
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



  

 
 
 
 
 
 
  



  

 
 
 
  



  

 
 
 

Supplementary Figure 1. CEN/KT genes are misexpressed in various human 
cancers in comparison to corresponding normal or non-malignant tissues. 
Samples were clustered according to their CEN/KT gene expression profiles by centroid. 
Gene names are shown to the right of the heat maps, genes appearing multiple times 
indicate multiple probes for the same gene. Expression scales are indicated and are 
identical for all heat maps. (A) breast IDCs (GSE3744). (B) breast DCIS and IDCs 
(GSE21422). (C) colorectal cancers (GSE8671). (D) pancreatic cancers (GSE16515). 
(E) lung cancers (GSE19188). (F) brain cancers (GSE4290). (G) cervical cancers 
(GSE6791). (H) prostate cancers (3325). (I) liver cancers (GSE6764), dys.= dysplastic. 
(J) ovarian cancers (GSE14407). (K) gastric cancers (GSE13911). (L) head and neck 
cancers (GSE6791). (M) nasopharyngeal cancers (GSE12452).  
  



  

 
 
 
 

Supplementary Figure 2. Gene co-expression correlation network analyses for 
CEN/KT genes using TCGA datasets. Individual CEN/KT genes are highlighted 
according to the color scheme in Figure 1B. Nodes with the highest number of edges are 
arranged to the right, and those with the lowest number of edges are to the left. (A) 
breast adenocarcinoma. (B) lung adenocarcinoma. (C) lung squamous cell carcinoma. 
(D) prostate adenocarcinoma. (E) colorectal adenocarcinoma. (F) stomach 
adenocarcinoma. (G) glioblastoma. (H) brain lower-grade glioma. (I) adrenocortical 
carcinoma. (J) melanoma. (K) liver heptacellular carcinoma (HCC). (L) uterine corpus 
endometrial carcinoma. (M) head and neck squamous cell carcinoma. (N) kidney 
chromophobe carcinoma. (O) kidney renal clear cell (RCC) carcinoma. (P) kidney renal 
papillary cell (RPC) carcinoma. (Q) high-grade ovarian serous cystadenocarcinoma. (R) 
acute myeloid leukemia (AML). (S) thyroid carcinoma. (T) bladder urothelial carcinoma. 
(U) cervical squamous cell carcinoma and endocervical adenocarcinoma. (V) uterine 
carcinoma.  



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 3. Box plots showing that high CES consistently correlates 
with high tumor grade. (A) GSE3494. (B) GSE6532. (C) breast cancer NKI. Mean CES 
values are labeled (blue) and marked (red diamond). Kruskal-Wallis tests indicate 
extremely significance (p-values labeled in red) for all tested datasets. The thick 
horizontal line indicates median. The top and the bottom of the box represent the upper 
and lower quartiles, respectively. The whiskers represent the upper and lower extremes, 
respectively. Dots indicate outlier data points. 
  



  

 
 
 
 
Supplementary Figure 4. Box plots showing that high CES consistently correlates 
with negative ER and PR status. (A) GSE47561 and (B) breast cancer NKI for 
negative ER status. (C) GSE47561 for negative PR status. CES means are labeled 
(blue) and marked (red diamond). Wilcoxon rank-sum tests indicate extremely significant 
p-values (labeled in red). The thick horizontal line indicates median. The top and the 
bottom of the box represent the upper and lower quartiles, respectively. The whiskers 
represent the upper and lower extremes, respectively. Dots indicate outlier data points.  



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Supplementary Figure 5. Box plots showing that high CES consistently correlates 
with more aggressive molecular subtypes in breast cancers. (A) GSE47561. (B) 
TCGA breast adenocarcinoma RNA-seq dataset. LumA=luminal A, LumB=luminal B, 
Basal=basal-like, Her2 = HER2+, Normal=normal-like. Mean CES values are labeled 
(blue) and marked (red diamond). Kruskal-Wallis tests indicated extreme significance. 
Significant pairs using Wilcoxon rank-sum tests are marked with * (0.01≤p<0.05), ** 
(0.001≤p<0.01) and *** (p<0.001). The thick horizontal line indicates median. The top 
and the bottom of the box represent the upper and lower quartiles, respectively. The 
whiskers represent the upper and lower extremes, respectively. Dots indicate outlier 
data points.  



