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Abstract 
Purpose. Whether a cell-death-derived signature is prognostic in clear cell renal cell carcinoma (ccRCC) and 

survives parsimony, transportability and size-matched benchmarks is untested. Mitoxyperilysis is a lytic cell-death 

modality driven by innate immune stimulation plus metabolic disruption. 

Methods. From GSE235046 we assembled a 101-gene mouse panel, 87 evaluable in TCGA-KIRC (n = 508; 168 

deaths); "MRG" denotes that selection history, not effectors. A 25-gene ridge index and a three-gene LASSO-Cox 

score were benchmarked against size-matched random panels, adjusted for clinical variables, frozen in two cohorts, 

and compared at 36 months by reclassification and decision curves. 

Results. Forty-five of 87 genes tracked survival at P < 0.05, 32 after stage and grade adjustment. The 25-gene 

index reached 0.711 with no significant coefficient, its 1-SE compression 0.705 against 0.706. The score was 

independently prognostic (HR 1.609 per SD; P = 1.02 × 10⁻⁹), recovered 26.4% of the room above its null, and held 
in E-MTAB-1980 but inverted in GSE29609. At 36 months it raised the C-index +0.026 and the IDI +0.041 beyond 

a size-matched null, while the NRI (+0.34) did not and the net-benefit gain included zero. High-risk tumours 

showed SETD2/BAP1 enrichment. 

Conclusions. Equivalence, not superiority: 22 further genes bought no measurable discrimination from 25 terms at 

168 events. It marks a proliferation-adjacent, SETD2/BAP1-mutant state, not the mitoxyperilysis pathway; its 

clinical gain is modest and transportability rests on one positive and one negative cohort. 

Keywords: clear cell renal cell carcinoma; prognostic index; gene expression signature; external validation; 

mitoxyperilysis-related gene set 

 

1. Introduction 
Kidney cancer accounts for roughly 2.2% of cancer diagnoses and 1.8% of cancer deaths worldwide, with 

incidence rising for three decades1, and clear cell renal cell carcinoma (ccRCC) is its dominant subtype. ccRCC is 

defined by loss of the von Hippel–Lindau tumour suppressor, which releases the HIF transcription factors and 

rewires the cell onto a glycolytic, glutamine-dependent, lipid-accumulating programme2,3. That biology has been 

unusually productive therapeutically — ccRCC is the tumour type in which the angiogenic and mTOR arms can be 

targeted to benefit2,4, and the first in which checkpoint inhibition produced an overall survival advantage5 — yet 

risk stratification for localised disease still rests on stage, grade and a handful of clinical variables3, with wide 



residual spread inside every stage group. The transcriptomic prognostic indices proposed to fill that gap are 

measured without a size-matched benchmark. 

Ferroptosis, pyroptosis and cuproptosis have each been converted into transcriptomic indices that separate ccRCC 

patients by survival6–8. Most share three weaknesses: the gene set is assembled by intersecting a literature-defined 

pathway with a differential-expression list, making the panel a description of the literature rather than of the 

tumour; the index often turns out to be a proliferation or inflammatory score in disguise; and the model is sized to 

the panel rather than to the number of events, so the reported discrimination is optimistic by an unquantified 

amount. Anchoring the gene set to a mechanistically defined, experimentally perturbed death pathway removes the 

first weakness, not the other two. 

Mitoxyperilysis is such a pathway: combining innate immune stimulation with metabolic disruption — 

lipopolysaccharide plus carbon starvation — kills macrophages through a route independent of caspases, 

pyroptosis, PANoptosis, necroptosis, ferroptosis and oxeiptosis, with execution running from BAX/BAK1/BID-

dependent mitochondrial oxidative stress to prolonged mitochondria–plasma membrane contact and then to lysis, 

and mTORC2 as the permissive switch9,10. A mitoxyperilysis-related signature is already published in colorectal 

cancer11, which establishes that such a gene set can be assembled from bulk transcriptomes but not that the pathway 

operates in tumour cells, and means we cannot claim priority. ccRCC is a well-motivated setting, though the 

argument is a rationale rather than an established mechanism here: both inputs the pathway requires are near-

constitutive, VHL loss supplying the metabolic-disruption arm2,3 and the macrophage- and T-cell-rich infiltrate the 

innate immune arm5,12, and its permissive node is the target of an approved drug4. Whether those two arms coincide 

in the same cell at the same time is not established here. 

We therefore derive an index from the full 87 genes and test it against adjustment, a proliferation benchmark and 

internal optimism, then treat it as a hypothesis to be compressed rather than defended — comparing the full and 

compressed models under three nested estimates of optimism, against randomised panels of equal size, and, newly 

here, on reclassification, decision curves and a size-matched null for those metrics. Because the panel does not 

contain the pathway's execution arm, nothing here tests whether mitoxyperilysis operates in ccRCC, and no 

such claim is made. 

 

2. Materials and methods 
Procedural detail — excluded-patient accounting, complete gene lists, and the provenance and probe mapping of 

every external cohort — is in the Supplementary Methods (SM1–SM8). 

2.1 Data and cohort assembly 

Expression, clinical and somatic mutation data for TCGA Pan-Cancer Atlas cohort kirc_tcga_pan_can_atlas_2018 

were obtained through the cBioPortal API13,14 in October 2026, with the parallel GDC re-derivation 

(ccrcc_tcga_gdc), expression being the RNA-Seq V2 median all-sample z-score profile. Inclusion required a 

primary tumour sample, non-missing overall survival and non-missing expression for every panel gene; follow-up 

was estimated by reverse Kaplan–Meier15. The inherited pipeline drew its sample set from the study's _sequenced 

list, which enumerates samples with mutation data rather than the RNA-seq sample list; removing that restriction 

yields 508 patients with 168 deaths (33.1%), recovering 110 evaluable patients (21.7%), all lacking mutation 

data and all more advanced than those retained (stage III–IV 46.4% vs 39.2%; death rate 42.7% vs 30.4%). 

Covariates were age, sex, stage (I–II vs III–IV) and grade (G1–G2 vs G3–G4), complete for all 508 patients. 

