nature portfolio

Peer Review File

Longitudinal high-dimensional analysis identifies immune features
associating with response to anti-PD-1 immunotherapy

Open Access This file is licensed under a Creative Commons Attribution 4.0
|@ ® ‘ International License, which permits use, sharing, adaptation, distribution and

reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if
changes were made. In the cases where the authors are anonymous, such as is the case for the reports of
anonymous peer reviewers, author attribution should be to 'Anonymous Referee' followed by a clear
attribution to the source work. The images or other third party material in this file are included in the
article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is
not included in the article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.




REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

This paper analyzes PBMC populations and cytokines in 25 non-small cell lung cancer patients
treated with anti-PD-1 immunotherapy, in an effort to find predictive biomarkers of response. The
authors show differences in total CD8+ T cells that are unexpectedly higher in non-responders
(NR) than in responders (R) (though there is a lot of overlap in the distributions). Further, they
show that the CD101highTIM3+ subset of CD8+ T cells have a similar difference in NR vs. R,
suggesting exhausted CD8+ T cells may be the cause of the NR outcome. This is further supported
by stimulated cytokine assays, which show more impressive differences between NR and R. While
provocative, there are some issues with the manuscript as currently written.

Overall, the sample size is small (25 patients), and the major findings of CD8+ T cell differences
between R and NR are not very impressive (highly overlapping distributions). Furthermore, the
paper doesn’t state the precise number of R and NR, and the number of points in the scatter plots
of Figures 1, 2, and 4 seem to vary and mostly don’t seem to add up to 25. The number of
patients in each category needs to be clearly stated, and if any analysis uses less than the full
patient set, that needs to be noted and explained.

Is the CD8+ T cell frequency difference in NR vs. R reflective of a higher absolute count of CD8’s in
NR'’s, or are there other compartments that are decreased in NR’s to cause the CD8’s to be
proportionally higher?

There should also be a more directed look at the phenotypic differences of CD8+ T cells in NR and
R. No data on basic naive/CM/EM/TEMRA distribution is given, despite appropriate markers for
such analysis in the panel. There is also no data shown on the relative distribution of CD101 and
TIM3 expression, just an analysis of CD8+ T cells that are positive for both. And what about LAG3
and PD-1 expression (also markers of exhaustion in their CyTOF panel, but not really mentioned
here)? Indeed, the "CCT” (CD101*TIM3+ CD8'’s) are only about 10% of the CD8 pool (per Figure
1), so what other subsets cause the overall difference in CD8’s between R and NR? All in all, the
reader doesn’t get a good appreciation of the true phenotypic and numerical differences in the CD8
compartment of R vs. NR.

If NR have a more exhausted CD8+ T cell compartment at baseline, could this be due to CMV
status (CMV is a known driver of terminal differentiation and exhaustion of CD8+ T cells)?

Figure 1A and B: The legend needs to state if these were only baseline data.

Figures 3 and 4: Why do the NR data end at cycle 3? The Methods state that patients received 6
treatment courses; but responders have data to cycle 10, while NR stop at cycle 3.

Figure 4: Part A has the heading “Unstimulated”, but the legend indicates these are plasma levels.
Plasma is unstimulated, yes, but the heading is misleading, as it suggests unstimulated cultures, in
contrast to Part B, which is “after T cell stimulation”. Also, the text is not clear on the stimulation
process. The Results refer to stimulation with “anti-CD3/CD28 or PMA” (line 139), but Figure 4 and
its legend don’t specify which stimulus was used. This needs to be clarified; and if both were tried,
it would be good to see the comparison.

Figure S6: There are multiple subsets with the same label (e.g., "CD8+ T cells-unknown subtype”)
but with different distributions and p values. What does “unknown subtype” and “*NA” mean, and
how were these populations identified? The Methods refer to "UMAP dimensionality reduction and
clustering algorithms”, but there is no detail on how the clustering was performed. More
information and more explanatory labeling in the Figure is needed.

Figure S7: The labels at the top of each panel are also confusing, e.g.:

What is “unknown type”?

All immune cells should be CD45+. Why are many populations listed as CD45-?
Again, details on the clustering method used to derive these populations are needed.



Table S2: Metal labels for each antibody should be listed, as well as clone and source. Also, should
parameter 28 be CXCRS5 (listed as XCR5)?

Line 156: LAG3 is repeated.

Reviewer #2 (Remarks to the Author):

In this work, Li et al have combined high-dimensional CyTOF and multiplex cytokine
approaches to longitudinally analyze twenty-five patients diagnosed wit NSCLC.

Major comments:

1. This is interesting work analyzing the changes in immune cells of NSCLC patients treated with
anti PD-1 therapy usinf CyToF and multiplex cytokine approaches. How was the sample size of 25
patients determined? Was there a power calculation?

2. Were there any differences based on the different histological sub types of NSCLC?

3. What stage were the lung cancer patients? Were there any differences in the PFS based on the
stage of the cancer? Description of the cohort of NSCLC needs to be included in the report.

4. It is unclear how the methodology was validated. Please provide more details. Also, what are
the limitations of the method? Please describe the limitations in description.

5. Details of the statistical analyses performed are missing. Please provide the details of the
analyses and the results.



REVIEWER COMMENTS
Reviewer #1 (Remarksto the Author):
We deeply appreciate the positive feedback, valuable comments and constructive

suggestions. We have carefully answered the questions one by one as following.

1.1. Overdl, the sample size is small (25 patients), and the major findings of CD8+ T
cell differences between R and NR are not very impressive (highly overlapping

distributions).

Response:

Thank you sincerely for your comments. On one hand, through literature searching,
we found that most of the reported tests for CyTOF in clinical studies have different
levels of overlapping due to technical visualization variability between CyTOF and
FACS 13, It was aso reported by other researchers that the variation of visualization of
CyTOF technology is present and the data is relatively discrete when compared with
FACS detection results 4. However, such visualization variation does not affect the
accuracy and conclusion. In our study, we have also carried out careful verification to
technically exclude variable reasons of artificial operation, sample transportation,
sampletesting. Finally, we confirmed that our results are accurate and convincing. The
unavoidable overlapping in our testing data was due to patients specificity and
variability and this part has been replenished into Materials and M ethods in manuscript
and Supplementary Method Document.

