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REVIEWER COMMENTS 

Reviewer #1 (Remarks to the Author): expert in convolution neural networks and machine 

learning 

Major Concerns: 

1. Not sure it should be called Integrative modeling, since it is only calculating the average score 

from independent genome model and epigenome model. 

2. How the DELFI used samples were processed is not mentioned anywhere in the manuscript. 

3. The high sensitivity and specificity are impressive. But here are some model evaluation-related 

concerns: 

In last paragraph of Page.20, author mentioned that the best performance from 30 times running 

was selected as the validation performance, but it will be important for the readers to know the 

variance of the 30 models’ performance to determine the robustness of the model. 

4. It is not clear how results shown in Supplementary figure 4 was derived. How the evaluation 

was done on DELFI dataset is not mentioned in methods part. e.g., with so high a sensitivity and 

specificity, is it cross-validation results (meaning model trained on DELFI samples again) or just 

test results predicted using MGI/Illumina-trained model? If the latter, which platform-trained 

models were used to predict DELFI samples? It is critical results determining the model 

performance, and should be described to help readers understanding the whole evaluation 

process. 

5. It would be a more comprehensive evaluation if the MGI-trained model can be applied in 

Illumina samples. 

6. In model interpretation, the consistence between MGI-trained and Illumina-trained model 

feature importance could to be evaluated. This is helpful in determining whether models are 

overfitting their own datasets, or discovered real early cancer genome and epigenome changes. 

Reviewer #3 (Remarks to the Author): expert in cfDNA genomics 

In this paper, the authors proposed a work that tried to diagnose cancer through cfDNA WGS data 

by integrating both genome and epigenome features. The data size and performance of this work 

is impressive, but there are some key issues that the authors didn’t address well. I have some 

concerns about the significance and methods of this work. 

(1) The key significance of the work seems to be the algorithm that integrate both genome and 

epigenome features. However, there are few details about the algorithm. For example, no figure 

about the algorithm was shown in the article, which put obstacles to the readers to understand the 

algorithm. A pipeline should be provided to assess the whole algorithm process, e.g. the detail of 

CNN and the usage of different data. 

Actually, it is intuitional to merge mutation and fragment information of cfDNA to enhance the 

accuracy of diagnosis, and there are many works to deal with the issues. How and why the authors 

develop their algorithm? What’s the difference between their algorithm and other works that deal 

with genomes, epigenomes as well as integration of them? What can other researchers learn from 

this work to deal with their own problems? I think the authors should explain these issues carefully 

in both introduction and discussion, which could benefit more to the scientific community. 

(2) Understanding the mechanism of deep learning models is essential to trust the models and 

take advantage from the work for promoting related research. One possible approach is to use 

some interpretive methods for neural networks; another is to do some extended simulations. For 

example, what features in V-plot matter more in the diagnosis of cancer? Does all LMDs / NDRs 

contribute to the diagnosis, or important signals can be enriched into some specific gene sets? I 

suggest the authors to do more analysis to help the readers understand the significance of the 

algorithm. 

(3) The work used both MGI and Illumina platforms to sequence cfDNA. Can models trained on one 

platform be used to test data derived from another platform? 



(4) The cost of sequencing is an important issue of cfDNA cancer diagnosis. The data derived from 

the MGI platform are around 5X, which seems to be a costly depth. I suggest the authors to do 

some downsampling to investigate the relationship between sequencing depth and precision. 

(5) The usage of K562 and GM12878 cell line data seems to be unclear. What’s the relationship 

between the data and the downstream analysis? 

(6) The authors used five-fold cross-validation to train and test the model. Though the approach 

seems to be reasonable, I am still curious about why the authors don’t used a more 

straightforward approach to train, validate and test the model with such a large dataset. The 

authors seem to train a lot parallel models in the whole approach, but which model was used to 

test the external DELFI dataset? Does the choice of hyper-parameters matter a lot to the final 

results? If I were a user of the algorithm, how should I merge these parallel models? I suggest the 

authors to explain the training and testing approach more systematically to help the readers 

understand the work better and guarantee that there is no information leakage in the approach. 

Reviewer #4 (Remarks to the Author): expertise in multi-omics integration 

In this study, the authors performed cell-free DNA (cfDNA) whole genome sequencing to generate 

two test datasets including 2543 patient samples from nine different cancer types and 1241 

normal control samples, and a reference dataset for background variant filtering based on 20529 

samples from low-depth healthy subjects. An external cfDNA data set consisting of 208 cancer 

samples and 214 normal controls was also used for additional evaluation. The algorithm 

incorporates as model criteria the distribution of mutations in tumor tissue and cancer type-

specific profiles of chromatin tissue, achieving very high accuracy in cancer detection and tissue 

origin localization. This integrated model was able to detect early-stage cancers, including 

pancreatic cancer, with high sensitivity comparable to late-stage cancers. In addition, 

interpretation of the model revealed the contribution of genomic and epigenomic features to 

different types of cancer. This methodology could lay the groundwork for accurate cfDNA-based 

cancer diagnosis, especially at early stages. 

