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Abstract
Background

Early mortality remains clinically important in diffuse large B-cell lymphoma (DLBCL), but transcriptomic associations
are vulnerable to platform effects and overfitting. We evaluated a locked 2-pathway score across prespecified
cohorts.

Patients and Methods

GSE181063 was the development cohort, GSE10846 the prior cross-platform validation cohort, and GSE31312 the
confirmatory cohort. Within-sample rank scores represented MYC activity and depletion of a 195-gene immune
program. Genes, directions, weights, cutoff, endpoint, and covariates were frozen before confirmatory testing. Cox
models estimated 0–2-year all-cause mortality with adjustment for age, sex, and cell of origin.

Results

The primary sets included 1314 patients and 300 deaths within 2 years. In GSE31312, the equal-weight composite
was associated with 0–2-year mortality (hazard ratio [HR] per standard deviation, 1.29; 95% confidence interval [CI],
1.07–1.56; P = .008). The immune-depletion axis showed a stronger association (HR, 1.38; 95% CI, 1.15–1.66; P <
.001), whereas the MYC axis was not associated. Composite results were stable in quality-control sensitivity analyses
but attenuated after International Prognostic Index adjustment (HR, 1.15; 95% CI, 0.93–1.42; P = .193). The
development cutoff transported directionally but was borderline in GSE31312, and the fixed model was poorly
calibrated. Descriptive pooling supported immune depletion (HR, 1.39; 95% CI, 1.08–1.79; I² = 0%).

Conclusion

A locked 2-pathway score retained an association with 0–2-year mortality in an additional cohort, primarily through a
reproducible immune-depletion signal. It is not yet a calibrated clinical predictor or validated treatment threshold.

Introduction
Diffuse large B-cell lymphoma (DLBCL) is curable for many patients treated with rituximab-based
immunochemotherapy, yet early treatment failure and death remain clinically consequential. Event-free survival
status at 24 months (EFS24) is a validated landmark for disease-related outcome in DLBCL [1]. The International
Prognostic Index (IPI) remains the dominant clinical risk framework [2]. The endpoint in the present study was
different: all-cause mortality within 2 years, defined from recorded overall survival rather than EFS24. Clinical risk
indices incompletely capture the molecular diversity that shapes treatment response.

Gene expression profiling established cell-of-origin (COO) classes and revealed prognostically relevant tumor and
stromal programs [3–5]. Subsequent genomic taxonomies further resolved pathogenic diversity [6, 7], and
microenvironmental studies have linked immune and stromal states to biologically and clinically distinct lymphoma
phenotypes [8]. Translating these observations into a reproducible prognostic signal is difficult because high-
dimensional analyses are sensitive to cohort composition, assay platform, preprocessing, endpoint choice, and post
hoc score optimization.

We therefore used a staged, locked analysis in which discovery, prior validation, and additional confirmation had
distinct roles. A 2-pathway adverse score was defined in GSE181063, assessed without redefinition in GSE10846, and

Page 2/18



then tested under a frozen protocol in GSE31312. The primary question was whether the locked equal-weight
composite was associated with 0–2-year all-cause mortality after adjustment for age, sex, and COO. Secondary
analyses examined component consistency, unchanged cutoff transport, incremental model behavior, calibration, and
an explicitly exploratory decomposition of the locked immune program. The design and reporting boundaries
emphasized reproducibility and transparent limitations consistent with biomarker-reporting principles [9].

Patients and Methods

Study design and cohort hierarchy
We performed a secondary analysis of publicly available gene-expression and clinical data from the NCBI Gene
Expression Omnibus (GEO) [10]. The hierarchy was fixed before confirmatory testing: GSE181063 was the discovery
and score-development cohort; GSE10846 was the prior cross-platform outcome-validation cohort; and GSE31312
was an additional locked-score confirmatory cohort. GSE173263 contrasted primary refractory disease or relapse
within 12 months with remission in 39 samples and was used only as related-phenotype support; its endpoint was
not equivalent to 0–2-year all-cause mortality, and it was not pooled with the 3 overall-survival cohorts.

The GSE181063 material derives from the United Kingdom Haematological Malignancy Research Network setting
[11, 12]. GSE10846 is the Lenz et al R-CHOP-era cohort [5], and GSE31312 is the International DLBCL Rituximab-
CHOP Consortium cohort reported by Visco et al [13]. GSE173263 was reported by Dlouhy et al [14]. GEO accession
identifiers were audited across datasets. No accession overlap was detected between GSE31312 and the earlier
outcome cohorts, but patient-level independence could not be proven from public metadata alone. Analyses were
performed separately by cohort; expression matrices were never merged.

