Reviewers' comments:
Reviewer #1 (Remarks to the Author): Expertise in NPC genomics and transcriptomics

In this manuscript, the authors have explored the genomic landscape of 93 NPC samples
by WES and then identified the potential somatic changes associated with fouf r newly
defined NPC histological subtypes, EC, SC, MESC and SCC. Importantly, they have
successfully established a panel of 28 patient derived organoids from the EC, SC and
MESC subtypes of NPC. The new valuable resource allows the authors to investigate
the signalling pathways and cellular mechanisms contributed to the unique
phenotype/features of these NPC subtype by transcriptome sequencing. The authors
also demonstrated the usefulness of these PDOs in drug screening and precision
oncology. The PDO study is novel for NPC and the establishment of a large panel of
PDOs for drug screening is a great achievement in the field.

However, several issues about the study design, hypothesis, methodology, data analysis,
accuracy of the results and conclusion are still needed to improve and clarify. Although
the PDO establishment and drug screening part are very impressive and convincing, the
findings did not sufficient to support their conclusion about the molecular landscape,
transcriptome profile and drug response of the NPC subtypes. Furthermore, NPC is an
EBV-associated cancer. The status of EBV infection and EBV gene expression in these
NPC subtypes have not been examined.

My major concerns are as following:

(1) In addition to the new subtypes, the histological type according to current WHO
classification should also be indicated in the Figures and Tables. The current
classification should also be shown in the organoids transcriptome and genome assay.
(2) In the introduction section, the reference of “current WHO classification of NPC”
should be provided. As | known, the cited “three major histological subtypes: Type-I
squamous cell carcinoma; Type-IIA keratinizing undifferentiated carcinoma; and
Type-11B non-keratinizing undifferentiated carcinoma” should not be the current WHO
classification! The term “Keratinizing undifferentiated carcinoma” should be wrong!
(3) In Page 3, the statement “for the stage 11 NPC, especially for patients with metastasis
or recurrence, RT alone is less effective” should be revised! Has the subtype of all NPC
cases been reviewed by pathologists?

(4) Figure S1A and 1B did not provide evidences for the specificity of markers for EC
and SC subtypes. The expression of CK5/6, P63, AE1/3 and Vimentin should be shown
in all 4 subtypes. Multiple cases for each subtypes should be shown and a summary
table for the expression level and staining pattern of the samples cases should be
presented.

(5) For WES, the patient information is incomplete and needed to clarify. In Table S1,
a number of cases are with unknown tumor site and tumor stage. The diagnosis of the
cases with unknown tumor site is in doubt. The meaning of these catalogues is unclear.
In the table, only 14 patients are with stage IV diseases, but 17 patients with metastasis!
What is the definition of tumor classification? What is the different between the cases
classified as keratinizing (2 cases) and that as SCC (3 cases). Why 9 cases with no



information for the “tumor classification”, but all cases with the information about the
new “histological subtype”? Whether all of the cases are diagnosed and reviewed by
one or more pathologists ?

(6) In the table, the nature of NPC tumors involved has not been clearly described.
Whether all of them from the primary tumors, recurrent tumors, lymph node or distinct
metastasis. A comprehensive table including all clinical pathological information and
other details (site collected, frozen or FFPE, with and without microdissected?) of each
tumor should be included.

(7) A critical point is that the EBV status in all of these tumors have not been mentioned
in the articles. Since EBV infection is a critical feature of NPC in endemic regions, the
author should confirm the EBV status in the tumors by standard EBER ISH assay.

(8) The major issue of WES study in NPC is the low cellularity in the tumor samples.
Since the NPC is heavy infiltrated by lymphocytes and other stromal cells. The tumor
content in most NPC specimens is lower than 30%. Biopsies with 0-10% tumor cells
were also commonly found. The quality of NPC tumor samples (cellularity and sample
source, frozen tissue or microdissected FFPE section?) should be determined and listed
in the report. According to Figure S2A, no mutation (or >5?) is noted in 19/93 (20%)
of NPC cases (e.g. T5, T6, T19, T24, T29, T32, T33, T39, T40, T41, T50, T64, T68,
T70, T71, T72, T73, T79 and T88). It is possibly due to the SNV and indel calling
problems in the tumor samples with vey low cellularity. Unfortunately, no information
about the percentage of tumor cells in each sample were provided. The mutant allele
frequency and case number of the tumors were not shown in Table S2a. The informatics
analysis seems to have problems in a number of the samples. In Table S2a, most than
40 cases are with indels only while no SNV is detected (e.g. S6879, S8197, S9864,
S6743, S27208, S26982, S2624, S2616, S24472, s23662, S21300, S15536, s14565,
s9881, $9598, s2942, 524301, s228, s20573, s20471, s18133, s17888, s140, s13088,
s11026, s25239, s19960, s21125, s17568, s10760, s8292, s6630, s3935, $22498,
s20721, s13799, s11078, km1856, KM1618, ....). The quality of informatics analysis
is questionable! The authors should further review the quality of their raw data,
informatics pipelines and comprehensive validate the mutations in multiple cases (such
that listed above). The low frequency of TP53 mutations identified also evidences the
problem in SNV and indel calling in current study.

(9) The C>A base situation has not been shown as predominant signatures in previous
WGS studies, the authors are needed to confirm whether it is due to the low cellularity
of the tumors and poor SNV calling in these samples. The reported mutational
signatures as well as subtype-specific mutational frequency may also be affected by
these technical problems.

(10) For the CNV analysis, it is interesting that the MST1R homozygous deletion was
found in 48.4% of tumors. Nevertheless, this important finding should be carefully
validated. The authors should perform FISH analysis to confirm the MSTIR
homozygous deletion in all these tumors. It is also noted that the BAP1 gene on the
same chromosomal region also shows high frequency of homozygous deletion. It is
possible that MST1R is not the driver cancer genes, only a bystander in this region. The
BAP1 tumor suppressor function has been demonstrated in previous NPC WES study.



(11) Furthermore, Supplementary Figure 3A, C and D indicates a high background
noise signals. It is also noted that the frequencies of amplification/homozygous
deletions identified in this study is much higher that reported previously. The CNV
calling should be carefully reviewed and selected amplification and deletion regions in
the tumors are needed to be validated by FISH analysis. The potential subtype-
associated cancer driver pathways and networks should be reanalyzed while the
SNV/indel/CNV data is confirmed.

(12) The establishment of multiple patient-derived organoids from NPC tumor is a
breakthrough in the field. Importantly, the EBV latency in these PDOs should be
determined. Furthermore, STR profiling should be performed in the established PDOs
and corresponding tumor samples for authentication. The authors should be clearly
mentioned the PDOs are derived from the tumors involved in the WES study. WES
should also be performed in these PDOs. The somatic alterations identified in PDOs
and corresponding tumor samples should be compared. A number of SNPs/Indels/CNV
missing in WES study may be identified from these homogeneous tumor samples. It
may allow us to identify the potential link between somatic changes and this EC and
SC subtypes.

(13) It is possible that the EC and SC features may be influenced by the EBV latent
gene expression, e.g. the heterogeneous LMP2A or LMP1 expression. The authors
should examine the EBV transcriptome from the RNA-seq data of these two types of
PDO, as well as T55E and T55S. It would be important to check whether there are
different acquired mutations in these two PDO sublines. The correlation of somatic
genetic alterations and the transcriptome profiles of the two/three subtypes PDOS
should be investigated to check whether the transcriptome and phenotypes of these
PDOs are driven by somatic alterations or EBV latent gene expression. In addition to
the signaling pathways and cellular mechanisms described in Figure 5, the stem cell-
related expression profile in these organoids should be explored. The unique
transcriptome profile and phenotype of SC or MSEC PDOs may be due to the different
passage method by which the stem-cell population was enriched.

(14) As the MSEC type organoids showed morphology changes to SC type organoids,
it suggests that the EC type NPC cells were loss or undergone ENT transition to SC
subtyoe during continuous passage. Thus, it is reasonable the transcriptome profile of
MSEC type is similar to that of SC type. The author should discuss this point in their
manuscript. It is likely that the epithelial- and spindle-types of NPC cells occur in all
EC, MSEC and SC cells, but with different proportions. For the MSEC type NPC , the
treatment of MTi or EGFRi may only result in the selection/enrichment of either EC or
SC subclones of the tumors in the patients. It may also be happened in the EC and SC
subtype of NPC while the tumors contain a small subpopulation of EC and SC cells. A
poor response of the NPC patients was reported in a previous clinical trial of EGFRI .
The PDO drug screening provides a novel approach for NPC precision treatment.
However, it is important to identify a drug that is able to efficiently inhibit the growth
of both epithelial- and spindle-type tumor cells. It is noted that the antitumor effect of
Cisplatin, a common first line chemo-agent for NPC treatment has not been included in
the drug screening panel. It is important to compare the new potential drugs to the



standard chemotherapy for NPC. In Figure 6, the treatment of RT+ Cisplatin should be
conducted on the PDOs for comparison.

(15) In Figure 7, the somatic changes in PDOs should be further validated. Since there
is no hotspot mutations or functional activations of TRKs and other pathways by the
CNVs in Figure 7A and 7B, there are no sufficient evidences to support authors’
conclusion in the last section. In supplementary Figure 11, the data shows that the copy
ratio of MET and KRAS is less than 1.5 and 1. It means that the two genes are with
copy number gains, but not amplification. The low level copy number gain may not be
able to activate these oncogenes.

Reviewer #2 (Remarks to the Author): Expertise in organoids

NPC is a leading cause of cancer-related deaths in Southeast Asia and North Africa.
NPC is currently classified into 4 morphological subtypes that are linked to prognosis.
However, the major driving events (genomic and transcriptomic features) for the 4
histological subtypes and the druggable targets among the 4 subtypes are currently
unknown. Only few drugs are approved for NPC and many NPCs of the SC type show
relapse to current therapies. Better understanding of the driving events of NPC subtypes
is needed that can be used to find new subtype-related strategies.

Ding et al. use transcriptomic and genomics on a cohort of 93 nasopharyngeal cancer
(NPC) samples to explore subtype-specific molecular and genomic features.

With respect to point mutations, authors classify significantly mutated genes in 9
signaling pathways. Predominant mutational signature across all NPCs was Signature4,
a result of smoking.

Next, copy-number alteration analysis revealed that specific genomic deletions and
amplifications are consistent features for all NPCs.

Furthermore, they made a patient-derived organoid (PDOSs) biobank of 28 NPC samples
containing 3 different subtypes (out of 4). PDOs were used to integrate
transcriptomics/genomics information underlying subtype classification with
functional assays like drug response. Interestingly, NPC PDOs from EC subtype
showed sensitivity towards treatment with EGFRIi and resistance to treatment with
microtubule targeting agents. Opposing sensitivities were found for SC and MSECs.

Overall, the strength of the manuscript lies in its extensive transcriptomic and genomic
analyses of NPCs. In addition, new NPC PDOs methods were developed, including the
establishment of a PDO biobank. Interestingly, drug screens on the PDOs revealed
differentiating drug responses that correlate with morphology-based subtype
classification. Despite the impressive amount of resource-like data, the manuscript
remains rather descriptive concerning the drug phenotypes and might benefit from
supporting underlying mechanistic insights.



Comments:

1. The results regarding the mutational landscape of NPCs is largely descriptive and
overinterpreted by clustering mutations in 9 signaling pathways. What | found striking
when studying the data is that not a single driver gene seems to be mutated in more than
few cases. Even if you subclassify per tumor type, few mutations make it barely over
10%. Is it possible that no clear-cut driver mutations underly NPC development?

In contrast, based on CNA profiles, few genes were consistently deleted (up to 50% of
the cases) in NPCs across subtypes. Most of them seem to co-occur in same patients.
Are these genes positioned at similar chromosome locations (MST1R, BAP1, TRAF3,
NFKB1A etc)? Are these tumor suppressor genes? Rescue experiments by ectopic
expression of some of these genes might provide interesting answers.

In light of the overinterpretation of the genomic data, | don't think that the systems
biology interpretation of the genomic data (Fig. 2D and E) adds much value to the
manuscript.

2. The authors demonstrate convincing differences in tumor phenotypes that are
recapitulated during organoid growths. In fig 5 gene expression is shown that correlates
to MT inhibitor response. Transcriptional profiling of tumors is of interest, but this data
should be presented from an unbiased angle.

3. Using all the genomic/ transcriptomic information, can the authors demonstrate or
speculate about the possibility that the tumor subtypes originate from different cell
types as origin, rather than accumulation of different driver mutations/ CNA?

4. The authors show that ECs show higher mutational frequencies in pathways affecting
MT polymerization, mitotic spindle checkpoint, DNA repair and ABC transporters,
whereas RTK genes show more CNV amplifications in SCs. However, from figure 2C
it seems that RTK signaling is deregulated in both subtypes.

5. The authors show that MSECs contain organoids with EC phenotypes as well as
organoids with SC phenotypes that show distinct expression of markers for EMT and
epithelium.

First, are these MSECs a mixed population of subtypes that originate from the same
original tumor cell or are MSECs a polyclonal tumor? Overlap in mutational landscapes
between EC and SC organoids from ‘same’ MSEC tumor might be informative.

