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Brief Summary of the research conducted and summarized in this manuscript. 
1. Adult granulosa cell tumors are a rare form of cancer and the low numbers of patients available preclude traditional pathways of clinical trials to deliver timely improvements in cancer treatments to patients. The submitting authors investigated the sensitivity of adult granulosa cell tumors (AGCTs) to anti-hormonal treatment or chemotherapy treatments applied to patient-derived cells. The investigators anticipate that drug responses in vitro could rapidly lead to optimized treatment selection for these patients. The response to 11 monotherapies and 12 combination therapies, were tested in 12 AGCT patient-derived cell lines and an AGCT cell line (KGN) relative to breast cancer cell line MCF-7 and neuroblastoma cell line SH-SY5Y. The investigators cited maximum plasma concentration thresholds (Cmax/Css), obtained from available phase I/II clinical trials, as achievable and well-tolerated concentrations of drug substances for the 1 monotherapies used in this work and found AGCT cell lines were resistant to all monotherapies. In subsequent experiments, the authors suggest that all cell lines showed synergistic growth inhibition by combination treatment with carboplatin, paclitaxel and alpelisib that are below the maximum achievable concentration in patients (IC50<Cmax).

Originality/Novelty:
2. The investigators have taken an interesting approach to evaluate treatment efficacies of various approved clinical products as monotherapy or combination therapy for adults granulosa cell tumors. It would be anticipated that robust responses in vitro obtained from this report would lead to recommendations to test 1 or 2 combination therapies in patients with AGCT as either first-line or second-line therapy for these ovarian-derived tumors. The methods used for assessing treatment efficacy of monotherapy or combination therapy are not original or novel nor are the results fully convincing that the recommended 3-drug combination therapy provides the best path forward for treatment of patients bearing AGCTs.

Interest to the Readers:
3. Although AGCTs have a much lower incidence than other forms of ovarian cancer, there is nonetheless strong interest to determine if in vitro drug sensitivity results can be predictive of in vivo clinical responses for these tumors, or generally for many rare forms of tumors. Convincing results of on-target engagement and demonstration of equivalent drug exposure as montherapy or combination therapy would significantly increase the confidence of readers that the treatment effects in cells can be predictive of clinical responses. The 2-drug combination of everolimus+apelisib provided consistently better control of growth of AGCTs across all genotypes of AGCTs than the 3-drug combination of carboplatin+paclitaxel+apelisib. In a clinical trial setting a 2-drug combination therapy would be much simpler to manage than a 3-drug combination. In this context, an important question is whether the addition of chemotherapy agent improves outcome of the double signaling pathway inhibitors (PI3K/mTOR) or whether there is no additional benefit of chemotherapy agent.


Overall Merit: Moderate
4. The manuscript is organized according to the requested format for this journal. The Supplementary files were not found in the online portal for reviewers.

· We apologize that the supplemental files were not available to the reviewers and the files are now all accessible. 

BROAD COMMENTS

Significance
5. The author’s review of the literature identifies previous efforts by other authors (2017) that would be useful to review in greater detail in introduction to describe prior work on establishing sensitivity of the cells to dasatanib and paclitaxel. Furthermore, since these authors specifically included paclitaxel and dasatinib, it would be particularly useful to understand overlaps in the efficacy of this combination in the present work relative to the previously described efforts (reference 20).

· Thank you for this point. The justification of why dasatanib was utilized in this study was also raised by Reviewer 1, and we amended the text accordingly, specifically highlighting the synergistic response seen with dasatanib and paclitaxel, as identified by Haltia et al 2017. Please see line 104, and the text is below: 
· Paclitaxel combined with either the SRC tyrosine kinase inhibitor dasatinib or the mTOR inhibitor everolimus resulted in a synergistic response, and RNASeq established that the downstream targets of these drugs were abundantly expressed in AGCTs4. Previous studies have shown growth inhibition when these inhibitors are used as a monotherapy in KGN cells or in a GCT peritoneal carcinomatosis mouse model5,6. 

6. The response to 11 monotherapies and 12 combination therapies, were tested in 12 AGCT patient-derived cell lines and an AGCT cell line (KGN) relative to breast cancer cell line MCF-7 and neuroblastoma cell line SH-SY5Y. The authors suggest that all cell lines showed synergistic growth inhibition by combination treatment with carboplatin, paclitaxel and alpelisib that are below the maximum achievable concentration in patients (IC50<Cmax). While the authors cite Cmax/Css from clinical trials, we are not provided comparisons of the concentrations achieved in vitro with the test substances. The methods (Table 2 and lines 385-386) describe the dissolution of compounds in 1% DMSO, which appears to be different from standard practice of 10mM solutions in 100% DMSO diluted to 1% DMSO to maintain solubility of typically hydrophobic small molecules. Unlike chemotherapeutic agents tested which appear to be highly water soluble, the kinase inhibitors and steroidogenic pathway inhibitors listed in table 2 are not expected to have uniform solubility in 1% DMSO at the concentrations dissolved. Kinetic solubility is easily measured with kits from commercial suppliers (e.g. Millipore) and will provide experimental confirmation of the achieved concentration to correctly associate cell culture concentrations with Css or Cmax concentrations.

