 Editorial comments:
Editorial Changes
Changes to be made by the Author(s):
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Done.

2. Please provide an email address for each author.
Done. 

3. Please ensure that references are cited in-text in their serial order. E.g. ref no. 1 should be cited before ref. no. 2. (check lines 43-52).
This has been corrected. 

4. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.
Done. 

5. Line 75: How should this setup be designed? Please add more details.
Experimental setup guidance is given in the discussion. We hope to have clarified that this information is available there by changing the sentence into: “Design the experimental plate setup, making use of the general recommendations given in the discussion section.”

6. Lines 80-81: Please check if the figures “10.000 and 40.000” are accurate.
These have been corrected into “20.000 and 50.000”. 

7. Include a single space between the quantity and its unit. E.g. use “5 mL” instead of “5mL”, “-20 oC” instead of “-20oC”, etc. Express centrifugation speeds as “x g”. Use units consistently : Eg. Use “Gy” consistently instead of using “Gray” in some instances.
Done. 

8. Line 90, 92: Please provide the medium composition or refer to a published composition.
We’ve added the reference. 

9. Line 102: What do you mean by high density? Please specify.
This is explained later onwards in this section, so we have removed the ‘high density’ part in this sentence for clarity. 

10. Line 133-141: Step numbers are missing.
This has been fixed. 

11. Line 170: How is the size checked?
We have added the method (microscopy) to this sentence. 

12. Line 310-312: Please specify the concentrations, and the compounds used.
Done. 

13. Please revise the protocol to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.). Please combine some of the shorter steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step. Also ensure that successive protocol steps are separated by a single line space.
Done. 

14. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” E.g.: line 99: Consider adding this as as “Note”.
Done. 

15. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials. E.g. Multidrop Combi, Kova, BreathEasy,etc.
Done. 

16. Please ensure that the highlighted steps (up to 3 pages in total) form a cohesive narrative with a logical flow from one highlighted step to the next. Please highlight complete sentences (not parts of sentences).
Done. 

17. Please refrain from using bullets or dashes or secondary lists.
These have been removed. 

18. Please sort the Materials Table alphabetically by the name of the material.
Done (per section). 

Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The study of Putker and colleagues provided detail method for medium-throughput drug screening using head and neck squamous cell carcinoma and colorectal adenocarinoma organoids.

This paper is generally well written and organized. The experimental protocol is very elaborate and convincible, and is supposed to provide insight into the process of medium-throughput drug screening using organoid models.
We thank the reviewer for these kind words. 

Question: HNSCC, such as the oral squamous cell carcinoma (OSCC), may reside in a variety of anatomical locations, including tongue, buccal mucosa, mouth floor, and so on. Is there any different between the morphologies of organoids derived from patient with HNSCC resided in distinct anatomical locations? Are they all having a dense morphology? 
Generally, HNSCC organoids are solid with a dense morphology, which we have made sure to mention in the introduction as well.  To further clarify to the reviewer: sometimes HNSCC organoids present that show a cystic phenotype, although there is no correlation between anatomical location and morphology. On average, these cystic organoid cultures do not survive passaging, and they are lost over time. Possibly, other culture conditions may prevent this. 

Reviewer #2:
A comprehensible and well written manuscript.
Here are my minor points of criticism:
Major parts of the methods have already been described by Driehuis et al in Nature Protocols. 1-30, doi: 10.1038/s41596-020-0379-4 (2020). There, it was mentioned that organoids can be grown in 5% BME (i.e. BME type 2 RGF Cultrex pathclear from R&D Systems) or Matrigel. In the manuscript presented here, no details on the type of ECM was given. This information will be very helpful for the Reader and should be included. 
As a starting point we made the assumption that the reader has experience establishing and maintaining their organoid type of choice. Hence, as ECM type varies between organoid type screened and personal preference, we chose to not specify ECM conditions here. However, for the sake of our examples, we have now included the ECM that CRC organoids and HNSCC organoids are grown in in our labs (respectively Matrigel and BME) in the materials and methods table. 