The authors are working on an important research topic and have obtained some interesting 

results. On the other hand, there are several problems, and I recommend a major revision of the 

manuscripts, paying attention to the following points. 

1. Despite the complexity of the research, the number of main figures is small and the text in each 

figure is small, making it difficult to grasp the overall picture of the research. It would be better to 

increase the number of main figures and make the letters in the figures larger. 

2. Deep neural networks were used in this study, but it is difficult to understand the details in the 

current version. The details should be shown in Fig. 1 or elsewhere, including the structure of the 

algorithm. 

3. The most serious problem with this article is that, despite the fact that it is a medical and 

clinical-oriented study, it provides no information about the research institution or the institution 

from which the clinical specimens were taken. The authors are not even sure if they are cancer 

experts to begin with, although they have done some clinical-leaning research on cancer in 

particular. Given the above, it is also impossible to determine whether the results of the study 

have been properly interpreted. To be honest, the limited information on the research group in this 

paper makes it difficult to evaluate the article's content. When publishing such clinically oriented 

papers, it should be possible to determine the type of professional (clinician, medical researcher, 

informatics researcher) from the peer review stage. 

4. Related to 3, the current manuscript is unclear in which region (country) the study was 

conducted. From the MATERIALS AND METHODS, I have determined that it is probably a Chinese 

research group, but in that case, the genetic background by ethnic group should also be noted. A 

number of studies have reported results indicating that genetic backgrounds in Western countries 

differ significantly from those in Asian regions to begin with. A method of analysis that mixes up 

genetic backgrounds, as in this case, may lead to misinterpretation of the results. 

5. To be honest, my first impression from reading the article is that the AUC values in Figure 2 are 

too high, which may have caused over fitting. It is difficult to determine accuracy from 

retrospective studies alone, and it would be impossible to properly determine usefulness without 



conducting prospective studies. 

6. In the judgment of cancer experts, the molecular mechanisms of cancer development differ 

greatly in different organs. It is difficult to determine whether the method of training all nine types 

of cancer in a jumble as in this case is really useful. In particular, in Figures 2E and F, the colon, 

biliary tract, and head and neck data are almost statistically meaningless because the number of 

samples is small and the error bars are too large. I do not understand the significance of 

presenting such data. Similarly, the data in NA in Figure 2E have too few samples and very large 

error bars. I find the data to be completely meaningless from a scientific standpoint.





2. How the DELFI used samples were processed is not mentioned anywhere in the manuscript.

HP L[ZWZRTeP QZ] _SP WLNV ZQ OP_LTWPO TYQZ]XL_TZY& HP SLaP YZb LOOPO _SP OP^N]T[_TZY 

ZQ 78>9< NZSZ]_ []ZNP^^TYR []ZNPO`]P^ TY _SP XP_SZO ^PN_TZY L^ QZWWZb^ "[LRP +,$ WTYP 

))#2 

Processing of the DELFI cohort data 

We used the DELFI dataset with 1-2x cfDNA WGS of 214 healthy samples and 208 cancer 

patients to validate our algorithm. Cancer patient samples include breast (n=54), pancreatic 

(n=34), ovarian (n=28), colorectal (n=27), gastric (n=27), lung (n=12), and bile duct cancer 

(n=26). Following the approval of their Data Access Committee (DAC), duplicate marked bam 

files of the DELFI dataset were obtained from European Genome-Phenome Archive (EGA). 

Genome, epigenome, cnv, fragpattern, and fragsize input features were processed using 

duplicate marked bam as described in the sections "Genome model input processing and 

training”, “Epigenome model input processing and training” and "Cnv, fragpattern, and 

fragsize model input processing and training".

3. The high sensitivity and specificity are impressive. But here are some model evaluation-related 

concerns: In last paragraph of Page.20, author mentioned that the best performance from 30 times 

running was selected as the validation performance, but it will be important for the readers to know the 

variance of the 30 models’ performance to determine the robustness of the model. 