6. Drug screening in organoids reveals that ECs are sensitive to EGFRI treatment,
whereas SCs and MSECs are sensitive to MTi treatment. The differences in drug
responses per subtype is very striking. However, not only MTi show differential effect,
same holds true for the topoisomerase inhibitors.

a) Can it be that SCs and MSECs are sensitive to all classic chemotherapies? The
authors should expand the list with chemo's with different mechanism of action
(cisplatin/ carboplatin/ 5FU) for a number of organoids.

b) Drug response was tested with ATP assay, which cannot make the distinction



between cell death or cell cycle arrest. Can the authors confirm by microscopy or FACS
that organoids are dying or arrested in cell cycle?

c) Drug screening and western blotting was done on 1-day old organoids, which could
affect therapy outcomes due to stress. Do authors observe same results on 5-day old
organoids?

d) The relative IC50 concentrations of EGFRi are very high and are likely not be
reached in patients. Can similar results (pERK inhibition) be obtained with
concentration ~0,5uM?

e) EGFRi-resistant SCs show very low ERK activity during unperturbed conditions
compared to ECs, suggesting that this pathway is not essential (hence the resistance
upon inhibiting something that is not active). Can the authors confirm that limited
baseline ERK levels correlate with no response to EGFRi in SC PDOs?

f) In relation to point 4: low basal pERK activity as detected in SC PDOs (Fig 4F) is at
odds with the statement of deregulated RTK signaling in this subtype.

7. The authors attribute the MTi resistant phenotype of ECs to CNVSs in various
signaling pathways. However, most significantly different CNVs between ECs and SCs
affect ABC transporters. Are ABC transporters involved in drug resistance? Can
authors block ABC transporters with inhibitors to see if enhanced sensitivity to MTi
are established in ECs? Furthermore, in relation to point 6a, do ECs show a general
resistant phenotype to most classical chemo's or only MTi? Perhaps ABC transporters
underly most drug phenotypes?

8. The authors showed that ECs were more sensitive to irradiation than SC and MSEC:s.
In addition, they show that EGFRi + irradiation show synergistic effects in ECs. Is MTi
+ irradiation relevant in SCs?

9. The authors show that treatment of SCs with EGFRi, HDACi and METi induces a
synergistic effect. However, effect of individual drug responses should be shown, as
well dual combinations in order to evaluate synergism of three combined.

Reviewer #3 (Remarks to the Author): Expertise in organoids drug screens

In this manuscript, Ding Reng-bo et al acquired tumors from 93 NSC patients and
classified them into four different subtypes EC,SC, MSEC and SCC based on histology
and molecular markers. In addition, they used genomic analysis to begin to investigate
the molecular basis for the different subtypes.

The authors also report generation of a library of ~28 organoids and identify feature
that relate them to some of the NPC subtypes. They used the organoids test for
sensitivities to drugs and found subtype differences in drug response, where EC-
subtype PDOs are sensitive to EGFRI, while SC-subtype are sensitive towards MTSs.
Interestingly the EC subtype organoids were more sensitive when treated with EGFRI



in combination with radiotherapy (RT). Overall this is an interesting study that requires
further development before it can be considered for publication in Nature
Communication.

Major concerns:

1) This study expands previous genomic analysis of NPC. Although the authors
attempted to understand subtype specific differences in genetic alternations, the
analysis did not provide an compelling argument for a relationship between genomic
signatures and histopathological subtype classification perhaps due to low sample
number representing some of the subtypes and hence statistical rigor. Most of the
analysis presented in Figures 1 and 2 are weak and may need to be revisited and reduced
in scope.

2) The development and use organoid models is interesting and an important new
contribution to the field. However, it is not clear how well the expression profile
performed in the 14 organoid models relate to the gene expression profile of matched
primary patient tumors. Furthermore, it would be important for the authors to
investigate how the drug response observed in organoid models respond the treatment
received by the patient to understand how well the organoid models replicate the
patient’s clinical response.

3) The comparison between the PDO sensitivity and GDSC database is of unknown
significance because there are many confounding factors that differentiate the two sets
of observations, which include culture conditions, tumor type, cell lines used etc.,

4) The relationship between EC subtype and sensitivity to CRT is interesting and can
be significant clinical benefit. However, a pharmacogenomic analysis to tailor such a
treatment may not be needed as a combination of histopathological and IHC based
identification of EC subtype may be sufficient. It would be informative and important
for field, if the authors can demonstrate a correlation between EC subtype and clinical
response to CRT in a retrospective analysis using a classification system that uses IHC
and histopathology.

5) A mechanistic insight into how do MT and EGFR inhibitors affect organoids growth
will be necessary. Perhaps this relates to inhibition of one or more pathways identified

by genomic analysis.

6) The manuscript needs significant editing for English usage as there are major
grammatical errors which makes it hard for the reader to comprehend and follow.

Minor

1. FiglA, B. Images of better quality and resolution should be provided. The



Histological features claimed by the authors are not clear.

2. Fig 3 — how were the 28organoids chosen for PDO analysis? Provide better phase
images for Fig 3A.

3. Fig 3D — Provide images showing that the spindle type organoids generated using
the aggregate method and stained for pan-epithelial markers.

4. Do the tumor cells restart growth after drug withdrawal?

5. Can the authors provide insight into the genomics of cells remaining in PDO cultures
that resist treatments?



Responses to Reviewers” Comments
Reviewers' comments:
Reviewer #1 (Remarks to the Author): Expertise in NPC genomics and transcriptomics

In this manuscript, the authors have explored the genomic landscape of 93 NPC samples
by WES and then identified the potential somatic changes associated with four newly
defined NPC histological subtypes, EC, SC, MESC and SCC. Importantly, they have
successfully established a panel of 28 patient derived organoids from the EC, SC and
MESC subtypes of NPC. The new valuable resource allows the authors to investigate
the signalling pathways and cellular mechanisms contributed to the unique
phenotype/features of these NPC subtype by transcriptome sequencing. The authors
also demonstrated the usefulness of these PDOs in drug screening and precision
oncology. The PDO study is novel for NPC and the establishment of a large panel of
PDOs for drug screening is a great achievement in the field.

However, several issues about the study design, hypothesis, methodology, data analysis,
accuracy of the results and conclusion are still needed to improve and clarify. Although
the PDO establishment and drug screening part are very impressive and convincing, the
findings did not sufficient to support their conclusion about the molecular landscape,
transcriptome profile and drug response of the NPC subtypes. Furthermore, NPC is an
EBV-associated cancer. The status of EBV infection and EBV gene expression in these
NPC subtypes have not been examined.

My major concerns are as following:

(1) In addition to the new subtypes, the histological type according to current WHO
classification should also be indicated in the Figures and Tables. The current
classification should also be shown in the organoids transcriptome and genome assay.

Thank you very much for the suggestions. We have annotated NPC tumors with WHO
classification in Supplementary Data 1 (clinicopathological characteristics), Fig. 1D
(SNV oncoplot), and Fig. 2C (CNV oncoplot). Because all samples used for
transcriptome analysis are derived from non-keratinizing undifferentiated carcinoma
(NKUC) subtype tumors, we didn’t indicate the WHO subtype, but annotated samples
with EC, MSEC, SC subtypes in Fig. 6.

(2) In the introduction section, the reference of “current WHO classification of NPC”
should be provided. As | known, the cited “three major histological subtypes: Type-I
squamous cell carcinoma; Type-I1A keratinizing undifferentiated carcinoma; and Type-
I1B non-keratinizing undifferentiated carcinoma” should not be the current WHO
classification! The term “Keratinizing undifferentiated carcinoma” should be wrong!

Thank you very much for the suggestions. We have revised the description on WHO
classification of NPC according to latest edition (2017) as following:
“According to the current World Health Organization (WHO) classification system,



NPC is classified into three major histological subtypes: keratinizing squamous cell
carcinoma (KSCC), non-keratinizing carcinoma, and basaloid squamous cell
carcinoma. Non-keratinizing tumors are further sub-categorized as non-keratinizing
undifferentiated carcinoma (NKUC) or non-keratinizing differentiated carcinoma
(NKDC) (Stelow and Wenig, 2017).” (Page 3 in the manuscript)

Our previous description was from a document jointly issued by WHO and Union for
International Cancer Control (UICC), (at page 234, in the book of “The Selection and
Use of Essential Medicines: Report of 20" WHO Expert Committee”, regarding NPC
section can be download at WHO website from the following link:
https://www.who.int/selection_medicines/committees/expert/20/applications/Nasopha
ryngealCarcinoma.pdf?ua=1). We referred their description “NPC has historically been
classified into different histological subtypes: Type 1 (I) squamous cell carcinoma;
Type 2a (1) keratinizing undifferentiated carcinoma; and Type 2b (111) non-keratinizing
undifferentiated carcinoma.” We now used the latest edition (v. 2017).

(3) In Page 3, the statement “for the stage 11 NPC, especially for patients with metastasis
or recurrence, RT alone is less effective” should be revised! Has the subtype of all NPC
cases been reviewed by pathologists?

Thank you very much for the suggestions. We have revised the description by giving
more details (Page 4), as following:

“RT is established as the definitive treatment for non-metastatic NPC at an early stage,
which leads to favorable clinical and survival outcomes with a 5-year OS rate of 87.3%
to 93% for stage | NPC patients (Chen et al., 2014; Chua et al., 2003; Lee et al., 2005;
Yi et al., 2006). However, due to the intrinsic invasiveness and asymptomatic nature of
the disease, the majority of NPC patients (60-70%) are diagnosed at an advanced stage,
with local spread or regional lymph node metastasis (Li et al., 2017a). For NPC patients
with recurrent/metastatic tumor, the outcome is very poor, with a median OS of
approximately 20 months (Perri et al., 2019), and chemoradiotherapy (CRT) is the
standard-of-care treatment at this stage as recommended by the National
Comprehensive Cancer Network guidelines (v. 2.2018). If the cancer cells have spread
to distant organs, chemotherapy is the only option (Ma et al., 2018; Perri et al., 2019).”
The subtype of all NPC cases has been reviewed by pathologists from the collaborating
hospitals.

(4) Figure S1A and 1B did not provide evidences for the specificity of markers for EC
and SC subtypes. The expression of CK5/6, P63, AE1/3 and Vimentin should be shown
in all 4 subtypes. Multiple cases for each subtype should be shown and a summary table
for the expression level and staining pattern of the samples cases should be presented.

Thank you very much for the comments. We proposed AE1/3 and Vimentin as the
molecular markers to distinguish NPC subtypes in our manuscript. The
immunofluorescence staining of AE1/3 and Vimentin were shown in 12 EC-subtype



tumors, 9 MSEC-subtype tumors, 7 SC-subtypes tumors and 3 SCC-subtype tumors
(Fig. 1B; Supplementary Fig. 1A). We summarized their expression levels among
subtypes in Fig. 1C. Among 31 stained cases, 9/12 EC-subtype tumors are strongly
positive for AE1/3 expression, whereas 6/7 SC-subtype tumors extensively express
Vimentin (Fig. 1C). Our data indicated AE1/3 and Vimentin as molecular maker
candidates to distinguish NPC subtypes. Because CK5/6 and P63 showed very similar
expression pattern with AE1/3, so we just demonstrated their representative images in
Supplementary Fig. 1B.

(5) For WES, the patient information is incomplete and needed to clarify. In Table S1,
a number of cases are with unknown tumor site and tumor stage. The diagnosis of the
cases with unknown tumor site is in doubt. The meaning of these catalogues is unclear.
In the table, only 14 patients are with stage IV diseases, but 17 patients with metastasis!
What is the definition of tumor classification? What is the different between the cases
classified as keratinizing (2 cases) and that as SCC (3 cases). Why 9 cases with no
information for the “tumor classification”, but all cases with the information about the
new “histological subtype”? Whether all of the cases are diagnosed and reviewed by
one or more pathologists?

Thank you very much for the comments. We carefully reviewed the clinicopathological
records of all 106 NPC patients (93 previous cases and 13 new cases) together with
pathologists of collaborating hospitals again and list the detailed clinicopathological
annotations for individual patients in Supplementary Data 1. All the 106 samples were
from the tumor site of nasopharynx and they all have information for the “tumor
classification”. All the clinicopathological information were diagnosed and reviewed
by multiple pathologists from the collaborating hospitals.

To be noted, the clinical status of regional lymph node metastasis was documented in
Macau sample cohort but wasn’t provided in Luzhou cohort (because the Hospital does
not have this information). In the previous description, we classified samples with
regional lymph node metastasis as metastasized cases, which accounts for the reason
why some lower grade tumors were listed as metastasis tumors. In present version, we
defined metastasis case as patient who was recorded with distant metastasis. According
to the revised statistics on all enrolled NPC patients (Supplementary Table 1), 18
patients were diagnosed with distant metastasis; 15 patients were diagnosed with stage
IV tumor, 43 were stage 111, 25 were stage 1, 13 were stage I; all 106 patients” samples
were assigned for subtype classification, including 78 NKUC, 25 NKDC and 3 KSCC
under WHO classification system, and 57 EC, 26 MSEC, 20 SC and 3 SCC under new
histological classification system.

(6) In the table, the nature of NPC tumors involved has not been clearly described.
Whether all of them from the primary tumors, recurrent tumors, lymph node or distinct
metastasis. A comprehensive table including all clinical pathological information and
other details (site collected, frozen or FFPE, with and without microdissected?) of each



tumor should be included.

Thank you very much for the suggestions. We have provided the detailed
clinicopathological annotations for individual patients in Supplementary Data 1. All
106 samples assigned for WES and organoid culture all were from the primary site of
nasopharynx. Among samples assigned for WES, 43 were isolated DNA from bulk
fresh tumor samples, 4 from bulk FFPE samples, 59 from microdissected FFPE samples.
We have indicated this information in Supplementary Data 1.

(7) Acritical point is that the EBV status in all of these tumors have not been mentioned
in the articles. Since EBV infection is a critical feature of NPC in endemic regions, the
author should confirm the EBV status in the tumors by standard EBER ISH assay.