2.2 The MRG panel 

The panel derives from GSE235046, in which mouse macrophages were exposed to lipopolysaccharide plus carbon 

starvation with or without the mTOR inhibitor Torin; a gene entered only if it responded to dual stimulation and the 



response was reversed by Torin. "MRG" denotes membership of that set and nothing more: the screen produced 

101 mouse genes, ortholog mapping by symbol left 92, and 87 were present and non-missing in the TCGA-KIRC 

matrix. The framework's description of the panel as "91 genes" containing 15 mechanistic anchors is wrong on both 

counts — 91 exists at no point on the chain, and of twelve named anchors only TXNRD1, OSGIN2 and SLC7A1 

are present. 

2.3 Models and the parsimony profile 

Genes were standardised within the cohort. Univariate Cox models were fitted for all 87 genes with Benjamini–

Hochberg control16, and the screen repeated with stage III–IV and grade G3–G4 forced into every gene's model. 

Model A used the 25 genes with the smallest univariate P values under an L2 penalty of λ = 1.0, chosen to keep a 
25-term fit numerically stable at 168 events; patients were split at the median of the linear predictor and 

discrimination is Harrell's C-index17. Model B used a LASSO-Cox path over 80 penalty values18,19; rather than 

choose a size by eye, we took, for every distinct number of non-zero coefficients, the best 10-fold cross-validated 

C-index at that size — a parsimony profile. The pre-specified 1-SE rule (profile maximum minus one standard 

error defines a band; the smallest model inside it is preferred19) gives the three-gene model carried forward. 

LASSO coefficients were used only to select genes; retained genes were refitted unpenalised, and those are the 

frozen weights. Stability selection repeated the whole selection in 200 bootstrap resamples, recording each gene's 

frequency π against a pre-specified π ≥ 0.7520. 

2.4 Adjustment and molecular analyses 

Both models were entered into a multivariable Cox model with age, sex, stage III–IV and grade G3–G4, and the 

score's contribution over the clinical variables alone was tested by a likelihood-ratio test on one degree of freedom; 

no stepwise selection was performed. A 20-gene proliferation score was the mean within-cohort z-score of its 

members; patients were clustered on the 25 Model A genes by k-means. Immune infiltration was estimated by a 

marker-gene mean z-score across 11 features — a proxy, not a deconvolution — and reported three ways per 

feature: the unadjusted Mann–Whitney test, the same test within each stage stratum, and the risk-group term of a 

linear model containing stage III–IV, age and sex with HC3 standard errors. Mutation calls for 14 recurrent ccRCC 

driver genes were retrieved over the sequenced sample list, non-synonymous only, and compared between risk 

groups by two-sided Fisher exact test with Benjamini–Hochberg control (278 patients). Tumour purity was the 

TCGA Pan-Cancer Atlas ABSOLUTE consensus estimate, matched by barcode and added to the adjusted Cox 

model for each score under a nested likelihood-ratio test. 

2.5 External validation 

Four evaluations were run, and their order matters: three were pre-specified (GSE2254121, GSE29609, the GDC re-

derivation), and the fourth, E-MTAB-1980, was added after all three had been executed, after the pre-specified 

cohort had been rejected on design grounds — it mixes pulmonary metastases with primary tumours and carries 

disease-free survival rather than overall survival — and after the GEO cohort had inverted. E-MTAB-1980 is the 

Sato et al. ccRCC series22, expression from the ArrayExpress matrix joined on sample label to survival from 

cBioPortal study ccrcc_utokyo_2013; GSE29609 was downloaded with its GPL1708 annotation, probes 

mapped to symbols23; the GDC re-derivation re-processes the same patients24 and is labelled a technical replication 

throughout. All three frozen models were applied to each usable cohort under cohort-internal standardisation with 

no coefficient refitted and no gene reselected. 

2.6 Internal validation, benchmarks and clinical utility 

Three estimates of optimism are reported in a ladder: apparent; coefficients refitted inside folds (gene set fixed, 

coefficients re-estimated in each training fold); and whole procedure repeated inside folds (the LASSO path, 

parsimony profile, 1-SE rule and refit all re-run on each training part). The third was produced for both pipelines 

— for Model A, its own univariate screen, P < 0.05 filter, top-25 cut and L2 fit — and both were evaluated on the 

same ten folds with a fixed seed. Discrimination was additionally summarised by out-of-fold time-dependent AUC 



at 12, 36 and 60 months, and calibration assessed at 36 months by mapping each frozen score to absolute risk 

(SM6). Each model was benchmarked against its size-matched random null under the same protocol (500 draws 

each), the 25-gene null also redrawn unpenalised to separate shrinkage from panel size; because a null at 0.676 

leaves less room above it than one at 0.599, the excess is also reported normalised — divided by the discrimination 

still available above the null mean. Clinical utility was assessed at 36 months by comparing a clinical model 

containing age, sex, stage III–IV and grade G3–G4 against the same model with each score added as a single 

standardised covariate. Category-free (continuous) NRI was computed from each patient's change in predicted 36-

month mortality risk under inverse-probability-of-censoring weighting, with the censoring distribution estimated by 

reverse Kaplan–Meier; no categorical risk strata were pre-specified, and the IDI is the difference in discrimination 

slope. Net benefit used the decision-curve formulation for survival data, the event probability above each threshold 

estimated by Kaplan–Meier at the horizon, over thresholds of 0.05 to 0.60 in steps of 0.01 (SM8). Because NRI and 

IDI rise whenever any variable is added, every metric was also computed for 500 random panels handled exactly as 

the score is, the k genes entered individually and freely fitted; confidence intervals came from 1,000 patient-level 

bootstrap resamples in which both models were refitted at every draw. 

2.7 Software 

Analyses used Python 3.13 with lifelines 0.30.3, scikit-survival 0.28.0, scikit-learn and matplotlib, seeds fixed for 

every resampling procedure. TIDE, IMvigor210 and the GEPIA2 tumour-versus-normal panel25 were not run, for 

the reasons given in SM7; immunotherapy-response prediction is therefore not claimed anywhere here. Every 

quantity was written to a machine-readable file before drafting, and the deposited per-patient tables are the 

reference against which the text was checked. 

