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Abstract—It was proven that tumor organoids effectively mirror the phenotypic and genetic traits of the orig-
inal biomaterial. It was reported that outcomes from drug testing in organoid cultures can accurately represent
the clinical response observed in patients. In this study, an organoid culture was derived from biopsy material
of prostate cancer (PC). Subsequently, clinical practice drugs, docetaxel and enzalutamide, were tested on
this organoid culture. Various techniques for evaluating the efficacy of drugs in vitro were compared. The
half-maximal inhibitory concentration of docetaxel was found to be markedly lower compared to that of
enzalutamide. However, when tested at clinically relevant concentrations and incubation times, enzalut-
amide was more effective than docetaxel. Therefore, it is crucial to optimize the testing conditions for drugs
on in vitro cultures for their subsequent application in clinical practice.
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INTRODUCTION

According to statistics, more than 1.4 million new
cases of prostate cancer (PC) are registered annually in
the world, with a mortality rate of approximately 375
thousand [1]. In 112 countries, this type of cancer is the
most commonly diagnosed in men [1]. In Russia, pros-
tate cancer ranks second in terms of most common can-
cer types in men and third in mortality [2].

Currently, there are several approaches and a num-
ber of drugs for the treatment of prostate cancer. The
choice of a particular treatment approach is deter-
mined mainly by the level of disease progression. First
of all, when choosing a treatment strategy, castration
sensitivity or resistance of prostate cancer, as well as
the presence or absence of metastases, are taken into
account [3]. Docetaxel and enzalutamide are among
the most common drugs used in clinical practice for
the treatment of prostate cancer. The mechanism of
action of docetaxel is the inhibition of cell division by
disrupting the normal function of microtubules [4].
This drug is used for treatment of not only various
forms of prostate cancer but also other types of cancer,
such as breast cancer, stomach cancer, etc. [4].
Enzalutamide is an antiandrogen, its mechanism of
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action is to block androgen receptors, thereby prevent-
ing the important effect of hormones such as testoster-
one and dihydrotestosterone on prostate cells, includ-
ing tumor cells [5]. Enzalutamide, similarly to
docetaxel, is effective in the treatment of different
types of PC, such as metastatic and non-metastatic
castration-resistant PC, as well as metastatic castra-
tion-sensitive PC [6].

Today, given the diversity of drugs available for
treatment and the problem of drug resistance, individ-
ualized approaches to choosing a treatment regimen
are becoming increasingly popular. In recent years,
3D patient-derived tumor organoids have become
popular models for in vitro cancer research [7]. This
became possible due to the fact that tumor organoids
effectively preserve the genetic and morphological
characteristics of the original patient’s biomaterial,
making it fairly easy to screen drugs and even identify
their mechanisms of action [8, 9]. It was also shown
that such cultures can be successfully used to predict
patient’s response to drugs in clinical practice [10]. All
these features make tumor organoids derived from
particular patients a promising model for studying
sensitivity to certain drugs in order to select an individ-
ually tailored treatment plan.

MATERIALS AND METHODS

A primary organoid culture of prostate tumor cells
was derived from tumor tissue using the technology
described previously [11]. Before performing the cyto-
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Fig. 1. Micrographs of prostate cancer patient-derived organoids, 2nd passage immediately (a) and 14 days (b) after passing (scale
bar 400 μm), viability of organoids after exposure to docetaxel (red) and enzalutamide (blue) in the concentration range
from 0.625 to 100 μM (c), and growth rate of organoids after exposure to clinical concentrations of docetaxel and enzalutamide (d).
* Statistical significance compared to the control (p < 0.05). 
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toxicity test, organoids were treated with the TrypLE
Express dissociating solution, resuspended, trans-
ferred into a 1.5-mL tube, and incubated in a thermo-
stat at 37°C for 2–3 min. Then, an equal volume of
DPBS was added, organoids were resuspended and
centrifuged at 300 g for 4 min, and the supernatant was
collected. Matrigel extracellular matrix was added to
the pellets, the cells were resuspended, and 10-μL ali-
quots of the suspension were transferred into the wells
of a 96-well culture plate. The plate was placed in a cell
incubator until the gel solidified. Thereafter, 100 μL of
nutrient medium was added to the wells, and the plate
was incubated in the cell incubator for 24 h. To assess
the cytotoxic effect of docetaxel and enzalutamide,
titration with drugs in the concentration range from
0.625 to 100 μM was performed. After adding the test
drugs, the cells were incubated in the cell incubator for
72 h. To assess the inhibition of the growth rate of
organoids, docetaxel was added to the culture medium
at a concentration of 5.47 μM, which corresponds to