We have examined the EBV status by PCR assay. Briefly, we applied PCR to amplify
region of Epstein—Barr nuclear antigen 1 (EBNAL), which is specific to EBV genome.
This PCR method for detecting EBV infection status is well established for decades (Lo
et al., 1999). Tumor DNA samples from 40 NPC patients were assigned for this
examination. The results showed that 36 samples were strongly positive, and 4 samples
were low positive (Supplementary Data 1). Our results was close to the previous report
that 96.5% NPC patients were positive for plasma EBV DNA detection (Lo et al., 1999).

(8) The major issue of WES study in NPC is the low cellularity in the tumor samples.
Since the NPC is heavy infiltrated by lymphocytes and other stromal cells. The tumor
content in most NPC specimens is lower than 30%. Biopsies with 0-10% tumor cells
were also commonly found. The quality of NPC tumor samples (cellularity and sample
source, frozen tissue or microdissected FFPE section?) should be determined and listed
in the report. According to Figure S2A, no mutation (or >57?) is noted in 19/93 (20%)
of NPC cases (e.g. T5, T6, T19, T24, T29, T32, T33, T39, T40, T41, T50, T64, T68,
T70, T71, T72, T73, T79 and T88). It is possibly due to the SNV and indel calling
problems in the tumor samples with very low cellularity. Unfortunately, no information
about the percentage of tumor cells in each sample were provided. The mutant allele
frequency and case number of the tumors were not shown in Table S2a. The informatics
analysis seems to have problems in a number of the samples. In Table S2a, most than
40 cases are with indels only while no SNV is detected (e.g. S6879, S8197, S9864,
S6743, S27208, S26982, S2624, S2616, S24472, s23662, S21300, S15536, s14565,
s9881, 9598, s2942, 524301, s228, s20573, s20471, s18133, s17888, s140, s13088,
511026, s25239, s19960, s21125, s17568, s10760, s8292, s6630, $3935, $22498, 20721,
s13799, s11078, km1856, KM1618, ....). The quality of informatics analysis is
questionable! The authors should further review the quality of their raw data,
informatics pipelines and comprehensive validate the mutations in multiple cases (such
that listed above). The low frequency of TP53 mutations identified also evidences the
problem in SNV and indel calling in current study.

Thank you very much for the comments and suggestions, which we completely agree.



We have improved our bioinformatic analysis pipelines by using multiple callers for
mutations identification. Briefly, to identify somatic SNVs, instead of using only
MuTect2 (v4.1.0.0), we now also use Strelka2 (v2.9.10) (Kim et al., 2018), and
LANCET (v1.1.0) (Narzisi et al., 2018) . Mutations detected by at least 2 callers were
kept as true positive ones and were assigned for further analysis (Supplementary Fig.
2A).

Supplementary Figure 2A. Mutation amounts called by MuTect2, Strelka2 and
Strelka2 with two-two overlap.

Somatic SNVs were further filtered by ngs-filters (https://github.com/mskcc/ngs-filters)
to determine high-confident variants. The detailed mutation identification protocol and

filtering criteria could be found in the materials and methods section (Page 23). A total

of 2721 somatic mutations including 2358 missense mutations, 192 nonsense mutations,
83 deletions, 31 insertions and 57 other types of mutations were detected (Fig. 1D)

(Supplementary Data 2).

To identify CNVs, both Sequenza (v3.0.0) (Favero et al., 2015) and CNVKkit (v0.9.0)
(Talevich et al., 2016) were applied with default parameters. Further chromosome arm-
level and gene-level variations were detected by GISTIC 2.0 (Mermel et al., 2011).
Consensus CNVs detected by both CNVkit and sequenza were considered as true
positive ones.

After comparing our results with previous studies, we believe the current results in the
revised manuscript were of good reliability. For example, among somatic SNV,
frequencies of TP53 were 9.0% (Li et al., 2017b), 10.6% (Lin etal., 2014), 7.3% (Zheng
et al., 2016) and 5.9% (Zhang et al., 2017) in previous studies, which is consistent to
our result (7.4%). More comparisons on NPC driver SNVs and CNVs frequencies
between ours with several previous studies are summarized in Supplementary Table 2,
3, 4, which indicated our current results were of good confidence.



Supplementary Table 2. Comparison of driver SNV frequencies in NPC.

Gene Our study (Li et al,|(Lin et al,| (Zheng et al., | (Zhang et al.,
(SNV) (n=95) 2017a) 2014) (n=113) | 2016) (n=124) | 2017) (n=51)
(n=111)

TP53 7.4% 9.0% 10.6% 7.3% 5.9%
CYLD 9.5% 9.9% - 3.2% 5.9%
KMT2C 5.3% 5.4% - 3.2% 2.0%
FBXW?7 4.2% 3.6% - - 3.9%
NOTCH2 6.3% 2.7% 0.9% - -
NFKBIA 4.2% 6.3% - 4.8% -
TRAF3 3.2% 8.1% - - 5.9%
PTEN 2.1% 3.6% - 2.4% -
MTOR 2.1% 1.8% 1.8% - -
PIK3C2B 2.1% - 0.9% - -
PIK3CG 2.1% - 1.8% - -
KMT2B 3.2% 1.8% 2.4% -
ARID1A 2.1% - 4.4% 1.6% -
NF1 4.2% 1.8% - - -
ATM 3.2% - - 1.6% -
BAP1 2.1% - 3.5% 3.2% -
SYNE1 2.1% - 8.9% - 2.0%
FAT2 3.2% - 2.7% - -

“-” refers to unmentioned.

We believe the relatively low mutational rate mainly comes from the intrinsic nature of
NPC. As demonstrated by multiple previous studies, the number of somatic SNVs per
NPC sample was ranging from 22 to 32 in these cohorts (Chow et al., 2017; Lin et al.,
2014; Zhang et al., 2017; Zheng et al., 2016), which is very consistent to our results (29
SNVs per sample).

It is true that low tumor purity could be another cause contributing to low mutational
rate. But in our samples, we used microdissection to isolate cancer cells and the tumor
purity is relatively high. As shown in Supplementary Data 1, only 7 samples were with
tumor purity lower than 20%, which indicated that tumor purity issue was not the
essential cause for the low mutational rate of NPC in our cohort. In addition, because
we sequenced our samples at averagely 100X coverage (Supplementary Data 10) to
avoid the potential effect of low purity and consequently our data indicated that, despite
a few tumors showed low SNVs, they were not related to the cancer purity.

SNVs of unpaired samples could not be reliably called and very few mutations (0-6
mutations per sample) were detected if applying strategy of filtering by known NPC
mutations. In new version, we excluded 11 unpaired samples from SNV analysis, and



also add 13 new paired samples. We totally included 95 paired tumors in current SNV
analysis. This also improve the reliability of mutation calling of current version.

In sum, our old analysis is indeed problematic. We should not include 11 unpaired
samples in SNV analysis and also more mutation calling programs should be used.
Thank you very much for pointing out this, which helps us to improve this study.

(9) The C>A base situation has not been shown as predominant signatures in previous
WGS studies, the authors are needed to confirm whether it is due to the low cellularity
of the tumors and poor SNV calling in these samples. The reported mutational
signatures as well as subtype-specific mutational frequency may also be affected by
these technical problems.

As mentioned earlier, we have carefully re-analyzed all our samples, and the new data
should be reliable. Our mutational signature analysis revealed that C>T base
substitution was the predominant signature in NPC (Fig. 1F), and this part is consistent
with previous studies. The second frequent signature in our NPC cohort was the C>A
transition, and consistent conclusion was also demonstrated by previous report (Chung
et al., 2019). We speculated that increased C>A transition frequency in our cohort was
associated with smoking exposure (Supplementary Fig. 2B). It was well established
that smokers had more C>A base substitution than non-smokers in pan-cancer levels
(Alexandrov et al., 2016), which primarily caused by COSMIC signature 4 and 29
(https://cancer.sanger.ac.uk/cosmic/signatures_v2.tt). In our NPC cohort, significant
higher frequency of C>A transition was observed in smoker than in non-smoking
patients (Supplementary Fig. 2D).

(10) For the CNV analysis, it is interesting that the MST1R homozygous deletion was
found in 48.4% of tumors. Nevertheless, this important finding should be carefully
validated. The authors should perform FISH analysis to confirm the MSTI1R
homozygous deletion in all these tumors. It is also noted that the BAP1 gene on the
same chromosomal region also shows high frequency of homozygous deletion. It is
possible that MSTL1R is not the driver cancer genes, only a bystander in this region. The
BAP1 tumor suppressor function has been demonstrated in previous NPC WES study.

Thank you very much for the suggestions. In order to confirm the prevalence of MST1R
loss in NPC. We performed a serious of investigations listed as following.

1) To make sure the mutation calling provided true positive results, we applied two
independent callers, Sequenza and CNVKit, and only considered overlapped ones as
real mutations (Fig. 2C; Supplementary Fig. 4A, B). Thus, the frequency of double-
confirmed MST1R loss was 55.7%, we didn’t differ homozygous and heterozygous loss
in this time. High frequency of MST1R loss in NPC had been also reported by a previous
study published in PNAS (Dai et al., 2016b). In their results, the frequency of MST1R
loss was 65%, which is very close to ours.



2) MSTI1R located in 3p21.31 and BAP1 located in 3p21.1, the two gene were
neighboring genes. Chromosomal 3p is the most frequently deleted region in NPC
(Supplementary Table 3). It is possible that the deletion of both genes is largely because
of their close distance. Since BAP1 is a well-known tumor suppressor, it is possible that
deletion of MST1R is not the driver cancer event, and only as a bystander in this region.

3). Of note, MST1R was reported as a C-Met-related tyrosine kinase, and normally
harbored activation/gain mutations and/or overexpression in other cancer types and
could play an oncogenic role as a tyrosine kinase to enhance the activation of
Ras/MAPK and other signaling cascades (Cheng et al., 2005; Maggiora et al., 2003;
Wang et al., 2006; Yang et al., 2017). Study also showed that MST1R played a vital
function in host defense against viral infection, including Epstein—-Barr virus (EBV)
and human immunodeficiency virus (HIV) (Cary et al., 2013; Dai et al., 2016b; Feng
et al., 2016). Thus, loss of MST1R might increase oncogenic susceptibility associated
to EBV infection in NPC patients. To explore if MST1R could affect cell growth, we
applied CRISPR-Cas9 to knockout MST1R in wildtype PDOs, our results showed that
loss of MSTAR didn’t increase the growth of PDOs (Supplementary Fig. 5F), indicating
the loss of MST1R alone could not affect the growth of organoid.

4) To confirm the deletion of MST1R, we first conducted FISH analysis, however, due
to a technical problem, we failed. We then asked a commercial company to conduct the
FISH for us, and the Company tried two times but still did not get it work. To bypass
this difficulty, we used IHC assay instead, and detected strong expression of MST1R in
wildtype samples but only weak or no signals in MST1R deleted samples
(Supplementary Fig. 5A, B)

(11) Furthermore, Supplementary Figure 3A, C and D indicates a high background
noise signals. It is also noted that the frequencies of amplification/homozygous
deletions identified in this study is much higher that reported previously. The CNV
calling should be carefully reviewed and selected amplification and deletion regions in
the tumors are needed to be validated by FISH analysis. The potential subtype-
associated cancer driver pathways and networks should be reanalyzed while the
SNV/indel/CNV data is confirmed.

Thank you very much for the suggestions. After improving our bioinformatics,
background noise signals were no longer observed (Supplementary Fig. 3A).

As mentioned in answer to question 8, we compared our results with several previous
NPC studies (Supplementary Table 3, 4). Our alteration frequencies of key driver genes
were consistent to theirs. In addition, our results were overlapped from two independent
callers, they should be of good reliability to be true mutations.

Furthermore, we applied IHC assay to validate a key gene alteration, MST1R loss,



mentioned in answer to question 10.

(12) The establishment of multiple patient-derived organoids from NPC tumor is a
breakthrough in the field. Importantly, the EBV latency in these PDOs should be
determined.

Furthermore, STR profiling should be performed in the established PDOs and
corresponding tumor samples for authentication. The authors should be clearly
mentioned the PDOs are derived from the tumors involved in the WES study. WES
should also be performed in these PDOs. The somatic alterations identified in PDOs
and corresponding tumor samples should be compared. A number of SNPs/Indels/CNV
missing in WES study may be identified from these homogeneous tumor samples. It
may allow us to identify the potential link between somatic changes and this EC and
SC subtypes.

Thank you very much for the suggestions. We have performed IHC staining for
Epstein—Barr virus latent membrane protein 1 (LMP1) on paired tumors and PDOs. As
demonstrated in Fig. 3F, PDOs retained EBV latency consistently.

We agree with you that to evaluate genomic consistency from parental tumors to PDOs
is important. We felt that WES might provide more information than STR profiling,
and therefore we conducted WES for 15 pair of tumors and PDOs. Genome-wide CNV
analysis demonstrated that chromosomal gains and losses of parental tumors were well
retained in PDOs for most pairs (Fig. 3G). Similarly, paired tumors and PDOs
maintained consistent mutational signature profiles (Supplementary Fig. 7A, B).
Furthermore, the cancer related gene mutations in parental tumors, thought to be tumor-
specific drivers, were preserved in most paired PDOs (Fig. 3H).

Taken together, our results demonstrated that PDOs could well preserved the EBV
latency and genomic alterations of parental tumors.

(13) It is possible that the EC and SC features may be influenced by the EBV latent
gene expression, e.g. the heterogeneous LMP2A or LMP1 expression. The authors
should examine the EBV transcriptome from the RNA-seq data of these two types of
PDO, as well as T55E and T55S. It would be important to check whether there are
different acquired mutations in these two PDO sublines. The correlation of somatic
genetic alterations and the transcriptome profiles of the two/three subtypes PDOs
should be investigated to check whether the transcriptome and phenotypes of these
PDOs are driven by somatic alterations or EBV latent gene expression. In addition to
the signaling pathways and cellular mechanisms described in Figure 5, the stem cell-
related expression profile in these organoids should be explored. The unique
transcriptome profile and phenotype of SC or MSEC PDOs may be due to the different
passage method by which the stem-cell population was enriched.



