BTC entails combining chemotherapy (i.e.,

cisplatin-gemcitabine) and the immune
BTC patient samples
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Figure 1. Development and application of BTC
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checkpoint inhibitor durvalumab, and the

primary focus is to identify biomarkers for

long-term treatment benefits.2 However,
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discovery processes for TME-targeted

treatments, emphasizing the need for

further research in this area.

In summary, research utilizing patient-

derived models for BTC holds promise

for advancing precision medicine. These

models have the potential to provide

crucial insights into tumor characteristics

and drug responses, offering hope to

improve BTC patient outcomes.

ACKNOWLEDGMENTS

We would like to express our gratitude to the

members of the Upper GI Cancer Translational

Research Group at VHIO for their valuable contri-

butions and unwavering support. This work is sup-

ported by grants from the EU Transcan-3 project

(SIMMBAP), Instituto de Salud Carlos III (PMP22/

00054 and PI20/00898) awarded to T.M., and

grants from Asociación Española Contra el Cáncer

(AECC), Ministerio de Ciencia e Innovación

de España (RYC2020-029098-I and PID2019-

108008RJ-I00), and FERO Foundation awarded

to T.V.T.

DECLARATION OF INTERESTS

T.M. reports scientific consultancy role for Ability

Pharmaceuticals SL, AstraZeneca, Basilea

Pharma, Baxter, BioLineRX Ltd, Celgene, Eisai, In-

cyte, Ipsen Bioscience Inc, speaker’s fee for

Janssen and Lilly, and research funding for MSD,

Novocure, QED Therapeutics, Roche Farma,

Sanofi-Aventis, Servier, and Zymeworks. T.V.T.

reports grants from Loxo Oncology at Lilly, Phar-
maxis, Alentis, Incyte, and nonfinancial support

from Servier.
REFERENCES

1. Ren, X., Huang, M., Weng, W., Xie, Y., Wu, Y.,

Zhu, S., Zhang, Y., Li, D., Lai, J., Shen, S., et al.

(2023). Personalized drug screening in patient-

derived organoids of biliary tract cancer and

its clinical application. Cell Rep. Med. 164,

S-1255.

2. Vogel, A., Bridgewater, J., Edeline, J., Kelley,

R.K., Kl€umpen, H.J., Malka, D., Primrose, J.N.,

Rimassa, L., Stenzinger, A., Valle, J.W., et al.

(2023). Biliary tract cancer: ESMOClinical Prac-

tice Guideline for diagnosis, treatment and

follow-up. Ann. Oncol. 34, 127–140. https://

doi.org/10.1016/j.annonc.2022.10.506.

3. Veninga, V., and Voest, E.E. (2021). Tumor orga-

noids:Opportunities andchallenges toguidepre-

cision medicine. Cancer Cell 39, 1190–1201.

https://doi.org/10.1016/j.ccell.2021.07.020.

4. Serra-Camprubı́, Q., Verdaguer, H., Oliveros,

W., Lupión-Garcia, N., Llop-Guevara, A., Mo-
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