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Pancreatic cancer (PC) is a prevalent digestive malignancy 
worldwide and ranks as the fourth leading cause of cancer-
related deaths globally. The incidence and mortality rates 
have been increasing annually, and due to its insidious 
onset and high malignancy, most patients are diagnosed at 
an advanced stage, with a 5-year survival rate of less than 
8% (1). PC can be classified into endocrine and exocrine 
tumors, with over 95% of pancreatic malignant tumors 
originating from the exocrine portion of the pancreas. 
Among them, pancreatic ductal adenocarcinoma (PDAC) 
accounts for 85–90% of all pancreatic tumors and is the 
most common type of PC. Owing to its highly malignant 
biological characteristics, PDAC has been the focus of 
extensive research.

Surgical resection remains the only curative method 
in the treatment of PC. However, only a small number 
of cases can undergo surgical resection at the initial 
diagnosis due to its difficulty in early detection and 
treatment (2). Furthermore, even after complete resection, 
the prognosis is poor, and the development of effective 
treatment methods for PDAC is limited compared to 
other gastrointestinal cancers with various molecular 
targeted drugs currently being developed. The standard 
chemotherapy for PDAC is a combination therapy 
consisting of cytotoxic anticancer drugs (3), such as the 
FOLFIRINOX regimen (chemotherapy regimen of 
Irinotecan, Oxaliplatin and 5-fluorouracil) and gemcitabine 
plus albumin-bound paclitaxel. Therefore, a comprehensive 
treatment strategy for PC that includes combination 
chemotherapy is becoming increasingly important in 

the future of PC treatment. The focus of comprehensive 
treatment is on individualized treatment. Currently, the 
selection of chemotherapy regimens is usually based on the 
patient's physical condition, comorbidities, and the doctor’s 
experience. However, due to the heterogeneity of tumors 
and the complexity of the tumor microenvironment (TME), 
different patients respond differently to the same drugs, 
and neoadjuvant and adjuvant chemotherapy performed 
before and after surgical resection has limited effectiveness 
in improving survival. Hence, the reliable application of 
preclinical models to predict drug treatment response and 
assist in formulating individualized chemotherapy regimens 
is a pressing issue in the treatment of PC.

Traditional preclinical models of PC, such as immortalized 
cell lines cultured in two-dimensional (2D), have provided 
valuable insights into cancer biology. However, due to the 
lack of tumor heterogeneity and the absence of a complex 
microenvironment, these models cannot fully preserve the 
original characteristics of the parental tumor, making them 
unsuitable for individualized treatment. In contrast, human-
derived animal models are designed to mimic the TME and 
preserve parental tumor characteristics. Patient-derived 
xenograft (PDX) models are well-established examples of 
this approach and have demonstrated their applicability for 
predicting individualized treatment response in PDAC (4). 
Despite their effectiveness, PDX models suffer from low 
success rates, high cost, and time-consuming requirements, 
which limit their widespread adoption.

Currently, an increasing number of three-dimensional 
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(3D) in vitro models of humanoid microenvironments are 
being developed with the aim of recreating the biological 
and physical complexity of the TME. Undoubtedly, 3D 
models far surpass the limitations of 2D single-layer cell 
cultures and expensive, low-throughput animal models. 
The available toolbox for engineering 3D in vitro models of 
human microenvironments includes randomly assembled 
3D spheres, patient-derived organoids, cell-laden hydrogel 
platforms, microfluidic tumor chip platforms, and 3D 
bioprinting (5).

Organoids are currently the most widely used and 
promising 3D preclinical models for PDAC. They have the 
potential to assist in individualized treatment of patients 
in clinical settings. Organoid-derived pathways for PDAC 
include using fine-needle biopsy to obtain small tumor 
samples and, for patients who have undergone surgery, 
using large numbers of surgical specimens to establish a 
PC organoid bank that can be used to test possible follow-
up treatment options to make the best treatment choice (6). 
The PDAC organoid model is a promising alternative to 
the time-consuming and expensive PDX model to a certain 
extent. However, its low success rate, lack of standardized 
methods, and poor reproducibility cannot be ignored (7).