HP _SLYV _SP ]PaTPbP] QZ] _ST^ NZY^_]`N_TaP NZXXPY_ RTaTYR `^ LY Z[[Z]_`YT_d _Z 

[]ZaP _SP ]ZM`^_YP^^ ZQ Z`] XZOPW^& EZ LOO]P^^ _ST^ NZXXPY_$ bP PcLXTYPO _SP 

aL]TLYNP ZQ _SP +( XZOPW^l [P]QZ]XLYNP TY _P]X^ ZQ _SP WZ^^ LYO 4F6 QZ] _SP RPYZXP 

LYO P[TRPYZXP XZOPW TY NLYNP] OP_PN_TZY LYO _T^^`P%ZQ%Z]TRTY WZNLWTeL_TZY L^ QZWWZb^& 

ESP^P ]P^`W_^ L]P []ZaTOPO TY D`[[WPXPY_L]d 9TR`]P^ , LYO - "QZ] NLYNP] OP_PN_TZY LYO 

WZNLWTeL_TZY$ ]P^[PN_TaPWd#& 4W_SZ`RS _SP TYT_TLW ^PPO bL^ NSLYRPO O`]TYR _SP +( 

]P[P_T_TZY^$ YZ ^TRYTQTNLY_ OTQQP]PYNP TY [P]QZ]XLYNP bL^ ZM^P]aPO&  



JBP]QZ]XLYNP aL]TL_TZY TY NLYNP] OP_PN_TZYK 

#" (.453. 35-.2 54 *() 87+1414/ ,50578 

$" '61/.453. 35-.2 54 *() 87+1414/ ,50578 

%" (.453. 35-.2 54 )229314+ 87+1414/ ,50578 

&" '61/.453. 35-.2 54 )229314+ 87+1414/ ,50578 
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JBP]QZ]XLYNP aL]TL_TZY TY _T^^`P%ZQ%Z]TRTY WZNLWTeL_TZYK 

#" (.453. 35-.2 54 *() 87+1414/ ,50578 

$" '61/.453. 35-.2 54 *() 87+1414/ ,50578 

%" (.453. 35-.2 54 )229314+ 87+1414/ ,50578 

&" '61/.453. 35-.2 54 )229314+ 87+1414/ ,50578 

4. It is not clear how results shown in Supplementary figure 4 was derived. How the evaluation was 

done on DELFI dataset is not mentioned in methods part. e.g., with so high a sensitivity and specificity, 

is it cross-validation results (meaning model trained on DELFI samples again) or just test results 

predicted using MGI/Illumina-trained model? If the latter, which platform-trained models were used to 

predict DELFI samples? It is critical results determining the model performance, and should be 

described to help readers understanding the whole evaluation process. 

A`] L[ZWZRTP^ QZ] _SP NZYQ`^TZY& <Y _SP Z]TRTYLW D`[[WPXPY_L]d 9TR`]P , "N`]]PY_Wd 

D`[[WPXPY_L]d 9TR`]P .#$ _SP 78>9< NZSZ]_ OL_L bL^ ̀ ^PO QZ] XZOPW _]LTYTYR& 5d RZTYR 

_S]Z`RS _SP ^LXP _]LTYTYR LYO N]Z^^%aLWTOL_TZY []ZNP^^P^$ bP bP]P LMWP _Z QLT]Wd 

NZX[L]P _SP [P]QZ]XLYNP ZQ Z`] XZOPW^ bT_S _SP 78>9< LWRZ]T_SX T_^PWQ& ESP OP_LTW^ 

ZQ _SP^P []ZNP^^P^ TYaZWaTYR _SP 78>9< OL_L L]P []ZaTOPO TY D`[[WPXPY_L]d 9TR`]P +4 

ZQ _SP ]PaT^PO XLY`^N]T[_ L^ QZWWZb^ "[LRP +,$ WTYP *,#2 

Model training using the training cohort  

Each training cohort (MGI, Illumina, and DELFI cohort) for the MGI and Illumina sequencing 
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6. In model interpretation, the consistence between MGI-trained and Illumina-trained model feature 

importance could to be evaluated. This is helpful in determining whether models are overfitting their 

own datasets, or discovered real early cancer genome and epigenome changes. 

