
The ARRIVE Essential 10
These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers 
cannot assess the reliability of the findings.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Study design 1 For each experiment, provide brief details of study design including:

a. The groups being compared, including control groups. If no control group has 
been used, the rationale should be stated.

b. The experimental unit (e.g. a single animal, litter, or cage of animals).

Sample size 2 a. Specify the exact number of experimental units allocated to each group, and the 
total number in each experiment. Also indicate the total number of animals used.

b. Explain how the sample size was decided. Provide details of any a priori sample 
size calculation, if done.

Inclusion and 
exclusion 
criteria

3 a. Describe any criteria used for including and excluding animals (or experimental 
units) during the experiment, and data points during the analysis. Specify if these 
criteria were established a priori. If no criteria were set, state this explicitly.

b. For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so.

c. For each analysis, report the exact value of n in each experimental group.

Randomisation 4 a. State whether randomisation was used to allocate experimental units to control 
and treatment groups. If done, provide the method used to generate the 
randomisation sequence. 

b. Describe the strategy used to minimise potential confounders such as the order 
of treatments and measurements, or animal/cage location. If confounders were 
not controlled, state this explicitly.

Blinding 5 Describe who was aware of the group allocation at the different stages of the 
experiment (during the allocation, the conduct of the experiment, the outcome 
assessment, and the data analysis).

Outcome 
measures

6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, 
or behavioural changes). 

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the 
outcome measure that was used to determine the sample size.

Statistical 
methods

7 a. Provide details of the statistical methods used for each analysis, including 
software used.

b. Describe any methods used to assess whether the data met the assumptions of 
the statistical approach, and what was done if the assumptions were not met.

Experimental 
animals

8 a. Provide species-appropriate details of the animals used, including species, strain 
and substrain, sex, age or developmental stage, and, if relevant, weight.

b. Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures.

Experimental 
procedures 

9 For each experimental group, including controls, describe the procedures in enough 
detail to allow others to replicate them, including: 

a. What was done, how it was done and what was used.

b. When and how often.

c. Where (including detail of any acclimatisation periods).

d. Why (provide rationale for procedures).

Results 10 For each experiment conducted, including independent replications, report:

a. Summary/descriptive statistics for each experimental group, with a measure of 
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.
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The Recommended Set
These items complement the Essential 10 and add important context to the study. Reporting the items in both sets 
represents best practice.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain 
and sex, key methods, principal findings, and study conclusions.

Background 12 a. Include sufficient scientific background to understand the rationale and 
context for the study, and explain the experimental approach.

b. Explain how the animal species and model used address the scientific 
objectives and, where appropriate, the relevance to human biology.

Objectives 13 Clearly describe the research question, research objectives and, where 
appropriate, specific hypotheses being tested.

Ethical 
statement

14 Provide the name of the ethical review committee or equivalent that has approved 
the use of animals in this study, and any relevant licence or protocol numbers (if 
applicable). If ethical approval was not sought or granted, provide a justification.

Housing and 
husbandry

15 Provide details of housing and husbandry conditions, including any environmental 
enrichment.

Animal care and 
monitoring

16 a. Describe any interventions or steps taken in the experimental protocols to 
reduce pain, suffering and distress.

b. Report any expected or unexpected adverse events.

c. Describe the humane endpoints established for the study, the signs that were 
monitored and the frequency of monitoring. If the study did not have humane 
endpoints, state this.

Interpretation/
scientific 
implications

17 a. Interpret the results, taking into account the study objectives and hypotheses, 
current theory and other relevant studies in the literature.

b. Comment on the study limitations including potential sources of bias, 
limitations of the animal model, and imprecision associated with the results.

Generalisability/
translation

18 Comment on whether, and how, the findings of this study are likely to generalise 
to other species or experimental conditions, including any relevance to human 
biology (where appropriate).

Protocol 
registration

19 Provide a statement indicating whether a protocol (including the research 
question, key design features, and analysis plan) was prepared before the study, 
and if and where this protocol was registered.

Data access 20 Provide a statement describing if and where study data are available.