Endpoints, Eligibility, and Locked Analysis Sets
The primary endpoint was all-cause mortality within 2 years from the recorded overall-survival origin. For time-to-
event models, follow-up was administratively truncated at 2 years: deaths by 2 years were events, and all other
observations were censored at the earlier of last follow-up and 2 years. Patients censored alive before 2 years
remained in the Cox risk sets. For the binary discovery contrast, early death was death by 2 years, the comparator
group required observation through 2 years, and patients censored before 2 years were unclassified.

Cohort-specific eligibility rules retained adults with DLBCL, rituximab-based curative intent therapy when
documented, pretreatment tumor expression, and usable survival time and status. Outcome blinded quality control
(QC) defined primary, all-sample, and strict-no-flag sets before pathway scoring. Primary early-window models
included 615 patients in GSE181063, 232 in GSE10846, and 467 in GSE31312. The primary adjustment set was age,
sex, and COO. IPI plus COO complete-case models were prespecified sensitivity analyses because IPI was
incompletely observed.

Expression Processing, Annotation, and Outcome-Blinded Quality Control
Depositor-supplied processed expression scales were retained: Lumi-normalized values for GPL14951 in GSE181063,
MAS 5.0 globally scaled values for GPL570 in GSE10846, depositor-supplied DQN3 signals for GPL570 in GSE31312,
and robust multiarray-average values for GPL13667 in GSE173263. No additional log transformation or between-array
normalization was applied. Platform annotation packages mapped probes to gene symbols; unmapped or
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ambiguous probes were excluded, and multiple probes mapping to 1 symbol were averaged with limma [15]. Final
gene matrices contained 19,418 genes for GSE181063, 20,823 for each GPL570 cohort, and 18,488 for GSE173263.

QC used sample median and interquartile range, missingness, median intersample correlation, and robust principal
component distance. Robust z scores greater than 5 flagged individual metrics; multimetric or extreme findings
received high priority review. Overall survival variables were not used in QC decisions. COO could color principal
component plots but did not determine exclusion. The two high priority GSE181063 samples and three high priority
GSE31312 samples were excluded from the respective primary sets, while all-samples were restored in mandatory
sensitivity analyses.

Pathway Discovery and Locked-Score Construction
In GSE181063, gene-level moderated models adjusted the binary early-death contrast for age, sex, and COO. Hallmark
gene sets were obtained from the Molecular Signatures Database [16]. Competitive gene-set testing used CAMERA
with an intergene correlation of 0.01 [17]. The Benjamini-Hochberg false-discovery rate (FDR) controlled multiplicity
across 50 Hallmark sets [18]. Discovery-significant pathways were evaluated in GSE10846 with multiplicity correction
restricted to the discovery set and a required matching effect direction. GSE173263 was examined as related-
phenotype context only.

Two pathways survived the discovery and prior validation hierarchy: HALLMARK_MYC_TARGETS_V2, higher in early
death, and HALLMARK_ALLOGRAFT_REJECTION, lower in early death. The latter name is an MSigDB annotation label
and was interpreted as an immune expression program, not as transplant rejection. Scores were calculated from
within-sample percentile ranks over the locked 16,502 gene universe shared by GSE181063 and GSE10846. The MYC
adverse axis was the mean rank of 51 MYC target genes; the immune depletion axis was the negative mean rank of
the 195 gene immune program. The raw equal-weight composite was one half of the sum of these two adverse-
oriented axes. Continuous effects were expressed per within-cohort standard deviation. No GSE31312 outcome was
used to select genes, directions, weights, cutoff, time point, endpoint, or covariates.

Early-Window Models, Validation, and Model Assessment
Cox proportional hazards models estimated hazard ratios (HRs) and 95% confidence intervals (CIs) [19]. Primary
models included 1 standardized score and age, sex, and COO. Schoenfeld residual tests assessed proportional
hazards [20]. A prespecified piecewise model in GSE181063 compared effects from 0 to 2 years with effects after a
2-year landmark among survivors, using patient-clustered robust standard errors.

The single confirmatory test was the equal-weight composite in the GSE31312 primary QC set, with a 2-sided
significance threshold of .05 and an adverse HR greater than 1. Prespecified sensitivities reintroduced all samples,
excluded every QC-flagged sample, and substituted IPI plus COO complete-case adjustment. Model fit was compared
with likelihood-ratio tests. Harrell concordance was reported for clinical and expanded models, with paired
differences treated as descriptive. The development cutoff was the median raw composite in the GSE181063 primary
set (0.0122577831956875) and was transferred unchanged. Fixed GSE181063 coefficients were also applied to
GSE31312 without coefficient refitting or recalibration; external discrimination, calibration slope, and agreement
between mean predicted and Kaplan-Meier estimated 2-year survival were summarized following external-validation
principles [21].
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Descriptive Evidence Synthesis and Exploratory Immune
Mechanism
For each locked score, the 3 cohort-specific log HRs were summarized descriptively with restricted maximum-
likelihood random-effects models and modified Knapp-Hartung inference [22, 23]. Because the synthesis contained
only 3 cohorts with different inferential roles, pooled estimates did not replace the confirmatory GSE31312 test.
Heterogeneity was described with I².