HP L[[]PNTL_P _ST^ NZY^_]`N_TaP NZXXPY_& EZ LOO]P^^ _ST^ [ZTY_ ^d^_PXL_TNLWWd$ bP 

[P]QZ]XPO STP]L]NSTNLW NW`^_P]TYR ZQ ^LX[WP^ "NZW`XY^# LYO QPL_`]P^ "]Zb^# ZY _SP 

ML^T^ ZQ QPL_`]P L__]TM`_TZY aLW`P^& 9Z] MZ_S _SP ?:<%_]LTYPO LYO <WW`XTYL%_]LTYPO 

XZOPW$ bP ZM^P]aP _SL_ _SP ^LX[WP^ L]P ^P[L]L_PO YZ_ Md _SP NZSZ]_ "<WW`XTYL$ ?:<$ 

Z] 78>9<# M`_ Md _SP ^LX[WP _d[P "_`XZ] Z] YZ]XLW# "9TR`]P -7 LYO 9TR`]P .9#& ESP 

^LXP LYLWd^T^ bL^ [P]QZ]XPO LW^Z Md TYNW`OTYR _SP 78>9< OL_L$ _SP ]P^`W_^ ZQ bSTNS 

L]P L__LNSPO MPWZb& ESP ]P^`W_^ TYNW`OTYR _SP 78>9< OL_L bP]P YZ_ TYNW`OPO TY _SP 

XLY`^N]T[_ MPNL`^P bP bP]P WPQ_ bT_S ZYWd _bZ NZXXZY _`XZ] _d[P^ Md TYNW`OTYR _SP 

78>9< NZSZ]_&  

J6W`^_P]TYR Md QPL_`]P L__]TM`_TZY Q]ZX NLYNP] OP_PN_TZY Md _SP RPYZXP XZOPW "WPQ_# 

LYO P[TRPYZXP XZOPW "]TRS_#K 
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Reviewer #3 

Reviewer #3 – General comments: 

In this paper, the authors proposed a work that tried to diagnose cancer through cfDNA WGS data by 

integrating both genome and epigenome features. The data size and performance of this work is 

impressive, but there are some key issues that the authors didn’t address well. I have some concerns 

about the significance and methods of this work. 

HP _SLYV _SP ]PaTPbP] QZ] _SP OP_LTWPO NZXXPY_^ LYO QZ] LNVYZbWPORTYR _SP 

TX[Z]_LYNP ZQ _SP ^`MUPN_ XL__P]& HP SLaP XLOP PQQZ]_^ _Z LOO]P^^ _SP [ZTY_^ ]LT^PO 

Md _SP ]PaTPbP]$ P^[PNTLWWd Md OP^N]TMTYR XZOPW TY_P][]P_L_TZY XZ]P NZX[]PSPY^TaPWd$ 

LYO YZb QPPW _SL_ Z`] [L[P] SL^ MPPY TX[]ZaPO NZY^TOP]LMWd _SLYV^ _Z _SP 

NZY^_]`N_TaP NZXXPY_^& 

Reviewer #3 – Major comments: 

1. The key significance of the work seems to be the algorithm that integrate both genome and epigenome 

features. However, there are few details about the algorithm. For example, no figure about the algorithm 

was shown in the article, which put obstacles to the readers to understand the algorithm. A pipeline 

should be provided to assess the whole algorithm process, e.g. the detail of CNN and the usage of 

different data. Actually, it is intuitional to merge mutation and fragment information of cfDNA to 

enhance the accuracy of diagnosis, and there are many works to deal with the issues. How and why the 

authors develop their algorithm? What’s the difference between their algorithm and other works that 

deal with genomes, epigenomes as well as integration of them? What can other researchers learn from 

this work to deal with their own problems? I think the authors should explain these issues carefully in 

both introduction and discussion, which could benefit more to the scientific community. 

HP L[ZWZRTeP QZ] _SP WLNV ZQ OP_LTWPO TYQZ]XL_TZY& HP YZb SLaP []ZaTOPO Q`]_SP] 

NWL]TQTNL_TZY^ ZY XZOPW M`TWOTYR []ZNPO`]P^$ XZOPW ^_]`N_`]P^$ LYO WPL]YTYR 

Sd[P][L]LXP_P]^ TY _SP QZ]X ZQ ^NSPXL_TN TWW`^_]L_TZY^ "9TR`]P ) LYO D`[[WPXPY_L]d 

9TR`]P +43 L__LNSPO MPWZb#& 





[L^^PYRP] X`_L_TZY^ SL^ MPPY OPXZY^_]L_PO TY NWL^^TQdTYR _`XZ] _d[P^ ML^PO ZY 

_T^^`P RPYZXTN OL_L "S__[^2''OZT&Z]R')(&)(+0'^,),./%(**%+)...%b$ L__LNSPO MPWZb#& 

;ZbPaP]$ Z`] ^_`Od T^ _SP QT]^_ L__PX[_ _Z WPaP]LRP TYQZ]XL_TZY PXMPOOPO TY 

[L^^PYRP] X`_L_TZY^ QZ] NLYNP] OTLRYZ^T^ Md NQ7@4 LYLWd^T^& 

!<X[Z]_LY_ QPL_`]P^ QZ] NWL^^TQdTYR _`XZ] _d[P^ ML^PO ZY _`XZ] _T^^`P H:DK 

CPRL]OTYR _SP P[TRPYZXP XZOPW$ XZ^_ ZQ []PaTZ`^ ^_`OTP^ QZN`^PO ZY []ZXZ_P] 