For drug testing, no change of medium is planned for the entire period of (at least) seven days. How can the authors exclude that depletion of growth factors and nutrients - which might vary depending on the type and proliferative / metabolic activity of the tissue of origin - does not represent a relevant bias in the sensitivity screens? Please discuss. 
Organoids are first passaged/split and grown in 70-90% ECM for 1-2 days prior to the drug screen. When dispensed for the drug screen in 5% BME, organoids are kept in the same media for 5 days. The number and size of organoids per well should be optimized for each culture (as indicated several times in the protocol) to make sure untreated organoids do not suffer from any deprivation for the duration of the experiment. This latter argument was not yet clear from the initial manuscript and has been added to the revised version. 
Considering that no deprivation should occur and that conditions are kept the same for all organoid in all wells, the lack of medium changes should not introduce any bias to the screen. Growth rate (GR) metrics that account for the proliferative activity of each organoid line and essentially ‘normalize’ the screen based on the cell-doubling rate allows for further excluding this issue.  

Please provide reference(s) for the statement "…..show the predictive potential of organoid to guide clinical decision making" (Line 53-54) 
We have moved the references down the sentence to clarify they refer to the full statement. 

Some typing errors should be corrected: cryorpeservation (line 47), provides (line 51), Medium-throughput (line 55)
We apologize for the typos and have performed an extra round of careful proofreading. 

Reviewer #3:
Manuscript Summary:
Putker et al. present a protocol for drug and radiation screening of organoids. The authors describe an experiment to examine sensitivity of HNSCC organoids to chemotherapy and radiotherapy as an illustrative example.
In general, the protocol is clear and well-written, and will offer a valuable resource for groups working with organoids (particularly groups new to the field). The authors references to positive toxicity controls (staurosporine and mitomycin ), as well as their points for consideration in the discussion, are well laid out and extremely important. However, there are some minor points which are slightly unclear.
We thank reviewer #3 for these kind words and appreciate the suggestions below. 

The authors frequently refer to 'cystic', 'compact' and 'grapelike' organoids. It might be useful to add representative images of each organoid type (or enlarged insets of the images shown in Figure 1) to complement Table 1, as the distinction between the different types is important in terms of seeding number, etc.. There are many differences between how various groups describe their organoids and therefore a clearer depiction as to what the authors mean would be extremely helpful.
Great suggestion, we have added images of each organoid type to figure 1B.  

In step 1.1 in Prior to screening (page 2, lines 72-74) the authors suggest confirming the newly established models, by histology and/or DNA sequencing, to ensure the drug screen is performed on the correct organoid cultures. In the illustrative experiment represented using HNSCC organoids in Figure 2 the authors should perhaps such confirmatory histology images, as this is an essential step for researchers attempting to replicate such protocols. 
Another great suggestion which we have incorporated in Figure 2D. 

In step 3 - Day 0: Preparation of Organoids, the authors state "Volumes indicated below are for a full 6-well plate, equalling 1200 µL organoids/ECM" (page 3, line 99). Is this statement referring to a full 6-well plate as the starting point of this step or as the end point of this, i.e. what they are derived from or what they are seeded into? 
This has been clarified: “NOTE: Volumes indicated below are starting from a full well-grown 6-well plate of organoids, equaling 1200 µL organoids/ECM (200 µL organoids/ECM per well).” 

If the 6-well plate refers to the plate the organoids are being seeded into, in step 3.2.5 (page 4, lines 147-148) are multiple 10 mL droplets seeded per well? If so, approximately how many droplets per well? 
A note has been added here: “in 10 µL droplets (a total of 200 µL per well) of a pre-warmed 6-well plate.”