 

3. Results 

3.1 The corrected cohort carries a dense, not sparse, survival signal 

The corrected TCGA-KIRC cohort contains 508 patients with 168 deaths (33.1%): median age 60.0 years, 325 

(64.0%) male, stage I/II/III/IV 247/54/124/83 and grade G1/G2/G3/G4 12/214/199/75; median follow-up by 

reverse Kaplan–Meier was 57.0 months (Table 1). All 87 panel genes were evaluable in all 508 patients, and 

univariate Cox regression returned 45 of the 87 at P < 0.05 and 44 at q < 0.05 (Figure 1B), the strongest being 

MBOAT7 (HR 1.409 per SD, 95% CI 1.296–1.533; q = 1.12 × 10⁻¹³), BICRA, SPTBN1 (0.521, protective) and 
BMP1. Because a dense signal invites the objection that it is stage and grade in disguise, the screen was repeated 

with both forced into every gene's model: 32 genes remain at P < 0.05 and 27 at q < 0.05, and the genes in the 

final score are the least affected (MBOAT7 P = 8.8 × 10⁻⁸; SPTBN1 8.8 × 10⁻⁷; BMP1 5.9 × 10⁻⁵). That density 
organises the rest of the paper: an index can be built from almost any reasonable subset of this panel, so a high C-

index says little about whether the model is any good. 

3.2 Model A discriminates without any coefficient being defensible 

Model A separated the cohort cleanly (apparent C-index 0.711; median-split log-rank P = 1.61 × 10⁻¹¹; high-risk 

hazard ratio 2.998, 95% CI 2.144–4.193; Figure 1C–D), but three properties argue against the fit: none of the 25 

coefficients is individually significant (smallest P = 0.108), the events-per-fitted-term ratio is 6.72, below the 

conventional threshold of ten26,27, and the coefficients are small and tightly clustered. All 25 signs agree with their 

univariate estimates, which is why the model was taken forward as the comparator rather than discarded. 

3.3 The parsimony profile and the three-gene score 

Discrimination along the LASSO-Cox path rises from two genes (0.668) to three (0.686) and peaks at four genes 

(C = 0.688), then declines monotonically — 0.681 at 25 genes and 0.623 at the unpenalised end (Figure 2A). This 

is not the usual flat curve: larger models are measurably worse. Under the 1-SE rule the band threshold is 0.6806 



and the smallest model inside the band is three genes — MBOAT7, SPTBN1 and BMP1, the top three of the 

univariate screen; the four-gene model adds BICRA, whose coefficient is not significant (P = 0.307), and differs in 

no conclusion. 

The score is 0.1954 × z(MBOAT7) − 0.4432 × z(SPTBN1) + 0.2182 × z(BMP1) (Table 2). It reached 

an apparent C-index of 0.697, a 10-fold cross-validated C-index of 0.705 ± 0.070 and a hazard ratio per SD of 

1.939 (95% CI 1.686–2.231; P = 1.72 × 10⁻²⁰); its events-per-fitted-term ratio is 56.0 against 6.72 for the 25-gene 

fit, and all three coefficients are individually significant. Independence. Adjusted for age, sex, stage III–IV and 

grade G3–G4, the score retained a hazard ratio of 1.609 per SD (95% CI 1.381–1.875; P = 1.02 × 10⁻⁹); age and 

stage III–IV were also independent, grade only narrowly (1.461, 1.003–2.128) and sex not at all, and adding the 

score raised the C-index from 0.750 to 0.775 (likelihood-ratio χ² = 35.58 on one degree of freedom; P = 2.45 × 

10⁻⁹). Stage alone reached 0.701 and grade 0.629, so the score alone (0.697) sits just below stage. Model A behaved 

almost identically (HR 1.627; C-index 0.782), with one difference worth recording: grade is significant in the 

parsimonious models' adjusted fits (P = 0.048) and not in Model A's (0.117), which is what happens when 22 extra 

terms absorb part of the grade signal. The score is proliferation-adjacent but not a proliferation proxy: Model A 

correlated with a 20-gene proliferation score at Spearman ρ = 0.393 and the three-gene score at ρ = 0.341, 

proliferation alone reached only 0.610, and in joint models the 25-gene index dominated (HR 1.835) while 

proliferation did not reach significance (P = 0.085) — whereas the three-gene score kept its own strong effect 

(1.771) without absorbing proliferation (P = 2.2 × 10⁻⁴). 

3.4 Internal validation and the randomised-panel benchmark 

Apparent 0.711 (Model A), 0.697 (four-gene), 0.697 (three-gene) — the larger model appears to lead by 0.014. 

With coefficients refitted inside folds the three are 0.706 ± 0.061, 0.700 ± 0.065 and 0.705 ± 0.070: the apparent 

lead of 0.014 becomes 0.001, because a penalised fit whose coefficients are all non-significant is largely noise, and 

noise is not reproducible out of fold. Repeating the whole procedure inside folds gives 0.682 ± 0.065, with a 

median selected size of 3 genes and six of ten folds returning exactly {MBOAT7, SPTBN1, BMP1}. Measured 

symmetrically at the same level, the two pipelines returned 0.696 and 0.682, a nominal difference of +0.0140 that 

is not statistically distinguishable (paired t P = 0.281). All three models were calibrated at 36 months (predicted 

mortality 0.238 and 0.228 against 0.239 observed; Figure 4F), but one result does not favour the parsimonious 

model: out-of-fold time-dependent AUC at 12, 36 and 60 months was 0.758, 0.743 and 0.767 for Model A against 

0.750, 0.725 and 0.729 for the three-gene score (Figure 4C). Time-dependent AUC weights the whole risk 

distribution rather than only its order, so this is a genuine advantage for the larger model, and it is why the claim is 

equivalence rather than superiority. 