Thank you very much for the suggestions. As an EBV latent oncoprotein, LMP1 plays
vital functions on NPC development (Tsao et al., 2002), therefore, we examined LMP1
expression levels among NPC subtypes by IHC staining. 16 NPC tumor samples,
including 10 EC, 4 MSEC and 2 SC, were examined. The results demonstrated that 13
samples (8 EC, 3 MSEC and 2 SC,) were strongly positive and 3 samples were low
positive (2 EC and 1 MSEC) (Data shown below). These data suggest that LMP1 may
not have obvious subtype-specific influences on NPC.

Response Figure 1. LMP staining on NPC tumors (n=16).

Loss of MST1R was demonstrated to be an EBV infection susceptibility events (Cary
etal., 2013; Dai et al., 2016b; Feng et al., 2016), we therefore examined the its deletion
frequency among subtypes. As shown in Supplementary Fig. 5C, MST1R was deleted
in 34/57 EC, 13/26 MSEC, and 9/20 SC. Although EC had a slightly higher percentage
than other 2 subtypes, there was no remarkable difference on MST1R deletion
frequencies among subtypes.

We have conducted RNA-seq on 14 PDOs, including 7 EC, 5 MSEC and 2 SC. The
EBV transcriptome mapping reads is low and sporadic in our PDO samples, thus we
believe the expression of EBV latent gene has very little effect on the growth of the
PDOs.

We also calculated stemness score for 14 PDOs, including 7 EC, 5 MSEC and 2 SC,
using transcriptome data. The results indicated that EC subtype PDOs maintained high
stemness properties, whereas the opposite phenotype was shown in SC subtype PDOs
(Supplementary Fig.12K). Distinctly to EC and SC, a diverse stemness distribution was
observed in MSEC PDOs (Supplementary Fig.12K). Since PDOs from MSEC and SC
were cultured under same culture condition, but still significant difference was
observed among MSEC PDOs. Considering that the intrinsic mixed genomic
background of MSEC tumors should contribute influence on derived organoids, we
think the observed stemness difference among subtypes might due to their genomics
variations of parental tumors rather than later culture method difference on generating
PDOs.

(14) As the MSEC type organoids showed morphology changes to SC type organoids,



it suggests that the EC type NPC cells were loss or undergone ENT transition to SC
subtyoe during continuous passage. Thus, it is reasonable the transcriptome profile of
MSEC type is similar to that of SC type. The author should discuss this point in their
manuscript. It is likely that the epithelial- and spindle-types of NPC cells occur in all
EC, MSEC and SC cells, but with different proportions. For the MSEC type NPC, the
treatment of MTi or EGFRi may only result in the selection/enrichment of either EC or
SC subclones of the tumors in the patients. It may also be happened in the EC and SC
subtype of NPC while the tumors contain a small subpopulation of EC and SC cells. A
poor response of the NPC patients was reported in a previous clinical trial of EGFRI.
The PDO drug screening provides a novel approach for NPC precision treatment.
However, it is important to identify a drug that is able to efficiently inhibit the growth
of both epithelial- and spindle-type tumor cells. It is noted that the antitumor effect of
Cisplatin, a common first line chemo-agent for NPC treatment has not been included in
the drug screening panel. It is important to compare the new potential drugs to the
standard chemotherapy for NPC. In Figure 6, the treatment of RT+ Cisplatin should be
conducted on the PDOs for comparison.

We agree with your comments. Our data indicated the sarcomatoid tumor cells grow
faster than epithelial tumor cells among MSEC subtype PDOs, and sarcomatoid tumor
cells exhibited obvious EMT phenotype, while epithelial tumor cells were not (Fig. 3D,
3E, 6D). We could observe two distinct populations of cell types among MSEC PDOs
in the beginning several passages, but gradually all cells underwent EMT and maintain
as SC-type PDOs. The two distinct cell populations were presented with different drug
responses for a few drugs, such as MTi and EGFRi (Fig. 4A). However, when combined
with RT, both EC and SC type PDOs were demonstrated with good responses (Fig. 5C).

Among EC subtype samples, the majority of tumor regions consist of epithelial cells,
although the percentage may not be 100%. Similar results occurred in SC subtype
tumors (Fig. 1A-C, S1A). Followed by these observations, our proposed subtype-
specific chemotherapy regimens should be effective to eliminate most tumor cells in
targeted tumors. Considering CRT is a popular treatment strategy used in NPC, and has
been demonstrated to be more effective than either RT alone (He et al., 2017; Xu et al.,
2017) or chemotherapy only (You et al., 2020), and RT was effective to both EC and
SC subtype PDOs. Our results regarding subtype-specific MTi and EGFRI responses
were valuable for pursuing the subtype-guided precision CRT treatment in clinical.
Inspired by this scenario, CRT by combining MTi, EGFRi and RT may represent the
effective treatment for MSEC subtype samples, by eliminating both epithelial and
sarcomatoid tumor cells.

According to our CRT screening results, CRT demonstrated good sensitivity on all EC,
MSEC and SC subtype PDOs (Fig. 5C), including two commonly clinically used
regimens, cisplatin + RT and fluorouracil + RT. Based on these results, we believed
cisplatin + RT and fluorouracil + RT were good CRT options against NPC, irrelevant
to subtypes.



Furthermore, when comparing our new proposed subtype-guided chemotherapy and
CRT treatment regimens, including MTi/ MTi + RT for SC subtype tumors and EGFRI/
EGFRi + RT for EC subtype tumors, with standard cisplatin/ fluorouracil-based
chemotherapy and CRT treatment. The potential subtype-guided treatment strategy
achieved better effectiveness than standard regimens in tumors belong to corresponding
subtypes (Fig. 5C).

(15) In Figure 7, the somatic changes in PDOs should be further validated. Since there
is no hotspot mutations or functional activations of TRKs and other pathways by the
CNVs in Figure 7A and 7B, there are no sufficient evidences to support authors’
conclusion in the last section. In supplementary Figure 11, the data shows that the copy
ratio of MET and KRAS is less than 1.5 and 1. It means that the two genes are with
copy number gains, but not amplification. The low level copy number gain may not be
able to activate these oncogenes.

Thank you very much for the comments and we agree that the copy ratio of MET and
KRAS is about 1.4 and 1.3, respectively, which is indeed with CNV gain
(Supplementary Fig. 15B). Multiple studies have demonstrated that MET and/or KRAS
CNV gain were associated with EGFRI resistance (Cappuzzo et al., 2009; Dahabreh et
al., 2010; Mekenkamp et al., 2012; Nanjo et al., 2017). In general, high-level
amplification gave the best association to active oncogenic activity, however, in many
cases, general-level CNV gain also worked. As further evidenced by combinational
drug treatment results, we speculate the EGFRI resistance found in this sample was
likely due to CNV gains of MET and KRAS, and after we blocked these two oncogenes
with drugs, the EGFRI resistance was overcome.

We have modified our description accordingly in the manuscript (Page 15-16).
Reviewer #2 (Remarks to the Author): Expertise in organoids

NPC is a leading cause of cancer-related deaths in Southeast Asia and North Africa.
NPC is currently classified into 4 morphological subtypes that are linked to prognosis.
However, the major driving events (genomic and transcriptomic features) for the 4
histological subtypes and the druggable targets among the 4 subtypes are currently
unknown. Only few drugs are approved for NPC and many NPCs of the SC type show
relapse to current therapies. Better understanding of the driving events of NPC subtypes
is needed that can be used to find new subtype-related strategies.

Ding et al. use transcriptomic and genomics on a cohort of 93 nasopharyngeal cancer
(NPC) samples to explore subtype-specific molecular and genomic features.

With respect to point mutations, authors classify significantly mutated genes in 9
signaling pathways. Predominant mutational signature across all NPCs was Signature4,
a result of smoking.



Next, copy-number alteration analysis revealed that specific genomic deletions and
amplifications are consistent features for all NPCs.

Furthermore, they made a patient-derived organoid (PDOs) biobank of 28 NPC samples
containing 3 different subtypes (out of 4). PDOs were used to integrate
transcriptomics/genomics information underlying subtype classification with
functional assays like drug response. Interestingly, NPC PDOs from EC subtype
showed sensitivity towards treatment with EGFRIi and resistance to treatment with
microtubule targeting agents. Opposing sensitivities were found for SC and MSECs.

Overall, the strength of the manuscript lies in its extensive transcriptomic and genomic
analyses of NPCs. In addition, new NPC PDOs methods were developed, including the
establishment of a PDO biobank. Interestingly, drug screens on the PDOs revealed
differentiating drug responses that correlate with morphology-based subtype
classification. Despite the impressive amount of resource-like data, the manuscript
remains rather descriptive concerning the drug phenotypes and might benefit from
supporting underlying mechanistic insights.

Comments:

1. The results regarding the mutational landscape of NPCs is largely descriptive and
overinterpreted by clustering mutations in 9 signaling pathways. What | found striking
when studying the data is that not a single driver gene seems to be mutated in more than
few cases. Even if you subclassify per tumor type, few mutations make it barely over
10%. Is it possible that no clear-cut driver mutations underly NPC development?

In contrast, based on CNA profiles, few genes were consistently deleted (up to 50% of
the cases) in NPCs across subtypes. Most of them seem to co-occur in same patients.
Are these genes positioned at similar chromosome locations (MST1R, BAP1, TRAF3,
NFKB1A etc)? Are these tumor suppressor genes? Rescue experiments by ectopic
expression of some of these genes might provide interesting answers. In light of the
overinterpretation of the genomic data, | don't think that the systems biology
interpretation of the genomic data (Fig. 2D and E) adds much value to the manuscript.

Thank you very much for the comments. We have carefully reanalyzed genomic data
using additional 2 mutation callers to identify SNVs, only mutations detected by at least
2 callers were kept as true positive ones and were assigned for further analysis.
(Supplementary Fig. 2A). We also added in 13 new cancer samples to increase the total
sample number to 106. For SNVs analysis, we excluded 11 unpaired samples, which
contributed to low mutational frequencies in previous version. So, our results are of
better reliability now. Despite these efforts, we would like to indicate that compared
with some other cancer types (Zack et al., 2013), NPC is a cancer type with relatively
low mutational rate with averagely 29 somatic SNVs per sample in our cohort and
ranging from 22 to 32 per sample in other studies (Chow et al., 2017; Lin et al., 2014;
Zhang et al., 2017; Zheng et al., 2016). The driver SNV frequencies identified in our
cohort were comparable with previous studies (Li et al., 2017b; Lin et al., 2014; Zhang
et al., 2017; Zheng et al., 2016). For example, among somatic SNVs, frequencies of



TP53 were 9.0% (Li et al., 2017b), 10.6% (Lin et al., 2014), 7.3% (Zheng et al., 2016)
and 5.9% (Zhang et al., 2017) in previous studies, which is consistent to our result
(7.4%). More comparisons on NPC driver SNVs and CNVs frequencies between ours
with several previous studies are summarized in Supplementary Table 2, 3, 4, which
indicated our current results were of good confidence.

Supplementary Table 2. Comparison of driver SNV frequencies in NPC.

Gene Our study (Li et al,|(Lin et al,| (Zheng et al., | (Zhang et al.,
(SNV) (n=95) 2017a) 2014) (n=113) | 2016) (n=124) | 2017) (n=51)
(n=111)

TP53 7.4% 9.0% 10.6% 7.3% 5.9%
CYLD 9.5% 9.9% - 3.2% 5.9%
KMT2C 5.3% 5.4% - 3.2% 2.0%
FBXW?7 4.2% 3.6% - - 3.9%
NOTCH2 6.3% 2.7% 0.9% - -
NFKBIA 4.2% 6.3% - 4.8% -
TRAF3 3.2% 8.1% - - 5.9%
PTEN 2.1% 3.6% - 2.4% -
MTOR 2.1% 1.8% 1.8% - -
PIK3C2B 2.1% - 0.9% - -
PIK3CG 2.1% - 1.8% - -
KMT2B 3.2% 1.8% 2.4% -
ARID1A 2.1% - 4.4% 1.6% -
NF1 4.2% 1.8% - - -
ATM 3.2% - - 1.6% -
BAP1 2.1% - 3.5% 3.2% -
SYNE1 2.1% - 8.9% - 2.0%
FAT2 3.2% - 2.7% - -

“-” refers to unmentioned.

CNV profiles provided more insights on exploring subtype-specific drivers, because
the mutational frequencies of CNVs were much higher than that of SNVs. After
applying strict filtering conditions by overlapping results from two independent callers,
sequenza (v3.0.0) (Favero et al., 2015) and CNVKkit (v0.9.0) (Talevich et al., 2016), the
deletion frequencies of several top frequent genes, including MST1R, BAP1, TRAF3
and NFKB1A, were identified with 55.6%, 55.6%, 57.5% and 44.3% in our cohort.
These CNVs were also demonstrated as NPC drivers by previous genomics studies (Dai
et al., 2016b; Li et al., 2017b; Lin et al., 2014; Zhang et al., 2017). MST1R and BAP1
were neighboring genes and located in 3p21.31 and 3p21.1, respectively. Similarly,
TRAF3 and NFKB1A located in 14032.32 and 14q13.2, respectively. Chromosome 3p
and 14q were demonstrated to be most recurrently deleted regions in NPC with
prevalence ranging from approximately 20% to 75% in different studies
(Supplementary Table 3). Considering the extreme high mutational frequencies, losses



of chromosome 3p and 14q were believed to be early events contributing to NPC
progression (Dai et al., 2016a), which would explain why MST1R, BAP1, TRAF3 and
NFKB1A often co-occurred in NPC tumors. The concurrent rate of copy number losses
regarding these four genes was 36.8% (39/106) and 68 patients harbored at least one of
these mutations in our cohort (Fig. 2C).