  

 
 
 
 
Supplementary Figure 6. Box plots showing correlation between CES and breast 
adenocarcinoma histologic type using TCGA breast adenocarcinoma dataset. (A) 
High CES significantly correlates with invasive ductal carcinoma (IDC) compared to 
invasive lobular carcinoma (ILC). Wilcoxon rank-sum test indicates extreme significance. 
(B) Within luminal A molecular subtype, there is no significant difference for CES 
between IDC and ILC by Wilcoxon rank-sum test. (C) There is no significant association 
between CES and ILC subtype by Kruskal-Wallis test. CES means are labeled (blue) 
and marked (red diamond). The thick horizontal line indicates median. The top and the 
bottom of the box represent the upper and lower quartiles, respectively. The whiskers 
represent the upper and lower extremes, respectively. Dots indicate outlier data points. 
 
  



  

 
 
 
 

Supplementary Figure 7. Box plots showing that high CES correlates with lung 
squamous cell carcinoma (SCC) compared to lung adenocarcinoma (ADC) in 
NSCLC. (A) GSE14814. (B) GSE42127. (C) GSE37745. CES means are labeled (blue) 
and marked (red diamond). Wilcoxon rank-sum tests between ADC and SCC indicate 
extremely significant p-values (labeled in red). LCC was excluded from comparison 
because of its excluding nature as an NSCLC subtype. The thick horizontal line indicates 
median. The top and the bottom of the box represent the upper and lower quartiles, 
respectively. The whiskers represent the upper and lower extremes, respectively. Dots 
indicate outlier data points.  



  

 
 
Supplementary Figure 8. Box plots showing correlation between CES and tumor 
stage in large and well-defined breast cancer and lung cancer datasets. (A) TCGA 
breast adenocarcinoma. (B) TCGA lung ADC. (C) GSE31210. (D) TCGA lung SCC. CES 
means are labeled (blue) and marked (red diamond). Kruskal-Wallis test and Wilcoxon 
rank-sum test were used for multi-group and two-group comparisons, respectively, and 
significant p-values are labeled in red. There is significant difference in CES between 
stage I and stage II lung ADCs. ** indicates highly significant p-value (0.001≤p<0.01). 
The thick horizontal line indicates median. The top and the bottom of the box represent 
the upper and lower quartiles, respectively. The whiskers represent the upper and lower 
extremes, respectively. Dots indicate outlier data points. 
  



  

 
 
Supplementary Figure 9. Box plots showing correlation between CES and stage or 
PAM50 subtype in TCGA breast cancer dataset. (A) Difference of CES among stages 
upon patient stratification according to breast cancer PAM50 molecular subtype. (B) 
Difference of CES among PAM50 subtypes upon patient stratification according to tumor 
stage. p-values of Kruskal-Wallis tests are indicated in each graph. The thick horizontal 
line indicates median. The top and the bottom of the box represent the upper and lower 
quartiles, respectively. The whiskers represent the upper and lower extremes, 
respectively. Dots indicate outlier data points.  



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 10. Box plots showing correlation between CES and lymph 
node status in a cancer type-specific manner. (A) GSE20685. (B) TCGA breast 
adenocarcinoma. (C) GSE6532. (D) Breast cancer NKI. (E) TCGA lung SCC. CES is not 
significantly associated with lymph node invasion in tested breast cancer datasets, but is 
in TCGA lung SCC. Significant p-value is indicated in red. Mean CES values are labeled 
(blue) and marked (red diamond) in box plots. The thick horizontal line indicates median. 
The top and the bottom of the box represent the upper and lower quartiles, respectively. 
The whiskers represent the upper and lower extremes, respectively. Dots indicate outlier 
data points. 
  



  

Supplementary Figure 11. Prognostic impact of the CES signature across cancer 
types. Kaplan-Meier plots of the prognostic impact of CES for (A) overall survival (OS), 
(B) relapse-free survival (RFS), (C) distant metastasis-free survival (DMFS) in breast 
cancer patients, for (D) OS and (E) first progression (FP) in NSCLC, (F) OS and (G) 
progression-free survival (PFS) for early-stage (stage I and II combined) ovarian 
patients, and (H) OS and (I) FP for gastric cancer patients using K-M Plotter. 
  



  

Supplementary Figure 12. Kaplan-Meier plots showing the prognostic impact of 
CES in breast cancer molecular subtypes. Patient overall survival (OS), relapse-free 
survival (RFS), and distant metastasis-free survival (DMFS) in (A) all patients, (B) 
luminal A, (C) luminal B, (D) HER2+, and (E) basal-like breast cancer subtypes by meta-
analysis using K-M plotter database.  
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Supplementary Figure 13. Kaplan-Meier plots showing the prognostic impact of 
CES in breast cancer ER status.  Patient overall survival (OS), relapse-free survival 
(RFS), and distant metastasis-free survival (DMFS) in (A) all breast cancer patients, (B) 
patients with ER+ tumors, and (C) patients with ER- tumors by meta-analysis using K-M 
plotter database.  