In this study, we have performed a systematic analysis to catalog the repertoire of
surface molecules expressed by immunocytes. Although high overlapping between R
and NR, CD8" CD101" TIM3* T cells subset was statistical difference between R and
NR. CD101* TIM3* recently have been reported to inhibit TCR signaling and impair T
cell function. TIM3* CD101* T cells also has been proved as the terminally
differentiated T cells and highly dysfunctional antigen specific CD8* T cells with
exhausted state. Our finding representsthefirst clinical study confirmed the importance
of this subset at thismoment, CD8* CD101" TIM3* T cellsin Chinese NSCL C patients,
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which can contribute to develop as new biomarkers and provide a critical
immunotherapy target in combination of anti-PD-1 strategy in the future.

Meanwhile, during the project initiation time, our pioneer reference literature
(Becher et. d. Nat Med) hasincluded 20 patients (10 vs 10) °. Wedid level of expansion
of samples from that to accommodate both research quality and feasibility. We also
calculated the sample sizes through statistical power calculation and the values are over
0.7 for both cell types, CD8* and CD8* CD101" TIM3* T cells. Therefore, the sample
size of 25 patients would be sufficient considering the trandational nature of such

studies.

1.2. Furthermore, the paper doesn’t state the precise number of R and NR, and the
number of points in the scatter plots of Figures 1, 2, and 4 seem to vary and mostly

don’t seem to add up to 25.

Response:

Thank you for your valuable comments. The precise number was added in the
manuscript page 3 line 87-88. Because 2 baseline samples failed the QC test, we have
excluded 2 baseline samples (JO15A and JO24A, both patients are NR). Therefore, for
Figures 1, 2 & 4, there are 23 spots as the bar shows the baseline statuses. These
excluded samples were also noted and explained in the figure legends. Then, for the
number of followed cycles samples, it mainly depended on the treatment efficacy. If the
patient responses, they could further receive anti-PD-1 treatment, the samples were
included in the longitudinal analysis. The detailed information including all the samples
tested in this study is listed below. The total tested samples number was 102, and the

total number of patients are still 25.



Responder: 11 patients NR: 14 patients

CR: 1005 A-G PD: J002 A, B, C
PR: JO13 A, C-K : JOO3 A
JO14 A-B : JO04 A
JO18 A-G JOOB AB
J022 A-H JO09 A-D
JO28 A-C JOI0A-C
JO29 A, C JO15 B,C
JO30A, B JO21 A-D
JO31 A-F JO23 A
SD: J006 A-D J024 D
J025 A-C J026 A
I JO33 A-C
X J034 A-C
JO35 A-C
I

1.3. The number of patients in each category needs to be clearly stated, and if any

analysis uses less than the full patient set, that needs to be noted and explained.

Response:

We appreciated your helpful advice. As we answered above, we have excluded
two baseline samples (JO15A and JO24A) as they failed the QC test, therefore, the
number of responders vs non-responders was (11 vs 12) before the treatment.

Then, we a so performed QC test for all therest of samplesfrom all patients, J013B,
J029B and J024B & J024C were excluded due to the failure in the QC test. However,
by statistical adjustment, these missing samples does not affect the final conclusion.
Analysis uses less than the full patient set were noted and explained in the figure
legends.

The reason for the patients not receiving the same number of immunotherapy
treatment cycles is due to ethical reason. According to the guideline in NCCN, the
current drug treatment should be replaced by another method if the evaluation of the
current therapy is not efficacious for non-responders. Therefore, we could observe that
the responders in our study received far more treatment cycles, when compared with

non-responders.

2. Isthe CD8* T cell frequency difference in NR vs R reflective of a higher absolute
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count of CD8'sin NR’s, or are there other compartments that are decreased in NR’sto

cause the CD8' s to be proportionally higher?

Response:

Thanks, it isavaluable question. According to the results below, both contributing
factors were presented. Firstly, we can realize that compared with the level of HD, the
absolute percentage of CD8* T cellsincreased in NR significantly. Secondly, we could
observe that the frequency of CD4* T cells and NK cells decreased in NR's PBMC
compared with R after receiving anti-PD 1 treatment. Thus, acombination of two factors
contributed to the result.
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3.1. There should also be a more directed look at the phenotypic differences of CD8+
T cellsin NR and R. No data on basic naive/CM/EM/TEMRA distribution is given,

despite appropriate markers for such analysisin the panel.

Response:

We completely agreed with your comments. In fact, we have tested various
phenotypes of T cells (Figure S6), including CD8" T cells and its differentiated
phenotype CD8* T cell memory CD45RO*, but there was no statistical significance
between responders and non-responders.

Frequency in samples (Percentage of CD45RO*in CD8* T cells)

CD8 T cells
CD8* CD45RO" T cells
(P-value: 0.34)

- 4 -
o
o

0 g

As for our finding phenotype of CD8* T cells, CD8* CD101"9" TIM3* T cdlls, it
has been reported that the subset (TIM3* T cells) wasthe terminally differentiated CD8*
T cell population in chronic infection models. With our unique Chinese NSCL C clinical
samples, we for the first time demonstrated the prognostic value of CCT subset in
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immunotherapy and we proved that TIM3* alone was not enough to predict treatment
efficacy and that acombinational performance of TIM3* and CD101" would be needed.