Inactivation of these four genes previously have been demonstrated as oncogenic
drivers for NPC (Dai et al., 2016b; Li et al., 2017b; Lin et al., 2014; Zhang et al., 2017).
Among them, MST1R was considered with double-side functions, including serving as
an oncogenic c-MET related RTK and contributing to cancer susceptibility related to
EBV infection. To explore if MST1R could affect NPC cell growth, we applied
CRISPR-Cas9 to knockout MST1R in wildtype PDOs, our results showed that loss of
MST1R didn’t increase the growth of PDOs (Supplementary Fig. 5F), indicating that
loss of MST1R alone could not affect the growth of NPC organoids.

We agree with your suggestion. For previous Fig. 2D (Protein-protein interaction
network analysis), we moved it to supplemental figures (Supplementary Fig. 5G) in this
version. For the diagram summarizing subtype-specific mutations and pathways (Fig.
2E), we believed it is useful to illustrate the conclusion of the finding clearly and
concisely. So, we prefer to maintain its place as the main figure.

2. The authors demonstrate convincing differences in tumor phenotypes that are
recapitulated during organoid growths. In fig 5 gene expression is shown that correlates
to MT inhibitor response. Transcriptional profiling of tumors is of interest, but this data
should be presented from an unbiased angle.

Thank you very much for the suggestions. We reanalyzed the transcriptional data by
firstly performing unbiased gene set enrichment analysis (GSEA) to identify top
differentiated pathways between EC- and SC-type PDOs (p value <0.01, absolute NES
>1) (Fig. 6B), then differentially expressed genes were identified by DESeq?2 (v1.26.0)
and limma (v3.42.2) (fold change >2, p value <0.05) (Fig. 6C), and finally were
presented in heatmap (Fig. 6D). In consistent with the conclusions in previous version,
the microtubule-targeting drugs associated mechanisms, including microtubule
signaling, mitotic cell cycle, apoptosis, NF-kB signaling, and androgen response, were
among the top differentiated pathways.

3. Using all the genomic/ transcriptomic information, can the authors demonstrate or
speculate about the possibility that the tumor subtypes originate from different cell
types as origin, rather than accumulation of different driver mutations/ CNA?

Thank you very much for the comments. Our speculation was that different tumor
subtypes could be originated from same type of cells, possibly the epithelial cells. In
general, NPC is the cancer type arising from the nasopharynx epithelium. As shown in
Fig. 2A, D, different subtypes shared a variety of common chromosomal variations with



very high frequencies, such as chromosomal losses of Chr. 3p and 14q, which indicates
that the early transformation from epithelium to NPC were probably due to these
common genomic alterations across subtypes. During tumor evolution, early NPC
continues to acquire more genomic mutations, which might subsequently drive the
tumor to evolve into different subtypes.

Further insights came from genomics analysis on MSEC subtype PDOs. We separated
EC- and SC-type PDOs from one MSEC tumor and assigned them for WES. The data
revealed that EC- and SC-type PDOs share a dozen of common genomic alterations
(Fig. 3G; Supplementary Fig. 7C), even though they exhibited distinct histological
phenotypes. The distinct two populations derived from MSEC also harbored a few
unique mutations with amount less than common mutations, indicating they might be
acquired later than common ones and contribute to the differentiation to heterogenous
subtypes.

Because cancer origin is quite complex, we would like to point out that although this
finding provides evidence that EC, MSEC and SC subtypes could originate from the
same clone during tumor evolution, it does not exclude a possibility that they could also
derive from different types of cells. The nasopharynx epithelium is very heterogenous
and might contain some subtypes of epithelial cells, which could develop into cancers
with distinct morphology.

4. The authors show that ECs show higher mutational frequencies in pathways affecting
MT polymerization, mitotic spindle checkpoint, DNA repair and ABC transporters,
whereas RTK genes show more CNV amplifications in SCs. However, from figure 2C
it seems that RTK signaling is deregulated in both subtypes.

RTK signaling is indeed deregulated in both EC and SC subtypes. After reanalyzing,
we didn’t observe strong subtype specificity on mutational frequencies regarding these
three RTK genes, so we withdraw the claiming on RTKs.

5. The authors show that MSECs contain organoids with EC phenotypes as well as
organoids with SC phenotypes that show distinct expression of markers for EMT and
epithelium.

First, are these MSECs a mixed population of subtypes that originate from the same
original tumor cell or are MSECs a polyclonal tumor? Overlap in mutational landscapes
between EC and SC organoids from 'same’ MSEC tumor might be informative.

Thank you very much for the comments. Our speculation was that both EC-and SC-
type populations among MSEC originated from same clone because they shared
common genomic alterations (Fig. 3G; Supplementary Fig. 7C) as explained in the
answer to question 3).

6. Drug screening in organoids reveals that ECs are sensitive to EGFRI treatment,



whereas SCs and MSECs are sensitive to MTi treatment. The differences in drug
responses per subtype is very striking. However, not only MTi show differential effect,
same holds true for the topoisomerase inhibitors.

a) Can it be that SCs and MSECs are sensitive to all classic chemotherapies? The
authors should expand the list with chemo's with different mechanism of action
(cisplatin/ carboplatin/ 5FU) for a number of organoids.

SCs and MSECs are not sensitive to all classic chemotherapies. They are more resistant
to EGFR inhibitors, although they more sensitive to Topoisomerase inhibitors and
microtubule inhibitors. We tried to understand this by differential gene expression, and
copy number variations, etc, which partially explain the results. More studies will
certainly be required for a better understanding in future.

We have expanded the drug/CRT screening panel by including in more commonly used
chemotherapeutic drugs for NPC (Fig. 5C). Cisplatin and fluorouracil didn’t
demonstrate obvious subtype specificity when use alone, however they showed better
sensitivities on EC subtype PDOs than SCs and MSECs when combined with RT.

b) Drug response was tested with ATP assay, which cannot make the distinction
between cell death or cell cycle arrest. Can the authors confirm by microscopy or FACS
that organoids are dying or arrested in cell cycle?

Thank you very much for the suggestions. We compared multiple organoid viability
detection assays in the beginning, including ATP, WST-1, Alamar Blue, and microscopy
observation (Figure attached below). Our evaluation results demonstrated that ATP
assay provided the best sensitivity with broad linearity, especially on measuring
organoid viability with small amount cells. More importantly, the results of ATP assay
reflected the microscopy observation on viable organoids.

Response Figure 2. Comparison among different organoid viability evaluation
assays.



c) Drug screening and western blotting was done on 1-day old organoids, which could
affect therapy outcomes due to stress. Do authors observe same results on 5-day old
organoids?

We treated organoids with drugs starting at 24h after plating cells. For drug screening,
the organoids were maintained for growing for additional 4 days together with drug
incubation. For western blot, we checked targeted protein responses 1-2 days after drug
treatment for studying their immediate response. As suggested, we compared the
organoid responses to gefitinib between 1-day old (seeding 3000 cells per well, treat
drug after 1 day) and 5-day old organoids (seeding 750 cells per well, treat drug after 5
days). Basically, they exhibited similar drug response pattern (Figure attached below),
although 1-day treated organoid showed slightly better response, possibly due to lower
cell density per well at the time staring drug intervene.

Response Figure 3. Comparison on gefitinib responses between 1-day old and 5-day
old PDOs.

d) The relative IC50 concentrations of EGFRI are very high and are likely not be
reached in patients. Can similar results (pERK inhibition) be obtained with
concentration ~0,5uM?

Thank you very much for the comments. The 1C50 values of gefitinib on sensitive EC-
type organoids were approximately 2-4 uM in our study, which showed significant
difference with resistant PDOs. Considering gefitinib is approved drug for non-small-
cell lung cancer (NSCLC), we compared our results with that of NSCLC cohort in
GDSC database (https://www.cancerrxgene.org/). Among 66 NSCLC cell lines, those
with 1C50<4 were among top 20% sensitive cell lines, indicating our results of EGFRI
should have feasibly clinical implication.

To investigate whether combining with inhibitors of EGFR downstream could increase
EGFRi sensitivity, we employed ERKi (GDC0994, 5uM), AKTi (MK2206, 0.5uM) and
STAT3i1 (C188-9, 10uM) to co-treat PDO63S with gefitinib. The results demonstrated
that AKTi significantly increased EGFRi response to PDO63S, while ERKi and STAT 3i
could also slightly enhanced EGFRI sensitivity. When combining three inhibitors



together, EGFRI resistance in PDO86 could be overcome (Supplementary Fig. 9C-F).

e) EGFRi-resistant SCs show very low ERK activity during unperturbed conditions
compared to ECs, suggesting that this pathway is not essential (hence the resistance
upon inhibiting something that is not active). Can the authors confirm that limited
baseline ERK levels correlate with no response to EGFRi in SC PDOs?

We fully agree that p-ERK levels were relatively low in the majority of EGFRI resistant
SC and MSEC PDOs, whereas all 6 tested sensitive EC PDOs showed active p-ERK
during unperturbed conditions (Fig. 4F; Supplementary Fig. 9A). We tested PDO63S
and PDO86 on combinational treatment of EGFRI+ERK:I, the result indicated that
increased response to EGFRi was only observed in PDO63S (Supplementary Fig. 9C),
but not in PDO86. So, we believed inhibition of ERKi might not be helpful to overcome
EGFRI resistance for some of SCs.

f) In relation to point 4: low basal pERK activity as detected in SC PDOs (Fig 4F) is at
odds with the statement of deregulated RTK signaling in this subtype.

Thank you very much for the comments. In the new version of manuscript, we have
withdrawn our previous claims on RTK as a subtype-specific feature, because we didn’t
observe strong subtype specificity on mutational frequencies regarding RTK genes after
reanalyzing the data with more strict mutation calling strategies.

In addition, RTKs have various downstream signaling and activation of MAPK/ERK is
just one of them, it is possible that tumor have activation on upstreaming RTKSs but
bypassed MAPK/ERK singling to support proliferation and survival.

7. The authors attribute the MTi resistant phenotype of ECs to CNVs in various
signaling pathways. However, most significantly different CNVs between ECs and SCs
affect ABC transporters. Are ABC transporters involved in drug resistance? Can authors
block ABC transporters with inhibitors to see if enhanced sensitivity to MTi are
established in ECs? Furthermore, in relation to point 6a, do ECs show a general resistant
phenotype to most classical chemo's or only MTi? Perhaps ABC transporters underly
most drug phenotypes?

Similar to RTKs, the ABC transporter genes didn’t show with strongly subtype-
specificity in updated version, so we withdraw the previous claims on ABC transporters
and didn’t go further to investigate their functions on overcoming MTi resistance in
NPC.

8. The authors showed that ECs were more sensitive to irradiation than SC and MSEC:s.
In addition, they show that EGFRI + irradiation show synergistic effects in ECs. Is MTi
+ irradiation relevant in SCs?



Thank very much for the comments. MTi alone were very potent for SC-type PDOs.
After combining IR with MTi, we further observed better killing effect with averagely
2.6- and 2.9-fold change increase on IC50 value for docetaxel and paclitaxel on SC-
type PDOs (Fig. 5C; Supplementary Data 4), but without synergistic effect for the
majority of cases.

9. The authors show that treatment of SCs with EGFRi, HDACIi and METi induces a
synergistic effect. However, effect of individual drug responses should be shown, as
well dual combinations in order to evaluate synergism of three combined.

Thank you very much for the comments. We showed these drug response curves as
suggested in Supplementary Fig. 15C-E.

Reviewer #3 (Remarks to the Author): Expertise in organoids drug screens

In this manuscript, Ding Reng-bo et al acquired tumors from 93 NSC patients and
classified them into four different subtypes EC,SC, MSEC and SCC based on histology
and molecular markers. In addition, they used genomic analysis to begin to investigate
the molecular basis for the different subtypes.

The authors also report generation of a library of ~28 organoids and identify feature
that relate them to some of the NPC subtypes. They used the organoids test for
sensitivities to drugs and found subtype differences in drug response, where EC-
subtype PDOs are sensitive to EGFRI, while SC-subtype are sensitive towards MTSs.
Interestingly the EC subtype organoids were more sensitive when treated with EGFRI
in combination with radiotherapy (RT). Overall this is an interesting study that requires
further development before it can be considered for publication in Nature
Communication.

Major concerns:

1) This study expands previous genomic analysis of NPC. Although the authors
attempted to understand subtype specific differences in genetic alternations, the
analysis did not provide an compelling argument for a relationship between genomic
signatures and histopathological subtype classification perhaps due to low sample
number representing some of the subtypes and hence statistical rigor. Most of the
analysis presented in Figures 1 and 2 are weak and may need to be revisited and reduced
in scope.

Thank you very much for the comments. Yes, we tried to understand subtype specific
differences from multiple aspects, including genomics, gene expression, organoid
growth patterns, and drug responses. We agree that there is lack on strong correlation
between genomic signatures and histopathological subtype classification. We have very
carefully reanalyzed our genomic data by using more software/programs and also added



13 new samples. We believed that this is perhaps mainly due to the fact that NPC
intrinsically has low mutation rate as revealed by us and others (Supplementary Table
2). We believe our revised data are reliable which are shown in Figures 1 and 2. Because
our sample number is comparable with others, therefore, we suspect that this mutation
rate might not change significantly even if some more samples are added. On the other
hand, our study revealed that different NPC subtypes exhibited stronger pattern of
differential gene expression. For example, the EC subtype, besides expressing epithelial
markers, such as AE1/3, CK5/6 and P63, it also displayed more obviously microtubule
polymerization activation, defective mitotic spindle checkpoint regulation and DNA
repair. SC was associated with EMT/invasion promoting signaling, whereas the MSEC
was a more heterogeneous subtype with molecular features of both EC and SC.