  

 
 
 
 
 
Supplementary Figure 14. Kaplan-Meier plots showing the prognostic impact of 
CES in breast cancer grades. Patient overall survival (OS), relapse-free survival 
(RFS), and distant metastasis-free survival (DMFS) for (A) all grades included, (B) grade 
1, (C) grade 2, and (D) grade 3 by meta-analysis using K-M Plotter database.  
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Supplementary Figure 15. Kaplan-Meier plots showing the prognostic impact of 
CES in breast cancer lymph node status. Patient overall survival (OS), relapse-free 
survival (RFS), and distant metastasis-free survival (DMFS) in (A) all patients, (B) lymph 
node positive (N+) patients, and (C) lymph node negative (N-) patients by meta-analysis 
using K-M Plotter database. Note that improved overall survival associated with high 
CES was likely caused by a biased distribution of higher grades (grade 2 and 3) in lymph 
node positive tumors for GSE3494 (p=0.0002, Fisher’s exact test), of high grade (grade 
3) in lymph node positive tumors for GSE20711 (p<0.001, Fisher’s exact test), and of 
ER- status in lymph node positive (59/59) for GSE16446 that only included ER- tumors 
in the study, as well as that all lymph node positive patients in the 3 datasets were 
treated by systemic adjuvant therapies. 
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Supplementary Figure 16. Kaplan-Meier plots showing the prognostic impact of 
CES in NSCLC histological subtypes. Patient overall survival (OS) and first 
progression (FP) in (A) all NSCLC patients, (B) lung ADC patients, and (C) lung SCC 
patients by meta-analysis using K-M Plotter database. 
 
  



  

 
 
 
 
Supplementary Figure 17. Kaplan-Meier plots showing the prognostic impact of 
CES in NSCLC stages. Patient overall survival (OS) and first progression (FP) for (A) all 
stages included, (B) stage I, (C) stage II, and (D) stage III by meta-analysis using K-M 
Plotter database. 
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Supplementary Figure 18. Kaplan-Meier plots showing the prognostic impact of 
CES in NSCLC grades. Patient overall survival (OS) and first progression (FP) for (A) 
all grades included, (B) grade 1, (C) grade 2, and (D) grade 3 by meta-analysis using K-
M Plotter database. 
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Supplementary Figure 19. Kaplan-Meier plots showing the prognostic impact of 
CES in NSCLC staging factor T classes. Patient overall survival (OS) and first 
progression (FP) for (A) all patients included, (B) staging factor T1, (C) staging factor T2, 
(D) staging factor T3 and (E) staging factor T4 by meta-analysis using K-M Plotter 
database. 
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Supplementary Figure 20. Kaplan-Meier plots of the prognostic impact of CES in 
NSCLC staging factor N classes. Patient overall survival (OS) and first progression 
(FP) for (A) all patients included, (B) staging factor N0, (C) staging factor N1, and (D) 
staging factor N2 by meta-analysis using K-M plotter database. 
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Supplementary Figure 21. Kaplan-Meier plots showing the prognostic impact of 
CES in ovarian cancer stages. Ovarian cancer patient overall survival (OS) and 
progression-free survival (PFS) for (A) all stages included,  (B) early stage patients only 
(stages I and 2 combined), and (C) late stage patients only (stages 3 and 4 combined) 
by meta-analysis using K-M Plotter database. 
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Supplementary Figure 22. Kaplan-Meier plots showing the prognostic impact of 
CES in ovarian cancer grades. Patient overall survival (OS) and progression-free 
survival (PFS) for (A) all grades included, (B) grade 1, (C) grade 2, and (D) grade 3 by 
meta-analysis using K-M Plotter database. 
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Supplementary Figure 23.  Kaplan-Meier survival analysis on TCGA breast 
adenocarcinoma, lung ADC and lung SCC datasets. (A) TCGA breast cancer overall 
survival estimation for CES tertiles. (B) TCGA breast cancer overall survival estimation 
for PAM50 molecular subtypes. (C) TCGA lung ADC overall survival estimation for CES 
tertiles. (D) TCGA lung SCC overall survival estimation for CES tertiles. 
  



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 24. Percentage frequency bar graphs showing inverse 
correlations between CES values and drug IC50s. (A) irinotecan. (B) topotecan. Drug 
IC50s for CCLE cell lines in the top (75-100th, red) and bottom CES (0-25th, blue) 
quartiles are shown. 
 