In the note for step 3.2.5, the authors could explain the importance of pre-warming the plate. 
The note has been adjusted into: “Keep pre-warmed plates in an incubator at 37 °C overnight or in a 60 oC oven for at least 1 hour to ensure quick solidification of the ECM, preventing ECM spreading and thus ensuring proper hemisphere dome formation.”

In Step 4 - Day 2: Organoid dispensing, a dispension medium consisting of 5% (v/v) ECM in ice-cold screening medium. Does the ECM form a gel at this concentration? Or are the organoids floating in the 384-well plate during the screen? 
Excellent question that indeed was not touched upon yet. We’ve added another note to section 4 to clarify: “Throughout the drug screen, organoids are kept in dispension. For this purpose, they are dispensed in a low concentration of ECM (5-10 %) at which organoid growth is maintained but where no solidification of the ECM occurs. This allows for automated dispension, optimal organoid-compound interaction and reproducible cell-lysis, but also limits the opportunity to change the media.” 

In Step 6 - Treatment of organoids using gamma radiation, some steps seem specific for the radiation machine/source being used. Therefore, for clarification, the authors should state which source/machine is being described, as has been done for the multidrop, etc.. 
The specifications have been added in a note with Step 6. 

Reviewer #4:
Manuscript Summary:
This protocol describes methodology to use patient-derived organoids for screening drugs and radiotherapy. Patient-derived organoid models are becoming widespread 3D in vitro models in drug discovery, so a protocol to outline their use for screening drugs and radiotherapy is certainly worthwhile. The authors are experts in the generation of patient-derived organoids so are ideally suited for writing this protocol. The manuscript is clearly written but contains a large number of typos that need to be cleared up. I also have a number of suggestions for improvements to make this protocol more suitable for the PDO research community.
We thank reviewer 4 for these kind words and suggestions below and apologize for the typos in the original manuscript. 

Major Concerns:
The discussion provides useful tips on how to establish this protocol in one's own laboratory, but doesn't at all discuss the representative results that were generated using the protocol. The authors should include an additional paragraph early in the discussion where they discuss their own results - particularly whether the IC50 values they generated are similar to those observed for cisplatin and radiotherapy in HNSCC cell lines (or organoids if anyone else has tested these) and greater discussion of the Z-factors and the appropriateness of excluding one dataset. 
Following JoVE instructions we have kept the discussion for discussing the actual protocol, not the results. However, to include some more discussion of the results we have added the following section to the end of the results section: 

“Compared to other head and neck organoid cultures screened (Driehuis et al, 2019), organoid culture 2 is sensitive to both radiotherapy and cisplatin, whereas organoid line 1 is more resistant. Each organoid culture screened should be ‘ranked’ against each other in IC50 and/or AUC from most sensitive to least sensitive. This will provide an indication whether an organoid culture is most- or least-sensitive.”

Regarding Z-factors we have added the following in the discussion: 

“To reiterate: Z’ is an important metric to assess the dynamic range of each drug screen assay 13 and should be calculated for each plate. Excluding drug screen results with a Z’ lower than 0.3 and using data with a Z’ > 0.5 is recommended. For the Z’ to be informative, it is important that all organoids in the positive control wells have died.”

The title clearly states that the protocol is for "medium high-throughput screening", however I imagine there are researchers that would also be interested in a lower throughput screening method. Therefore I think the manuscript could be of interest to more readers if the authors commented in the discussion about the suitability of the protocol for use in 96-well plates and for researchers that do not have access to robot automation such as the D300e. 
We thank the reviewer for this interesting suggestion. We’ve added the following section to the discussion: 

“This protocol can easily be adapted to a lower-throughput screen using a 96-well plate format. Both the cell dispenser and the robot drug printer that has been described here are adaptable to dispense in a 96-well plate format. Manual pipetting is possible as well, but should be accompanied by careful quality assurance as there are higher chances of mistakes and of organoids being less evenly dispensed. Where the 384-well plate format uses 40 μL per well, doubling this in a 96-well plate format would serve as a good starting point, however this should be further optimized prior to the screen.”