Normalized expression of TIM3 (CD101) in CD8" T cells

TIM3 in CD101 in
CDS™ T cells CDS" T cells
1.0 :
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.U
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L ]
L] L ]
0.2 0.00 o

In this study, due to the limitation of detection technology, we could only detect a
maximum of 40 antibodies at the same time through CyTOF, which is the maximum
number of antigens and protein expression in living cells that can be detected at present.
At the same time, referring to the high-quality articles published so far, we found that
CD101* TIM3* T cells existed at the final stage of T cells differentiation in chronic
infection mice models ¢. Based on the above two reasons. we did not subdivide

CD45RO0 cellsin to naive/lCM/EM/TEMRA distribution 7 for detection thistime.

3.2. There is adso no data shown on the relative distribution of CD101 and TIM3

expression, just an analysisof CD8* T cellsthat are positive for both.

Response:

Thank you sincerely for your comments. We have tested all the distributions of
CD101 and TIM3 expression in different major immune cell populations as well asin
subsets. However, there was no statistical significance in the results as shown below.
To better illustrate our findings, we have added this result as well as explanation into

manuscript, please refer main text page 4 line 95-98 and Figure S8.



Normalized expression of CD101 in major immune cell populations between R and NR
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3.3. And what about LAG3 and PD-1 expression (also markers of exhaustion in their
CyTOF pandl, but not really mentioned here)?

Response:

We appreciate very much for your question. We have also tested other exhausted
markers as shown below, but there was no significant difference between responders
and non-responders both in major populations and subsets.

Normalized expression of PD-1in major populations
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PD-1in
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Normalized expression PD-1 in subsets
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For LAGS3, after rechecking, due to limitation of 40 markers capacity of CyTOF,

we have not included LAG3 in our panel, the previous table might contain typo

mistakes. We have corrected the Materials and Methods part and the content of Table

S2 according to the final confirmed antibody content list.

3.4. Indeed, the “CCT” (CD101"TIM3* CD8's) are only about 10% of the CD8 pool

(per Figure 1), so what other subsets cause the overall differencein CD8's between R

and NR? All in all, the reader doesn’t get a good appreciation of the true phenotypic

and numerical differencesin the CD8 compartment of R vs. NR.

R

onse
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We are grateful for your suggestions. The 10% was the frequency of cluster
CCT/CD45*. If we chose the frequency of cluster CCT/parent cell population-CD8* T
cells, our finding subtype “CCT” would be 35%. In order to fully demonstrate the
accuracy of our data, we compared the reported literatures. First, we found that the
proportion of main immune cells detected by us, suchasCD4" T cellsand CD8* T cells,
was basically consistent with the proportion of reported cells, about 40% of CD4* T
cellsand 25% of CD8" T cells . Then, we found that the expression of TIM3 in CD8+
T cells was less than 10% investigated by other researchers, which suggested that our
results were in line with most of the reports and thus our data is convincing 2. After
analyzing other CD8 subpopulation frequency in CD45, athough CCT was the only
subset exhibited significant difference between R and NR as shown in Figure S6, this
CCT subset might be playing an essentia role as predictive biomarker.

4. 1f NR have amore exhausted CD8" T cell compartment at baseline, could this be due
to CMV status (CMV is a known driver of terminal differentiation and exhaustion of

CD8* T cellg)?

Response:

Thank you for your comments. To answer this question, we have searched many
published articles and consulted with several clinical doctors. It has been reported that
CMV could indeed affect the function and differentiation of T cells, especially in
patients with chronic diseases and autoimmune deficiency. However, there are few
cases reported in lung cancer patients. Then, based on the current diagnosis and

treatment experience on Macao patients, CMV is not a routine examination indicator.

Figure laand b: The legend needsto state if these were only baseline data.

Response:

We are grateful for your suggestions. We have revised the figure legend in
Figure 1.
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Figures 3 and 4: Why do the NR data end at cycle 3? The Methods state that patients
received 6 treatment courses; but responders have data to cycle 10, while NR stop at
cycle 3.

Response:

Thanks so much for your questions. In clinical practice, we do hope that al cancer
patients could benefit from immunotherapy treatment and survive for a long time.
Unfortunately, the results of treatment in the actual process are not satisfactory. Most
immunotherapy patients have a low response rate, so the duration of treatment is
adjusted according to their treatment efficacy under the NCCN guidelines and clinical
ethics. If the disease progresses, the immunotherapy strategy need to be adjusted. Thus,
most of the non-responders received fewer treatments. Thanks for your question on the

method typo part, we have revised it.

Figure 4: Part A has the heading “Unstimulated”, but the legend indicates these are
plasmalevels. Plasmais unstimulated, yes, but the heading is misleading, as it suggests
unstimulated cultures, in contrast to Part B, which is “after T cell stimulation”. Also,
the text is not clear on the stimulation process. The Results refer to stimulation with
“anti-CD3/CD28 or PMA” (line 139), but Figure 4 and its legend don’t specify which
stimulus was used. This needs to be clarified; and if both were tried, it would be good

to see the comparison.

Response:

We are grateful for your reminding. We apologized for the misleading caused by
typo of the heading, and we revised the heading of Figure 4a to specifically state that
anti-CD3/CD28 stimulation is used. Actualy, we have tested both approaches of
stimulation, but the results after PMA stimulation unfortunately could not pass the QC
due to insufficient number of cellsfor additional stimulation experiments (For ethnical
reason, only 7 ml of blood could be collected from patient for each cycle), and have to

be abandoned, so only anti-CD3/CD28 stimulation is used We have revised the
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Methods content in the manuscript according to the actual situation on page 10.

Figure S6: There are multiple subsets with the samelabel (e.g., “CD8+ T cells-unknown
subtype”) but with different distributions and p values. What does “unknown subtype”
and “NA” mean, and how were these populations identified? The Methods refer to
“UMAP dimensionality reduction and clustering algorithms’, but there is no detail on
how the clustering was performed. More information and more explanatory labeling in

the Figure is needed.

Response:

We agreed with your comments. The reason that we labeled some clusters as
“unknown” the same as “NA” was that we could not define the subtypes by the 40
markers we applied. However, fortunately the results showed no statistical difference
between R and NR. Details on algorithm have been added to manuscript. For the
labeling, we have added unique ID 1,2,3,4...for each unknown subset to differentiate
them and have unified “NA” as “unknown subtype”.