 
  



  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 25. Kaplan-Meier survival plots showing that ACT 
specifically benefits overall survival for patients with high CES early stage (I and II 
combined) NSCLC in the JBR.10 trial. Hazard ratio, 95% CI and log-rank p-values are 
indicated. (A) High CES prognosticates poor OS for patients without adjuvant 
chemotherapy (OBS). (B) For patients with adjuvant chemotherapy (ACT), there is no 
significant difference in OS between high CES and low CES patient groups. 
 
  



  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 26. Kaplan-Meier survival analysis of the CES on combined 
JBR.10 and UT SPORE early stage NSCLC patients. (A) High CES group (top tertile) 
shows a significant effect of adjuvant chemotherapy (ACT) on patient survival compared 
to no ACT (OBS). (B) ACT did not improve overall survival for the CES low group (lower 
two tertiles) compared to OBS.  
 
  



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 27. Kaplan-Meier survival analysis of CES on NSCLC 
patient overall survival after different treatments. Patient overall survival (OS) for (A) 
all patients included, (B) with no adjuvant chemotherapy, (C) with no adjuvant 
radiotherapy (RT), (D) with no chemotherapy or RT, (E) with chemotherapy, (F) with RT, 
and (G) with both chemotherapy and RT by meta-analysis using K-M Plotter database.  



  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Supplementary Figure 28. Kaplan-Meier survival analysis of CES on stage I 
NSCLC patients with or without adjuvant chemotherapy.  Patient overall survival 
(OS) for (left) all stage I NSCLC patients included and (right) patients treated with 
adjuvant chemotherapy by meta-analysis using K-M Plotter database.  



  

 
 
 
Supplementary Figure 29. Kaplan-Meier survival analysis of CES on NSCLC 
patient first progression after different treatments. Patient first progression (FP) for 
(A) all NSCLC patients included, (B) with no adjuvant chemotherapy, (C) with no 
adjuvant radiotherapy (no RT), (D) with no chemotherapy or RT, (E) with chemotherapy, 
(F) with chemotherapy only, (G) with RT by meta-analysis using K-M Plotter database. 
(H) Sample size for patients upon both chemotherapy and RT is excluded from analysis 
due to small size (n<30).  
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Supplementary Figure 30. Kaplan-Meier survival analysis of CES on ER+ breast 
cancer patient relapse-free survival upon different treatments. ER+ breast cancer 
patient relapse-free survival (RFS) for (A) untreated patients, (B) tamoxifen only, (C) 
adjuvant chemotherapy, (D) with adjuvant chemotherapy but without hormone therapy, 
and (E) with both chemotherapy and hormone therapy, by meta-analysis using K-M 
Plotter database. 
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Supplementary Figure 31. Kaplan-Meier survival analysis on CES for high grade 
breast cancer patients. Patient overall survival (OS), relapse-free survival (RFS) and 
distant metastasis-free survival (DMFS) for (A) all high grade (grade 3) patients, (B) 
untreated high grade patients, and (C) high grade patients after adjuvant chemotherapy 
by meta-analysis using K-M Plotter database. 
 
  



  

 
 
 
 
 
Supplementary Figure 32. Kaplan-Meier survival analysis of CES on ER- breast 
cancer patient survival with or without adjuvant adjuvant chemotherapy. Patient 
overall survival (OS), relapse-free survival (RFS) and distant metastasis-free survival 
(DMFS) for (A) all ER- patients (all), (B) untreated ER- patients (untreated), and (C) ER- 
patients after adjuvant chemotherapy (chemo) by meta-analysis using K-M Plotter 
database. 
 
  



  

  
 
 
 
 
Supplementary Figure 33. Kaplan-Meier plots on CES in late stage ovarian cancer 
patient survival after different adjuvant chemotherapies. Patient (upper panels) 
overall survival (OS) and (lower panels) progression-free survival (PFS) for (A) all late 
stage ovarian cancer patients (stages III and IV combined), (B) late stage patients 
treated with topotecan, and (C) late stage patients treated with platin by meta-analysis 
using K-M Plotter database. 
 
  



  

 

Supplementary Figure 34. Kaplan-Meier survival plots on the CES for breast 
cancer patient survival in the Gray dataset. Patient (upper panels) disease-free 
survival (DFS) and (lower panels) overall survival (OS) for patients (A) without adjuvant 
radiotherapy (RT) and (B) with RT are evaluated. CES values are indicated for high (red) 
and low (blue. (A) High CES values associate with poor DFS and OS, respectively 
(p<0.05) with no RT. (B) Upon RT, patients with high CES values show hazard ratios 
that are not significantly different from those with low CES values for both DFS and OS 
(p>0.05).  



  

Supplementary Tables: 
 
Supplementary Table 1. Sample characteristics of GEO datasets for differential 
expression of CEN/KT genes in human cancers.  
 