]PRTZY^ LYO _]LY^N]T[_TZY QLN_Z] MTYOTYR ^T_P^& ;P]P$ bP Pc_PYOPO _SP ^NZ[P _Z TYNW`OP 

OT^_LW ]PR`WL_Z]d ]PRTZY^ TY *- OTQQP]PY_ _T^^`P _d[P^& <_ ]PXLTYPO NSLWWPYRTYR _Z 

LNN`]L_PWd TOPY_TQd Y`NWPZ^ZXP OP[WP_PO ]PRTZY^ "@7C^# Md `^TYR NZYaPY_TZYLW [PLV 

NLWWTYR XP_SZO^& 4^ OP^N]TMPO TY D`[[WPXPY_L]d 9TR`]P *$ bP _P^_PO L OTQQP]PY_ 

XP_SZO LYO aLWTOL_PO _SP MTZWZRTNLW ]PWPaLYNP ZQ _ST^ L[[]ZLNS Md `^TYR NPWW WTYP OL_L& 

<Y LOOT_TZY$ _SP NZXMTYL_Z]TLW []ZUPN_TZY ZQ _SP OPY^T_d LYO WPYR_S ZQ ]PLO Q]LRXPY_^ 

ZY_Z _SP TOPY_TQTPO @7C^ Md XPLY^ ZQ _SP G%[WZ_ PYLMWPO `^ _Z XLVP `^P ZQ _SP 

NZYaZW`_TZYLW YP`]LW YP_bZ]V QZ] _S]PP%OTXPY^TZYLW TXLRP []ZNP^^TYR& HP YZb SLaP 

[]ZaTOPO LY TY%OP_LTW OP^N]T[_TZY ZQ _SP^P TX[]ZaPXPY_^ XLOP _Z Z`] XZOPW^ TY _SP 

TY_]ZO`N_TZY LYO OT^N`^^TZY ^PN_TZY^&

2. Understanding the mechanism of deep learning models is essential to trust the models and take 

advantage from the work for promoting related research. One possible approach is to use some 

interpretive methods for neural networks; another is to do some extended simulations. For example, 

what features in V-plot matter more in the diagnosis of cancer? Does all LMDs / NDRs contribute to 

the diagnosis, or important signals can be enriched into some specific gene sets? I suggest the authors 

to do more analysis to help the readers understand the significance of the algorithm. 













6. The authors used five-fold cross-validation to train and test the model. Though the approach seems 

to be reasonable, I am still curious about why the authors don’t used a more straightforward approach 

to train, validate and test the model with such a large dataset. The authors seem to train a lot parallel 

models in the whole approach, but which model was used to test the external DELFI dataset? Does the 

choice of hyper-parameters matter a lot to the final results? If I were a user of the algorithm, how should 

I merge these parallel models? I suggest the authors to explain the training and testing approach more 

systematically to help the readers understand the work better and guarantee that there is no information 

leakage in the approach. 