Declaration of 
interests

21 a. Declare any potential conflicts of interest, including financial and non-financial. 
If none exist, this should be stated.

b. List all funding sources (including grant identifier) and the role of the funder(s) 
in the design, analysis and reporting of the study.

www.ARRIVEguidelines.org

http://www.arriveguidelines.org

	Study design - 1a: a.In this study 4 groups of NOD.SCID mice were compared to each other. Likewise, 4 groups of R2G2 mice were compared to each other. The control group consists of animals treated with placebo (vehicle control) plus Radiotherapy. The Bicalutamide group consists of animals treated with 50mg/kg Bicalutamide plus Radiotherapy. The ARN-509 low-dose group consists of animals treated with 50mg/kg Apalutamide plus Radiotherapy. The ARN-509 high-dose group consists of animals treated with 250mg/kg Apalutamide plus Radiotherapy. 
	Study design - 1b: b.Single animal
	Sample size - 2a: a.In the present study 4 groups consisting of 7 animals each for the NOD.SCID mouse model and 4 groups consisting of 7 animals each for the R2G2 mouse model were used. The total number of animals being used was 56 (28 for each mouse model).
	Sample size - 2b: b. The calculation of sample size was held using the UCSF Biostatistics: Power and Sample Size Programs for the comparison of the mean values with continues variables (http://www.stat.ubc.ca/~rollin/stats/ssize/n1.html, Inference for a Mean: Comparing a Mean to a Known Value).  The a priori power analysis is based on the tumor burden (main outcome). As a result, a One-way ANOVA non-parametric analysis (Kruskal-Wallis test) [between subjects factor: treatment (Bicalutamide 50mg/kg, Apalutamide 50mg/kg, Apalutamide 250mg/kg, and placebo) within subjects factor: time=14 days] was used to analyze the data. Simple effects analysis will be used to analyze the interaction (if significant) between the treatment group and the time points of testing. With a power of 0.90 and with α-value of 0.01 the required number of animals per studied group is 5. Therefore, a minimum of 5 mice for each group were considered statistically safe.  
	Inclusion and exclusion criteria - 3a: Exclusion criteria:  weight loss of 20% due to Radiotherapy or drug medication, any observed side effect due to drug medication (ulceration, intestinal obstruction, pain), any anxious behavior (decreased activity, freezing behavior), improper or absence of xenograft development. nclusion criteria: well-being of the animals was assessed prior each experimental procedure, proper xenograft development. Those criteria were established a priory as a part of our Laboratory standard operating procedures (SOPs).  
	Inclusion and exclusion criteria - 3b: No animals were excluded since none of the above exclusion criteria were observed.  
	Inclusion and exclusion criteria - 3c: 7 mice in each experimental group
	Randomisation - 4a: There was no randomization procedure applied.
	Randomisation - 4b: Random healthy mice were allocated to each experimental group.All mice were housed in ventilated cages, under the same conditions (continuous supply of standard rodent chow and water, 12 hour light-dark photoperiod at ambient temperature of 23 oC). All treatments (route of administration, needle size) and imaging sessions were performed according to the treatment schedule for each mouse model. All the experimental procedures were performed by the same person in order to minimize potential variations. 
	Blinding - 5: CK (co-author) was aware of group allocation and the treatment randomization. CK performed all the experimental procedures. IL(co-author)  and EX (co-author) carried out the imaging session without knowing the treatments groups. AG performed the histopathological analysis without knowing the allocation group and treatment randomization. The final data analysis and outcome assessment was held by MIK without knowing the allocation group and treatment randomization. 
	Outcome measures - 6a: Tumor growth in cm2 at days 0, 3, 7, 10, 14 post treatment with Radiotherapy. Tumor necrosis was assed 10 days after Radiotherapy via IHC.
	Outcome measures - 6b: The primary outcome measurement was the tumor growth in correlation with the given treatment. 