 
 

 
 
The GEO datasets are used in Supplementary Fig. 1 and Supplementary Tables 2-3.  
  



  

Supplementary Table 2. Permutation test confirms significant overexpression of 
many CEN/KT genes in different cancer types. 
 

 
 
obs. changes = observed fold difference for log2 (mRNA intensity) between normal and 
cancer samples. perm. Freq = frequency of gene overexpression higher than the 
observed value in cancers from 1,000 repetitions of randomization, i.e., p-value. 
Significant p<0.05.



  

Supplementary Table 3. CEN/KT genes are prognostic for breast cancer patient 
survival using BC GenExMiner database.                                                                     
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Genes are highlighted according to the color scheme in Figure 1B. Cells for CEN/KT 
genes with significant prognostic values (p<0.05) for breast cancer patient any event 
(AE)-free survival and metastatic relapse (MR)-free survival are highlighted (red for 
overexpression and green for reduced expression), Hazard ratio (HR) with 95% 
confidence interval, and p-values are shown.   
 
  



  

Supplementary Table 4. CEN/KT genes are prognostic for breast cancer patient 
survival using K-M Plotter database.  
 

 
 
Genes are highlighted according to the color scheme in Figure 1B. Significant genes are 
highlighted (red for overexpression and green for reduced expression, p<0.05). Hazard 
ratio (HR) with 95% confidence interval, and p-values are shown. OS = overall survival, 
RFS = relapse-free survival, DMFS = distant metastasis-free survival. NA = not 
applicable. NA indicates lack of probes in the U133A platform. For genes with more than 
one probes, the most sensitive probes and associated values are presented. 
 
  



  

Supplementary Table 5. CEN/KT genes are prognostic for lung cancer patient 
overall survival and first progression using K-M Plotter database.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Genes are highlighted according to the color scheme in Figure 1B. Significant genes are 
highlighted (red for overexpression and green for reduced expression, p<0.05). Hazard 
ratio (HR) with 95% confidence interval, and p values are shown. OS = overall survival, 
FP = first progression. NA = not applicable. NA indicates lack of probes in the U133A 
platform. For genes with more than one probes, the most significant probes and 
associated values are presented. 
 
  



  

Supplementary Table 6. CEN/KT genes are prognostic for early stage ovarian 
cancer patient overall survival and progression-free survival using K-M Plotter.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Genes are highlighted according to the color scheme in Figure 1B. Early stage ovarian 
cancers include both stage I and II tumors. Significant genes are highlighted (red for 
overexpression and green for reduced expression, p<0.05). Hazard ratio (HR) with 95% 
confidence interval, and p-values are shown. OS = overall survival. PFS = progression-
free survival. NA = Not Applicable. NA indicates lack of probes for the gene. 
 
  



  

Supplementary Table 7. CEN/KT genes are prognostic for gastric cancer patient 
overall survival and first progression using K-M Plotter.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Genes are highlighted according to the color scheme in Figure 1B. Significant genes are 
highlighted (red for overexpression and green for reduced expression, p<0.05). Hazard 
ratio (HR) with 95% confidence interval, and p-values are shown. OS = overall survival. 
FP = first progression. NA = Not Applicable. NA indicates absence of probes. 
 
  



  

Supplementary Table 8. Comparison of gene lists from Supplementary Tables 3-7.  
 

 
Genes are highlighted according to the color scheme in Figure 1B. The 14 CEN/KT 
genes that are consistently misexpressed and with significant prognostic values in 
various cancers are defined as CES genes. NA = Not Applicable as indicated for Tables 
S4-S7. Black checkmarks (x) indicate overexpression. Green checkmarkes highlighed in 
grey indicate reduced expression. Cells of CES genes are checked in bold and 
highlighted in red. 
 
  



  

Supplementary Table 9. Combined mutation frequencies for the 14 CES genes in 
various TCGA cancer datasets analyzed using cBioPortal.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



  

Supplementary Table 10. Correlation between CES values and CNA and mutation 
frequencies in breast cancer IDCs and ILCs in TCGA breast adenocarcinoma 
dataset. 
  

 
 
Significant two-tailed p-values for Spearman's correlation coefficient are highlighted in 
yellow (p<0.05). IDC = invasive ductal carcinoma. ILC = invasive lobular carcinoma. 
 



  

Supplementary Table 11. Biased distribution of breast cancer molecular subtypes 
between stage I and II in TCGA breast adenocarcinoma dataset. 
 

 
 
p=0.086, Fisher's exact test. Tumor purity cutoff is 0.3. 
  



  

Supplementary Table 12. Sample characteristics of breast cancer datasets used to 
for survival and correlation analysis. 
 