HP LR]PP bT_S _SP ]PaTPbP] _SL_ Z`] OL_L^P_ T^ WL]RP PYZ`RS QZ] L ̂ TX[WP ̂ [WT_& ;ZbPaP]$ 

_SP]P L]P _bZ ]PL^ZY^ bSd bP `^P -%QZWO N]Z^^%aLWTOL_TZY& ESP QT]^_ ]PL^ZY T^ _Z LaZTO 

_SP N`]^P ZQ OTXPY^TZYLWT_d& 7L_L ZQ XZ]P _SLY )$((( ^LX[WP^ T^ WL]RP PYZ`RS TY _SP 

MTZWZRTNLW QTPWO$ M`_ _SP Y`XMP] ZQ QPL_`]P^ bP `^P _Z _]LTY Z`] XZOPW T^ X`NS STRSP]& 

HP []ZNPPOPO bT_S -%QZWO N]Z^^%aLWTOL_TZY _Z ZM_LTY _SP ]ZM`^_YP^^ ZQ Z`] XZOPW^ 

bSTWP LaZTOTYR _SP [Z^^TMTWT_d ZQ ZaP]QT__TYR _SL_ NLY ZNN`] bSPY _SP Y`XMP] ZQ 

QPL_`]P^ T^ R]PL_P] _SLY _SP Y`XMP] ZQ _]LTYTYR ^LX[WP^& ESP ^PNZYO ]PL^ZY T^ _Z 

OT]PN_Wd NZX[L]P Z`] XZOPW^ bT_S _SP 78>9< LWRZ]T_SX ZY _SPT] OL_L^P_& <Y _SP 78>9< 

[L[P] "S__[^2''OZT&Z]R')(&)(+0'^,)-0.%()1%)*/*%.#$ _SPd _]LTYPO _SP XZOPW `^TYR 

N]Z^^%aLWTOL_TZY& <Y Z]OP] _Z XLVP L QLT] NZX[L]T^ZY ̀ ^TYR _SP []POTN_TZY []ZMLMTWT_TP^ 

ZQ _SP ^LX[WP^ []ZaTOPO TY _SP 78>9< [L[P]$ bP QZWWZbPO _SP 78>9< XZOPW _]LTYTYR 

[]ZNPO`]P L^ X`NS L^ [Z^^TMWP "D`[[WPXPY_L]d 9TR`]P -#& 

J78>9< XZOPW _]LTYTYR []ZNPO`]PK 

HP L[ZWZRTeP QZ] XT^^TYR _SP OP_LTW^ ZQ Z`] XZOPW _]LTYTYR LYO aLWTOL_TZY []ZNP^^P^& 

4^ XPY_TZYPO LMZaP$ bP NZYO`N_PO XZOPW _]LTYTYR TY L ̂ TXTWL] bLd _Z _SP 78>9< [L[P]& 

5]TPQWd$ TY _SP _]LTYTYR ̂ _P[$ bP ̂ P[L]L_PO Z`] ̂ LX[WP^ TY_Z -%QZWO N]Z^^%aLWTOL_TZY "6G# 

bT_S ̂ _]L_TQTNL_TZY& 8LNS 6G ̀ YOP]bPY_ *(( Sd[P][L]LXP_P] ̂ PL]NSP^ _Z OP_P]XTYP _SP 

MP^_ Sd[P][L]LXP_P]$ LYO _SP XZOPW bL^ _]LTYPO Md ]P[PL_TYR +( _TXP^ `^TYR _SP 

^PWPN_PO MP^_ Sd[P][L]LXP_P]^$ LYO LXZYR _SPX$ _SP XZOPW bT_S _SP WZbP^_ 

aLWTOL_TZY WZ^^ bL^ ^PWPN_PO L^ _SP QTYLW XZOPW& 9Z] PLNS 6G$ _SP _P^_ ^P_ bL^ []POTN_PO 

`^TYR _SP QTYLW XZOPW ZQ _SL_ 6G$ LYO _SP [P]QZ]XLYNP bL^ PaLW`L_PO `^TYR _SP _P^_ 

[]POTN_TZY ^NZ]P ZQ LWW ^LX[WP^& <Y _SP aLWTOL_TZY ^_P[$ bP PaLW`L_PO _SP [P]QZ]XLYNP 





Reviewer #4 

Reviewer #4 – General comments: 

In this study, the authors performed cell-free DNA (cfDNA) whole genome sequencing to generate two 

test datasets including 2543 patient samples from nine different cancer types and 1241 normal control 

samples, and a reference dataset for background variant filtering based on 20529 samples from low-

depth healthy subjects. An external cfDNA data set consisting of 208 cancer samples and 214 normal 

controls was also used for additional evaluation. The algorithm incorporates as model criteria the 

distribution of mutations in tumor tissue and cancer type-specific profiles of chromatin tissue, achieving 

very high accuracy in cancer detection and tissue origin localization. This integrated model was able to 

detect early-stage cancers, including pancreatic cancer, with high sensitivity comparable to late-stage 

cancers. In addition, interpretation of the model revealed the contribution of genomic and epigenomic 

features to different types of cancer. This methodology could lay the groundwork for accurate cfDNA-

based cancer diagnosis, especially at early stages. The authors are working on an important research 

topic and have obtained some interesting results. On the other hand, there are several problems, and I 

recommend a major revision of the manuscripts, paying attention to the following points.

HP _SLYV _SP ]PaTPbP] QZ] LNVYZbWPORTYR _SP TX[Z]_LYNP ZQ _SP ^`MUPN_ XL__P] LYO 

_SP TX[WTNL_TZY^ ZQ _ST^ bZ]V& HP SLaP XLOP PQQZ]_^ _Z LOO]P^^ _SP [ZTY_^ ]LT^PO Md 

_SP ]PaTPbP]$ P^[PNTLWWd Md []ZaTOTYR NWTYTNLW TYQZ]XL_TZY$ LYO YZb QPPW _SL_ Z`] [L[P] 

SL^ MPPY TX[]ZaPO NZY^TOP]LMWd _SLYV^ _Z _SP NZY^_]`N_TaP NZXXPY_^& 

Reviewer #4 – Major comments: 

1. Despite the complexity of the research, the number of main figures is small and the text in each figure 

is small, making it difficult to grasp the overall picture of the research. It would be better to increase 

the number of main figures and make the letters in the figures larger. 

