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Abstract

This study assessed whether a fixed bulk adaptation of a published colorectal cancer stemness gene set
shows consistent recurrence-related associations in stage II-11I colon cancer. This exploratory analysis

included 701 patients and 185 events from GSE39582, GSE17536 and The Cancer Genome Atlas
colon adenocarcinoma cohort (TCGA-COAD). A fixed 45-gene stemness score (SCS45) and nine-
marker comparator used within-sample expression ranks. Separate Cox models adjusted for age, sex
and stage; six primary comparisons underwent Benjamini-Hochberg correction. SCS45 hazard ratios
per one within-cohort standard deviation were 1.023 (95% confidence interval 0.853—1.228), 0.678
(0.484-0.949) and 1.169 (0.650-2.103), respectively. Associations were not consistent across cohorts,
and no primary comparison met the adjusted 0.05 threshold. The nominal GSE17536 association (P =
0.024) had an adjusted P value of 0.142. Alternative scoring changed some estimates. These cohorts
provide no consistent evidence of recurrence prognostic value for this bulk adaptation. Endpoint
differences and limited events constrain interpretation; the findings neither establish absence of an

association nor invalidate the original single-cell assay.
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1. Introduction

Single-cell expression signatures can describe cellular
states, but their interpretation after transfer to bulk tumour
measurements requires separate evaluation. Lin and col-
leagues reported a 50-gene colorectal cancer stemness
signature using single-cell data [1]. Applying these genes
to bulk tissue changes the measurement context because
expression reflects multiple cell populations, while a dif-
ferent scoring operation may change the measured pheno-
type. Stromal contributions to putative intrinsic stemness
signatures have been demonstrated [2].

Recent colorectal studies have combined single-cell and
bulk data to derive prognostic models or identify ther-
apeutic candidates [3, 4]. A signature that characterises
stemness in single cells does not by itself establish the
prognostic performance of a different bulk adaptation.
This study therefore examined whether a fixed subset of
an existing gene set, scored in bulk tumours without out-
come-based gene selection or classifier training, shows
consistent recurrence-related associations across inde-
pendently collected cohorts.

2. Methods

2.1 Data sources and eligibility

The analysis used Gene Expression Omnibus (GEO) co-
horts GSE39582 and GSE17536, described by Marisa et
al. and Smith et al., respectively [5, 6]. The Cancer Ge-
nome Atlas colon adenocarcinoma cohort (TCGA-COAD)
expression data were obtained through the University
of California Santa Cruz (UCSC) Xena platform and
linked to the TCGA Pan-Cancer Clinical Data Resource
(TCGA-CDR) [7, 8]. Data were accessed on 24-25 Sep-
tember 2026. Eligibility required a primary colon tumour,
stage II or III, complete fixed-gene coverage, a valid re-
currence-related event indicator, positive follow-up, and
complete age and sex. One primary TCGA profile per
patient was retained by lexicographic sample identifier
without consulting outcomes. The final cohorts contained
453, 111 and 137 patients, respectively.

GSE39582 was reduced from 585 deposited records
to 469 stage II-III cases and then to 453 with valid re-
currence status and positive follow-up. GSE17536 was
reduced from 177 records to 114 stage II-III cases and
then to 111 with valid follow-up. In TCGA-COAD, 514
expression profiles were screened, leaving 471 primary
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tumours, 458 unique patients after profile selection, 305
stage II-1II cases and 137 with valid DFI and positive fol-
low-up.

Endpoints were deposited relapse-free survival (RFS)
in GSE39582, disease-free survival (DFS; the event
field specifies cancer recurrence) in GSE17536, and
disease-free interval (DFI) in TCGA-CDR. RFS in the
GSE39582 publication starts at surgery, whereas TC-
GA-CDR DFI starts at diagnosis among patients consid-
ered disease-free after initial treatment [5, 8]. Cohorts
were analysed separately, using all available deposited
follow-up without pooling endpoints or estimating abso-
lute calendar-time risks. Dataset screening, endpoint defi-
nitions and eligibility flows are detailed in Supplementary
Material.docx (Sections B2-B3 and Tables C1-C3).