Mechanistic follow-up was limited to five prespecified, overlapping Hallmark annotations within the unchanged 195
gene immune program: interferon gamma response, inflammatory response, TNFA/NFKB signaling, IL2/STAT5
signaling, and complement. Each depletion-oriented module score was tested in the three primary early-window
models and synthesized descriptively. Benjamini-Hochberg adjustment covered the five module summaries. Gene
level moderated effects were also triangulated across cohorts. An exploratory core required lower expression in early
death in all three cohorts and nominal P < .05 in at least two; it was interpretive only and did not rebuild the score.

Statistical Analysis and Integrity Controls
All tests were 2-sided. Except for the single locked confirmatory test, analyses were explicitly labeled discovery,
validation, sensitivity, secondary, descriptive, or exploratory. Missing covariates were handled by complete-case
analysis for the relevant model; no outcome or covariate imputation was performed. Each analytical stage wrote
analysis-set counts and technical gates before the next stage. At manuscript finalization, 259 reviewed source files
were fingerprinted by path, byte size, and MD5, and the repeated freeze matched the prior manifest. Publication
assets were generated only from the frozen summary results; no model was fitted or updated.

Results

Cohort Accounting and Quality Control
The 3 primary outcome cohorts comprised 1,314 patients and 300 deaths within 2 years (Table 1). GSE181063
contributed 615 patients and 132 early deaths; GSE10846 contributed 232 and 54; and GSE31312 contributed 467
and 114.

Page 5/18



Table 1
Cohort design and locked early overall survival analysis sets

Cohort Prespecified role Platform Primary
n

Deaths 
≤ 2 y

Deaths 
> 2 y

Observed 
> 2 y

Censored 
≤ 2 y

GSE181063 Discovery/development;
pathway definition
originated here

GPL14951 615 132 131 481 2

GSE10846 Prior cross-platform
validation; assessed
before the confirmatory
cohort

GPL570 232 54 5 121 57

GSE31312 Additional locked-score
confirmation; no
detected accession
overlap; patient-level
independence not
proven

GPL570 467 114 55 304 49

Endpoint: all-cause mortality within 2 years. Primary models adjusted for age, sex, and COO. COO, cell of origin

GSE31312 began with 498 expression samples, of which 470 matched audited clinical records with usable overall
survival. Three multimetric QC samples were excluded from its primary set, leaving 467; the all-sample and strict-no-
flag sets included 470 and 460, respectively. Outcome blinded QC findings and analysis set audits are provided in
Supplementary Tables S1–S3.

Discovery and Locking of the 2-Pathway Score
Sixteen Hallmark pathways met FDR < .05 in the GSE181063 discovery analysis. Only MYC_TARGETS_V2 and the 195
gene HALLMARK_ALLOGRAFT_REJECTION program met the prespecified GSE10846 direction and within discovery
validation criteria. For MYC_TARGETS_V2, development FDR was 8.43×10⁻¹¹ and validation adjusted P was
7.33×10⁻⁴. For the immune program, development FDR was 1.19×10⁻⁵ and validation adjusted P was 5.86×10⁻⁷.
Neither received nominal related phenotype support in GSE173263. Global gene-level concordance was modest,
emphasizing the rationale for pathway level locking (Supplementary Tables S4–S7).

The Prespecified 2-Year Window Concentrated the Development
Signal
In GSE181063, each score was more strongly associated with mortality in the zero to 2-year window than after the 2-
year landmark. The early versus late HRs were 1.53 versus 0.96 for MYC (interaction P = 1.19×10⁻⁴), 1.36 versus 0.91
for immune depletion (P = .0010), and 1.56 versus 0.94 for the composite (P = 1.50×10⁻⁵). These estimates
supported the pre-existing 2-year boundary rather than a data-selected time point (Supplementary Fig. S1 and
Supplementary Table S17).