 
  



  

Supplementary Table 13. Sample characteristics of lung cancer datasets used to 
for survival and correlation analysis. 
 

 
 
a Datasets or subcohorts after removing samples due to missingness used for 
correlation, Kaplan-Meier survival estimation, or multivariate Cox regression.  



  

Supplementary Table 14. Lists of breast, lung, ovarian and gastric cancer datasets 
in K-M Plotter database used for Kaplan-Meier survival analysis. 
 

  



  

Supplementary Table 15. Multivariate Cox regression analysis using breast cancer 
GSE6532 dataset.  
 

 
 
Clinical variables are listed as factors and include CES, tumor size, grade, ER status, 
lymph node status, patient age and treatment options. Samples with missing 
clinicopathological information were removed before stratification according to CES 
value. Significant p-values are marked by *. Tam = tamoxifen.  
 
  



  

Supplementary Table 16. Multivariate Cox regression analysis using breast cancer 
GSE20685 dataset.  
 

 
 
Clinical variables are listed as factors and include CES, tumor stage factor N, stage 
factor M and age. Samples with missing clinicopathological information were removed 
before stratification according to CES value. Stage T is a stratifying factor. 
* Significant p-value. 
#  Borderline p-value. 
& Stage N is treated as a continuous variable. 
NA indicates small sample sizes for stage M1. 
  



  

Supplementary Table 17. Multivariate Cox regression analysis using breast cancer 
NKI dataset.  
 

 
 
Clinical variables are listed as factors and include CES, tumor size, grade, ER status, 
lymph node status, patient age and treatment options. 
1 Number of positive lymph nodes as a continuous variable. 
* Significant p-values. 
# Borderline p-values. 
  



  

Supplementary Table 18. Multivariate Cox regression analysis using breast cancer 
GSE1456 dataset.  
 

 
 
Clinical variables are listed as factors and include Clinical variables are CES and tumor 
grade.  
* Significant p-values. 
  



  

Supplementary Table 19. Multivariate Cox regression analysis using breast cancer 
GSE3494 dataset.  
 

 
 
Clinical variables are listed as factors and include CES, tumor size, grade, ER status, 
PR status, lymph node status and patient age. 
* Significant p-values. 
# Borderline p-values.  



  

Supplementary Table 20. Multivariate Cox regression analysis using breast cancer 
E-TABM-158 Joe Gray dataset.  
 

 
 
Clinical variables are listed as factors and include CES, tumor stage, size, grade, ER 
status, lymph node status, patient age and treatment options.  
1Continuous variables. 
* Significant p-values. 
# Borderline p-values.  



  

Supplementary Table 21. Multivariate Cox regression analysis using stage I and 
stage II lung ADC GSE31210 dataset.  
 

 
 
Clinical variables are listed as factors and include CES, tumor stage, patient age, gender 
and smoking history. 
* Significant p-values. 
  



  

Supplementary Table 22. Multivariate Cox regression analysis using NSCLC 
GSE37745 dataset.  
 

 
 
Clinical variables are listed as factors and include CES, tumor stage, subtype, patient 
WHO performance, patient age and gender. 
* Significant p-values. 
# Borderline p-values. 
  



  

Supplementary Table 23. Multivariate Cox regression analysis using NSCLC 
GSE42127 dataset.  
 

 
 
Clinical variables are listed as factors and include CES, tumor stage, stage factor M, 
subtype, treatment options and patient age. 
1 Early stage (stage I and stage II) NSCLC excluding LCCs. 
* Significant p-values.  



  

Supplementary Table 24. Multivariate Cox regression analysis using NSCLC 
GSE14814 dataset after stratifying patients according to treatment options.  
 

 
 
Clinical variables are listed as factors and include CES, tumor stage, subtype, patient 
gender and age. OBS is without any adjuvant chemotherapy, ACT is adjuvant 
chemotherapy including cisplatin. Samples with missing clinicopathological information 
were removed before stratification according to CES value. 
* Significant p-values. 
  



  

Supplementary Table 25. Multivariate Cox regression analysis using NSCLC 
GSE14814 dataset after stratifying patients according to CES tertiles.  
 

 
 
Clinical variables are listed as factors and include tumor stage, subtype, patient gender, 
age and treatment options. 
* Significant p-values. 
NA^ = sample sizes are too small for regression analysis.  



  

Supplementary Table 26. Multivariate Cox regression analysis using breast cancer 
meta-data in K-M Plotter database.  
 

 
 
Clinical variables are listed as factors and include CES, ER status, HER2 status and 
MKI67 level. CES is treated as categorical variable. MKI67 expression was treated as a 
continuous variable. OS = overall survival, RFS = relapse-free survival, DMFS = distant 
metastasis-free survival.  
* Significant p-values. 
 