Over the past 15 years, 3D bioprinting technology has 
emerged as an interdisciplinary frontier offering a range 
of strategies for the development of functional tissues (8). 
This technology has been applied to the reconstruction of  
in vitro tissues, and it offers a unique advantage in its ability 
to deposit various types of co-cultured cells in a single 
spatial arrangement that matches the natural architecture 
of native tissue. The adaptability of 3D bioprinting to 
various types of cells is enabled by the use of different 
bioinks, which are mainly composed of non-toxic and 
biocompatible materials such as natural polymers (e.g., 
alginate, gelatin, collagen, chitosan, and hyaluronic acid) 
or synthetic molecules (e.g., polyethylene glycol). Cell-
containing bioinks can be digitized and modeled using 
computed tomography, magnetic resonance imaging, 
computer-aided design, computer-aided manufacturing 
tools, and mathematical modeling to generate simulated 3D 
structures. The digital images are then used to print tissues 
and organs using techniques such as laser-assisted printing, 
microextrusion, and inkjet with polymer interconnects 
activated by light or heat.

The advent of 3D bioprinting technology has opened 
up new avenues for studying tumor models of clinical 
significance (9). One of the key advantages of 3D 
bioprinting cancer cells is the use of computer-assisted 
technology, which provides benefits such as high precision, 

efficiency, and consistency, thereby overcoming the 
limitations of traditional organoid techniques. Moreover, 
this technology has natural advantages in constructing  
in vitro multicellular microenvironments that closely 
resemble native tissue architecture, leading to better 
representation of tumor formation, progression, and response 
to anticancer drugs. Numerous studies have highlighted 
the role of microenvironmental components in conferring 
chemoresistance (10). Therefore, the utilization of 3D 
bioprinting technology is well suited for the development of 
personalized drug screening programs in PC.

Hakobyan et al. (11) utilized laser-assisted bioprinting 
to fabricate 3D arrays of pancreatic cell spheroids and 
examined their phenotypic changes over time through 
image analysis and phenotypic characterization. The 
findings suggest that this bioprinting-based miniaturized 
spheroid array model can facilitate the investigation of 
intrinsic and extrinsic factors that promote precursor 
lesion formation and cancer progression in PDAC, which 
may provide insights into future therapeutic strategies 
for PDAC. Langer et al. (12) printed OPTR3099C, a 
human PC cell line derived from PDX tumor tissue, on 
a matrix containing human umbilical vein endothelial 
cells (HUVECs) and normal human primary pancreatic 
stellate cells (PSCs).  The co-cultured cancer and 
stromal cells responded to microenvironmental signals 
in bioprinted tumors and closely resembled the parental 
tumor morphology, indicating that bioprinting allows for 
primary patient or patient-derived bioprinting in complex 
microenvironments. These studies highlight the potential 
application of 3D bioprinting in both basic and clinical 
research of PDAC.

Additionally, there have been limited studies integrating 
patient-derived PDAC tumor cells into 3D bioprinting 
platforms to validate its potential for personalized therapy. 
Our research group has previously established successful 
3D-printed models of liver cancer cell lines, in vitro 
microenvironment models of cholangiocarcinoma cell lines, 
and patient-derived 3D bioprinting models of liver cancer 
cells, highlighting the reliable value of 3D bioprinting in 
tumor drug screening (13-15). These results demonstrate 
that 3D bioprinting technology holds significant potential 
for clinical applications in preclinical tumor model 
research. However, standardization of protocols in 
PDAC for this technology is highly necessary to optimize 
disease modeling accuracy in future work. In summary, 
3D bioprinting technology holds immense promise as an 
innovative clinical tool for individualized treatment in 
PDAC, and further research is needed to explore its full 
potential.