Minor Concerns:
1. The table of materials should come at the start of the protocol and should be renamed as Table 1. Within this table can you provide examples of the growth medium and screening medium that you use for CRC and HNSCC organoids - perhaps just by referencing the appropriate papers - and also the ECM that was used. "Brightfield microscope with large field of view lens (2.5x)" is listed twice. Delete one of the mentions.
We have added references for media in the text and information on the ECM in this table. One microscope has been removed from the table. 

2. Lines 111-112: It sounds like you are washing Dispase away by giving 20x Dispase. Presumably this should be 20x growth medium 
This has been clarified. 

3. Throughout the protocol, specify what type of microscope to use. Although brightfield microscope is stated in the table of materials, often the text just says "a microscope" (e.g. line 119)
Done. 

4. Can you check that p2-tip is a universal term? Include in Table of materials.
Done.

5. Line 169: Change to "Inspect organoids in all wells using a brightfield microscope…" if this is correct
Done. 

6. Line 212: Delete "±". You don't want a negative number of organoids
Changed into ~

7. Line 311: State what concentration of staurosporine or mitomycin C should be used 
Added. Mitomycin has been replaced by Navitoclax with which we have even better experience. 

8. Line 329: Replace "soap" with "Tween-20"
Done.

9. Line 354-356: Radiosensitization is not just limited to chemotherapy. Perhaps replace chemotherapy with "drug compounds"
Done.

10: Section 6. This is a very specific method. Other groups will have different methods for irradiating cells and different irradiators. This section could be improved by making this point clear and also describing what irradiator the authors use. This could be achieved by changing line 354 to say "NOTE: The following steps describe the process we use to irradiate organoids using a *** irradiator"
A note has been added and the details have been also added the materials and methods table.  

11. Section 11. Were control wells with no organoids used in the analysis and then background subtracted from the organoid data? 
No, they were not, as background measurements consist of <0.001% of the signal we chose to ignore this. 

12. Line 492-503. Reword Figure 1 legend: "Representative brightfield images of B) cystic normal colorectal PDOs, C) dense CRC PDOs, D) cystic CRC PDOs, E) HNSCC PDOs. From left to right:..."
Done.

13. Line 498 and 499: state what volume of DMSO was used and what concentration of staurosporine was used.
Done. 

14. Line 499: need to indicate that stauro abbreviation stands for staurosporine
Done.

15. Line 508: Shouldn't this be three biological replicate experiments? 
It is not, we generally only perform two biological replicates for these type of organoid drug screens. If the two biological replicates are not reproducible, we would then perform a third biological repeat experiment. We also include ‘house-keeping’ control organoid cultures in each of our experiments, where we know the response of these organoid cultures. These allow us to evaluate the reproducibility of each drug screen within the screen itself and over time. This approach was also mentioned in the discussion.  

15. Line 509-510. Is this correct? All data points seem to be around 100% at 0.1 µM cisplatin except for organoid 2 expt 2, so not sure why 112.7% is an outlier
This is correct, for organoid line 2 experiment, 0.1 uM cisplatin, the replicate values were: 112.7, 18.4, 30.4%, within this data set, 112.7% is a clear outlier We felt it was reasonable to exclude this value and would recommend repeating this experiment, as it showed a curve that was not reproducible to the first experiment, as discussed in the representative results.

16. Figure 2C. Tables are not normally part of figures and don't normally have sub-tables. Not sure what the journal's policy is but might be better to have these as two standalone tables - Tables 3 and 4.
We feel these tables help interpretation of the figure and therefore fit best as part of the figure. We hope the editor will allow this use of figure space, but we will change into tables if instructed so. 

17. Current Table 1. Might be useful to show example images of cystic, compact and grapelike morphology in the written manuscript
These images have been included in Figure 1B.