For clustering method, we have added back some explanation, please refer main
text page 12 line 325-329. More information and explanatory labeling were also added
into the figure legend S6.

Figure S7: Thelabels at the top of each panel are also confusing, e.g.:

What is “unknown type’?

All immune cells should be CD45*. Why are many populations listed as CD45?
Again, details on the clustering method used to derive these popul ations are needed.

Response:

We sincerely appreciate your comments. In Figure S7, we compared the subtypes
between healthy donors (HD) and patients at baseline. The unknown types were same
as we replied above, and we have unified the labeling methods. As for the “CD45-", it
isnot mean “CD45 neg”, but “ CD45 positive combined with other features’. Sorry for
the misleading. We have revised them all in the supplementary figures.
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Table S2: Metal labels for each antibody should be listed, as well as clone and source.

Also, should parameter 28 be CXCR5 (listed as XCR5)?

Response:

Thank you very much for your suggestion. We have listed the metal |abels below

and corrected the typo in the Table S2.

Metal Antibody Clone Provider
Y-89 CD45 HI30 Fluidigm
Cd-112/114 CD14 TUK4 Invitrogen
In-115 CDI15 HI98 Biolegend
Ce-140 Anti-PE PE001 Biolegend
TCRgt-PE 5A6.E9 Invitrogen
Pr-141 CD56 NCAMI16.2 BD
Nd-142 CD19 HIB-19 Biolegend
Nd-143 CD27 LG.7F9 Biolegend
Nd-144 CD3 UCHT1 bl300414
Nd-145 CDS8 SK1 Biolegend
Nd-146 HLA-DR L243 Biolegend
Sm-147 CD4 SK3 Biolegend
Nd-148 CD45RO UCHL1 Biolegend
Sm-149 ICOS C398.4A Biolegend
Nd-150 Granzyme B | CLB-GB11 Abcam
Eu-151 CD69 FN50 Biolegend
Sm-152 CD101 BB27 eBioscience
Eu-153 KLRGI1 13F2F12 eBioscience
Sm-154 CXCRS RF8B2 BD
Gd-155 CD33 WMS53 Biolegend
Gd-156 Thbet 4B10 Biolegend
Gd-157 CXCR3 MAB160 R&D
Gd-158 SAV NA in-housse
FOXP 3-biot PCHI101 eBioscience
Tb-159 PDL1 29E.2A3 Biolegend
Gd-160 PD-1 eBioJ105 eBioscience
Dy-161 TIM-3 MAB2365 R&D
Dy-162 CD95 DX2 Biolegend
Dy-163 CD127 AO19D5 Biolegend
Dy-164 1gG4 Fc-UNLB | Southem Biotech
Ho-165 Ki67 B56 BD
Er-166 Ox40 MAB3388 R&D
Er-167 GATA3 TWAJ eBioscience
Er-168 CCR7 MAB197 R&D
Tm-169 CD25 M-A251 Biolegend
Er-170 CTLA4 14D3 eBioscience
Yb-171 CD28 CD28.2 Biolegend
Yb-172 CD38 HIT2 Biolegend
Yb-173 CD39 Al Biolegend
Yb-174 Eomes WD1928 eBioscience
Lu-175 CDllc B-Ly6 BD
Yb-176 CD11b ICRF44 Biolegend
Bi-209 CD16 3g8 Fluidigm

Line 156: LAG3 isrepeated.

Response:
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Thanks for your careful check. We have revised it.
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Reviewer #2 (Remarksto the Author):
Thank you respected referee for your constructive suggestions. To better answer

your questions, we will explain them one by one.

Major comments:
1. Thisisinteresting work analyzing the changes in immune cells of NSCLC patients
treated with anti PD-1 therapy using CyToF and multiplex cytokine approaches. How

was the sample size of 25 patients determined? Was there a power calculation?

Response:

Thank you sincerely for your comments. We have aso carefully considered this
guestion before submitting our manuscript.

During the project initiation time, our key reference literature (Becher et. a. Nat
Med) has analyzed 20 patients (10 vs 10). Therefore, we did similar level of expansion
from that to accommodate both research quality and feasibility. Our study also focuses
on aboard spectrum longitudinal analysisincluding both high-dimensional Cy TOF and
multiplex cytokine assays which has provided novel information. We aso calculated
the sample sizes through statistical power calculation and the values are over 0.7 for
both cell types, CD8* and CD8" CD101" TIM3* T cells. Therefore, the sample size
would be sufficient considering the translational nature of such studies.

In addition, at the time we initiated the project in 2015, anti-PD1 drug was not
launched in the market in China yet not until June 2018, Macau is the first specia
administrative region in China where has approved the use of Keytruda, thus the
number of NSCLC patients who have received anti-PD1 drug is limited, however, it
also represents the group of patients with the longest follow up time in the whole
country. In such circumstance, we would like to report this novel and important data at
atimely manner so as to benefit patients. We have performed a systematic approach to
catalog the repertoire of surface molecules expressed by immunocytes and CD8*
CD101Mo" TIM3* T cells subset was the only one of CD8" T cells showing statistical
difference between R and NR. It has been reported recently CD101* TIM3* could

16



inhibit TCR signaling and impair T cell function. TIM3" CD101" T cells has been
proved astheterminaly differentiated T cells and highly dysfunctional antigen specific
CD8" T cells with exhausted state. Our finding isthe first clinical study confirmed the
importance of this subset, CD8* CD101" TIM3* T cells, which can contribute to the
field of biomarkers and immunotherapy target in combination of anti-PD-1 strategy,
and hopefully could be reported in atimely manner.