· Thank you for this in-depth comment. The supplemental material includes the Cmax/Cass data and is now accessible. These values are included in Supplemental Table 1, and are available for each drug used in this study. The phase I/II studies in which these values are derived from are referenced in the text. 
· We have amended the methods to make it clear that all test substances (except carboplatin) were dissolved in 100% DMSO to a stock concentration, rather than a 1% DMSO stock solution – this was not clear in the text previously. We systematically resuspended and verified every aliquot before pipetting the liquid onto the dispensing cassette to ensure that there was no drug precipitation and that all drugs were completely dissolved. Test substances were then dispensed in the test substance concentration range seen in Table 2. As different combinations of drugs increased the concentration of DMSO, all wells (excluding the blanks and non DMSO controls) were normalized to a value of 1% DMSO to limit cell death due to differing DMSO concentrations, as studies that we have performed showed that DMSO can be toxic to cells at concentrations above 1% (data not shown) and therefore, any drug solution with >1% DMSO could give an incorrect cell viability readout. 
· Line 424: Test substances were dissolved in 100% DMSO or MQ + 0.01% Tween-20 in the case of carboplatin, as DMSO inactivates platinum-based treatments (Table 2)1. Subsequently, 11 drugs and 12 drug combinations were dispensed and all wells (excluding blanks and non-DMSO control wells) normalized to 1% DMSO using the HP Tecan D300e Digital Dispenser (Hewlett-Packard, Palo Alto, CA, USA).

7. Carboplatin was dissolved in 0.01% Tween-20. This detergent is known to cause disruption of aggregate forms of many compounds, and since carboplatin is used with many of the combination therapies in this report, it is unclear if there is a vehicle effect of Tween-20 on the efficacy of kinase inhibitors or anti-hormones on the responses in AGCTs. Experimental kinetic solubility determinations will confirm the concentration of compounds in the combination conditions.

· The recommended manufacturer solute was utilized to dissolve the test substances, and this was DMSO for the majority of substances. However, DMSO inactivates carboplatin via structural changes and should not be used as a solvent for this or other platinum-based treatments3. Carboplatin was thus dissolved in MQ to maintain its activity, and because of the low dispensing volumes required, 0.01% Tween-20 was added to reduce the viscosity of the liquid. We thank and agree with the reviewer that it is necessary to be very critical of the solutes and detergents used with each test substance. Now accessible Supplemental Figure 2 shows the effect of carboplatin on the positive control cell line SH-SY5Y, verifying that carboplatin is still active in this solution. 
· The largest concentration of carboplatin used in the monotherapy and combination experiments was 500 uM. This amount was obtained by dispensing 1 ul of carboplatin dissolved in MQ + 0.01% Tween-20 in a cell medium volume of 40 ul, resulting in a 0.00025% final percentage of Tween-20 v/v. Tween-20 at 0.25% v/v is not cytotoxic to cells9 (Supplementary Figure 1 of Owen et al 2012), and percentages below this should also not be toxic. However, we agree with the reviewer that colloids of many substances can be formed even at low concentrations of Tween, and thus impact the IC50 of the respective drugs.  We have not directly assayed this in the experiments shown in this study, however if there was a vehicle effect of this 0.00025% Tween-20, we would expect to see a consistent vehicle effect across cell lines for a particular carboplatin combination (i.e., all cell lines respond antagonistically when a particular drug is used in combination with carboplatin + 0.00025% Tween-20). We do not observe this across any of the combinations, with responses of each cell line to all each particular combination of carboplatin ranging from antagonism to synergism. 

8. In the context of kinetic solubility, the authors state that the 2-drug combination of everolimus+apelisib was only effective at concentrations that exceeded Cmax/Css. It would be important to confirm the exposure to drug substance in vitro in order to translate these in vitro results into clinical trial actions. 