  



  

Supplementary Table 27. Multivariate Cox regression analysis using NSCLC meta-
data in K-M Plotter database.  
 

 
 
Clinical variables are listed as factors and include CES, tumor stage, patient gender and 
smoking history. CES is treated as a categorical variable. 
& NSCLC stage is treated as a continuous variable. 
* Significant p-values. 
 
  



  

Supplementary Table 28. Cox regression analysis on breast cancer PAM50 
molecular subtypes using TCGA breast adenocarcinoma dataset. 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Significant p-values. 
 
  



  

Supplementary Table 29. Multivariate Cox regression analysis using TCGA lung 
ADC dataset. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Clinical variables are listed under factor and include CES, tumor stage, patient age, 
gender and smoking history.  
* Significant p-values. 
# Borderline p-values. 
  



  

Supplementary Table 30. Affymetrix probes of the 14 CES genes for HG-U133 
PLUS 2.0 microarray. 
 
  



  

Supplementary Data 1. Differential expression of 15 CEN/KT genes is significant in 
cancer progression across cancer types.  

 
Supplementary Note 1. Misregulation of a subset of CEN/KT genes in cancers. 

To better understand CEN/KT gene misregulation in cancers, we analyzed TCGA 
RNA-seq data for different types of cancer. A recent study demonstrated a strong 
correlation between the FoxM1 transcription factor and kinetochore gene expression, 
and proposed that CEN/KT genes are simultaneously up-regulated by FoxM1 in 
cancers1. Consistent with this observation, we used gene expression correlation network 
analyses and also detected strong correlations among many CEN/KT genes in diverse 
cancer types (Spearman’s rho, rs=0.4, p<0.05) (Supplementary Fig. 2). However, the 
number of genes and correlation coefficients in this network vary greatly among different 
cancers, suggesting significantly different strength of gene expression correlation within 
and between cancer types. For example, in several cancers such as bladder, cervical 
and uterine cancers, this sub-network contains many fewer components and significant 
correlations than cancers such as acute myeloid leukemia (AML), lung adenocarcinoma 
or lower grade brain cancer (Supplementary Fig. 2). We conclude that overexpression of 
CEN/KT genes can be coordinated by FoxM1 and other factors, but regulatory 
relationships differ significantly among cancer types and even among individuals within 
the same type. 
 
Supplementary Note 2. A subset of CEN/KT genes have significant prognostic 
value in multiple cancers. 
 We determined if individual CEN/KT gene misregulation has prognostic value for 
cancer patients by performing meta-analyses on expression microarray datasets for 
multiple cancer types. These analyses were first performed on >3,000 human breast 
cancer clinical samples using BC-GenExMiner 3.02, then using K-M Plotter database for 
breast, lung, gastric and ovarian cancers3. For breast cancers using BC-GenExMiner, 
overexpression of 22 individual CEN/KT genes and reduced expression of CENP-C are 
significantly associated with poor any event (AE)-free survival (p<0.05) and poor 
metastatic relapse-free survival (MRFS) (p<0.05) (Supplementary Table 3). Eleven of 
these 22 identified genes (CENP-A, -C, -N, -H, -I, -M, -K, -L, HJURP, MIS18A and 
MIS18B) are required for new CENP-A assembly, implying an important role in breast 
cancer progression. Notably, misexpression of nine essential CEN/KT genes (CENP-T, -
S, -P, -Q, -R, M18BP1, PMF1, MIS12 and NSL1), including M18BP1 which is known to 
be essential for CENP-A assembly, demonstrated lack of overall prognostic value in the 
meta-analysis using BC-GenExMiner. Analysis using K-M Plotter database identified 
many of the same genes (Supplementary Table 4)3. We conclude that the prognostic 
value of individual CEN/KT gene misexpression can vary, even when their functions are 
intimately related, suggesting distinct roles and regulations in cancer progression.  

Moreover, we analyzed prognostic values of CEN/KT gene expression for overall 
survival and disease progression in over 1,600 lung cancer patients, over 350 gastric 
cancer patients, and a smaller number (n<150) of stage I and stage II ovarian cancer 
patients, using K-M Plotter3. We identified 20 CEN/KT genes whose misexpression 
impacts lung cancer prognosis when up- or down-regulated (p<0.05) (Supplementary 
Table 5), 20 for early stage ovarian cancers (p<0.05) (Supplementary Table 6), and 23 
for gastric cancer prognosis (p<0.05) (Supplementary Table 7). Most CEN/KT genes 
significantly associated with prognosis of different types of cancers overlap 
(Supplementary Table 8). These results suggest that expression levels of many CENK/T 
genes are effective predictors of breast, lung, gastric, and early stage ovarian cancer 
prognosis. 