2. Were there any differences based on the different histological sub types of
NSCLC?

Response:

Thank you sincerely for your comments. Among 25 patients, 21 of them have
adenocarcinoma histology, and 4 of them have squamous histology. Asshown in Table
S1, the results showed a higher proportion of respondersin patients with lung squamous
carcinoma (75%) compared with the proportion of responders with adenocarcinoma
(38.1%). This result was interesting and was consistent with previously reported
research. We have a rough analysis of the patients by our finding markers as shown
below. Compared with squamous carcinoma patients, adenocarcinoma patients
harbored a higher frequency of exhausted T cells at the baseline, especialy in CD8*
CD101" TIM3* T cells with p-value <0.05. These results have been added into

manuscript, please refer main text page 4 line 99-101 and Figure S9.

CDS8' T cells CD8" CD101* TIM3" T cells
507 P-value: 0.06 159 P-value: 0.019
[} o *
S 404 =3 —_—
g 5
] 104
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o) 3
g 20 e
S S 57 —
& 10 g Y
-

o

T T 1
Squamous carcinoma  Adenocar cinoma Squamous carcinoma  Adenocar cinoma

3. What stage were the lung cancer patients? Were there any differences in the PFS
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based on the stage of the cancer? Description of the cohort of NSCLC needs to be

included in the report.

Response:

We really appreciate your comments. According to the patient demographics and
baseline characteristics, 24 of patients have stage 1V, and 1 has stage 111B stage. The
one patient with stage 111B received same systemic treatment as stage IV patients.
According to their PFS, there's no statistical differences among them.

Agreed with your suggestion, the description of the cohort of NSCLC has been
added into Methods content in manuscript on page 8 line 209-220. “Total 25 patients
were collected. The clinical characteristics of the patients were shown in Table S1.
Among these 25 patients, there were 11 responders and 14 non-responders. The mean
+ SD age of responders was 68.4 + 11.4 years compared with non-responders 59.6 +
11.8 years. Based on the different histological sub-types of NSCLC, there was a higher
proportion of responders in patients with lung squamous carcinoma (75%) compared
with the proportion of responders with adenocarcinoma (38.1%). According to the
patient demographics and baseline characteristics, 24 of patients have stage 1V, and 1
has stage |11B stage. The one patient with stage |11B received same systemic treatment
as stage |V patients. Based on the patients PD-L1 IHC level, 4 levels were classified.
Then the duration of response time was also summarized, which showed much longer

in responders (9.4 + 3.5 months) compared with non-responders (3.6 £ 3.6 months).”

4. It isunclear how the methodology was validated. Please provide more details. Also,

what are the limitations of the method? Please describe the limitations in description.

Response:

We completely agreed with you. In order to carry out comprehensive and accurate
investigation by CyTOF, we carried out methodological verification from different
angles.

(1) Tovalidate the CyTOF method by FACS tests. The designed FACS panelswas

shown below.
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Panel2
T cell Panel3 Panel5
Fluorochrom e Panell ( cell pro liferation, # DSC and Panel4 (Treg, CD 38 and
M UST Aria TI) pro liftration) CD38 and PD-1) |CD38) (Breg and CD38) [CD101)
Require ntra— Require ntra— 0 nly surface 0 nly surface 0 nly surface
celubrstaning |celubrstaining |stanig staining staining
FIIC K67 K67 CD45 CD45 CD45
PE Ch4 CD38 CD38 CD38 CD38
PerCP CD3 CD3 CD15 CD19 CD3
PE-Cyb
PE-CF594 CD8a CD8a HLA-DR Ch4
PE-Cy7 CD45 CD45 CD 14 CD25
APC CD45RA PD-1 CD33 CD24 CD101
APC-Cy7 Fix/Niable NR2 |[Fx/NiableNR2 |Fx/NableNR2 |[Fix/NiableNR2 |Fix/Nibl NR2

Then, we tested three PBMC samples from healthy donors by both FACS and

CyTOF. The results showed there was no statistical significance between these two

methods, suggesting the methodology of CyTOF was validated.
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(2) Since we needed to send PBMC samples to ImmunoScape in Singapore for

CyTOF assay, we were concerned about the proportion of viable cells recovered after

cryopreservation and oversea shipment. Prior to the formal detection, we aso

performed a test on samples from healthy people. As shown below, the recovery rates

were al over 80% meeting the demanding number of cells required for CyTOF

detection

HD

HD-1
HD -2
HD-3
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(3) Asour research wasfor thefirst timeto longitudinally analyze NSCL C patients

receiving anti-PD-1 treatment, we collected the samples for a long time and divided

them into multiple batches for transportation. In order to exclude the influence of time

on the test results, we conducted a comparative experiment on the PBMC of healthy

people after along time of storage. The results showed that there was no significant

change in the results after along time of storage as shown below.

Batch 0 (old)

HD1

HD3

HD2

Each dot represents a T cell subset from batch 0 (old) and Batch 0 (recent)
Gating on distinct markers within CD4+ and CD8+ T cells {from CD3 T cells)

Batch 0 (recent)

Subsequently, after the patients were formally included and PBM Cs were collected,

we aso conducted a monitoring test on different batches, and the results showed that

the frequency of different immune populations from different batches were basically

consistent.

% of cells (live CD45+)

Data from HD run in 4 different batches
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Thus, our results are convincing, and this part has been replenished into Materials

and Methods in manuscript and Supplementary Method Document.

5. Details of the statistical analyses performed are missing. Please provide the details

of the analyses and the resullts.

Response:

Thank you so much for your careful review. According to your suggestion, we

have revised the Methods part in the manuscript.

** See Nature Research’ s author and referees website at www.nature.com/authors for

information about policies, services and author benefits.

This email has been sent through the Springer Nature Tracking System NY-610A-
NPG&MTS
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REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

The authors have undertaken some revisions and explanations to address the critiques of the first
review. However, some issues remain:

1. In the legends of Figures 1 and 2, the last sentences should include the phrase “were excluded”.
And the nature of “the CyTOF QC test” should be explained (either here or in the Methods).