2.2 Gene mapping and scores

The original signature contains 50 genes. We fixed a 45-
gene bulk adaptation (SCS45) because only these genes
had retained unambiguous probes under the specified
GPL570 mapping; fixing membership across cohorts al-
lowed comparison of the same gene set without reselect-
ing genes using outcomes. The same GPL570-defined set
was retained in TCGA RNA-seq data to keep gene mem-
bership identical across cohorts. This is a platform-con-
strained bulk adaptation, not an equivalent reproduction
of the original 50-gene single-cell score. Mapping the
published gene table excluded probes with missing or
multiple symbols and aggregated retained probes by
their median [9]. RPL23, RPL10, RACKI1, RPL13 and
TPT1 were omitted for mapping reasons, not biological
absence. Aliases were harmonised before scoring. TCGA
log2-transformed transcripts per million, log2(TPM+1),
were mapped with the supplied GENCODE v36 annota-
tion and median aggregation.

Expression was ranked in ascending order within each
sample, with average ranks for ties. Each score was the
mean rank of its genes divided by the mapped background
size. Rank-based single-sample scoring is established [10].
No new scoring method is proposed. The fixed nine-mark-
er comparator comprised LGR5, ASCL2, EPHB2,
PROM1, AXIN2, LEFTY1, RNF43, CD44 and SLC12A2
[1]. All required genes were present in each retained co-
hort. SCS45 is a bulk adaptation, not a numerical repro-
duction of the original single-cell AddModuleScore assay.
Alternative scoring used the common 18,237-gene back-
ground, the mean of gene-wise within-cohort Z values, or
expression-matched control adjustment. Control adjust-
ment used 24 expression bins and 100 sampled controls
per signature gene, subtracting the mean of the unique

control union. Seed 20260925 was the fixed calculation,
and 20 consecutive seeds assessed stability. Full scoring
definitions are provided in Supplementary Material.docx
(Section BS5); cohort-dependent Z and control-adjusted
scores are not fixed clinical assays.

2.3 Analysis plan and statistical methods

The primary analysis for the three-cohort extension
comprised six comparisons: the native-rank SCS45 and
nine-marker scores in each cohort. The two microarray
cohorts had already been analysed before the comparison
family was expanded from four to six tests. The extension
plan and amendments were recorded locally before TCGA
score-outcome modelling. Thus, the study remained ex-
ploratory and was not externally preregistered. Alternative
scoring, sex stratification, treatment and mismatch-repair
(MMR) adjustment, the complete 50-gene TCGA score,
and five-year TCGA follow-up restriction were sensitivity
analyses outside the primary family.

Separate Cox models estimated hazard ratios (HRs) and
nominal 95% confidence intervals (Cls) per one standard
deviation (SD) higher score within the modelled cohort,
adjusting for age per ten years, sex and stage III versus II
[11]. Efron handling was used for tied events. Benjami-
ni-Hochberg (BH) correction was applied to the six prima-
ry tests, with adjusted P values denoted q and a threshold
of 0.05 [12]. This correction addresses only the defined
six-test family; it cannot remove exploratory or selection
limitations arising during analysis-plan development and
does not make the study confirmatory. Sensitivity P values
were descriptive. Rank-transformed Schoenfeld-residual
tests assessed proportional hazards. No outcome-opti-
mised threshold, pooled effect estimate or treatment-effect
analysis was used.

Analyses used Python 3.12, pandas 2.3.3 and lifelines
0.30.3. An independent Efron partial-likelihood imple-
mentation checked the six primary HRs, with a maximum
absolute difference below 0.00001 (Supplementary Mate-
rial.docx, Sections B6 and D1). Additional file 1.zip pro-
vides the original results, model coefficients, diagnostics
and executable reproduction code. Reporting was guided
by the Reporting Recommendations for Tumor Marker
Prognostic Studies (REMARK) [13].