Supplementary Table 2. Comparison of driver SNV frequencies in NPC.

Gene Our study (Li et al,|(Lin et al,| (Zheng et al., | (Zhang et al.,
(SNV) (n=95) 2017a) 2014) (n=113) | 2016) (n=124) | 2017) (n=51)
(n=111)

TP53 7.4% 9.0% 10.6% 7.3% 5.9%
CYLD 9.5% 9.9% - 3.2% 5.9%
KMT2C 5.3% 5.4% - 3.2% 2.0%
FBXW?7 4.2% 3.6% - - 3.9%
NOTCH2 6.3% 2.7% 0.9% - -
NFKBIA 4.2% 6.3% - 4.8% -
TRAF3 3.2% 8.1% - - 5.9%
PTEN 2.1% 3.6% - 2.4% -
MTOR 2.1% 1.8% 1.8% - -
PIK3C2B 2.1% - 0.9% - -
PIK3CG 2.1% - 1.8% - -
KMT2B 3.2% 1.8% 2.4% -
ARID1A 2.1% - 4.4% 1.6% -
NF1 4.2% 1.8% - - -
ATM 3.2% - - 1.6% -
BAP1 2.1% - 3.5% 3.2% -
SYNE1 2.1% - 8.9% - 2.0%
FAT2 3.2% - 2.7% - -

“. refers to unmentioned.

2) The development and use organoid models is interesting and an important new
contribution to the field. However, it is not clear how well the expression profile
performed in the 14 organoid models relate to the gene expression profile of matched
primary patient tumors. Furthermore, it would be important for the authors to
investigate how the drug response observed in organoid models respond the treatment
received by the patient to understand how well the organoid models replicate the
patient’s clinical response.



Thank you very much for the comments. Although RNA sequencing was only
performed on PDOs rather than primary tumors, we believed our transcriptional results
could well reflect the gene expression profile of matched primary tumors. Except that
PDOs could well recapitulate the histological features (Fig. 3A), the expression of
molecular markers (Fig. 3D, 3E), and the EBV latency (Fig. 3F), we also demonstrated
that PDOs preserved genomic features of parental tumors as evidenced by WES on
paired tumors and PDOs (Fig. 3G, H; Supplementary Fig.7A, B). Furthermore, the top
differential pathways uncovered by transcriptional analysis on PDOs were consistent
to subtype-specific aberrant genomics signaling revealed by WES on primary tumors.
Taken together, we believed PDOs could serve as reliable proxies of parental tumors
on both transcriptional study and patient’s clinical response indication.

3) The comparison between the PDO sensitivity and GDSC database is of unknown
significance because there are many confounding factors that differentiate the two sets
of observations, which include culture conditions, tumor type, cell lines used etc.,

Thank you very much for the comments. We agree that the ideal dataset for drug
prediction evaluation should come from NPC patients. However, after searching all
available datasets from literatures, GEO and TCGA databases, we couldn’t find any
perfect matched source containing both transcriptome and MTi treatment response in
NPC patients. Alternatively, we used datasets of breast cancer patients, breast cancer
PDXs and pan-cancer cell lines to examine whether the gene signature derived from
our PDOs could predict MTi response. Theoretically, the MTi sensitivity should be
determined by specific gene profiles rather than cancer types, thus, our validation on
breast cancer patients should reflect the situation on NPC patients with good confidence.

4) The relationship between EC subtype and sensitivity to CRT is interesting and can
be significant clinical benefit. However, a pharmacogenomic analysis to tailor such a
treatment may not be needed as a combination of histopathological and IHC based
identification of EC subtype may be sufficient. It would be informative and important
for field, if the authors can demonstrate a correlation between EC subtype and clinical
response to CRT in a retrospective analysis using a classification system that uses IHC
and histopathology.

Thank you very much for the suggestions. We agree that retrospective analysis is very
important to confirm that the proposed subtype-guided treatment indeed works in
clinical. We analyzed a retrospective cohort containing 3893 NPC patients on the RT
and CRT responses among subtypes (Supplementary Fig. 10A, B) (Wang et al., 2016).
In consistent with our finding based on PDOs that ECs were more sensitive to RT and
CRT (cisplatin +RT and fluorouracil +RT) than SCs, the Kaplan-Meier survival analysis
demonstrated that EC patients live significantly longer than SC patients
(Supplementary Fig. 10A, B).

5) A mechanistic insight into how do MT and EGFR inhibitors affect organoids growth



will be necessary. Perhaps this relates to inhibition of one or more pathways identified
by genomic analysis.

We have attempted to investigated this by analyzing responses of PDOs to MTi and
EGFRI. Our data revealed that EGFRI (gefitinib) significantly reduced both p-AKT and
p-ERK in all sensitive PDOs, but not in resistant PDOs. This observation suggests that
the MAPK and PI3K-AKT signaling pathways might mediate efficiency of EGFRI in
NPC (Fig. 4F; Supplementary Fig. 9B). Combinational treatment with AKT inhibitor
MK2206, ERK inhibitor GDC0994, STAT3 inhibitor C188-9 and gefitinib could
overcome the EGFRI resistance in PDO63S (Supplementary Fig. 9C-F). On the other
hand, MTi (docetaxel) treatment increased the expression of mitotic checkpoint
proteins (cyclin A, and cyclin B), degraded the anti-apoptotic protein BCL2 through
phosphorylation, and activated pro-apoptotic proteins such as BAX and cleaved
caspase-3 (CASP3) in sensitive PDOs, while no significant changes in these proteins
were observed in resistant PDOs (Fig. 4G; Supplementary Fig. 9B).

Our genomic analysis identified TPPP, MAP2 and SKP2 as EC-specific copy number
gains (Fig. 2C, E) and their activation might contribute to MTi resistance (Fig. 7A).
Thus, we applied CRISPR-Cas9 system to knockout microtubule associated TPPP and
MAP2, and mitosis related SKP2 in MTi resistant wildtype PDOs. Our results indicated
that TPPP, MAP2 and SKP2 knockout organoids showed sensitive responses to
docetaxel treatment when comparing with parental organoids (Fig. 7C, D;
Supplementary Fig. 14D).

6) The manuscript needs significant editing for English usage as there are major
grammatical errors which makes it hard for the reader to comprehend and follow.

Thank you very much for the suggestion. We have sent our manuscript to American
Journal Experts for English editing.

Minor

1. FiglA, B. Images of better quality and resolution should be provided. The



Histological features claimed by the authors are not clear.

Thank you very much for the suggestion. We believe it might due to the technique
problem on file compression step during submission, which caused the low-resolution
of our images. We will pay more attention this time, try to upload the file as bigger as
possible.

2. Fig 3 — how were the 28organoids chosen for PDO analysis? Provide better phase
images for Fig 3A.

There was no selection for deriving organoids from NPC. We basically cultured PDOs
from all fresh NPCs provided by the Hospital, except a few samples, which did not
have enough cells for culture. Because the biopsy sample size is relatively small, in
many cases, the hospitals didn’t have enough extra samples for us to culture, so they
only provided us with the FFPE samples/slides for WES. In this revision, our number
of PDO lines increased to 42, which were derived from 40 patients (2 MSECs have
both EC- and SC-type PDOs).

We will pay more attention on image compression issue this time.

3. Fig 3D — Provide images showing that the spindle type organoids generated using
the aggregate method and stained for pan-epithelial markers.

Thank you very much for the suggestion. The representative image showing SC-type
organoid generated using aggregated method were shown in Fig. 3C at the lower right
panel, it was taken 24h after organoid embedment in Matrigel. In the beginning of
embedment, the surfaces of organoids were smooth, and then the invasive protrusions
gradually come out and invade in Matrigel.

We stained the PDOs with AE1/3 (Fig. 3D), the results demonstrated that EC-type
organoids were positive to AE1/3, whereas SC-type organoid show negative.

4. Do the tumor cells restart growth after drug withdrawal?

Thank you very much for the comments, we did comparison experiment between
directly examining organoid viability after 4-day gefitinib incubation and following the
procedure that treating organoids with gefitinib for 4 days, then withdrawing drugs by
refreshing medium and culturing for another 4 days, finally examining the viability at
day 9. Our results demonstrated that the gefitinib treated organoids in drug withdrawing
group exhibited even lower survival rate than the group examined right after 4-day drug
incubation, indicating tumor cell may not be able to restart growth at regular rate after
drug withdrawing, instead they might undergo continuously apoptosis induced by
previous drug treatment.



Response Figure 4. Comparison of organoid survival between with and without
gefitinib withdrawal on PDOs.

5. Can the authors provide insight into the genomics of cells remaining in PDO cultures
that resist treatments?

Thank you very much for the comments. We believe those drug-associated genomic
alterations were well preserved in corresponding PDOs. 1) uncovered by WES
comparison on 15 pairs of tumors and PDOs, chromosomal gains and losses of parental
tumors were well retained in PDOs as well as a number of tumor-specific mutations
(Fig. 3G, H); 2) genomics analysis on tumors revealed that microtubule-targeting drugs
associated mechanisms, including microtubule polymerization, mitotic cell cycle,
apoptosis, NF-kB signaling, were subtype-specific driver pathways (Fig. 2C,E). In line
with this, transcriptomic analysis on PDOs also come out with identical subtype-
specific pathways (Fig.6B). 3) we applied CRISPR-Cas9 system to knockout
microtubule associated TPPP and MAP2, and mitosis related SKP2 in MTi resistant
wildtype PDOs. These gene were identified as EC-specific CNVs (Fig. 2C, E) and their
activation might contribute to MTi resistance (Fig. 7A). Our results indicated that TPPP,
MAP2 and SKP2 knockout organoids both showed more sensitive responses to
docetaxel treatment when comparing to parental organoids (Fig. 7C, D; Supplementary
Fig. 14D)
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Reviewers' comments:
Reviewer #1 (Remarks to the Author):

In general, the poor quality of the genome data and lack of precise genomic profile
supporting the NPC subtypes are my major concerns of this paper. As I indicated in last
reviewer’s report, the tumor samples in their study may have low cellularity and
problems in informatics pipelines while orthogonal validation of the mutations should
be performed in these tumors. In this revised version, the authors have not properly
addressed my comments, evaluated their data and interpret the findings. The poor
sequencing data quality were still observed in significant number of samples
(supplementary table S1, S2 and S10). The CNV data is wrongly interpreted to fit their
hypothesis of NPC-subtypes. In page 8 (line 229-239), the authors misinterpret their
data by mixing up the concept of functional mutations and copy number gains/losses
with unknown significant of a large list of genes involved in multiple pathways, further
misleading us their roles in driving various features among NPC subtypes. The
“Pharmacogenomics-based precision medicine” strategy shows multiple fundamental
concept problems. The proposed treatments will only cause the selection of resistant
cell population and rapid disease recurrence in these heterozygous tumors.

Reviewer #2 (Remarks to the Author):

Ren-Bo Ding's original manuscript provide an impressive amount of genomic and
transcriptomic data of NPC subtypes, as well as new organoid derivation methods on
which extensive drug responses have been performed and analyzed. The interested
finding is that the drug screens revealed different sensitivities per morphology-based
subtype classification.

The resource-like datasets will be of interest to the field, as well as the new
methodology to grow PDOs. Although details or mechanistic underpinning remains
challenging, the authors convince that PDOs shows differential drug sensitivity per
NPC subtype. The manuscript will be helpful for the ongoing debate about NPC
subtypes and treatments.

Minor comments: the figure legends are very concise and do not explain all features
that can be seen in the panels (e.g. FighD-G, what is the additive?)

Reviewer #3 (Remarks to the Author):

In this manuscript the authors analyzed a large cohort of NPC cancers and generated

more than 40 patient derived organoids models to develop pharmacogenomic models
for drug response. This is well done study.



My only concern is that the authors do not rule out the possibility the response to
chemotherapies and CRT treatment (Figure 4 and Figure 5) relates to difference in the
proliferative potential of the PDO models. In other words are the most responsive
models more proliferative than those that do not respond well? The authors should
determine doubling time for a panel of responders and non-responders to
chemotherapies to determine the correlation, if any, between proliferative potential and
response to chemotherapies.



Response to Reviewers
Response to Comments of Reviewer 1

In general, the poor quality of the genome data and lack of precise genomic profile
supporting the NPC subtypes are my major concerns of this paper. As | indicated in last
reviewer’s report, the tumor samples in their study may have low cellularity and
problems in informatics pipelines while orthogonal validation of the mutations should
be performed in these tumors. In this revised version, the authors have not properly
addressed my comments, evaluated their data and interpret the findings. The poor
sequencing data quality were still observed in significant number of samples
(supplementary table S1, S2 and S10). The CNV data is wrongly interpreted to fit their
hypothesis of NPC-subtypes. In page 8 (line 229-239), the authors misinterpret their
data by mixing up the concept of functional mutations and copy number gains/losses
with unknown significant of a large list of genes involved in multiple pathways, further
misleading us their roles in driving various features among NPC subtypes. The
“Pharmacogenomics-based precision medicine” strategy shows multiple fundamental
concept problems. The proposed treatments will only cause the selection of resistant
cell population and rapid disease recurrence in these heterozygous tumors.

We thank the reviewer for the constructive comments. To facilitate our responses to all
comments in details, we have divided them into the following 4 points. Meanwhile, we
feel we must express, respectfully, our different opinions on some of the comments.