2. The question of the absolute count of CD8+ T cells was not really addressed (instead there is
reference to “absolute percentage”?). But I take the point that the frequency of CD8+ T cells is
increasing while the frequency of CD4+ T cells is decreasing.

3. I can infer from the responses that the “frequency in sample” labels in Figure 1 refer to
frequency of all cells (or perhaps all CD45+ cells or all live cells?). This should be specifically
stated in the figure, rather than stating “frequency in sample” which was not fully clear to me.
4. I'm still confused about what is shown in Figure 4a. The legend says “plasma levels” but the
heading says “Before T cell stimulation”. Was it plasma or cultures from unstimulated cells? If
plasma as stated in the legend, please use matching wording in the Figure.

Overall, I'm still concerned that the CyTOF clustering using Phenograph yields multiple clusters
labeled only as “unknown subtype”. There’s no attempt to say what markers these “unknown
subtypes” express. The "CCT” cluster is clearly described as being CD101high and TIM3+, but can
this subset be verified by manual gating on CD8, CD101, and TIM3, and do the manually gated
frequencies also show a significant difference between R and NR? The fact that CD101 and TIM3
individually do *not* show a significant difference makes me wonder.



REVIEWER COMMENTS

Reviewer #1:

We deeply appreciate the positive feedback, valuable comments and constructive
suggestions. We have carefully answered the gquestions one by one as following and

revised our manuscript accordingly.

Q1. Inthelegendsof Figures1and 2, thelast sentences should include the phrase “were
excluded’. And the nature of “the CyTOF QC test” should be explained (either here or
in the Methods).
Response;
Thank you so much for your careful check. We have modified the figure legends.
We completely agreed with you and added the following explanation in the
methods part on page 12 line 329-332, detailed in Supplementary Method Document.
CyTOF QC test: If thetotal viable cells count of the samples werelower than 1000
or if the sampleisthe outlier in principle component analysis (PCA) results (as shown

below), it means the samples failed the CyTOF QC test and was excluded from the

following study.
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Q2. The question of the absolute count of CD8+ T cells was not really addressed
(instead there is reference to “absolute percentage”?). But | take the point that the
frequency of CD8+ T cells is increasing while the frequency of CD4+ T cells is
decreasing.
Response;

We sincerely appreciate your understanding. Meantime, we also tried to make it
Clearer.

We have analyzed the absolute cell counts and found the trend is similar to the
frequency results that the absolute cell counts of CD8* T cells of NR were higher than
the counts of R (as shown below). However, due to the span of the study time and the
reason that the samples were sent to Singapore for testing, the number of viable cells
of the patients was different. Therefore, if we only look at the number of cells collected,
the baseline of individual samples would be inconsistent. Thus, we chose the absolute
percentage for further analysis.

CD8" T cells

= T

NR R



Q3. | can infer from the responses that the “frequency in sample’ labels in Figure 1
refer to frequency of all cells (or perhaps all CD45+ cellsor al live cells?). This should
be specificaly stated in the figure, rather than stating “frequency in sample” which was
not fully clear to me.
Response:

Thank you for your valuable comment. You are right, the percentages for each
subpopulation are based on overal live CD45" singlet cell counts (CD45* immune
cells). This sentence has been added in legends of Figure 1-3.

Q4. I'mstill confused about what isshown in Figure 4a. The legend says*“ plasmalevels’
but the heading says “Before T cell stimulation”. Was it plasma or cultures from
unstimulated cells? If plasma as stated in the legend, please use matching wording in
the Figure.
Response:

We agreed with your comments. Sorry for our previous phasing causing
misunderstanding. After double confirmation, it meansthe plasmalevelsand werevised

the labeling in the Figure 4.

Q5. Overdll, I'm still concerned that the CyTOF clustering using Phenograph yields
multiple clusters labeled only as “unknown subtype”’. There's no attempt to say what
markers these “ unknown subtypes’ express.

Response:

We sincerely appreciate your comments. By checking the heatmap of each
marker's scaled median intensity value in each cluster (color is marker intensity median
scaled value. Scaling is (x-min)/(max-min)), we find for cluster 26 - the 'unknown'’
cluster, positive markers, including CD38, CTLAA4, Ki67, OX40, are not cell identity
markers. They can just tell the state of this cluster, for example, Ki67 for highly
proliferative. Immune cell identity markers, such asCD3, CD4, CD8, CD19, CD16 and

CD56, are dl negative in this cluster. So we categorize this cluster as 'unknown'.
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Q6. The “CCT” cluster is clearly described as being CD101high and TIM3+, but can
this subset be verified by manual gating on CD8, CD101, and TIM3, and do the
manually gated frequencies also show a significant difference between R and NR? The
fact that CD101 and TIM3 individually do *not* show a significant difference makes
me wonder.
Response;

We deeply appreciated your helpful advice. The results below, based on any cluster
analysis by manual gating, showed that the absolute cell countsin NR were obviously

higher than the cell countsin R.
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The manual gating strategy was shown below and the cluster CCT can be verified
by manual gating and there is significant difference between NR and R.
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Thanks again!



REVIEWER COMMENTS
Reviewer #1 (Remarks to the Author):

Thanks to the authors for their careful attention to all my comments from the previous review.
They have corrected the text and figures as requested, and have explained their approach in terms
of the "absolute percentages" and "unknown subtype" clusters. The latter may still cause some
confusion for readers. But I think the paper is overall much clearer now, and I'm satisfied with
their revised version.

Reviewer #3 (Remarks to the Author):

In this study, a cohort of 25 patients with Non-Small Cell Lung Cancer (NSCLC) treated with
immune checkpoint inhibitors (11 responders vs 14 non-responders) were analysed by CyTOF and
MSD multi-cytokine with respect to phenotypes of peripheral blood immune cells over time.

The main finding is that the frequencies of CD8+ and CD8+CD101highTIM3+ Tcells were
significantly correlated with poor clinical response and poor survival.