· Upon arrival of the drugs in powder form, stock solutions of all compounds were freshly prepared as recommended by the manufacturer. The solubility of everolimus and alpelisib in 100% DMSO is 10 mg/ml and 88 mg/mL, respectively. The stock solutions of everolimus and alpelisib individually were set at 10mM and 20mM, for further drug dispensing convenience.  Considering their molecular weights (everolimus: 958.224 g/mol, alpelisib: 441.47 g/mol), the final stock solutions were <10mg/mL for both everolimus and alpelisib solutions, therefore, we do not expect any disturbance in our screens due to solubility problems. In addition, the stock-solution aliquots were vortexed and spun down before use.
· Based on our constraints set-up and in order to translate our in vitro results into clinical guidance, for a drug combination to be a potential novel therapy for aGCT, the individual IC50s of all the drugs in the combination must be lower than their toxicity threshold in human blood. Based on this, we predict that the combination of everolimus+alpelisib, after one dose at their IC50 concentrations in aGCT patient-derived cell lines, would potentially result toxic for humans. However, we are unable to provide any predictions about the potential toxicity/safety of this combination in the clinic when lowering the doses, administering the drugs for a longer period of time, and/or interspersing the two drugs instead of delivering them simultaneously. 

9. Again in the context of solubility, it is important to know whether the Tween 20 associated with carboplatin increased solubility of test substances. We are not provided results with carboplatin alone to evaluate this possibility in vitro.

· We again apologize that the supplemental files were not accessible during the review process. Supplemental Table 1 includes all values for individual drug components of the combination testing in all cell lines and is now provided. 

10. Methods or supplementary information should outline the actual concentrations of inhibitors tested to understand what data points were used to generate the computer-smoothed curves shown in figures 2-5. No supplementary materials were found online. We also are not apprised of variability in the responses at any time point, nor are the standard error values or standard deviations provided for IC50 determinations. No statistically-determined P-values are provided (e.g. P<0.05) to reflect statistical differences in responses of various combinations.

· We have clarified the points in the methods with the following text, and Supplemental Figures 3 and 4 include the R-squared values for the curves generated for both the monotherapies and the combinations. The concentration ranges of all drugs are seen in Table 2, and drugs are dispensed linearly. 
· Line 428: All drugs were applied in linear concentration ranges (Table 2) including 16 data points to enable combination drug testing at constant ratios.

11. The authors rationale for selecting ulipristal is absent, while recent articles support progesterone receptor involvement in AGCTs (https://www.gynecologiconcology-online.net/article/S0090-8258(19)30057-5/fulltext). This reference suggests that high PR composite score (≥9) was associated with both decreased recurrence-free and overall survival in patients with GCT while ER expression was not associated with survival outcomes.
· Thank you for this citation and we have included it within the text that also justifies our choice of everolimus, dasatinib, alpelisib and 6-THIO-2dG. 
· Line 161: Ulipristal is a progesterone receptor blocker, and was chosen to target progesterone, as a recent study identified a high progesterone receptor composite score associated with decreased recurrence-free and overall survival10.

12. More information about the purpose of FoxL2 analysis for purpose of confirming genetic stability of the tumor cells in vitro would be helpful in the introduction. Additionally if there are mechanistic rationale for measuring FoxL2, these should be more carefully explained in Introduction. Particularly relevant for GCPA113T1.II response where only 2 of 4 pharmacologies are represented (compared with other cell lines in Figure 4).

· We have amended the text in the introduction to justify why FOXL2 mutation status analysis in these drug screens is necessary: 
· Introduction (“to verify tumor cell origin”, line 111): 
· We confirmed the FOXL2.c402C>G mutation to verify tumor cell origin in the established cell lines and tested current and novel systemic therapies including drug combinations to assess potential synergy.
· Results (line 243): 
· FOXL2 mutation status was ascertained to verify tumor cell origin of the cell lines and additional typing by snp array only performed in those lines in which the FOXL2 mutation was no longer present (or present in hemizygous form).
· We utilize the FOXL2.c402C>G mutation Sanger sequencing as a first-line verification of tumor origin for cell lines, and in cases where it is not present (or present in hemizygous form) we have confirmed tumor cell origin by snp array. We do not have mechanistic insight onto why FOXL2 mutational status would impact drug response, and more extensive studies would have to be performed with FOXL2 knockout or CRISPR/Cas9 knock-in experiments to ascertain the true dose response effect of monotherapies or drug combinations by losing/gaining this mutation.  