A C-index of 0.705 means nothing without knowing what an arbitrary model of the same size achieves in the same 

cohort (Figure 4D). Of 500 random three-gene panels, all 500 were fitted and evaluated: null mean 0.599 (SD 

0.046), maximum 0.697, and the observed 0.705 matched or beaten by 0 of 500. Of 500 random 25-gene panels 

fitted at Model A's penalty, all 500 were valid: null mean 0.676 (SD 0.014), matched or beaten by 2 of 500; 

refitting the same panels unpenalised gives a null mean of 0.658 (SD 0.016), so the penalty raises the random-25 

null by about one null standard deviation, and the observed 25-gene model is an excess of +0.048 over that null that 

no random panel reached. Comparing the two excesses on the same scale — as a fraction of the discrimination still 

available above the null mean — the three-gene score recovers 26.4% of that room and the 25-gene score 9.3%, or 

14.0% against the unpenalised null. The reading is not that the three-gene score is better — the paired bootstrap 

says it is not distinguishable — but that the extra 22 genes add nothing that the extra panel size does not 

already provide. 

3.5 Clinical utility at 36 months: a discrimination gain and an IDI beyond a random panel, and an NRI that is not 

By 36 months 106 of the 508 patients had died, 280 were alive with follow-up past the horizon and 122 were 

censored before it, so every metric carries inverse-probability-of-censoring weights (censoring survival at 36 



months 0.725). Adding the three-gene score to the clinical model gave ΔC +0.026 (bootstrap 95% CI +0.008 to 

+0.049), IDI +0.041 (+0.006 to +0.087) and NRI +0.34 (+0.08 to +0.61), with an unweighted NRI of +0.33 in the 

386 patients whose 36-month status is known; Model A on the same footing gave ΔC +0.032 (+0.012 to +0.057), 
IDI +0.046 (+0.011 to +0.089) and NRI +0.41 (+0.12 to +0.69) (Supplementary Tables S24, S28). A random three-

gene panel entered as three freely fitted terms in the same clinical model reached a mean NRI of +0.207 (SD 0.128) 

and a mean IDI of +0.017 (SD 0.011); the score's ΔC and IDI lie beyond that null — at the 99.8th and 95th 
percentiles of 500 draws — but its NRI does not, the observed +0.343 sitting at the 84th percentile, and a 

reclassification index that one in six arbitrary three-gene panels matches is not evidence of anything 

(Supplementary Tables S26, S28). We report the NRI and do not claim it. The benchmark bears on panel size in the 

opposite direction: fitting the 25 Model A genes freely placed them at the 68th percentile for NRI and the 62nd for 

IDI of the random-25 null, so on reclassification the 25 selected genes are no better than 25 arbitrary ones. Net 

benefit curves tell the same story with one further qualification: the score's curve lay above the clinical model's at 

43 of 56 thresholds between 0.05 and 0.56, and above treat-all between 0.06 and 0.60 (Figure 3E), but with both 

models refitted in each of 1,000 bootstrap draws the mean gain was +0.003 at p_t = 0.30 and +0.007 at 0.40 and 

every interval included zero. The utility picture is therefore discrimination and IDI beyond a size-matched null, 

decision curves above the clinical model across most of the plausible threshold range, and a net-benefit increment 

this cohort cannot resolve. 

3.6 Stability selection, molecular correlates and tumour purity 

Stability selection succeeded in all 200 resamples (Figure 2B) but only two genes reached π ≥ 0.75 (MBOAT7 

0.84; SPTBN1 0.82); BMP1 followed at 0.64 and no fourth gene exceeded 0.40. This is a negative result about the 

panel rather than about the model — the third gene is admitted instead because its coefficient is significant in the 

frozen multivariable fit — and it says that this panel has no sparse solution to find. Among 278 sequenced 

patients, the two most frequent driver mutations did not differ between risk groups (VHL 56.8% vs 61.9%; 

PBRM1 46.8% vs 54.7%) while SETD2 (24.5% vs 10.1%, q = 0.011) and BAP1 (19.4% vs 7.9%, q = 0.027) did 

(Figure 3D); both are chromatin-modifying tumour suppressors whose loss defines the worst-prognosis subgroup of 

the TCGA ccRCC taxonomy2, and SETD2 reproduced under the three-gene score's own split. The VHL negative is 

the useful one: since VHL loss initiates essentially all ccRCC, a score tracking it would be tracking the disease 

rather than its aggressiveness. 

Eight of 11 immune features were significantly higher in the Model A high-risk group, including regulatory T cells 

(Δ mean z = +0.505), CD8⁺ T cells (+0.460) and dendritic cells (+0.381), with the largest adjusted P being 2.1 × 

10⁻³; M1 macrophages, the interferon signature and M2 macrophages did not differ (Figure 6A). Two readings are 
available and we do not resolve them: high-risk ccRCC may be an inflamed but not rejecting tumour, the phenotype 

immune-exclusion signatures were built to capture28,29, or a marker-gene mean z-score may track a tumour-purity 

difference, since the high-risk group carries stage III–IV in 55.9% of tumours against 25.6%. Both confounders we 

could test were tested and neither explains it: all eight differences survive adjustment for stage, age and sex and 

hold within each stage stratum, and among the 479 patients with ABSOLUTE purity estimates purity was 

unassociated with survival once the score was present (HR 1.054; P = 0.52) and moved the three-gene hazard ratio 

only from 1.631 to 1.637. Because ABSOLUTE is genomic rather than transcriptomic, the correct conclusion is the 

weaker one. k-means clustering on the 25 Model A genes gave silhouettes of 0.239, 0.132 and 0.080 at k = 2, 3 and 

4, which does not support describing a robust molecular classification. 