	Statistical methods - 7a: Statistical analysis and graph presentation were performed using the GraphPad Prism 7.0 (GraphPad Software Inc., USA). The unpaired two-tailed t-test or the Wilcoxon matched-pairs test were used to compare groups with continuous variable data, as appropriate. One-way ANOVA non-parametric analysis (Kruskal-Wallis test) was also performed to test differences among groups of continuous variables. A p-value of <0.05 was used for significance.
	Statistical methods - 7b: he calculation of sample size was held using the UCSF Biostatistics: Power and Sample Size Programs for the comparison of the mean values with continues variables (http://www.stat.ubc.ca/~rollin/stats/ssize/n1.html, Inference for a Mean: Comparing a Mean to a Known Value).  The a priori power analysis is based on the tumor burden (main outcome). As a result, a One-way ANOVA non-parametric analysis (Kruskal-Wallis test) [between subjects factor: treatment (Bicalutamide 50mg/kg, Apalutamide 50mg/kg, Apalutamide 250mg/kg, and placebo) within subjects factor: time=14 days] was used to analyze the data. Simple effects analysis will be used to analyze the interaction (if significant) between the treatment group and the time points of testing. With a power of 0.90 and with α-value of 0.01 the required number of animals per studied group is 5. Therefore, a minimum of 5 mice for each group were considered statistically safe.  
	Experimental animals - 8a: Species: Mus musculus. Subspecies: Mus musculus musculus. Two GEMM (Genetically Engineered and Muted Mice) strains, the NOD SCID (NOD.CB17-Prkdcscid/J, Genotype: HOM Homozygous for Prkdcscid) and R2G2 (B6.129-Rag2 tm1Fwa II2rg tm1Rsky /DwlHsd) were used in the present study. For the experiment 8-10 weeks old males were used. The weight of the mice was 25-28g. 
	Experimental animals - 8b: Both strains are models of immunosuppressed mice, which lack functional T and B lymphocytes. In addition, the R2G2 mouse model lacks natural killer cells and functional interleukin receptors (IL-2, IL-4, IL-7, IL-9 and IL-15). On the other hand, the NOD.SCID mouse model has a defect in the DNA repair mechanism that makes it more sensitive to ionizing radiation. The defective DNA repair mechanism is due to the silenced gene (PRKDC) offering the suppressed phenotype, which expresses the catalytic subunit of DNA-dependent protein kinase, which is involved in double-stranded DNA repair. 
	Experimental procedures - 9a: Species: Mus musculus. Subspecies: Mus musculus musculus. Two GEMM (Genetically Engineered and Muted Mice) strains, the NOD SCID (NOD.CB17-Prkdcscid/J, Genotype: HOM Homozygous for Prkdcscid) and R2G2 (B6.129-Rag2 tm1Fwa II2rg tm1Rsky /DwlHsd) were used in the present study. For the experiment 8-10 weeks old males were used. The weight of the mice was 25-28g. 
	Experimental procedures - 9b: No anaesthesia was used in this study as the only invasive procedures were the subcutaneous injections. Xenografts injections as well as the 4 injections of the drugs were performed subcutaneously, using appropriate 27G needle to minimize the pain and the discomfort. Mice were irradiated as described in previous publication1, the method does not require anesthesia. The imaging of the xenografts was held using the IVIS kinetic imaging system. This imaging system does not demand any immobilization of the animals. During every imaging session the animals were free to move inside the chamber of the system. No major distress or discomfort of the animals were observed in any of the procedures that were performed.1. Karagounis IV, Abatzoglou IM, Koukourakis MI. Technical Note: Partial body irradiation of mice using a customized PMMA apparatus and a clinical 3D planning/LINAC radiotherapy system. Med Phys. 2016 May;43(5):2200. doi: 10.1118/1.4945274
	Experimental procedures - 9c: For the euthanasia, the animals were anesthetized using ketamine (70mg/kg via Intraperitoneal injection) followed by cervical dislocation. 
	Experimental procedures - 9d: 
	Results - 10a: SCID MICE        Placebo-Bicalut -ARN 50-ARN 250Number   - 5-     5-       5    - 5----Minimum-  1-    1-      1   - 125%  -   1,08- 1,06- 1,03- 1,02Median-  1,37- 1,28- 1,16- 1,1375%  -   1,88- 1,57- 1,42- 1,39Maximum-  2,1- 1,72- 1,53- 1,5----Mean-   1,46- 1,31- 1,21- 1,19Std. Dev-  0,43- 0,27- 0,21- 0,20Std. Error -  0,19- 0,12 -0,09- 0,09----Lower 95% CI - 0,92- 0,96- 0,94- 0,94Upper 95% CI - 2,00- 1,66- 1,48- 1,4