Scientific Soundness:
13. Many missing pieces of evidence to take this in vitro experiment and convert this into a clinical trial action. It would be particularly useful for the anti-hormonal agents used (tamoxifen, letrozole, fulvestrant, ulipristal, anastrozole) and the kinase inhibitors used (everlimus, apelisib, dasatanib, 6-THIO-2dG) to have cellular markers of the response to confirm that the survival of cells is matched with an expected signaling response of the inhibitor. It is common practice with the use of kinase inhibitors or steroid receptor antagonists to demonstrate that an accepted signaling endpoint or biomarker of response is modified. For kinase inhibitors, there has not been confirmation that decreased phosphorylation of the target substrate has been achieved. For steroid receptor antagonists, we are not provided any evidence that the antagonist either works as expected on a transcriptional endpoint (qPCR) or a secreted biomarker (ELISA) but fails to inhibit survival of the AGCTs.

· We agree with the reviewer that additional evidence is needed before this combination is implemented in a clinical trial. This point was also addressed by Reviewer 3, and we have highlighted in the Discussion that additional endpoint and preclinical studies are needed before clinical applicability (line 355). 
· Future studies utilizing molecular and cellular markers confirming the specific pharmacodynamic response to these and other promising novel monotherapies and combinations will be necessary prior to clinical applicability. Furthermore, preclinical studies in PDX models can be used to replicate and validate the findings presented within this study in a more complex environment containing the appropriate hormonal milieu, vasculature, immune response and the tumor microenvironment, as has been performed previously in granulosa cell tumors2.  

Reasons why this reviewer sees this to be important.

14. The patient-derived AGCT cultures exhibit 4 dominant pharmacologic responses (Figure 4) based on the apparent non-parallelism of the inhibition curves. First, are characterized by Carboplatin +Paclitaxel +Apelisib as one set of parallel inhibition curves, Everolimus + Tamoxifen as another and dramatically different pharmacology response, and two additional sets of parallel inhibition curves (difficult to separate the different color lines in the figures). Would recommend finding a better way to display so many curves – reviewers and readers have a difficult time connecting 12 treatments with lines on graphs, especially when these are reduced to publication-sized figures.

· We agree with the reviewer that the large amount of cell lines that we have been able to include in this study also complicates the interpretation via the inhibition curves of individual combinations when in a group. With the inclusion of the Supplemental Files (particularly Supplemental Table 1) the reader can now directly assess the IC50 of each individual agent of a particular combination therapy (column “IC50 in combination), and relate it to the known Cmax/Cass of that agent when used in monotherapy (column “Cmax/Css plasma (uM)”). The main purpose of the graphs is to highlight the most effective combinations of carboplatin/paclitaxel/alpelisib, everolimus/alpelisib, and everolimus/tamoxifen, while the remaining lines clustered in the pharmacology response 3 and 4 were not efficacious. We considered and attempted several different ways to graph these results; however, the dose response curve is the most well-known visualization representation and more intuitive to a reader than other formulations. 

15. Expected to see results from positive control cell lines, breast cancer cell line MCF-7 and neuroblastoma cell line SH-SY5Y, but were not found in information provided. If they are in supplementary files, then these figures need to be provided.

· Our apologies on this oversight, the supplemental figures are now accessible and the results of the MCF-7 and SH-SY5Y are now seen in Supplemental Figure 3. 

SPECIFIC COMMENTS

The article is well written and understandable; there are a few instances to be corrected:
1. Compare lines 143-144 with Figure legend for Figure 2. all monotherapies the IC50 exceeded the Cmax and Css values, vs For all monotherapies, the Cmax and Css exceeded the IC50. Please correct

· Thank you for this correction. We have amended Figure 2 legend to read: 
· For all monotherapies, the IC50 exceeded the Cmax and Css values.

2. In the introduction beginning line 64 - First line systemic treatment is currently derived from high grade epithelial ovarian cancer treatment guidelines and consists of the combination carboplatin and paclitaxel, although treatment with bleomycine, etoposide and cisplatin (BEP) is also used. A retrospective analysis investigating the efficacy of this regimen in AGCT demonstrated a partial response in 11-25% and complete response in 11-26% of patients. Please clarify if it is former (carboplatin+paclitaxel) or latter regimen (bleomycin, etoposide, cisplatin) that led to partial response and if it is same 11-25% or cumulative 11-26% that achieved

· With ‘this regimen’ we mean chemotherapy in general. The study that we cite is a review of literature as well as a retrospective analysis. The review of literature includes various regimens including BEP and CP, while the retrospective analysis includes 9 patients that received BEP. Additionally, the response groups are not the same: 11-25% had a partial response and an additional/different 11-26% had a complete response. Thank you for pointing this out, and we have now clarified both of these points in the text (line 79): 
· A retrospective analysis investigating the efficacy of a chemotherapeutic treatment in AGCT demonstrated a partial response in 11-25% and complete response in a further 11-26% of patients [12].
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