In addition, longitudinal analyses showed that KLRG1 expression and cytokines were associated
with response to therapy.

Based on these results the authors claim that their finding may provide new biomarkers for
selecting NSCLC patients to therapies.

My main reservation relates to the authors’ conclusion of using their findings as a potnetial new
biomarker. Data shown in figure 1 indicates indeed that many of the non-responders reveal higher
peripheral CD8+ cells and CD8+CD101highTIM3+ Tcells. However, the range is huge and indeed
many of the non-responders show lower levels of these Tcell phenotypes as compared to
responders. Thus, I wonder whether this data may indeed be used as a predictive biomarker, when
applied to a single patient.

How strong is the predictive effect in comparison to established biomarkers, i.e tumor and immune
cell proportional score (TPS, ICS) of PD-L1 and Tumor Mutational Burden (TMB)?

Along these lines: do these peripheral Tcell populations provide independent prognostic
information on OS, when PD-L1, TMB is measured along with established negative predictive
factors, such as KEAP1 and STK11 mutations ?

Unless, the prognostic significance is stronger than currently established markers, the study
remains correlative with only incremental progress in our understanding of immune responses to
tumors and will not lead to algorithms for clinical selection of NSCLC patients for IO therapies.



REVIEWER COMMENTS:

Reviewer #3:

In this study, a cohort of 25 patients with Non-Small Cell Lung Cancer (NSCLC)
treated with immune checkpoint inhibitors (11 responders vs 14 non-responders) were
analysed by CyTOF and MSD mullti-cytokine with respect to phenotypes of peripheral
blood immune cells over time.

The main finding is that the frequencies of CD8* and CD8*CD101""TIM3* T cells
were significantly correlated with poor clinical response and poor survival.

In addition, longitudinal analyses showed that KLRG1 expression and cytokines
were associated with response to therapy.

Based on these results the authors claim that their finding may provide new

biomarkers for selecting NSCL C patients to therapies.
Response:
We deeply appreciate the positive feedback, valuable comments, and constructive

suggestions. We have carefully answered the questions one by one as following and

revised our manuscript accordingly.

1. The main reservation relates to the authors” conclusion of using their findings as a
potential new biomarker. Data shown in figure 1 indicates indeed that many of the non-
responders reveal higher periphera CD8" cells and CD8*CD101""TIM3* T cells.
However, the range is huge and indeed many of the non-responders show lower levels
of these T cell phenotypes as compared to responders. Thus, | wonder whether this data

may indeed be used as a predictive biomarker, when applied to a single patient.
Response:

Thank you sincerely for your valuable comments. On one hand, in this study, to
catalog the repertoire of surface molecules expressed by immunocytes, we have

performed a systematic analysis. Although high overlapping between R and NR, CD8*
CD101" TIM3* T cells subset was dtatistical difference between R and NR. CD101*



TIM3* recently have been reported to inhibit TCR signaling and impair T cell function.
TIM3* CD101* T cells also has been proved as the terminally differentiated T cells and
highly dysfunctional antigen specific CD8* T cells with exhausted state'. Our finding
representsthefirst clinical study confirmed the importance of this subset at this moment,
CD8" CD101" TIM3* T cells in Chinese NSCLC patients, which can contribute to
develop as new biomarkers and provide a critical immunotherapy target in combination
of anti-PD-1 strategy in the future.

On the other hand, through literature searching, we found that most of the reported
testsfor CyTOF in clinical studies have different levels of overlapping due to technical
visualization variability between CyTOF and FACS %4, Thus, FACS was applied for
validation. The results, based on any cluster analysis by manual gating, showed that the
absolute cell countsin NR were obviously higher than the cell countsin R. The manual
gating strategy was shown below and the cluster CD8* CD101" TIM3* T cells can be
verified by manual gating and thereis significant difference between NR and R.

| JOOSA (NR)
_, _. “ {0014A(R) ” “ o
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Moreover, our study is a longitudina analysis on blood biopsies with over 30
months follow-up time. Therefore, compared with the detection at a single time point,
our results better illustrated the stability of CD8* CD101" TIM3* T cells subset for

prediction of immunotherapy over time.

2. How strong isthe predictive effect in comparison to established biomarkers, i.e tumor
and immune cell proportional score (TPS, ICS) of PD-L1 and Tumor Mutational
Burden (TMB)?



Response:

We appreciate very much for your question. At the time we started this study in
2017, it was clinically recommended that the patients receiving immunotherapy
measure PD-L1 expression in tumor tissues and the data was shown in Table S1.
Following your suggestion, Chi-Squared Test was applied to measure the relevance and
dependency between PD-L1 IHC level and the response statue of immunotherapy. The
results showed that the Chi-square value was 0.749 with p-value 0.668, indicating the

expression of PD-L1 in the tumor tissues could not reflect the response state.

PDL1 IHC level
~49%, 1-49% <1% Total

Response state Responder Count 6 2 3 11
Expected Count 6.0 14 37 11.0

In response state% 545%  18.2% 27.3%  100.0%

Non-responder Count 7 1 5 13

Expected Count 70 1.6 423 13.0

In response state% 53.8% 7.7% 38.5%  100.0%

Total Count 13 3 3 24
Expected Count 13.0 30 80 24.0

In response state% 54.2%  12.5% 33.3%  100.0%

Value df Asymptotic Significance (2-sided)

(o]

Pearson Chi-Square 0.749 0.688

We also tested the PD-1 in blood cells by CyTOF, but there was no significant
difference between responders and non-responders both in major populations and

subsets.
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Asfor TMB, not all the patients could take the test because of the cost, which is
also an important issue for patients. In our patients, 8 patients of responder and 7
patients of non-responder received TMB test. Summarized in the table below, TMB

was also not a predictor of response state for these patients.