3.7 External validation: the score held in one cohort and inverted in the other 

In the Sato et al. series22 — 101 patients, 23 deaths — the frozen coefficients produced C = 0.773 for the 25-gene 

model and 0.688 for the three-gene score (Figure 5A), every coefficient coming out positive as fitted, the three-

gene score carrying a per-SD hazard ratio of 1.70 (95% CI 1.17–2.46) and the 25-gene index 2.20 (1.57–3.09). No 

coefficient was refitted and no gene reselected; 24 of 25 model genes could be mapped, and median overall survival 

was not reached in either risk group. The GDC re-derivation of the same cohort (368 patients, 94 deaths) 



reproduced all three models (C = 0.722, 0.709, 0.711), establishing that the fitted quantities are not artefacts of one 

processing pipeline and unable to establish transportability, because the patients are the same patients. The same 

per-gene statistic computed on the same 23 genes in both independent cohorts returns opposite answers (Figure 

5B): 19 of 23 genes (82.6%) agree in direction in E-MTAB-1980 (r = +0.7155) against 5 of 23 (21.7%) in 

GSE29609 (r = −0.6328), where in the 39 patients with survival data and 17 deaths the frozen coefficients 
produced C = 0.300 for the 25-gene model and 0.351 for the three-gene score. In that matrix 35 of 44 panel and 

proliferation genes correlated negatively with Fuhrman grade, including CCNB2 (−0.752), ASPM (−0.701) and 
CDKN3 (−0.651) — genes for which a positive correlation with grade is not a matter of debate in ccRCC — so the 
corruption is specific to the proliferative compartment, which is the one our score draws on (Figure 5C–D). We 

therefore attribute the inversion to the deposited GSE29609 matrix rather than to genuine inverse biology, and 

deposit the full per-gene direction table so a reader can judge the attribution rather than take it. Two limits remain: 

the attribution is not falsifiable from within GSE29609 itself, and the external evidence here is one positive cohort 

and one negative. 

3.8 What the three genes are, and what they are not 

None of the three genes is a mitoxyperilysis effector. MBOAT7 (risk-associated, HR 1.216) encodes a 

lysophospholipid acyltransferase that remodels phosphatidylinositol, with no assigned role in mitochondrial 

membrane lysis. SPTBN1 (protective, 0.642) encodes βII-spectrin, the principal component of the membrane 
skeleton; it is the only member with a direct structural connection to the terminal event the pathway describes, and 

it points the opposite way to the pathway's logic, since more membrane skeleton is associated with better survival. 

BMP1 (risk-associated, 1.244) encodes a secreted metalloprotease that processes procollagen — a matrix-

remodelling gene rather than a cell-death gene. Two observations follow, and neither is in the paper's favour: the 

panel does not contain the pathway's execution machinery at all, so a score built from it cannot be a readout of 

that arm; and the three retained genes read more naturally as a matrix-remodelling, membrane-turnover tumour 

state than as a death-execution programme. 

 

4. Discussion 
We set out to test whether a mitoxyperilysis-related gene set carries prognostic information in ccRCC, and then to 

test the resulting models harder than cell-death signatures usually are. The panel carries information abundantly: 44 

of 87 genes survived false-discovery control and 27 still did once stage and grade were forced into every gene's 

model. What we did not expect, and what became the substance of the paper, is that the information is so evenly 

distributed that model size stops mattering: the paired difference between the 25-gene and three-gene models was 

−0.0137 (95% CI −0.0353 to 0.0067), and at the whole-procedure level the 25-gene pipeline returned 0.696 against 
0.682. Twenty-two extra coefficients bought no measurable discrimination in either direction; they did buy a large 

amount of unverifiable fitting — not one of the 25 coefficients individually significant, and an events-per-fitted-

term ratio of 6.72 against 56.0. 

The randomised-panel benchmark explains why, and this is the result we would most want a reader to take away. 

An arbitrary 25-gene panel drawn from the same 87 genes and penalised the same way reached 0.676 against 0.706 

for our 25-gene model, an excess of +0.030, and the unpenalised redraw drops that null to 0.658; an arbitrary three-

gene panel reached only 0.599 while our three-gene score reached 0.705, an excess of +0.106 with none of 500 

random panels matching it. Panel size here is therefore not merely unhelpful — it is self-concealing: a large 

arbitrary panel scores well for reasons that have nothing to do with the genes in it, and a C-index of 0.7 looks like a 

success whether it was earned or assembled. The same instrument has to be applied to the clinical-utility metrics, 

because NRI and IDI rise whenever any variable is added and a reclassification result quoted without a size-

matched reference is uninterpretable; here the reference separates the metrics cleanly — ΔC and IDI survive, NRI 
does not — and we report that asymmetry rather than the favourable half of it. The growth in discrimination over 



clinical variables remains small, and the decision-curve increment, though consistent across most of the plausible 

threshold range, has a confidence interval that includes zero at every threshold examined. 

The external evidence is one positive result and one negative one, and the pair is more informative than either 

alone. In the Sato et al. series the frozen weights validated without being touched — C = 0.773 and 0.688, every 

coefficient at the correct sign, a hazard ratio of 1.70 per SD — which is a statement about transportability, not 

about fitting; in GSE29609 the same weights inverted, but on the identical 23-gene set E-MTAB-1980 reproduces 

the discovery cohort's per-gene direction at r = +0.72 with 19 of 23 genes concordant while GSE29609 reverses it 

at r = −0.63 with 5 of 23. That does not dispose of the negative result — it stays in the abstract rather than being 
demoted to a footnote — because one validating cohort is one cohort. The mutation result, by contrast, is the most 

concrete corroboration we have: after multiplicity control the high-risk group was enriched for SETD2 and BAP1, 

while VHL and PBRM1 showed no difference, which is what a score tracking aggressiveness rather than disease 

would do. The biological reading of the score is nonetheless narrower than the framework that motivated the study, 

and we state the gap rather than blur it: the panel is described in the project's own framework as a mechanism-

anchored 91-gene set containing the pathway's execution arm, and it is neither. What it does contain, 

overwhelmingly, are matrix and cytoskeletal, chromatin and transcription, and lipid-metabolism genes, and the 

three selected genes fit that profile — the score detects an aggressive ccRCC state characterised by membrane and 

matrix turnover, proliferation and immune infiltration. The methodological lesson transfers: internal cross-

validation could not separate a 25-gene model from a three-gene model (0.706 vs 0.705), neither could the apparent 

C-index once its optimism was removed, and neither could the procedure-level estimate (0.696 vs 0.682); measured 

alone, the parsimony pipeline's 0.682 would have been read as a fall from 0.705. What separated the models was 

the benchmark against size-matched randomised panels — the only instrument that asks not whether a model 

predicts but whether it predicts better than this much panel. 