Sun et al. 3D bioprinting revolutionizes pancreatic cancer research618

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2023;12(4):616-618 | https://dx.doi.org/10.21037/hbsn-23-248

Acknowledgments

Funding: This work was supported by grants from National 
Natural Science Foundation of China (No. 32271470) and 
CAMS Innovation Fund for Medical Sciences (CIFMS) (No. 
2021-I2M-1-058).

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Hepatobiliary Surgery and Nutrition. 
The article did not undergo external peer review.

Conflicts of Interest: All authors have completed the ICMJE 
uniform disclosure form (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-23-248/
coif). HY serves as an unpaid Editorial Board Member of 
Hepatobiliary Surgery and Nutrition. The other authors have 
no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Mizrahi JD, Surana R, Valle JW, et al. Pancreatic cancer. 
Lancet 2020;395:2008-20.

2. Yang Y. Current status and future prospect of surgical 
treatment for pancreatic cancer. Hepatobiliary Surg Nutr 
2020;9:89-91.

3. Heinrich S. Why surgeons care about systemic 
chemotherapy for pancreatic cancer? Hepatobiliary Surg 
Nutr 2021;10:860-3.

4. Nicolle R, Blum Y, Marisa L, et al. Pancreatic 
Adenocarcinoma Therapeutic Targets Revealed by 
Tumor-Stroma Cross-Talk Analyses in Patient-Derived 
Xenografts. Cell Rep 2017;21:2458-70.

5. Monteiro MV, Ferreira LP, Rocha M, et al. Advances in 
bioengineering pancreatic tumor-stroma physiomimetic 
Biomodels. Biomaterials 2022. [Epub ahead of print]. doi: 
10.1016/j.biomaterials.2022.121653.

6. Boj SF, Hwang CI, Baker LA, et al. Organoid models 
of human and mouse ductal pancreatic cancer. Cell 
2015;160:324-38.

7. Moreira L, Bakir B, Chatterji P, et al. Pancreas 3D 
Organoids: Current and Future Aspects as a Research 
Platform for Personalized Medicine in Pancreatic Cancer. 
Cell Mol Gastroenterol Hepatol 2017;5:289-98.

8. Mota C, Camarero-Espinosa S, Baker MB, et al. 
Bioprinting: From Tissue and Organ Development to in 
vitro Models. Chem Rev 2020;120:10547-607.

9. Kang Y, Datta P, Shanmughapriya S, et al. 3D Bioprinting 
of Tumor Models for Cancer Research. ACS Appl Bio 
Mater 2020;3:5552-73.

10. Knowlton S, Onal S, Yu CH, et al. Bioprinting for cancer 
research. Trends Biotechnol 2015;33:504-13.

11. Hakobyan D, Médina C, Dusserre N, et al. Laser-assisted 
3D bioprinting of exocrine pancreas spheroid models for 
cancer initiation study. Biofabrication 2020;12:035001.

12. Langer EM, Allen-Petersen BL, King SM, et al. Modeling 
Tumor Phenotypes In vitro with Three-Dimensional 
Bioprinting. Cell Rep 2019;26:608-23.e6.

13. Sun L, Yang H, Wang Y, et al. Application of a 3D 
Bioprinted Hepatocellular Carcinoma Cell Model in 
Antitumor Drug Research. Front Oncol 2020;10:878.

14. Li C, Jin B, Sun H, et al. Exploring the function of 
stromal cells in cholangiocarcinoma by three-dimensional 
bioprinting immune microenvironment model. Front 
Immunol 2022;13:941289.

15. Xie F, Sun L, Pang Y, et al. Three-dimensional bio-
printing of primary human hepatocellular carcinoma for 
personalized medicine. Biomaterials 2021;265:120416.

Cite this article as: Sun H, Wang Y, Yang H. Revolutionizing 
preclinical research for pancreatic cancer: the potential of 3D 
bioprinting technology for personalized therapy. HepatoBiliary 
Surg Nutr 2023;12(4):616-618. doi: 10.21037/hbsn-23-248

https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-248/coif
https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-248/coif
https://hbsn.amegroups.com/article/view/10.21037/hbsn-23-248/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