TMB
High Low Total
Response state Responder Count 1 7 8
Expected Count 11 6.9 3.0
In response state% 12.5% 87.5%  100.0%
Non-responder Count 1 6 7
Expected Count 0.9 6.1 7.0
In response state% 143% 85.7%  100.0%
Total Count 2 13 15
Expected Count 2.0 13.0 15.0
In response state% 13.3% 86.7%  100.0%
Value df Asymptotic Significance (2-sided)
Pearson Chi-Square 0.01 1 0.919

Thus, while other predictors were not available or accurate, the cluster CD8*
CD101" TIM3* T cells could still independently indicate the patients who would not

respond to immunotherapy and were stable over time as well as treatment.

3. Along these lines: do these peripheral T cell populations provide independent
prognostic information on OS, when PD-L1, TMB is measured aong with established
negative predictive factors, such as KEAP1 and STK11 mutations?
Response:

Thank you for your comments. To answer this question, we have searched many
published articles and consulted with several clinical doctors. It has been reported that
KEAPL and STK11 mutations are prognostic, not predictive, biomarkers of anti-PD-

1/and anti-PD-L1 therapy in patients with NSCLC . We believe that KEAP1 and

STK11 mutations are valuable indicators for patients to benefit from immunotherapy.



However, in clinical practice, not all the patients could accept the cost of the test. Then,
with the results above, the cluster CD8" CD101" TIM3* T cells could provide
independent predictive and prognostic information of response state and clinica
outcomes. By literature research and preliminary bioinformatic anaysis, there exists
mechanism relationship between KEAP1 and STK11 mutations with T cell
differentiation, which is worth further investigation. So far, based on the current
diagnosis and treatment experience on Macao patients, KEAPland STK11 mutations

are not routine examination indicators.

4. Unless, the prognostic significance is stronger than currently established markers,
the study remains correlative with only incremental progress in our understanding of
immune responses to tumors and will not lead to algorithms for clinical selection of
NSCLC patients for 10 therapies.

Response:

We fully understand your concern and appreciate your comments. Through the
above additional data and analysis, we hope we can answer your enquiries. We believe
our paper not only provide a predictive and prognostic biomarker for
immunotherapeutic respondence, but also provide a promising target for combinational
treatment. By conducting pilot studies on this cluster with better prognostic value than
conventional markers, particularly important, it is the first hand high dimensional and
longitudinal analysis on Chinese NSCLC cohort, we found the results so far are
promising and timely report to the public and clinician is important to facilitate the
development on this field. We will optimize the plans of following research with your
valuable comments.

In the conclusion part, we have modified the description in line 203-206 on page

Thanks again!
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REVIEWERS' COMMENTS
Reviewer #3 (Remarks to the Author):

This is a revised manuscript addressing some of the reviewers 'concerns, but major issues remain
unclear.

I believe my first concern was addressed appropriately. The authors are right with respect to the
huge methodological differences that were observed with CyTOF test, and hence clinical application
in terms of useful predictive biomarker tests have not been established by this method. Still the
authors make it plausible that the observed differences in CD8+/CD101high/TIM3+ are statistically
significant.

My second and third concers remain unsolved and have not been addressed. I do believe the
authors are right when stating that not the patients should pay the diganostic costs, but in
research the investigators should do so. Thus, the statement that the patients were not able to
pay molecular testing and therefore, the results here may simply reflect immune-resistent
phenotypes of lung cancers remains unaddressed.

The statement that KEAP1 and STK11 mutations are prognostic but not predictive for response to
immune therapies is clearly wrong. There are many published studies and hence KEAP1 and STK11
testing has become standard in Molecular Lung Cancer Diagnostics (i.e.see Marinelli D, Ann Oncol,
2020)



REVIEWER COMMENTS:

Reviewer #3:

This is a revised manuscript addressing some of the reviewers concerns, but
major issues remain unclear.

| believe my first concern was addressed appropriately. The authorsareright with
respect to the huge methodological differences that were observed with CyTOF test,
and hence clinical application in terms of useful predictive biomarker tests have not
been established by this method. Still the authors make it plausible that the observed
differencesin CD8+/CD101high/TIM3+ are statistically significant.

Response:
We deeply appreciate your understanding and positive feedback of our statically

significant findings, thanks for the valuable comments, and constructive suggestions

for improving our manuscript.

My second and third concerns remain unsolved and have not been addressed. | do
believe the authors areright when stating that not the patients should pay the diagnostic
costs, but in research the investigators should do so. Thus, the statement that the
patients were not able to pay molecular testing and therefore, the results here may
simply reflect immune-resistant phenotypes of lung cancers remains unaddressed.
Response:

We appreciate your understanding and acknowledge your concerns. In our study, we
have spanned over 30 months and the project started in 2018. Dated back to 2018, we
faced difficulties and limitations as we are the leading and pioneer group to initiate this
kind of study in Macau, due to this kind of early initiative, we could only enroll lung
cancer patients with PD-L1 expression levels, as assessed by IHC, as a biomarker for
immunotherapy treatment. Although we understood tumor mutation burden (TMB) is
another potential predictor of immunotherapy efficacy, it was not incorporated in our

study, as it was not routinely required to be performed for al patients at that time



according to Macau Medical regulation. As aresult, in clinical practice, we prioritize
PD-L 1 expression over TMB for immunotherapy drug indication. Despite not covering
all possible factors, these patients do reflect immune resistance phenotype, who are in
high demand for new therapy, we believe that our findings offer valuable insights into
the immunotherapy treatment and resistance mechanism of lung cancer patients. Hope

these can be reported in atimely manner.

The statement that KEAP1 and STK11 mutations are prognostic but not predictive for
response to immune therapiesis clearly wrong. There are many published studies and
hence KEAP1 and STK11 testing has become standard in Molecular Lung Cancer
Diagnostics (i.e.see Marinelli D, Ann Oncol, 2020)

Response:
Thank you sincerely for your valuable correction. We have added these two

mutations in the Introduction section to help clarify the research progressin this area

and to provide potentially valuable targets for future clinical application.
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