HP L[ZWZRTeP QZ] _SP WLNV ZQ NWL]T_d& 4NNZ]OTYR _Z _SP ]PaTPbP]l^ NZXXPY_$ bP YZb 

SLaP LOOPO XLTY LYO ^`[[WPXPY_L]d QTR`]P^$ TY [L]_TN`WL] ]PRL]OTYR _SP TWW`^_]L_TZY 

ZQ XZOPW NZYNP[_^ LYO _SP ]P^`W_^ ZQ XZOPW TY_P][]P_L_TZY& HP SLaP LW^Z TYN]PL^PO _SP 

QZY_ ^TeP ZQ _SP QTR`]P^ QZ] MP__P] ]PLOLMTWT_d&

2. Deep neural networks were used in this study, but it is difficult to understand the details in the current 

version. The details should be shown in Fig. 1 or elsewhere, including the structure of the algorithm. 

HP L[[]PNTL_P _ST^ NZY^_]`N_TaP NZXXPY_& HP SLaP XZOTQTPO 9TR`]P ) _Z MP__P] 

OP^N]TMP _SP NZYNP[_ LYO ZaP]LWW []ZNP^^ ZQ _SP RPYZXP LYO P[TRPYZXP XZOPW^$ LYO 

LW^Z RPYP]L_PO D`[[WPXPY_L]d 9TR`]P + _Z OP^N]TMP _SP XZOPW _]LTYTYR []ZNP^^$ 

^_]`N_`]P$ LYO Sd[P][L]LXP_P]^ TY OP_LTW& 5]TPQWd$ _SP RPYZXP XZOPW NZY^T^_PO ZQ 





3. The most serious problem with this article is that, despite the fact that it is a medical and clinical-

oriented study, it provides no information about the research institution or the institution from which 

the clinical specimens were taken. The authors are not even sure if they are cancer experts to begin with, 

although they have done some clinical-leaning research on cancer in particular. Given the above, it is 

also impossible to determine whether the results of the study have been properly interpreted. To be 

honest, the limited information on the research group in this paper makes it difficult to evaluate the 

article's content. When publishing such clinically oriented papers, it should be possible to determine the 

type of professional (clinician, medical researcher, informatics researcher) from the peer review stage. 

4. Related to 3, the current manuscript is unclear in which region (country) the study was conducted. 

From the MATERIALS AND METHODS, I have determined that it is probably a Chinese research 

group, but in that case, the genetic background by ethnic group should also be noted. A number of 

studies have reported results indicating that genetic backgrounds in Western countries differ 

significantly from those in Asian regions to begin with. A method of analysis that mixes up genetic 

backgrounds, as in this case, may lead to misinterpretation of the results. 

HP L[ZWZRTeP QZ] XT^^TYR _SP N]T_TNLW TYQZ]XL_TZY& AY _SP ML^T^ ZQ MWTYO ]PaTPb$ bP 

XL^VPO _SP L`_SZ] TYQZ]XL_TZY O`]TYR Z`] TYT_TLW ^`MXT^^TZY& 9Z] NWL]TQTNL_TZY$ _ST^ 

]P^PL]NS bL^ NZYO`N_PO TY DZ`_S =Z]PL& EZ OPXZY^_]L_P _SP N]POTMTWT_d ZQ Z`] ]P^PL]NS$ 

bP YZb SLaP OT^NWZ^PO L`_SZ] TYQZ]XL_TZY LYO _SP TOPY_T_TP^ ZQ TY^_T_`_TZY^ Q]ZX 

bSTNS _SP NWTYTNLW ^[PNTXPY^ bP]P _LVPY TY _SP XP_SZO ^PN_TZY "[LRP *-$ WTYP ,#& 9Z] 

X`W_T%NLYNP] OP_PN_TZY$ [L_TPY_ ^LX[WP^ ZQ 1 NLYNP] _d[P^ bP]P ]PN]`T_PO Q]ZX . 