3. Results

The analysis included 701 patients and 185 events: 453
patients/136 events in GSE39582, 111/31 in GSE17536
and 137/18 in TCGA-COAD (Table 1). The sequential el-
igibility counts are reported in Section 2.1.
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Table 1. Characteristics of the analysed cohorts
Characteristic GSE39582 GSE17536 TCGA-COAD
Patients 453 111 137
Events 136 31 18
Stage I/ I1I 253/200 55/56 85/52
Male / female 255/198 53/58 71766
Age, years 69 (59-76.9) 67 (56-74) 65 (57-74)
Endpoint RFS DFS DFI
Gene background 20845 20845 59426

Age is median (interquartile range); other clinical entries
are counts. RFS, relapse-free survival; DFS, disease-free
survival; DFI, disease-free interval; TCGA-COAD, The
Cancer Genome Atlas colon adenocarcinoma cohort.
These recurrence-related endpoints are not interchange-
able. Gene background is the number of mapped features
used for native ranking. No included patient lacked an
adjustment covariate.

Per one within-cohort SD higher SCS45, covariate-adjust-
ed HRs were 1.023 (95% CI 0.853-1.228; P = 0.805) in
GSE39582, 0.678 (0.484-0.949; P = 0.024) in GSE17536
and 1.169 (0.650-2.103; P = 0.603) in TCGA-COAD
(Figure 1). The wide TCGA CI spans substantial inverse
and positive associations, reflecting limited precision with
18 events for four fitted coefficients; its P value alone
cannot establish the presence or absence of an associa-
tion. Comparator HRs were 1.059 (0.881-1.274), 0.757

(0.549-1.044) and 1.037 (0.619-1.737), respectively.
None of the six primary comparisons met the BH-adjusted
0.05 threshold. SCS45 q values were 0.890, 0.142 and
0.890, respectively; the smallest q across all six compari-
sons was 0.142. The GSE17536 association was therefore
nominally significant only. SCS45-comparator Spearman
correlations were 0.715, 0.796 and 0.600, respectively.
The cohort-specific estimates should not be read as a di-
rect comparison of prognostic strength. The SCS45 point
estimate was near the null in GSE39582, below one in
GSE17536 and above one in TCGA-COAD, but the confi-
dence intervals and endpoint definitions differ. No pooled
estimate was calculated; without harmonised endpoints
and a formal heterogeneity assessment, opposite point-es-
timate directions alone do not establish statistical or bio-
logical heterogeneity.

Figure 1. Primary recurrence-related associations. Separate Cox models adjust for age, sex and stage.

Points show hazard ratios (HRs) per one within-cohort
standard deviation (SD) higher score; bars show nominal

3

95% confidence intervals (Cls). The dashed line indicates
HR = 1. q denotes Benjamini-Hochberg adjustment across



Health and Molecular Frontiers

ISSN 3106-5775 (Print) ISSN 3106-7034 (Online)

all six primary comparisons. SCS45 is the fixed 45-gene
bulk-adapted stemness score; Nine markers is the fixed
nine-marker comparator. TCGA-COAD denotes The
Cancer Genome Atlas colon adenocarcinoma cohort. Esti-
mates are not pooled across endpoints.

Common-background ranking closely preserved SCS45
sample ordering (Spearman correlations 0.978—1.000).
Mean-Z and control-adjusted scoring changed some esti-
mates; in GSE17536, both 95% Cls included one (Figure
2). Primary score proportional-hazards diagnostic P values

ranged from 0.206 to 0.898. Sex-stratified models, addi-
tional treatment/MMR adjustment in GSE39582, and the
complete 50-gene and five-year analyses in TCGA-COAD
also yielded SCS45 or full-signature Cls that included
one, except for the sex-stratified GSE17536 model. That
nominally significant GSE17536 sensitivity result was
outside the six-test primary family. These analyses are
descriptive and provide no independent confirmation; esti-
mates are reported in Supplementary Material.docx (Sec-
tion A, Tables A1-A3 and accompanying text).

Figure 2. SCS45 associations under alternative scoring operations.

Points show hazard ratios (HRs) per one within-cohort
standard deviation (SD) higher score; bars show nomi-
nal 95% confidence intervals (CIs). SCS45 is the fixed
45-gene bulk-adapted stemness score. Native rank uses
each platform's mapped background; Common rank uses
18,237 shared genes. Mean Z averages gene-wise stan-
dardised expression; Control adjusted subtracts expres-
sion-matched controls using seed 20260925. Models adjust
for age, sex and stage. TCGA-COAD denotes The Cancer
Genome Atlas colon adenocarcinoma cohort. Native-rank
estimates are shown for reference; the alternative-scoring

analyses are outside the six-test primary family.