1. In general, the poor quality of the genome data and lack of precise genomic
profile supporting the NPC subtypes are my major concerns of this paper. As | indicated
in last reviewer’s report, the tumor samples in their study may have low cellularity and
problems in informatics pipelines while orthogonal validation of the mutations should
be performed in these tumors. In this revised version, the authors have not properly
addressed my comments, evaluated their data and interpret the findings. The poor
sequencing data quality were still observed in significant number of samples
(supplementary table S1, S2 and S10).

We would like to thank reviewer very much for raising these comments, which prompt
us to reexamine our data carefully. After analyzing our data together with quality
control, which are outlined below, we believe our data are reliable and of solid quality.

1). For addressing on “low cellularity” concern, we assessed tumor purity using
Sequenza and Absolute methods as descripted in “Materials and Methods” at page 24.
The methods are available from the previously published Annals of Oncology (Favero
et al., 2015) and Nature Biotechnology papers (Carter et al., 2012). We also prepared
H&E staining for the tumors (Supplementary Data 2). In general, the tumor purity
assessment by Sequenza and Absolute reflected the tumor cellularity status of tumor
samples assigned for bulk sequencing (Supplementary Data 1, 2). Our results



demonstrated that the average tumor purity of bulk sequencing samples were 0.58 by
Sequenza and 0.55 by Absolute (Supplementary Data 1), which should be able to
provide reliable mutation calling.

2). For addressing on “poor genome data quality due to low cellularity” concern, we
did several quality control analyses for association between tumor purity and mutation
calling.

A). We found that the number of SNVs didn’t directly correlate with the tumor purity
in our NPC cohort, as revealed by Sequenza and Absolute (Response Figure 1). In other
words, sample with higher tumor purity was not equivalent to sample detected with
more SNVS.

Response Figure 1
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Response Figure 1. The association between SNV amount and tumor purity. No
obvious correlation was observed. The tumor purity was assessed by Sequenza (A) and
Absolute (B).

B). We compared mutational signatures and top driver SNVs between total cohort and
lower purity cohort (tumor purity < median purity value, n=44). The results showed
that these two groups exhibited highly similar mutational signatures (Response Figure
2) and consistent driver mutation frequencies (Response Table 1).



Response Figure 2. Comparison of mutational signatures between lower purity cohort
and total cohort. (A) The mutational signature of lower purity cohort (tumor purity <
median purity value, n=44). (B) The mutational signature of total cohort (n=88). There
was no significant difference on mutational signatures between lower purity cohort and
total cohort.

Response Table 1. Comparison of driver SNV frequencies in NPC.

Gene Total | Lower | Micro- | (Li et| (Lin et| (Zheng | (Zhang
(SNV) cohort | purity | dissected | al., al., et al,|et al,
(n=88) | cohort | cohort 2017) 2014) 2016) 2017)
(n=44) | (n=44) (n=111) | (n=113) | (n=124) | (n=51)
TP53 8.0% |6.8% |9.1% 9.0% 10.6% | 7.3% 5.9%
CYLD 10.2% | 4.5% | 11.4% 9.9% - 3.2% 5.9%
KMT2C |57% |6.8% |9.1% 5.4% - 3.2% 2.0%
FBXW7 |45% |6.8% |6.8% 3.6% - - 3.9%
NOTCH2 | 6.8% |6.8% |11.4% 2.7% 0.9% - -
NFKBIA | 45% |6.8% |2.3% 6.3% - 4.8% -
TRAF3 |34% |23% |4.5% 8.1% - - 5.9%
KMT2B |34% |45% |2.3% 1.8% 2.4% -
NF1 45% |6.8% |4.5% 1.8% - - -
FAT?2 34% | 2.3% |4.5% - 2.7% - -

“.” refers to unmentioned.

C). NPC intrinsically has less SNVs when comparing with some other solid cancers
(such as breast cancer, colon cancer, etc). We have compared our SNVs results with
previous NPC publications. The average SNV amount per sample in our cohort is 30.3,
which is consistent to previous NPC studies ranging from 22 to 32 (Chow et al., 2017;



Lin et al., 2014; Zhang et al., 2017; Zheng et al., 2016). In these published studies, it is
commonly found that a very few SNVs were detected in some of NPC tumors. For
example, in the Nature Genetics paper, 17.9% tumors were identified with small
number of SNVs ranging from 0 to 5 by WES, and the average SNV amount per tumor
was 28.2 (Lin et al., 2014). Thus, by comparing with previous studies, we believed that
the SNV frequencies in our study were equivalent to other NPC studies (Response Table
1).

D). We have also specifically compared the top recurrent chromosomal loss (Response
Table 2), and the top recurrent chromosomal gain (Response Table 3) detected in the
lower purity cohort of our samples with previous published studies, the frequencies of
these driver mutations were comparable, suggesting the mutation calling results of our
study is of good reliability.

Response Table 2. Comparison of recurrent chromosomal loss frequencies in NPC.

Total Lower (Li et | (Chen (Hui et | (Fang (Chien | (Yan et | (Rodri (Yan et
cohort purity al., et al, | al, et al, |et al,|al, guez et | al,
(n=99) | cohort | 2017) | 1999) | 1999) | 2001) | 2001) | 2001) | al., 2005)
(n=44) | (n= (n=51) | (n=20) | (n=47) | (n=30) | (n=17) | 2005) (n=32)
111) (n=10)
Copy number loss | Chromosomal alteration frequencies
Loss | Gene . . . S

frequencies (WES) (comparative genomic hybridization)

MST1R
55.6% | 54.6% | -

(3p21.31)

3p AP 53% 75% 43% 20% 53% 40% 34%
55.6% | 50.0% | -

(3p21.1)
CDKN2A
32.3% | 22.7% | 42.3%
(9p21.3)
9p 41% 25% - - - 20% 25%
CDKN2B
31.3% | 20.5% | 42.3%
(9p21.3)
BIRC2
30.3% | 18.2% | -
(11922.2)
11q - 29% 45% 36% 23% 47% 40% 31%
30.3% | 18.2% | -
(11922.2)
NFKBIA
43.4% | 52.3% | 21.6%
(14q13.2)
14q 35% | 65% | 21% | 13% | 47% | 40% | 47%
TRAF3
57.6% | 59.1% | 22.5%
(14932.32)
CYLD
16.2% | 9.1% | 28.3%
(16g12.1)

169 - 50% 55% 16% 29% 30% 34%
NLRC5
16.2% | 9.1% 21.6%

(1613)




TP53
17p 20.2% | 18.2% | 16.2% - - - - 31%
(17p13.1)
“-” refers to unmentioned.
Response Table 3. Comparison of recurrent chromosomal gain frequencies in NPC
Total Lower (Li et | (Chen (Hui et | (Fang (Chien | (Yan et | (Rodri (Yan et
cohort purity al., et al, | al, et al, [et al, | al, guez et | al.,
(n=99) | cohort | 2017) | 1999) | 1999) | 2001) | 2001) | 2001) | al., 2005)
(n=44) | (n=111 | (n=51) | (n=20) | (n=47) | (n=30) | (n=17) | 2005) | (n=32)
) (n=10)
Copy number gain | Chromosomal gain frequencies
Gain | Gene
frequencies (WES) (comparative genomic hybridization)
PIK3CA
3q 8.1% 4.6% 10.8% | - 30% 34% 20% 29% 30% 34%
(3026.32)
MET
11.1% | 13.6% | -
(7931)
BRAF
7q 12.1% | 15.9% | - - 20% - 13% - 10% -
(7934)
KMT2C
12.1% | 15.9% | 11.7%
(7936.1)
RIPK2
12.1% | 9.1% -
(8g21.3)
8q - 30% - 27% 29% 10% 47%
NIBP
172% | 114% | -
(8924.3)
CCND1
11q 15.2% | 15.9% | 44.1% | 41% - - - 35% 20% -
(11g13.3)
KRAS
31.3% | 25.0% | 24.3%
(12p12.1)
TNFRSF1A
12p 28.3% | 205% | - 59% 60% - 36% - 40% 41%
(12p13.31)
LTBR
27.3% | 205% | -
(12p13.31)
ERBB3
23.2% | 15.9% | -
(12913.2)
12q 35% 60% 51% 33% 41% 10% 53%
KMT2D
21.2% | 15.9% | 9.0%
(12913.12)

“.” refers to unmentioned.

3). For addressing on “poor genome data quality due to low sequencing depth” concern,
we conducted several quality control analyses for association between sequencing

coverage and mutation calling.




A). We found that there was no obvious correlation between sequencing coverage and
the detected SNV amount per sample in our cohort under the coverage range (Response

Figure 3).
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Response Figure 3. The association between SNV amount and tumor sequencing
coverage. No obvious correlation was observed (R=0.091, p=0.39).

B). We have also paid careful attention when we designed the pipeline for mutation
calling to maintain high standards on data reliability. In our pipeline, besides applying
three callers (MuTect2, Strelka2 and LANCET) for mutation identification and filtering
mutations with two-two overlapping, we also set up a criterion that only if the mutated
locus was covered by > 20X depth, the mutation was kept as candidate true mutations
for further analysis. We examined the mutational signature patterns among groups of
different on-target coverage cutoffs, they were almost identical (Response Figure 4).
With above strict filtering conditions, all 2662 identified SNVs were with at least 20X
on-target coverage and were detected by at least two callers, they should be of good

reliability.



Response Figure 4. Comparison on mutational signatures among groups of different
on-target coverage cutoffs. There was no significant difference on mutational signatures
among groups.

C). We excluded 7 pairs of samples with average sequencing depth lower than 10X in
either tumor or normal control in current version, now totally there were 88 pairs of
samples used for SNV identification. Compared with previous data, the updated results
still maintained consistent findings on identified driver mutations (Figure 1D) after
excluding these potentially low-quality data.

D). Since the microdissected (Luzhou) samples generally have low sequencing
coverages. To examine the result reliability of the microdissected cohort, we performed
several quality control analyses. We firstly compared mutational signatures between
microdissected and total cohort, the results were closely similar (Response Figure 5).
Secondly, we compared the top frequent driver SNVs identified from microdissected,
total cohort and previous published studies. The NPC driver mutations showed
comparable results (Response Table 1), suggesting the good reliability of mutation
calling results in microdissected cohort.



Response Figure 5
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Response Figure 5. Comparison on mutational signatures between microdissected and
total cohort. (A) The mutational signature of microdissected cohort (n=44). (B) The
mutational signature of total cohort (n=88). There was no significant difference on
mutational signatures between two cohorts.

4). For addressing on “problems in informatics pipelines” concern, we outlined our
pipeline in Supplementary Figure 18. Our bioinformatic pipelines are similar with
others and the top frequent mutations/CNVs are consistent to previous studies with
similar prevalence (Response Table 1-3, Supplementary Table 2-4). In order to get
reliable results, to overlap mutations identified by multiple callers and exclude
mutations of low coverage are effective practice, it is well accepted by the field.
Although there are some samples with low cellularity, which is very commonly found
in NPC tumors, we have used microdissection and increased sequencing depth to
minimize the influence caused by the tumor purity issue, and the quality of our data is
equivalent to previous sequencing studies.

5). For addressing on “orthogonal validation of the mutations” suggestion, we have
made several efforts to confirm the reliability of key SNVs/CNVs identified in our study.

A). We performed Sanger sequencing validation for a few key mutations listed in Figure
1D. The confirming rate of true mutation is 100% (38/38) (Supplementary Data 4).

B). We compared the driver mutation prevalence with previous studies. The top driver
SNVs/CNVs and their mutational frequencies in NPC are very consistent between our
study and multiple previous studies (Supplementary Table 2-4; Response Table 1-3).
The consistent finding should serve as another credible evidence to demonstrate the
good reliability of identified mutations/CNVs presented in our manuscript.

C). Our data demonstrated frequent chromosomal deletions of Chr 3p (locus of MST1R),
9p, 11q, 14q and 16q, and amplifications of 3q, 8q, 12p and 12g in NPC, which is



consistent to previous study (Li et al., 2017) (Response Figure 6).

Response Figure 6. Global chromosomal gains (shown in red) and deletions (shown
in blue) across NPC tumors.

(A) Data obtained from the published Nature Communications paper (Li et al., 2017).
(B) Data of our cohort showed frequent chromosomal deletions of Chr 3p, 9p, 11q, 14q
and 16q, and amplifications of 3q, 8¢, 12p and 12q in NPC (n=99).

D). As we indicated in our earlier responses to reviewer, we had made efforts to
performed FISH validation for MST1R, however, due to the technical problem, we
failed. We then asked a commercial company to conduct the FISH for us, and the



company tried two times but still did not get it work. Because of this technical difficulty,
we used IHC assay to validate the absence of MST1R and detected strong expression
of MST1R in wildtype and amplified samples (n=8) but only weak or no signals in
MST1R deleted samples (n=14) (Supplementary Figure 5A, B).

In sum, according to our quality control analyses, either the hypothetical low tumor
purity issue or low sequencing coverage concern in some of samples had a very minimal
impact on our overall mutation calling results, primarily because of our several pre-
designed improvement actions on performing microdissection, increasing sequencing
depth for bulk samples and applying strict mutation calling pipeline. Our quality control
analyses demonstrated there are no significant quality difference on mutation calling
results among total cohort, lower purity cohort, microdissected cohort and other
previously published data (Response Table 1-3). Thus, our genomic analysis and
mutation calling provide reliable and solid data.

2. The CNV data is wrongly interpreted to fit their hypothesis of NPC-subtypes.
In page 8 (line 229-239), the authors misinterpret their data by mixing up the concept
of functional mutations and copy number gains/losses with unknown significant of a
large list of genes involved in multiple pathways, further misleading us their roles in
driving various features among NPC subtypes.