	Results - 10b: R2G2    Placebo-Bicalutamide -ARN50-ARN250Number-     5-    5-       5-    5Minimum- 1-      1-      1    - 125%-        1,10- 1,1- 1,07- 1,07Median-  1,41- 1,3- 1,26- 1,275% -     1,85- 1,6- 1,31- 1,26Maximum- 2- 1,7- 1,34- 1,29----Mean-        1,46- 1,34- 1,20- 1,17Std. Dev-    0,39- 0,27- 0,13- 0,11Std. Error  - 0,17- 0,12- 0,06- 0,04----Lower 95% CI  -0,96- 1,00- 1,04- 1,03Upper 95% CI  -1,95- 1,67- 1,37- 1,31
	Abstract - 11: The research objectives of the in vivo experiments, where we examined the effect of antiandrogens in combination with Radiotherapy on xenograts growth. For these experiments, we used two GEMM (Genetically Engineered and Muted Mice) strains, the NOD SCID (NOD.CB17-Prkdcscid/J, Genotype: HOM Homozygous for Prkdcscid) and R2G2 (B6.129-Rag2 tm1Fwa II2rg tm1Rsky /DwlHsd). It should be mentioned that only male mice of 8-10 weeks old were used. Briefly, we injected (subcutaneously) 5x106 of 22Rv1 cells at the flank of each mouse. When xenografts reached the desired size (0,75x0,75cm), antiandrogens were administered for 4 consecutive days (2 before the radiation, 1 the day of radiation and 1 the day after the radiation) followed by Radiotherapy. For the NOD.SCID and the R2G2 mouse model one fraction of 2Gy and 4Gy was applied respectively. The in vivo experiments showed that both Apalutamide and Bicalutamide exhibited a significant radio-sensitizing effect, reducing the growth rate of xenografts compared to xenografts treated with radiation only. Overall, the second generation antiandrogen Apalutamide demonstrates a strong radio- sensitizing effect against prostate cancer cells regardless of hormone-dependency. That radio-sensitizing effect of Apalutamide is far stronger than the effect produced by Bicalutamide.
	Background - 12a: Anti-androgenic hormone therapy with bicalutamide, in combination with local radiotherapy, is the golden standard treatment for high-risk and locally advanced prostate cancer (1,2). Apalutamide is a second generation anti-androgen which obtained its first global approval for the treatment of non-metastatic castration-resistant PC in 2018 (3). Apalutamide binds to AR with much higher affinity than bicalutamide and blocks the AR signaling pathway more efficiently (4). Given the stronger anti-neoplasmatic activity of Apalutamide compared to the available in clinical practice Bicalutamide, the emerging interesting question is whether the replacement of the latter by Apalutamide could increase the effectiveness of radiotherapy against prostate cancer. In this case the curability of the disease could be significantly increased. Taking into consideration the above facts we compared the effect of Bicalutamide and Apalutamide on the radio-sensitivity of prostate cancer cell lines in vitro and in vivo. 1. Bolla M, Gonzalez D, Warde P, Dubois JB, Mirimanoff RO, Storme G, Bernier J, Kuten A, Sternberg C, Gil T, Collette L, Pierart M. Improved survival in patients with locally advanced prostate cancer treated with  radiotherapy and goserelin. 1. N Engl J Med. 1997;337:295-300.2. Denham JW, Steigler A, Lamb DS, Joseph D, Turner S, Matthews J, Atkinson C, North J, Christie D, Spry NA, Tai KH, Wynne C, D'Este C. Short-term neoadjuvant androgen deprivation and radiotherapy for locally advanced prostate cancer: 10-year data from the TROG 96.01 randomised trial. 1. Lancet Oncol. 2011;12(5):451-9. 3. Al-Salama, Zaina T. "Apalutamide: first global approval." Drugs 78.6 (2018): 699-705.4. Clegg NJ, Wongvipat J, Joseph JD, Tran C, Ouk S, Dilhas A, Chen Y, Grillot K,  Bischoff ED, Cai L, Aparicio A, Dorow S, Arora V, Shao G, Qian J, Zhao H, Yang G, Cao C, Sensintaffar J, Wasielewska T, Herbert MR, Bonnefous C, Darimont B, Scher  HI, Smith-Jones P, Klang M, Smith ND, De Stanchina E, Wu N, Ouerfelli O, Rix PJ,  Heyman RA, Jung ME, Sawyers CL, Hager JH. ARN-509: a novel antiandrogen for prostate cancer treatment. Cancer Res. 2012 Mar 15;72(6):1494-503.