clinical data on pharmacokinetics [12]. The cells were
incubated with the drug for 3 h, after which the
medium was replaced with a fresh one, and incubation
was continued for another 72 h. Similarly, enzalut-
amide was added at a concentration of 24.55 μM, and
the cells were incubated with it for 72 h [13]. The
experiment was performed in triplicate. Cell viability
was assessed using the MTS test according to the man-
ufacturer’s protocol. Absorbance was measured using
a SpectraMax iD3 multifunctional microplate reader.
The background absorbance was measured in wells
without cells. Viability was calculated using the for-
mula:

where A is the absorbance in the test wells after incu-
bation with the drug; A(0) is the absorbance in the
control wells after incubation with the drug, and O is
the background absorption. The growth rate was cal-
culated using the formula

×A – O /(A 0( ) – O) 1( ) 00%,

− − − − − ×2 0 2 0[log ((A O)/(A O))]/[log ((A O)/(A O))](2 1) 100%,
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where A0 is the absorbance in the wells with cells
immediately before adding the drug. The statistical
significance of the observed differences was assessed
using analysis of variance (ANOVA).

RESULTS AND DISCUSSION

In this work, we successfully established an organ-
oid culture derived from a biopsy material of a patient
with prostate cancer. Microphotographs of organoids
are shown in Figs. 1a and 1b. It should be noted that
derivation of organoid cultures from prostate tumor
cells is technically more difficult compared to many
other types of cancer [14, 15], and the cultivation of
prostate cancer organoids is often limited to only sev-
eral passages [16].

Analysis of the viability of the derived organoid lin-
eages under the treatment with the anticancer drugs
docetaxel and enzalutamide made it possible to
determine the half-maximal inhibition concentra-
tion (Fig. 1c): 49 ± 25.8 µM for enzalutamide and
2.6 ± 0.9 µM for docetaxel. Therefore, it can be con-
cluded that, when standard methods for assessing drug
efficacy are used, docetaxel is a more effective anti-
cancer drug. However, the assessment of the growth
rate of organoid cultures under the influence of drugs
in conditions close to clinical showed that enzalut-
amide inhibited the growth rate of tumor organoids
more effectively than docetaxel (Fig. 1d). Enzalut-
amide slowed down the culture growth rate by almost
50% (p < 0.05), whereas docetaxel did not show statis-
tically significant inhibition. It is worth noting that
growth inhibition is considered a more sensitive
parameter because it can be measured independently
of parameters such as cell density or growth rate,
which can bias viability measurements [17].

Thus, the organoid culture derived from a patient
with prostate cancer showed different sensitivity to the
anticancer drugs docetaxel and enzalutamide. It was
found that the half-maximal inhibition concentration
for docetaxel is almost 10 times lower compared to
enzalutamide. However, to obtain clinically relevant
results, it is important to take into account the fact that
the clinical concentration of enzalutamide is almost
5 times higher than the corresponding concentration
of docetaxel [12, 13]. Determination of a more sensi-
tive parameter, growth inhibition efficiency, showed
that only enzalutamide at clinical concentrations sta-
tistically significantly inhibits the growth of tumor
organoids. Thus, tumor organoids derived from
patients with prostate cancer have the potential for
determining the sensitivity of a particular patient to a
particular drug if the testing technique is chosen cor-
rectly. It should be noted that there are few reports in
the literature that the results of organoid tests may cor-
respond to the responses of patients with PC in clinical
practice [18]. All this makes organoid models of PC a
promising in vitro system that can be useful in deter-

mining the most effective anticancer therapy for a par-
ticular patient.

FUNDING

This study was financially supported by the Russian Sci-

ence Foundation (project no. 19-15-00397).

ETHICS APPROVAL AND CONSENT

TO PARTICIPATE

The study was approved by the local ethics committee of

the Herzen Moscow Research Oncology Institute, branch

of the National Medical Research Center of Radiology of

the Ministry of Healthcare of Russia (no. 488 of March 27,

2020). The patient signed informed consent to participate in

the study.

CONFLICT OF INTEREST

The authors of this work declare that they have no con-

flicts of interest.

REFERENCES

1. Sung, H., Ferlay, J., Siegel, R.L., et al., Global cancer
statistics 2020: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 coun-
tries, Ca—Cancer J. Clin., 2021, vol. 71, no. 3, pp. 209–
249.

2. Kaprin, A.D., Starinskii, V.V., and Shakhzadova, A.O.,
Zlokachestvennye novoobrazovaniya v Rossii v 2021 godu
(zabolevaemost' i smertnost') (Malignant Neoplasms in
Russia in 2021 (Incidence and Mortality)), Moscow:
MNIOI im. P.A. Gertsena—Filial FGBU NMITs Ra-
diologii Minzdrava Rossii, 2022.