Limitations. The external evidence is one positive cohort and one negative one, neither a replication, and if our 

attribution of the GSE29609 inversion to a matrix defect is wrong the score has an inverse association there; the 

GDC analysis re-processes the same patients and cannot test generalisation; GSE22541, the pre-specified cohort, 

was not used and the validating cohort was added afterwards, which is an addition to the protocol rather than a 

fulfilment of it; the parsimony claim is equivalence, not superiority, time-dependent AUC favouring the larger 

model at all three horizons; the third gene is not stability-selected; clinical utility is assessed at 36 months only, the 

NRI does not clear its size-matched null, the net-benefit gain includes zero at every threshold, and nothing here 

establishes that the score changes a treatment decision; the immune comparison is tested against stage and genomic 

tumour purity but not against a transcriptomic purity estimate or deconvolution; the panel is a mouse selection 

history holding no execution-arm member, and the expression matrix is a cBioPortal z-score matrix rather than raw 

counts. 

Conclusion 

A three-gene expression score derived from a mitoxyperilysis-related gene set — MBOAT7, SPTBN1 and BMP1 

— is independently associated with overall survival in clear cell renal cell carcinoma (HR 1.609 per SD after 

adjustment for age, sex, stage and grade; P = 1.02 × 10⁻⁹) and is not a proliferation proxy. Twenty-two further 
genes from the same panel add no measurable discrimination, and the reason is structural: the survival signal is 

dense, so an arbitrary 25-gene panel already reaches a cross-validated C-index of 0.676, and the extra genes buy 

+0.030 where the three retained genes buy +0.106 over their own size-matched null. The larger model was 

unfittable in any defensible sense — 25 terms, 168 events, not one significant coefficient. The score marks a 

proliferation-adjacent, matrix-remodelling state enriched for SETD2 and BAP1 mutation and unseparated by VHL 

status, which is what one expects of an aggressiveness index rather than a disease index. It is not a readout of the 

mitoxyperilysis pathway: the panel does not contain the pathway's execution machinery. External transportability is 

demonstrated in one independent cohort and contradicted in another, which fails the very per-gene diagnostic the 

validating cohort passes. Clinical utility is measured and modest: a 36-month C-index increment of +0.026 and an 



IDI beyond a size-matched null, with decision curves above the clinical model but a net-benefit gain whose interval 

includes zero. The contribution we would defend is the demonstration that in a dense-signal panel size can be cut 

five-fold at no measurable cost, and that the instrument revealing this is not the cross-validated C-index but the 

benchmark against size-matched randomised panels. 
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Figure legends 
Figure 1. Cohort assembly, the univariate screen and the 25-gene full-panel index (Model A). (A) Assembly 

of the corrected discovery cohort: rebuilding the matrix from the RNA-seq V2 profile rather than the _sequenced 

sample list moved the cohort from 398 patients with 121 deaths to 508 with 168, recovering 110 evaluable patients 

(21.7%). (B) Univariate Cox regression of all 87 evaluable genes, ordered by unadjusted P; hazard ratios are per 1 

SD of standardised expression, and red points denote Benjamini–Hochberg q < 0.05. (C) Distribution of the Model 

A linear predictor across the 508 patients, with the median split marked. (D) Kaplan–Meier overall survival by 

Model A median split (254 per group); median overall survival 53.9 months (high risk) versus not reached (low 

risk). 

Figure 2. The parsimony profile, stability selection and the three-gene score. (A) Best 10-fold cross-validated 

C-index at each distinct model size along the LASSO-Cox path. The optimum is four genes; the 1-SE band 

threshold is 0.6806 (dashed line) and the smallest model inside the band is three genes. (B) Selection frequency π 
per gene over 200 bootstrap resamples; red bars exceed the pre-specified π ≥ 0.75 threshold (dashed line). Only 
MBOAT7 (0.84) and SPTBN1 (0.82) clear it. (C) Frozen coefficients, refitted unpenalised: MBOAT7 +0.1954 

(HR 1.216, 95% CI 1.085–1.362), SPTBN1 −0.4432 (HR 0.642, 0.524–0.786), BMP1 +0.2182 (HR 1.244, 1.097–
1.410). (D) Kaplan–Meier overall survival by three-gene score median split (254 per group). 

Figure 3. Clinical independence, proliferation adjacency, adjusted effect sizes, mutation landscape and 36-

month decision curves. (A) Multivariable Cox model containing the three-gene score with age, sex, stage III–IV 

and grade G3–G4 (n = 508; 168 events); forest plot of hazard ratios (95% CI, log scale), red where the interval 

excludes 1. (B) Model A score against the 20-gene proliferation score; the proliferation coefficient was not 

significant in a joint model. (C) Score per SD after adjustment for all three models. (D) Mutation frequency of 14 

recurrent ccRCC driver genes in the 278 sequenced patients, split at the median of the Model A score (139 per 

group); SETD2 (24.5% vs 10.1%; q = 0.011) and BAP1 (19.4% vs 7.9%; q = 0.027) survive multiplicity control 

while VHL (56.8% vs 61.9%) does not differ. (E) Decision curves for 36-month mortality: net benefit against 

threshold probability for treat-all (grey), treat-none (zero line), the clinical model (blue) and the clinical model plus 

the three-gene score (red). The score's curve is above the clinical model's at 43 of 56 thresholds between 0.05 and 

0.56 and above treat-all between 0.06 and 0.60; the vertical axis is truncated, and treat-all leaves the frame above 

p_t = 0.34. 

Figure 4. Internal validation: three nested estimates of optimism, fold-level model size, the randomised-panel 

benchmark, the GDC replication and 36-month calibration. (A) Apparent, coefficients-refitted-inside-folds and 

whole-procedure-repeated-inside-folds estimates of optimism. Model A 0.711 → 0.706 → 0.696; three-gene 0.697 

→ 0.705 → 0.682. (B) Genes selected inside each of the ten outer folds: 9, 3, 3, 3, 17, 4, 3, 4, 3, 3 (median 3). (C) 

Out-of-fold time-dependent AUC at 12, 36 and 60 months: Model A 0.758 / 0.743 / 0.767, four-gene 0.741 / 0.720 

/ 0.732, three-gene 0.750 / 0.725 / 0.729. (D) Cross-validated C-index of 500 random panels at k = 3 (null mean 

0.599), k = 25 penalised as Model A (0.676) and k = 25 unpenalised (0.658). (E) GDC re-processing of the same 

cohort (368 patients, 94 deaths): C = 0.722, 0.709 and 0.711. (F) Calibration at 36 months: Kaplan–Meier observed 

mortality against the absolute risk predicted by each frozen model, by quintile of predicted risk (n = 508, 168 

deaths); the dashed line is perfect calibration. 