We thank the reviewer very much for providing these comments, but we would like to
respectively express different opinions.

It is well recognized by cancer field that CNV are closely associated with corresponding
gene functions. Amplification potentially contributes to higher expression and some
example cases are the clinical applications of ERBB2/Her2 in breast cancer and MET
in lung cancer. Vice versa, deletion may indicate loss of function on corresponding gene.

To be specifically in NPC, Li et al. identified activation of NF-kB pathway as driver of
NPC, primarily was based on the recurrent copy number losses of CYLD, TRAF3,
NFKBIA and NLRC5, which were all considered as negative regulators of NF-kB
pathway in previous Nature Communication study (Li et al., 2017). Lin et al. and Li et
al. identified aberrant G1-S transition was NPC driver pathway, primarily according to
frequent copy number losses of CDKN2A/B and TP53 and copy number gain of CCND1
and MYC in previous Nature Genetics and Nature Communication studies (Li et al.,
2017; Lin et al., 2014). Similar strategies were also applied on identifying the NPC
oncogenic driver roles of RTK (PISBKCA, KRAS and AKT2 gain; PTEN loss) and
chromatin remodeling (KMT2C and KMT2D gain; FBXW?7 loss) and other important
pathways and genes (Li etal., 2017; Lin et al., 2014). In multiple NPC genomics studies,
CNVs were faithfully used for analyzing functional pathways.

In our manuscript, we carefully analyzed the subtype-specific CNV frequencies and
identified the CNVs with particularly higher recurrence in one subtype but showed



lower frequencies in other subtypes. To further illustrate the functional pathways
involved by these identified subtype-specific CNVs, in addition to routine functional
annotation by pathway enrichment analysis, we have examined all individual genes
listed in Figure 2C by literature review on their functional studies, which means all
functional annotation were reference-based rather than “with unknown significance”.
For example, we identify activation of microtubule polymerization was driver pathway
in EC subtype and contributed to drug resistance to microtubule inhibitors. Copy
number gains of TPPP, MAP2, PHLDB2, DNAHS5 and losses of KIF2A, KIF3A, STK11
were recurrently mutated in EC subtype but not in SC subtype. By literature
confirmation, TPPP, MAP2, PHLDB2, DNAH5 were positive regulators for
microtubule polymerization and KIF2A, KIF3A, STK11 played negative roles.
Activated microtubule polymerization would induce microtubule-targeting drug
resistance. The microtubule polymerization associated drug resistance shown in EC
subtype PDOs could be overcome by TPPP and MAP2 knockout using CRISPR-Cas9
(Figure 7C; Supplementary Figure 14D), which further demonstrated our claiming on
that activation of microtubule polymerization was driver pathway in EC subtype.
Similar practice was used for identifying other important pathways listed in Figure 2C.
Therefore, we politely consider that the comments of “misinterpret” and “misleading”
here are not appropriate.

3. The “Pharmacogenomics-based precision medicine” strategy shows multiple
fundamental concept problems.

The “Pharmacogenomics-based precision medicine (PBPM)” strategy referred in this
study is a relatively new concept, specifically means the combination of genomic study
and drug sensitive test to identify therapeutic options. It has been known that it is very
difficult to identify real cancer drivers just based on DNA-sequencing. Our study is
actually trying to explore this new concept by integrating drug response with
transcriptomics and genomics, primarily CNVs. In transcriptomics integration part, we
identified signature gene expressions for drug prediction and validated the predictive
efficacy with independent clinical datasets (Figure 7E-1). In genomics integration part,
we identified the association between microtubule inhibitor sensitivity with important
CNVs involving in microtubule polymerization, mitosis regulation, DNA repair and
NF-kB signaling (Figure 7A, B), which might be important druggable targets for NPC.
We also performed gene manipulation validation (Figure 7C, D; Supplementary Figure
14D).

As we estimated, the “fundamental concept problems” comment comes from that the
reviewer didn’t acknowledge the significance of CNVs on playing functional
oncogenic roles and being associated with drug response. We have explained detailly
in the response to point #2.

We agree that the proposed PBPM strategy is still at pilot stages and it is not perfect,
which needs continuing efforts to improve. However, we politely disagree with the



comment “shows multiple fundamental concept problems”.

4. “The proposed treatments will only cause the selection of resistant cell population
and rapid disease recurrence in these heterozygous tumors”.

Cancers are extremely difficult to treat with high motility (9.6 million cancer patients
died in 2018). Patient-derived organoid (PDO) based drug sensitivity test combined
with genomic sequencing has been recently developed for achieving precision oncology.
We believe the drug sensitivity test will, at least, provide more choices for doctor in
case there are a few drugs to test from. Currently, this approach is still in the
experimenting stage and very few successful cases were reported.

Our current study is aiming to introduce a few more treatment options guided by
genomics and tumor subtypes, which theoretically would be better than uniform
regimens without any additional indications. In addition to chemotherapy alone, we
also demonstrated the better effectiveness of combining IR and chemotherapy. We
didn’t make the strong claiming that our proposed treatment could eliminate all tumor
cells, instead we investigated if there is any possible way to improve current clinical
outcomes by utilizing genomics and PDOs, and made conclusions based on whatever
we had. We neither made any claim that our approach could completely kill cancers.

Indeed, drug resistance is a big problem in cancer therapy and numerous scientists have
been trying to use various approach to investigate it even if their approaches could not
achieve complete Killing. Our approach represents a new direction for precision
oncology. Although it is still in trial stage, it already exhibits some advantages than
many approaches using 2D cell culture (Ooft et al., 2019; Vlachogiannis et al., 2018;
Yao et al., 2020; Yin et al., 2020). We sincerely hope our efforts should be encouraged
rather than discouraged.

Response to Comments of Reviewer 2

Ren-Bo Ding's original manuscript provide an impressive amount of genomic and
transcriptomic data of NPC subtypes, as well as new organoid derivation methods on
which extensive drug responses have been performed and analyzed. The interested
finding is that the drug screens revealed different sensitivities per morphology-based
subtype classification.

The resource-like datasets will be of interest to the field, as well as the new
methodology to grow PDOs. Although details or mechanistic underpinning remains
challenging, the authors convince that PDOs shows differential drug sensitivity per
NPC subtype. The manuscript will be helpful for the ongoing debate about NPC
subtypes and treatments.



Minor comments: the figure legends are very concise and do not explain all features
that can be seen in the panels (e.g. FighD-G, what is the additive?)

We thank reviewer very much for providing this constructive suggestion, and we have
revised all figure legends with more detailed feature description accordingly. For
example, in Figure 5D, we revised the legend description as following, “Representative
dose response curves of the PDO11 treated with cisplatin alone and cisplatin combined
with IR at 4 Gy. The single chemotherapy curve was presented with blue color, the
combinational treatment curve was labelled with red color, the additive curve was
marked with green color. The additive curve represented the estimated combined effect
of chemotherapy and IR being equal to the sum of their separate effects. If the
combinational treatment curve (red) was lower than the additive curve (green), the
synergistic effect was demonstrated, vice versa. Good synergy was displayed by
combinational treatment of cisplatin and IR on PDO11.”

Response to Comments of Reviewer 3

In this manuscript the authors analyzed a large cohort of NPC cancers and generated
more than 40 patient derived organoids models to develop pharmacogenomic models
for drug response. This is well done study.

My only concern is that the authors do not rule out the possibility the response to
chemotherapies and CRT treatment (Figure 4 and Figure 5) relates to difference in the
proliferative potential of the PDO models. In other words are the most responsive
models more proliferative than those that do not respond well? The authors should
determine doubling time for a panel of responders and non-responders to
chemotherapies to determine the correlation, if any, between proliferative potential and
response to chemotherapies.

We thank reviewer very much for providing this valuable comment. To rule out the
possibility that treatment response differences might be due to the intrinsic diversity of
different PDOs on proliferative rate. We provided the doubling time of treatment-native
PDOs (Supplementary Table 5) and did correlation analyses between doubling time and
drug sensitivities on responder- and non-responder-PDOs (Response Figure 7). The
results demonstrated that there was obvious correlation between proliferative potential
and responses to chemotherapies on PDOs.



Response Figure 7
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Response Figure 7. Evaluation on intrinsic proliferative potential of PDOs on
treatment responses.

(A) The association between doubling time of PDOs and response to docetaxel. No
obvious correlation was observed (R=0.00083, p=0.88).

(B) The association between doubling time of PDOs and response to erlotinib. No
obvious correlation was observed (R=0.0062, p=0.68).
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Reviewers' comments:
Reviewer #3 (Remarks to the Author):

The authors have addressed my concerns in a satisfactory manner

Reviewer #4 (Remarks to the Author): Expert in cancer genomics and analysis of
tumour purity

The authors of this manuscript focus on nasopharyngeal carcinoma (NPC) is a
malignant head and neck cancer type with high morbidity. Using integrative
pharmacogenomics, they show that NPC subtypes maintain distinct molecular features,
drug responsiveness, and graded radiation sensitivity. Furthermore, they leverage
patient-derived organoid (PDO)-based drug test identifies potential subtype-specific
treatment regimens, in that SC and MSEC subtypes are sensitive to microtubule
inhibitors, whereas EC subtype is more responsive to EGFR inhibitors and show
through combinational chemoradiotherapy (CRT) screening, effective CRT regimens
are also suggested for patients showing less sensitivity to radiation. The manuscript is
well written and easy to understand. This review focuses on the computational cancer
biology aspect of the manuscript with a special focus on the concerns brought up by
Reviewer 1.

While the sample quality and tumor purity concerns raised by Reviewer 1 are
adequately addressed in my opinion, there are several points came to my attention and
should be addressed:

From 106 samples collected for WES analysis, 43 were isolated from bulk fresh tumors,
but 4 from bulk FFPE and 59 from micro-dissected FFPE samples. Would the sample
heterogeneity provide a batch effect? How does this breakdown correlate with

identified subtypes?

The WES analysis pipeline seems appropriate both for somatic mutation and CNV
analysis.

For transcriptomics analysis, was the multiple hypothesis testing correction applied?

What was the significance cutoff for pathway analysis?

Minor Comments:

Line 207: There is a typo: Should be “one of the interesting findingS”



Response to Comments of Reviewer 4

The authors of this manuscript focus on nasopharyngeal carcinoma (NPC) is a
malignant head and neck cancer type with high morbidity. Using integrative
pharmacogenomics, they show that NPC subtypes maintain distinct molecular features,
drug responsiveness, and graded radiation sensitivity. Furthermore, they leverage
patient-derived organoid (PDO)-based drug test identifies potential subtype-specific
treatment regimens, in that SC and MSEC subtypes are sensitive to microtubule
inhibitors, whereas EC subtype is more responsive to EGFR inhibitors and show
through combinational chemoradiotherapy (CRT) screening, effective CRT regimens
are also suggested for patients showing less sensitivity to radiation. The manuscript is
well written and easy to understand. This review focuses on the computational cancer
biology aspect of the manuscript with a special focus on the concerns brought up by
Reviewer 1.

While the sample quality and tumor purity concerns raised by Reviewer 1 are
adequately addressed in my opinion, there are several points came to my attention and
should be addressed:

From 106 samples collected for WES analysis, 43 were isolated from bulk fresh tumors,
but 4 from bulk FFPE and 59 from micro-dissected FFPE samples. Would the sample
heterogeneity provide a batch effect? How does this breakdown correlate with
identified subtypes?

We thank the reviewer very much for providing this valuable comment. We have
examined the data carefully again and believed that different sample types, regarding
bulk and microdissected samples, do not generate a significant batch effect on our
cohort. We observe similar distribution frequencies of NPC top driver mutations
between bulk and microdissected cohort (Response Figure 1A). Furthermore, there is
no particular subtype preference among bulk fresh, bulk FFPE and microdissected
samples (Response Figure 1A, B). The proportions of EC, MSEC and SC subtypes in
these three sample batches are similar to those in total samples (n=106) (Response
Figure 1B).



Response Figure 1
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Bulk FFPE (n=4) 50.0% 25.0% 25.0% 0.0%
Total tumors (n=106) 53.7% 24.5% 18.7% 2.8%

Response Figure 1. Evaluation of batch effect on identified subtypes.

A. Oncoplot demonstrating subtype proportions and top driver mutations between bulk
and microdissected cohorts.

B. Proportions of EC, MSEC, SC and SCC subtypes among bulk fresh, bulk FFPE,
microdissected FFPE and total tumors.

The WES analysis pipeline seems appropriate both for somatic mutation and CNV
analysis.

Thank reviewer very much for the comments and recognition of our efforts.

For transcriptomics analysis, was the multiple hypothesis testing correction applied?
What was the significance cutoff for pathway analysis?

We thank the reviewer very much for providing this constructive comment. We have
performed the multiple hypothesis testing and applied significance cutoff during our
transcriptomics analysis.

To be specific, we used DESeg2 and limma-voom for downstream differential
expression analysis respectively. Differentially expressed genes were filtered by
absolute value of log. fold change >1, p value <0.05, FDR (padj) value <0.05 and
further overlapped by the two methods (DESeq2 and limma-voom). The multiple
hypothesis testing was performed using Benjamin-Hochberg correction implemented
in the DESeq2 and limma package.

The pathway enrichment and GSEA was performed using the R package clusterProfiler,
results were filtered by absolute NES value >1, p value <0.05 and FDR value <0.05.



The multiple hypothesis testing was performed using Benjamin-Hochberg correction
implemented in clusterProfiler package.

Minor Comments:

Line 207: There is a typo: Should be “one of the interesting findingS”

We thank reviewer very much and have corrected the typo accordingly.



Reviewers' comments:
Reviewer #4 (Remarks to the Author):

Thank you, the authors have adequately addressed my concerns.