3. Grimaldi, A.M., Salvatore, M., and Cavaliere, C., Di-
agnostic and prognostic significance of extracellular
vesicles in prostate cancer drug resistance: a systematic
review of the literature, Prostate Cancer Prostatic Dis.,
2023, vol. 26, no. 2, pp. 228–239.

4. Montero, A., Fossella, F., Hortobagyi, G., et al.,
Docetaxel for treatment of solid tumours: a systematic
review of clinical data, Lancet Oncol., 2005, vol. 6,
no. 4, pp. 229–239.

5. Scott, L.J., Enzalutamide: a review in castration-resis-
tant prostate cancer, Drugs, 2018, vol. 78, no. 18,
pp. 1913–1924.

6. Armstrong, A.J., Szmulewitz, R.Z., Petrylak, D.P.,
et al., ARCHES: a randomized, phase iii study of an-
drogen deprivation therapy with enzalutamide or place-
bo in men with metastatic hormone-sensitive prostate
cancer, J. Clin. Oncol., 2019, vol. 37, no. 32, pp. 2974–
2986.

7. Jackson, S.E. and Chester, J.D., Personalised cancer
medicine, Int. J. Cancer, 2015, vol. 137, no. 2, pp. 262–
266.

8. Nikulin, S.V., Alekseev, B.Y., Sergeeva, N.S., et al.,
Breast cancer organoid model allowed to reveal poten-
tially beneficial combinations of 3,3'-diindolylmethane
DOKLADY BIOCHEMISTRY AND BIOPHYSICS  2024



4 SILKINA et al.
and chemotherapy drugs, Biochimie, 2020, vol. 179,
pp. 217–227.

9. Poloznikov, A.N., Nikulin, S.V., Bolotina, L.V., et al.,
9-ING-41, a small molecule inhibitor of GSK-3β, po-
tentiates the effects of chemotherapy on colorectal can-
cer cells, Front. Pharmacol., 2021, vol. 12, pp. 1–18.

10. Verduin, M., Hoeben, A., De Ruysscher, D., et al., Pa-
tient-derived cancer organoids as predictors of treat-
ment response, Front. Oncol., 2021, vol. 11, p. 6491980.

11. Nikulin, S.V., Alekseev, B.Y., Poloznikov, A.A., et al.,
The first experience of using prostate cancer organoids
as a model for personalized selection of drugs, Cancer
Urol., 2023, vol. 19, no. 2, pp. 41–46.

12. Liston, D.R. and Davis, M., Clinically relevant con-
centrations of anticancer drugs: a guide for nonclinical
studies, Clin. Cancer Res., 2017, vol. 23, no. 14,
pp. 3489–3498.

13. Gibbons, J.A., Ouatas, T., Krauwinkel, W., et al., Clin-
ical pharmacokinetic studies of enzalutamide, Clin.
Pharmacokinet., 2015, vol. 54, no. 10, pp. 1043–1055.

14. Xu, H., Jiao, D., Liu, A., et al., Tumor organoids: ap-
plications in cancer modeling and potentials in preci-
sion medicine, J. Hematol. Oncol., 2022, vol. 15, no. 1,
p. 58.

15. Beshiri, M., Agarwal, S., Yin, J.J., et al., Prostate or-
ganoids: emerging experimental tools for translational
research, J. Clin. Invest., 2023, vol. 133, no. 10,
p. 169616.

16. Laccetti, A.L., Morris, M.J., and Kantoff, P.W., A clin-
ical evaluation of enzalutamide in metastatic castra-
tion-sensitive prostate cancer: guiding principles for
treatment selection and perspectives on research, On-
coTargets Ther., 2020, vol. 13, pp. 13247–13263.

17. Hafner, M., Niepel, M., Chung, M., et al., Growth rate
inhibition metrics correct for confounders in measuring
sensitivity to cancer drugs, Nat. Methods, 2016, vol. 13,
no. 6, pp. 521–527.

18. Karkampouna, S., La Manna, F., Benjak, A., et al., Pa-
tient-derived xenografts and organoids model therapy
response in prostate cancer, Nat. Commun., 2021,
vol. 12, no. 1, p. 1117.

Translated by M. Batrukova

Publisher’s Note. Pleiades Publishing remains
neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
DOKLADY BIOCHEMISTRY AND BIOPHYSICS  2024


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	REFERENCES

		2024-02-09T20:49:07+0300
	Preflight Ticket Signature