Figure 5. External validation in two independent cohorts, and the matched diagnostic that separates a 

matrix defect from a biological contradiction. (A) Kaplan–Meier overall survival in the Sato et al. series (E-

MTAB-1980 expression joined to the ccrcc_utokyo_2013 survival record; 101 patients, 23 deaths, median 

follow-up 67.0 months) by the frozen three-gene score at the cohort-internal median: C-index = 0.688, log-rank P = 

5.11 × 10⁻³, Cox HR 1.70 per SD. (B) Matched per-gene diagnostic on the same 23 genes in both cohorts: each 

gene's external-cohort univariate Cox coefficient against its discovery-cohort value. E-MTAB-1980 (red) agrees for 

19 of 23 genes (82.6%); GSE29609 (grey) for 5 of 23 (21.7%). (C) GSE29609 scale diagnostic: 35 of the 44 

mappable panel and proliferation genes correlated negatively with Fuhrman grade; the 20 most extreme are shown. 



(D) Kaplan–Meier overall survival in GSE29609 (39 patients with survival data, 17 deaths) by the same frozen 

score: it inverts (C = 0.351). 

Figure 6. Immune features, tumour purity and molecular subtyping. (A) Marker-gene mean z-scores for 11 

immune features in the Model A high- and low-risk groups (254 per group); bars are the mean difference (high 

minus low risk), and labels give the raw Mann–Whitney P and the stage-adjusted P from a linear model with HC3 

standard errors. Eight features were higher by both routes; M1 macrophages (+0.067) and the interferon signature 

(+0.027) were null on both. M2 macrophages are hatched because they are significant only in the adjusted mean 

model (P = 0.037), not on the rank test (P = 0.915). (B) Tumour purity (ABSOLUTE, 479 of 508 patients) by risk 

group (medians 0.55 vs 0.56; P = 0.20), and the score's hazard ratio before and after adding purity (1.631 → 1.637). 
(C) k-means solutions for k = 2, 3 and 4: silhouettes 0.239, 0.132 and 0.080; between-cluster log-rank P of 6.91 × 

10⁻¹⁷, 3.77 × 10⁻¹⁹ and 3.55 × 10⁻¹⁶. 

 

Tables 
Table 1. Baseline characteristics of the corrected TCGA-KIRC discovery cohort. 

Characteristic All analysed (n = 508) Retained (n = 398) Recovered (n = 110) 
Deaths, n (%) 168 (33.1%) 121 (30.4%) 47 (42.7%) 

Median follow-up, months 

(reverse Kaplan–Meier) 
57.0 39.3 (naive) — 

Median age, years 60.0 — — 
Male sex, n (%) 325 (64.0%) — — 

Stage I / II / III / IV, n 247 / 54 / 124 / 83 — — 
Stage III–IV, n (%) 207 (40.7%) 156 (39.2%) 51 (46.4%) 

Grade G1 / G2 / G3 / G4, n 12 / 214 / 199 / 75 — — 
Grade G3–G4, n (%) 274 (53.9%) 216 (54.3%) 58 (52.7%) 

Panel genes evaluable / 

mutation data available, n 
87 / 278 87 / 278 87 / 0 

ABSOLUTE tumour purity 

available, n 
479 450 29 unmatched 

Median tumour purity (IQR) 0.560 (0.440–0.650) — — 
Median overall survival, 

months (Model A split) 
not reached (low) / 53.9 (high) — — 

 

Table 2. The frozen three-gene score and the performance of the three models (n = 508, 168 deaths). Panel A: 

frozen weights, refitted unpenalised, applied to within-cohort standardised expression. Panel B: discrimination, 

events per fitted term (EPV), and the hazard ratio per SD before and after adjustment for age, sex, stage III–IV and 

grade G3–G4. The Model A cross-validated value is the coefficients-refitted-in-folds estimate, its gene set being 

fixed by an a priori rule. 

Panel A 

— gene 
Frozen 

β 
HR 

(95% 

CI) 

P Panel B 

— model 
Genes Apparent 

C 
Cross-

validated 

C 

EPV Adjusted 

HR 

(95% 

CI) 

Adjusted 

C 

MBOAT7 +0.1954 1.216 

(1.085–

1.362) 

7.49 × 

10⁻⁴ 
Model A 

(L2, λ = 
1.0) 

25 0.711 0.706 6.72 1.627 

(1.406–

1.882) 

0.782 

SPTBN1 −0.4432 0.642 

(0.524–

0.786) 

1.80 × 

10⁻⁵ 
Parsimony 

optimum 
4 0.697 0.700 ± 

0.065 
42.0 1.591 

(1.371–

1.846) 

0.776 

BMP1 +0.2182 1.244 

(1.097–

1.410) 

6.38 × 

10⁻⁴ 
Parsimony 

1-SE 

(carried 

forward) 

3 0.697 0.705 ± 

0.070 
56.0 1.609 

(1.381–

1.875) 

0.775 
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were added in a later revision, S20 and S22 being tables retired from an earlier main text. S24–S28 carry the 36-

month clinical-utility analysis shown as Figure 3E — NRI and IDI with a size-matched random-panel null, and the 

decision curves — together with the 1,000-resample bootstrap. A separate Supplementary Methods document 

(SM1–SM8) carries the procedural detail the article states only in summary; SM8 documents the clinical-utility 

protocol. All supplementary tables are supplied in a single Excel workbook, one worksheet per table and sub-table, 

each beginning with a header row; the workbook's first worksheet carries this index. 
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Figures

Figure 1

Figure 1. Cohort assembly, the univariate screen and the 25-gene full-panel index (Model A). (A)
Assembly of the corrected discovery cohort: rebuilding the matrix from the RNA-seq V2 profile rather
than the _sequenced sample list moved the cohort from 398 patients with 121 deaths to 508 with 168,
recovering 110 evaluable patients (21.7%). (B) Univariate Cox regression of all 87 evaluable genes,
ordered by unadjusted P; hazard ratios are per 1 SD of standardised expression, and red points denote
Benjamini–Hochberg q < 0.05. (C) Distribution of the Model A linear predictor across the 508 patients,



with the median split marked. (D) Kaplan–Meier overall survival by Model A median split (254 per group);
median overall survival 53.9 months (high risk) versus not reached (low risk).