TY^_T_`_TZY^ ZQ DZ`_S =Z]PL$ LYO _SPT] NWTYTNLW TYQZ]XL_TZY bL^ ZM_LTYPO LYO []ZNP^^PO 

Md _SP []ZQP^^TZYLW NWTYTNTLY^ ZQ _SP^P TY^_T_`_TZY^& ESP ^LX[WP^ bP]P ^PY_ TY ^_]PNV 

_`MP^ _Z :6 :PYZXP 6Z][Z]L_TZY "S__[^2''bbb&RN%RPYZXP&NZX'#$ bSP]P bSZWP%

RPYZXP ^P\`PYNTYR ZQ NQ7@4 bL^ [P]QZ]XPO `^TYR _SP ?:< LYO <WW`XTYL [WL_QZ]X& 

ESP ^P\`PYNTYR OL_L bL^ LYLWdePO L_ L NZX[`_L_TZYLW MTZWZRd WLMZ]L_Z]d ZQ =4<DE 

"S__[2''ZXTN^&VLT^_&LN&V]#& HP []ZaTOP OP_LTW NWTYTNLW TYQZ]XL_TZY TY D`[[WPXPY_L]d 

ELMWP /& 

HP `YOP]^_LYO _SP ]PaTPbP]l^ NZYNP]Y ]PRL]OTYR RPYP_TN MLNVR]Z`YO& EZ XTYTXTeP 

[Z_PY_TLW MTL^$ bP WPaP]LRP Z`] ZbY RP]XWTYP aL]TLY_ QTW_P]TYR OL_L ML^PO ZY *($-*1 

WZb%OP[_S SPLW_Sd ^LX[WP^ ZQ _SP ^LXP P_SYTNT_d "[]ZNP^^PO L_ :6 :PYZXP#& HP 

MPWTPaP _SL_ `YWTVP RP]XWTYP aL]TLY_^$ ^ZXL_TN X`_L_TZY^ L]P YZ_ SPLaTWd OP[PYOPY_ 

ZY P_SYTNT_d& 4NNZ]OTYR _Z _SP ]P^`W_^ ZQ Pc_P]YLW aLWTOL_TZY$ L[[WdTYR Z`] XZOPW^ 

_]LTYPO ZY _SP =Z]PLY ^LX[WP^ _Z _SP 789>< OL_L OZP^ YZ_ [L]_TN`WL]Wd `YOP]XTYP 

[]POTN_TZY [P]QZ]XLYNP "^PP MPWZb#& 









J6W`^_P]TYR Md QPL_`]P L__]TM`_TZY Q]ZX NLYNP] OP_PN_TZY Md _SP RPYZXP XZOPW "WPQ_# 

LYO P[TRPYZXP XZOPW "]TRS_#K 

J6W`^_P]TYR Md QPL_`]P L__]TM`_TZY Q]ZX NLYNP] WZNLWTeL_TZY Md _SP RPYZXP XZOPW 

"WPQ_# LYO P[TRPYZXP XZOPW "]TRS_#K 

6. In the judgment of cancer experts, the molecular mechanisms of cancer development differ greatly 

in different organs. It is difficult to determine whether the method of training all nine types of cancer in 

a jumble as in this case is really useful. In particular, in Figures 2E and F, the colon, biliary tract, and 

head and neck data are almost statistically meaningless because the number of samples is small and the 

error bars are too large. I do not understand the significance of presenting such data. Similarly, the data 

in NA in Figure 2E have too few samples and very large error bars. I find the data to be completely 

meaningless from a scientific standpoint. 
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RPYZXTN _PNSYZWZRTP^ QZ] X`W_T%NLYNP] PL]Wd OP_PN_TZY2 CP_STYVTYR _SP ^NZ[P ZQ 

NLYNP] ^N]PPYTYR& !"'#$( !$&& ,(2)(1k))+#$ LYO []PaTZ`^ XZOPW^ L^ bPWW L^ Z`]^ `^P 

NZXXZY QPL_`]P^ _SL_ L[[PL] ]PRL]OWP^^ ZQ NLYNP] _d[P^ ^`NS L^ aL]TLY_ LYO Q]LRXPY_ 

[]Z[P]_TP^& 4^ Z`] NLYNP] OP_PN_TZY XZOPW^ bP]P OPaPWZ[PO ZY _SP ML^T^ ZQ ^`NS [LY%

NLYNP] QPL_`]P^ LWMPT_ NPY_P]PO ZY _SP YTYP NLYNP] _d[P^$ bP MPWTPaP _SL_ _SP 

[]POTN_TZY ]P^`W_^ QZ] NLYNP] _d[P^ bT_S L ^XLWW Y`XMP] ZQ ^LX[WP^ "P&R&$ NZWZY$ MTWTL]d 

_]LN_$ LYO SPLO LYO YPNV# ^_TWW SZWO MTZWZRTNLW XPLYTYR& <Y NZY_]L^_$ []POTN_TYR _`XZ] 

Z]TRTY WZNLWTeL_TZY XLd MP []ZMWPXL_TN bT_S _SP^P NLYNP] _d[P^ SLaTYR L ̂ XLWW Y`XMP] 

ZQ NL^P^ TY _P]X^ ZQ ^_L_T^_TNLW NZYQTOPYNP L^ _SP ]PaTPbP] [ZTY_PO Z`_& ESP]PQZ]P$ bP 

PcNW`OPO NLYNP] _d[P^ bT_S QPbP] _SLY ,( ^LX[WP^ Q]ZX Z`] _T^^`P%ZQ%Z]TRTY 

[]POTN_TZY&  
























