Across 20 control-selection seeds, SCS45 HRs ranged
from 1.025 to 1.033 in GSE39582, 0.709 to 0.724 in
GSE17536 and 0.957 to 0.993 in TCGA-COAD. The
relatively narrow ranges indicate limited variation across
seeds under this control-adjustment procedure, but do not
establish equivalence between scoring methods. Results
for both gene sets are provided in Supplementary Mate-
rial.docx (Tables A4-A10), with full-precision records in
Additional file 1.zip (results/control seed sensitivity.
csv).
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4. Discussion

4.1 Interpretation

The GSE17536 SCS45 result was nominally significant
(P = 0.024), but its BH-adjusted q = 0.142 did not meet
the primary threshold. SCS45 point estimates were below
one in that cohort and above one in the other two; none
survived correction. The combined finding is a lack of
consistent evidence for recurrence prognostic value of this
bulk adaptation, not proof that no association exists. The
TCGA estimate was imprecise and compatible with asso-
ciations in either direction. Given the different endpoints
and limited TCGA event count, differences between co-
hort estimates cannot be interpreted as evidence of statisti-
cal or biological heterogeneity. Non-significance does not
establish equivalence.

Fixing gene membership allowed scoring choices to be
examined without training a new predictor on outcomes.
Common-background ranking and full-gene coverage in
TCGA did not materially strengthen the evidence. Vari-
ation across the sampled control seeds was smaller than
some changes between scoring operations, but this is not
a formal test of differences between methods. Bulk cellu-
lar composition, treatment differences and assay context
could contribute to the inconsistent estimates; stromal ad-
mixture was not directly measured and cannot be asserted
as their explanation. Measurement correspondence and
clinical performance require further evaluation before this
adaptation can be interpreted as a recurrence prognostic
marker.

The nine-marker score should be interpreted as a compar-
ator rather than an independent validation signature. Four
of its genes (ASCL2, LEFTY 1, RNF43 and SLCI12A2)
also occur in SCS45, so the observed score correlations
may partly reflect shared gene membership. This com-
parison can indicate whether a broader fixed set behaves
differently from a compact marker set, but it does not es-
tablish the superiority of either score or independent prog-
nostic validity.

4.2 Limitations

This retrospective, exploratory analysis incorporated
known microarray results before TCGA extension plan-
ning and expansion of the multiplicity family. Correction
across six tests does not remove this design limitation.
Public cohorts are selected samples. TCGA DFI eligibility
left only 18 events for a four-predictor model, limiting
precision and stability. Treatment and MMR data were not
consistently available; additional adjustment in GSE39582
also restricted the sample to 409 patients, so its change
in estimate cannot be attributed solely to confounding
control. Endpoint definitions, origins and follow-up differ,
and competing risks were not harmonised.

The 45-gene adaptation changes coverage and scoring
relative to the source assay. SCS45 measures a relative
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expression score calculated from bulk tissue under the
present rules; it cannot be equated with cancer-stem-cell
abundance or the original single-cell stemness phenotype.
Older array annotation was not sequence-reannotated,
and platform backgrounds differ. No cell-type deconvo-
lution, functional stem-cell experiment, discrimination,
calibration or clinical utility assessment was performed.
Within-cohort standardisation supplies no deployable
threshold. These results neither invalidate the original sin-
gle-cell study nor exclude clinically relevant associations
that the available cohorts are too limited to detect.

5. Conclusion

The 45-gene stemness score was not consistently asso-
ciated with recurrence across the three stage II-III colon
cancer cohorts after adjustment for age, sex and stage.
None of the six primary comparisons remained significant
after Benjamini—Hochberg correction, and some estimates
changed when different scoring methods were used. The
results therefore provide insufficient evidence to support
this bulk-adapted score as a recurrence prognostic marker.
They do not rule out an association or challenge the orig-
inal single-cell signature. Studies with more recurrence
events and comparable endpoint definitions are needed
to assess the score further and clarify what it measures in
bulk tumour tissue.
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