	Background - 12b: Both mouse models used in the current study are highly immunodefficient, rendering them an appropriate model to examine xenografts growth patterns and responses to treatments.  Our in vitro results were promising and strongly support the superior efficacy of Apalutamide over Bicalutamide as a radio-sensitizer of prostate cancer. Therefore, it was mandatory to validate the efficacy and toxicity of this treatment combination (Apalutamide with Radiotherapy), in vivo, for translation to future clinical trials.
	Objectives - 13: The main hypothesis of this study is whether the combination of Radiotherapy with Apalutamide leads to a reduction of the growth rate of prostate cancer cells and xenografts. In addition, we examined if Apalutamide is a more potent radio-sensitizer than the classic antiandrogen Bicalutamide.
	Ethical statement - 14: The study has been approved by the local Animal Experimentation Research Committee and the Ethics Committee of the Democritus University of Thrace. The Veterinary Direction also approved all experimental procedures for Animal Research in the Department of Experimental Surgery at the Democritus University of Thrace.
	Housing and husbandry - 15: Mice were housed in individual ventilated cages (Easy Flow IVC Air Handling Unit, Tecniplast) at a pathogen free environment with standard rodent chow, water, rodent bedding and 12 hour light-dark photoperiod under an ambient temperature of 23 ˚C.  All cages are enriched with sizzle-nests, cardboard tubes specifically design for rodents and disposable mice houses. The maximum animal number in each cage is four. Regarding husbandry conditions, fit and healthy individuals were chosen to mate with ratio 2 females: 1 male (no siblings used for mating). 
	Animal care and monitoring - 16a: All mice were familiarized in advance with the researcher that conducted all the experiments. None of the experimental procedures were stressful or painful. Interventions are not required, since the radiation itself has no painful effect on the animals and all others experimental procedures were generally painless and the greatest intensity of pain corresponds to the pain of a subcutaneous injection. 
	Animal care and monitoring - 16b: No unexpected adverse effect were recorded throughout the experiment. An expected side effect was a minor loss of body weight (5-10%) due to Radiotherapy, which did not affect the well-being of the animals. 
	Animal care and monitoring - 16c: Humane endpoints:  weight loss of 20% due to Radiotherapy or drug medication, any observed severe side effect due to drug medication, painful symptoms or another adverse effect on their general condition due to tumor growth. Body weight, facial expressions (Grimace scale) and overall behavior were checked every two days. 
	Interpretation scientific implicationsm - 17a: The in vivo confirmation of the important in vitro radiosensitization conferred by apalutamide over bicalutamide is original and has not been tested in the past. It opens a new window to clinical trials on the combination of apalutamide with radiotherapy to improve cure rates of high risk non-metatsatic prostate cancer.
	Interpretation scientific implications - 17b: Experiments with xenografts and immunocomprimised animals have profound limitations as these models do not represent the actual tumor microenvironment (no adequateblood supply and angiogenesis, no stroma to cell interactions, absence or inadequate immune system). 
	Generalisability/translation - 18: The combination of Radiotherapy with Bicalutamide is used commonly in clinical practice offering better results than Radiotherapy alone for the treatment of prostate cancer. In the present study we showed that Apalutamide exhibits a significantly stronger radio-sensitizing effect than Bicalutamide against human-derived prostate cancer mouse xenografts. Therefore, it is logical to assume that the combination of Apalutamide with Radiotherapy may have a potent clinical application for the treatment of prostate cancer. 
	Protocol registration - 19: The experimental protocol was designed in advance and it was submitted to the ethical committees for approval and to Janssen Pharmaceutical for funding.
	Data access - 20: A report with all the results included in this study has been filed to Janssen Pharmaceutical.
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