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Limitation and challenges in using pancreatic
cancer-derived organoids as a preclinical tool

Dear Editor,

Pancreatic ductal adenocarcinoma (PDAC) is a dismal
disease with a fast evolution and unpredictable treatment
response. Nowadays, FOLFIRINOX [1] and gemcitabine
[2] are the preferred treatments with a response rate
of 33% and 11%, respectively. This poor patient response
has been associated with an inefficient/non-personalized
treatment allocation. Consequently, developing a rapid
and efficient preclinical tool to test tumor drug sensitivity
for each patient is hugely needed. Biopsy patient-derived
organoid (PDO) appears to be a promising tool for devel-
oping individualized treatments for patients with PDAC.
Several PDO-based platforms are in development world-
wide as a guide to optimize therapy by directing tailored
treatments. A critical point to consider PDO as promising
is that it must represent the great clinical heterogene-
ity of PDAC as much as possible. Moreover, PDO has
displayed histological features that mimic the PDAC phe-
notype. These characteristics make PDO an interesting
option to obtaining reliable chemo-response profiles at a
reasonable timeframe for most PDAC patients. However,
although PDO has potential advantages as a preclinical
tool, several concerns related to their phenotype stability
in culture have recently arisen. Specifically, PDO culture
media contain several growth factors and small-molecule
inhibitors, which induce phenotypic modifications from
the original tumor that could be easily evaluated at the
transcriptome level. This is a central point considering
that PDAC drug sensitivity highly depends on the tran-
scriptomic phenotype [3-6]. Therefore, is PDO a faithful
model that reproduces in vitro the huge phenotypical

Abbreviations: 5-FU, 5-fluorouracil; CDA, cytidine deaminase;
HC-PAMG, High contributive genes from the PDAC molecular gradient;
ICA, Independent component analysis; IGF1, Insulin-like growth factor
1; LGRS, Leucine-Rich Repeat Containing G Protein-Coupled Receptor
5; LGR6, Leucine-Rich Repeat Containing G Protein-Coupled Receptor
6; PDAC, Pancreatic ductal adenocarcinoma; PDC, Patient-derived cell
cultures; PDO, Patient-derived organoids; RSPO1, R-Spondin 1; WNT3A,
Wingless-Type MMTV Integration Site Family, Member 3A; WNT7B,
Wingless-Type MMTYV Integration Site Family, Member 7B.

heterogeneity observed in PDAC? Here, we analyzed the
transcriptome of several PDAC preclinical models in asso-
ciation with the chemo-response profile for gemcitabine,
5-fluorouracil (5-FU), oxaliplatin and irinotecan. Further-
more, we characterized the pathways associated with
PDO-specific phenotype.

Transcriptome dispersion was computed for PDO,
patient-derived cell culture (PDC), patient-derived
xenograft (PDX), and PDAC tumors using inter-sample
Euclidean distance on the gene sets that define PurIST [5],
the Chan-Seng-Yue classifier [7], and the high contributive
genes from the PDAC molecular gradient (HC-PAMG)
[6]. These three well-known stratification patterns are
strongly associated with PDAC prognosis and drug
response phenotype. PDO displayed the lowest transcrip-
tomic dispersion compared with PDC, PDX, and PDAC
tumors in all the tested gene sets (Figure 1A). Moreover,
we observed that the low transcriptome variability of
PDO was accompanied with an extreme enrichment in
a classical phenotype (Figure 1B). On the contrary, PDC
showed a strong displacement toward basal-like/basal
A, whereas PDX was the most diverse and proximal to
PDAC tumor displaying all the subtypes described by the
Chan-Seng-Yue classifier (Figure 1B).

To further investigate the association between the tran-
scriptome variability and the drug response profile among
these preclinical models, 43 PDOs, 54 PDCs, and 18 PDXs
were evaluated for gemcitabine, 5-FU, oxaliplatin, and
irinotecan (Supplementary Figure SIA). A strong associa-
tion between the degree of transcriptome dispersion and
response profile was observed. PDO showed the lowest
range of chemo-response measured by the area under the
curve (AUC) for the four anti-cancer drugs, followed by
PDC and PDX (Figure 1C). These observations were con-
firmed in a paired scheme where PDX was the preclinical
model with the broadest response (Figure 1D).

