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Editorial Commentary

Programmed cell death protein 1/programmed death ligand-1 
checkpoint blockade meets patient-derived organoids
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Tumor immunotherapy, particularly programmed cell death 
protein 1 (PD-1)/programmed death ligand-1 (PD-L1) 
immune checkpoint blockade, has been instrumental in 
the successful treatment of cancer. Anti-PD-1/PD-L1 
immunotherapy has been approved for many types of cancer 
(1,2); however, it is generally understood that only a fraction 
of cancer patients benefit from the therapy, which limits the 
application of immune checkpoint inhibitors (3). Predicting 
the therapeutic responses to immune checkpoint inhibitors 
is a focus of many studies. Although many factors have been 
taken into consideration, such as clinicopathologic features, 
the level of PD-L1, tumor mutations, neoantigen load, 
and the status of microsatellite instability, the predicted 
performances of clinical parameters and biomarkers are not 
satisfactory (4,5). New strategies for accurately predicting 
responses to immunotherapy are urgently needed. Patient-
derived organoids (PDOs) are a new method for predicting 
the response of PD-1/PD-L1 checkpoint blockade. 

Tumor organoids are three-dimensional structures 
that are derived from tumor stem cells in vitro. PDOs 
can recapitulate many characteristics of the physiological 
structure and function of their matching primary tumor 
(6,7). Furthermore, PDOs are similar to their parental 
tumors in phenotypic and genotypic profiling, and they 
share the same gene mutation spectrum (8). PDOs are an 
ideal alternative for cancer cell lines and patient-derived 
xenografts for predicting therapeutic responses and can also 
be used as human disease model for basic tumor immunity 
research (9). Previous studies suggest that PDOs are capable 
of predicting responses to chemotherapy and targeted drugs. 

PDOs from patients with colorectal or gastroesophageal 
cancer had 100% accuracy in predicting a non-response 
to some drugs and 88% accuracy for predicting a positive 
drug response (10). However, it is more difficult to predict 
a therapeutic response to tumor immunotherapy in vitro 
because complicated immune factors are involved. Recently, 
Neal and colleagues developed tumor organoid modeling 
with the tumor immune microenvironment using air-liquid 
interface (ALI) cultures (11). The ALI PDOs were derived 
from 19 different tissue sites and included 28 unique 
tumor subtypes. The tumor architecture and integrated 
myofibroblast stroma were preserved in the ALI PDOs and 
CD8+ T cells, CD4+ T cells, B cells, natural killer, and natural 
killer T cells, macrophages were also retained. Moreover, 
ALI PDOs retained the conserved T cell receptor repertoire 
of the parental tumor and displayed similar T cell clonal 
diversity. Importantly, PD-1/PD-L1 immune checkpoint 
blockade expanded and activated antigen-specific tumor-
infiltrating lymphocytes (TILs) within ALI PDOs derived 
from melanoma, lung cancer, and renal cell carcinoma, and 
the results showed a similar clinical response rate as was 
observed in the ALI PDOs. ALI PDOs show potential as 
a tool to predict clinical responses to immune checkpoint 
therapies.

ALI PDOs are the first in vitro tumor model with an 
endogenous, syngeneic tumor microenvironment. The 
microenvironment is responsible for modifying tumor 
progression and therapeutic responses and it is preserved in 
ALI PDOs including the myofibroblast stromal elements 
and autologous immune cells. Three-dimensional organoid 
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models with immune cells and a tumor microenvironment 
have been reported in the past; however, the tumor 
microenvironments were artificially reconstructed with 
heterogenous cells and did not contain multiple human 
immune cell types or functional T cells (12). Additionally, 
the TILs in these models exhibited responses to tumor 
immunotherapy without immune specificity (13). 

ALI PDOs provide a new strategy for predicting 
responses to PD-1/PD-L1 immune checkpoint blockade. 
Reportedly, drug combinations prolong survival in patients 
compared with immune checkpoint inhibitors alone (14). 
Using ALI PDOs, it is easier to analyze effective drug 
combination regimens. However, the forecast accuracy 
of ALI PDOs needs to be further examined. Besides, ALI 
PDOs can also be used as bionic models for basic tumor 
immunity research.

Some drawbacks include that ALI PDOs have limited 
access to the peripheral immune system, which contributes 
to optimal anti-tumor immunity. Peripheral immune 
cells can be recruited to the tumor microenvironment 
and exert an influence on tumor immunotherapy (15). 
Second, there are no immunosuppressive cells, such as 
myeloid-derived suppressor cells (MDSCs), in ALI PDOs. 
Tumor immune escape is due to exhausted T cells as well 
as immunosuppressive cells and MDSCs are responsible 
for immune suppression and affect the efficacy of PD-1/
PD-L1 checkpoint blockade (16). Third, soluble immune 
factors, such as transforming growth factor (TGF)-β and 
interleukin (IL)-10, have not been described in ALI PDOs. 
Therefore, it is necessary to carry out clinical tests to assess 
the sensitivity and specificity of predictions based on ALI 
PDOs. 

Further improvements can be made to current 
ALI PDOs; for example, the addition of MDSCs and 
other essential components, such as endothelial cells. 
Furthermore, combining ALI PDOs and microfluidics 
would be helpful to evaluate drug response (17).

The uncertainty of anti-PD-1/PD-L1 immunotherapy has 
created the exigency for in vitro human prediction models that 
recapitulate the tumor immune microenvironment diversity, 
and ALI PDOs will enable the use of personalized tumor 
immunotherapy in the future.
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