Figure 2

Figure 2. The parsimony profile, stability selection and the three-gene score. (A) Best 10-fold cross-
validated C-index at each distinct model size along the LASSO-Cox path. The optimum is four genes; the
1-SE band threshold is 0.6806 (dashed line) and the smallest model inside the band is three genes. (B)
Selection frequency π per gene over 200 bootstrap resamples; red bars exceed the pre-specified π ≥ 0.75
threshold (dashed line). Only MBOAT7 (0.84) and SPTBN1 (0.82) clear it. (C) Frozen coefficients, refitted
unpenalised: MBOAT7 +0.1954 (HR 1.216, 95% CI 1.085–1.362), SPTBN1 −0.4432 (HR 0.642, 0.524–



0.786), BMP1 +0.2182 (HR 1.244, 1.097–1.410). (D) Kaplan–Meier overall survival by three-gene score
median split (254 per group).

Figure 3

Figure 3. Clinical independence, proliferation adjacency, adjusted effect sizes, mutation landscape and
36-month decision curves. (A) Multivariable Cox model containing the three-gene score with age, sex,



stage III–IV and grade G3–G4 (n = 508; 168 events); forest plot of hazard ratios (95% CI, log scale), red
where the interval excludes 1. (B) Model A score against the 20-gene proliferation score; the proliferation
coefficient was not significant in a joint model. (C) Score per SD after adjustment for all three models.
(D) Mutation frequency of 14 recurrent ccRCC driver genes in the 278 sequenced patients, split at the
median of the Model A score (139 per group); SETD2 (24.5% vs 10.1%; q = 0.011) and BAP1 (19.4% vs
7.9%; q = 0.027) survive multiplicity control while VHL (56.8% vs 61.9%) does not differ. (E) Decision
curves for 36-month mortality: net benefit against threshold probability for treat-all (grey), treat-none
(zero line), the clinical model (blue) and the clinical model plus the three-gene score (red). The score's
curve is above the clinical model's at 43 of 56 thresholds between 0.05 and 0.56 and above treat-all
between 0.06 and 0.60; the vertical axis is truncated, and treat-all leaves the frame above p_t = 0.34.



Figure 4

Figure 4. Internal validation: three nested estimates of optimism, fold-level model size, the randomised-
panel benchmark, the GDC replication and 36-month calibration. (A) Apparent, coefficients-refitted-
inside-folds and whole-procedure-repeated-inside-folds estimates of optimism. Model A 0.711 → 0.706→ 0.696; three-gene 0.697 → 0.705 → 0.682. (B) Genes selected inside each of the ten outer folds: 9, 3,
3, 3, 17, 4, 3, 4, 3, 3 (median 3). (C) Out-of-fold time-dependent AUC at 12, 36 and 60 months: Model A



0.758 / 0.743 / 0.767, four-gene 0.741 / 0.720 / 0.732, three-gene 0.750 / 0.725 / 0.729. (D) Cross-
validated C-index of 500 random panels at k = 3 (null mean 0.599), k = 25 penalised as Model A (0.676)
and k = 25 unpenalised (0.658). (E) GDC re-processing of the same cohort (368 patients, 94 deaths): C =
0.722, 0.709 and 0.711. (F) Calibration at 36 months: Kaplan–Meier observed mortality against the
absolute risk predicted by each frozen model, by quintile of predicted risk (n = 508, 168 deaths); the
dashed line is perfect calibration.

Figure 5



Figure 5. External validation in two independent cohorts, and the matched diagnostic that separates a
matrix defect from a biological contradiction. (A) Kaplan–Meier overall survival in the Sato et al. series
(E-MTAB-1980 expression joined to the ccrcc_utokyo_2013 survival record; 101 patients, 23 deaths,
median follow-up 67.0 months) by the frozen three-gene score at the cohort-internal median: C-index =
0.688, log-rank P = 5.11 × 10⁻³, Cox HR 1.70 per SD. (B) Matched per-gene diagnostic on the same 23
genes in both cohorts: each gene's external-cohort univariate Cox coefficient against its discovery-cohort
value. E-MTAB-1980 (red) agrees for 19 of 23 genes (82.6%); GSE29609 (grey) for 5 of 23 (21.7%). (C)
GSE29609 scale diagnostic: 35 of the 44 mappable panel and proliferation genes correlated negatively
with Fuhrman grade; the 20 most extreme are shown. (D) Kaplan–Meier overall survival in GSE29609 (39
patients with survival data, 17 deaths) by the same frozen score: it inverts (C = 0.351).



Figure 6

Figure 6. Immune features, tumour purity and molecular subtyping. (A) Marker-gene mean z-scores for
11 immune features in the Model A high- and low-risk groups (254 per group); bars are the mean
difference (high minus low risk), and labels give the raw Mann–Whitney P and the stage-adjusted P from
a linear model with HC3 standard errors. Eight features were higher by both routes; M1 macrophages
(+0.067) and the interferon signature (+0.027) were null on both. M2 macrophages are hatched because
they are significant only in the adjusted mean model (P = 0.037), not on the rank test (P = 0.915). (B)
Tumour purity (ABSOLUTE, 479 of 508 patients) by risk group (medians 0.55 vs 0.56; P = 0.20), and the



score's hazard ratio before and after adding purity (1.631 → 1.637). (C) k-means solutions for k = 2, 3
and 4: silhouettes 0.239, 0.132 and 0.080; between-cluster log-rank P of 6.91 × 10⁻¹⁷, 3.77 × 10⁻¹⁹ and
3.55 × 10⁻¹⁶.
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