Next, we analyzed the potential PDO phenotype drivers.
Independent component analysis (ICA) was performed
using PDAC molecular gradient calculated with HC-
PAMG as a reference parameter. The ICA4 component
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FIGURE 1 Analysis of transcriptome heterogeneity and chemo-response profiles of preclinical models for PDAC. (A) The
transcriptomic dispersion of PDO, PDC, PDX, and PDAC tumors was estimated through inter-sample euclidean distance using the three gene
sets that define PurIST, Chan-Seng-Yue classifier, and HC-PAMG. The B-F ANOVA test following Dunnett’s multiple-comparison test was
applied. (B) For each preclinical model and PDAC tumors, stratification was performed using the PurIST, Chan-Seng-Yue classifier, and
HC-PAMBG. (C) The area under the curve was estimated to compare the chemo-response variability of 43 PDOs, 54 PDCs, and 18 PDXs for
gemcitabine, 5-fluorouracil, oxaliplatin, and irinotecan. AUC inter-preclinical model variance was tested using the F test. (D) The
chemo-response variability was also estimated in a paired setting between the three preclinical models. Boxplot data are represented as the
median + max/min; *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001. Abbreviations: PDAC, pancreatic ductal adenocarcinoma; PDC,
patient-derived cell culture; PDO, patient-derived organoid; PDX, patient-derived xenograft; HC-PAMG, high contributive genes from the
PDAC molecular gradient; B-T, Brown-Forsythe; a.u., arbitrary units

showed the highest correlation with HC-PAMG (r=0.57,P  the gemcitabine response profile for the preclinical mod-
= 0.002, Supplementary Figure S1B). Pathway enrichment  els and PDAC tumors, whereas IGF1 did not associate with
analysis on the ICA4 component revealed that Wnt signal- gemcitabine response (Supplementary Figure S1F).

ing was a strong promoter of the PDO phenotype (Supple- The findings provided by the current analysis vali-
mentary Figure S1C). Moreover, we identified that PDO date the association between the transcriptomic variability
had significantly higher WNT7B, LGR5, and LGR6 levels  and drug response in the PDAC preclinical models and
than PDC, PDX, and PDAC tumors (Supplementary Figure ~ highlight the limitations associated with the model set-
S1D). These observations were confirmed by differential tings. Specifically, we demonstrated that PDO displayed a
expression analysis between PDO and PDAC tumors (Sup- reduced transcriptomic variability compared to PDC and
plementary Figure S1E, Supplementary Table S1), where PDX. This limited heterogeneity is reflected in the nar-
we detected activation of the Wnt signaling pathway and row chemo-response profile for the most common PDAC
cell cycle in PDO compared to PDAC tumors (Supplemen- anti-cancer drugs. In addition, our results suggest a strong
tary Table S1). Additionally, we analyzed the expression of  role of theWnt/R-spondin signaling as a driver of the PDO
biomarkers associated with gemcitabine response, such as phenotype, which could be triggered by PDO culture con-
cytidine deaminase (CDA) [4] and insulin-like growth fac- ditions. These observations are aligned with recent studies
tor 1 (IGF1) [8]. CDA displayed a strong association with that demonstrated a PDO-specific profile is highly diver-
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gent from the source PDAC biopsy [9]. A potential strategy
to overcome the observed limitations of PDO is to mod-
ify the culture medium to capture PDAC heterogeneity,
similar to the strategy proposed for breast cancer [10].

In conclusion, although the PDO is a promising tool for
studying PDAC biology, we must consider the current lim-
itations of this model for its use in a clinical setting, such
as determining treatment protocol. Moreover, the lack of
recapitulation of PDAC heterogeneity associated with a
reduced response spectrum for the anti-cancer drugs indi-
cates that further optimization is needed. Therefore, the
culture conditions need to be improved to avoid a pheno-
typic polarization mediated by the over-activation of the
Wnt/R-spondin pathways.
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Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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