  

 
Supplementary Note 3. CES signature in breast cancer ILCs. 
 We examined breast invasive lobular carcinoma (ILC) using the TCGA breast 
adenocarcinoma dataset. Briefly, we found that ILCs have significantly lower CES than 
IDCs, and detected significant correlation between CES and both fraction of CNA and 
mutation frequency within the ILC subcohort (Supplementary Fig. 6A and Supplementary 
Table 10). ILCs are predominantly luminal A subtype4, which has the lowest average 
CES among all molecular subtypes (Supplementary Fig. 5). Because most ILCs belong 
to luminal A subtype (65/77), we also compared ILCs and IDCs within luminal A subtype. 
There is no significant difference in CES values between IDCs and ILCs within luminal A 
subtype (Supplementary Fig. 6B). Within ILCs, we did not detect significant association 
between high CES and any particular ILC subtype (Supplementary Fig. 6C). We also 
detected significant correlations between CES and mutation frequency and fraction of 
CNA for both ILCs and IDCs within luminal A subtype (Supplementary Table 10). 
 
Supplementary Note 4. Prognostic performance of the CES for TCGA datasets.  
 We evaluated the prognostic value of the CES signature using TCGA breast 
adenocarcinoma and lung cancer datasets (Supplementary Tables 12 and 13). For 
breast cancer, we observed significant difference in overall survival across CES tertiles, 
but the low CES group appears to have worse survival than the intermediate CES group, 
and has similar survival to the high CES group (Supplementary Fig. 23A). We note that 
the TCGA dataset at this time suffers from very short follow-up times (median follow-up 
is 1.8 years for overall survival, Supplementary Table 12). This problem significantly 
affects survival analyses since most breast cancer patients are expected to live longer 
than 5-10 years after initial diagnosis under the current standards of care. Indeed, even 
though we detected highly significant differences in overall survival across PAM50 
molecular subtypes (Supplementary Fig. 23B), Kaplan-Meier graph and Cox regression 
analysis on PAM50 subtypes did not show a significant difference even between basal-
like and luminal A subtypes (Supplementary Fig. 23B and Supplementary Table 28), 
indicating that there are short follow-up or other problems with the dataset, even when it 
is tested against a well-established marker. 
 For TCGA lung ADC dataset, CES is a significant prognostic factor in both Kaplan-
Meier survival analysis and multivariate Cox regression (Supplementary Fig. 23C and 
Supplementary table 29), even though the dataset also has short follow-up times 
(Supplementary Table 13). This is probably because lung ADC patients have 
significantly shorter median survival after initial diagnosis. Because high CES is also a 
predictive marker for better response to adjuvant chemotherapy for lung cancer patients 
(Figure 7), we removed all samples treated with chemotherapy before we analyzed the 
prognostic value of the CES signature. 
 For TCGA lung SCC dataset, the CES signature does not significantly 
prognosticate overall survival (Supplementary Fig. 23D), similar to the result from meta-
data analysis (Figure 5C and Supplementary Fig. 16C). However, the CES signature is 
not only a prognostic marker but also a predictive marker for lung cancer patient 
outcome after adjuvant chemotherapy or radiotherapy. As we pointed out earlier, it is 
likely that adjuvant chemotherapy improved survival for high CES patients in the dataset. 
Unfortunately, the TCGA lung SCC dataset at this time does not provide chemotherapy 
information (Supplementary Table 13), so we cannot address this issue.  
 In summary, the CES signature shows significant prognostic value for TCGA 
breast cancer and lung ADC datasets, but not for lung SCC dataset. However, more 
careful analyses raised concerns about short follow-up times or lack of treatment 
information for breast cancer and lung SCC datasets. 



  

 
Supplementary Note 5. CES predicts NSCLC patient outcome after adjuvant 
chemotherapy.  
 Kaplan-Meier analysis of the UT SPORE NSCLC dataset (GSE41274)5 revealed a 
lack of significance for the effect of ACT (cisplatin and mainly taxanes) on high CES 
patients (HR=0.233, log-rank p=0.110), likely due to small sample size and short follow-
up time for the ACT arm (Supplementary Table 13). Analysis combining the UT SPORE 
and JBR.10 clinical trials revealed that adjuvant therapy specifically and significantly 
improved poor OS associated with high CES in early stage NSCLC (HR=0.432, p=0.016 
for high CES group and HR=1.075, p=0.783 for low CES group) (Supplementary Fig. 26). 
The result confirmed the effectiveness of the CES in predicting NSCLC patient response 
to adjuvant chemotherapy, including cisplatin. 
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