Primary Associations Across Cohorts
The immune-depletion axis showed the most consistent association with 2-year mortality: HR 1.36 (95% CI 1.14–
1.62; P < .001) in GSE181063, 1.50 (1.14–1.97; P = .004) in GSE10846, and 1.38 (1.15–1.66; P < .001) in GSE31312
(Fig. 1; Table 2). Its descriptive pooled HR was 1.39 (1.08–1.79; P = .030; I² = 0%). The GSE31312 immune model had
a nominal Schoenfeld residual signal (P = .046), so a constant HR interpretation for that component warrants caution.
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The MYC adverse axis was associated with early mortality in GSE181063 (HR 1.61, 95% CI 1.31–1.97; P < .001) but
not in GSE10846 or GSE31312. The descriptive pooled estimate was imprecise and heterogeneous (HR 1.25, 95% CI
0.69–2.27; I²=77.2%). The equal-weight composite was associated in GSE181063 (HR 1.61, 95% CI 1.34–1.94; P <
.001), directionally similar but borderline in GSE10846 (HR 1.32, 95% CI 0.99–1.78; P = .061), and significant in the
prespecified GSE31312 confirmatory test (HR 1.29, 95% CI 1.07–1.56; P = .008). The composite proportional hazards
test in GSE31312 was not significant (P = .223). Its descriptive pooled HR was 1.42 (95% CI 1.01–2.00; P = .048;
I²=33.2%).

Table 2
Primary adjusted 0–2-year pathway associations

Score Cohort or
summary

Role n /
early
deaths

HR
(95%
CI)

P
Value

Diagnostic /
Heterogeneity

MYC
adverse axis

GSE181063 Discovery/development 615 /
132

1.61
(1.31–
1.97)

< .001 PH P = .807

MYC
adverse axis

GSE10846 Prior validation 232 /
54

1.11
(0.81–
1.54)

.513 PH P = .906

MYC
adverse axis

GSE31312 Prespecified confirmatory
validation

467 /
114

1.07
(0.88–
1.30)

.514 PH P = .910

MYC
adverse axis

Descriptive
pooled
estimate

Descriptive synthesis; not a
new confirmatory test

— 1.25
(0.69–
2.27)

.244 I² = 77.2%

Immune-
depletion
axis

GSE181063 Discovery/development 615 /
132

1.36
(1.14–
1.62)

< .001 PH P = .556

Immune-
depletion
axis

GSE10846 Prior validation 232 /
54

1.50
(1.14–
1.97)

.004 PH P = .484

Immune-
depletion
axis

GSE31312 Prespecified confirmatory
validation

467 /
114

1.38
(1.15–
1.66)

< .001 PH P = .046

Immune-
depletion
axis

Descriptive
pooled
estimate

Descriptive synthesis; not a
new confirmatory test

— 1.39
(1.08–
1.79)

.030 I² = 0.0%

Equal-
weight
composite

GSE181063 Discovery/development 615 /
132

1.61
(1.34–
1.94)

< .001 PH P = .936

Equal-
weight
composite

GSE10846 Prior validation 232 /
54

1.32
(0.99–
1.78)

.061 PH P = .645

Equal-
weight
composite

GSE31312 Prespecified confirmatory
validation

467 /
114

1.29
(1.07–
1.56)

.008 PH P = .223

Equal-
weight
composite

Descriptive
pooled
estimate

Descriptive synthesis; not a
new confirmatory test

— 1.42
(1.01–
2.00)

.048 I² = 33.2%
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Cohort estimates are adjusted for age, sex, and COO and expressed per 1-SD higher adverse score. Pooled rows are
descriptive REML/mKH summaries. PH, proportional hazards; mKH, modified Knapp-Hartung.

Confirmatory Robustness, Incremental Value, and Cutoff
Transport
The GSE31312 composite result was stable when all 470 samples were included (HR 1.31, 95% CI 1.09–1.58; P =
.004) and when all 10 QC-flagged samples were excluded (n = 460; HR 1.31, 95% CI 1.08–1.58; P = .006) (Fig. 2;
Table 3). In 421 IPI complete-cases, however, the composite attenuated after IPI and COO adjustment (HR 1.15, 95%
CI 0.93–1.42; P = .193), whereas the immune depletion axis retained borderline nominal evidence (HR 1.22, 95% CI
1.00–1.49; P = .046). The data therefore do not establish composite independence beyond IPI.

Adding the composite to age, sex, and COO improved likelihood-based fit in GSE31312 (likelihood ratio P = .008), but
the C-index increase was modest, from 0.580 to 0.610 (Δ = 0.030; paired P = .147). The unchanged development
cutoff separated higher and lower risk in GSE181063 (HR 1.96; P = .002) and GSE10846 (HR 2.07; P = .009); in
GSE31312 the direction persisted but the result was borderline (HR 1.47, 95% CI 0.99–2.19; P = .055). Thus, the
continuous association transported more convincingly than the dichotomous threshold.

When all GSE181063 coefficients were transported without refitting, GSE31312 concordance increased descriptively
from 0.572 for the clinical model to 0.610 with the score (Δ = 0.038; P = .081). Calibration was inadequate: the slope
was 0.383 (95% CI 0.168–0.598), mean predicted 2-year survival was 0.836, and Kaplan-Meier estimated survival was
0.745 (95% CI 0.702–0.783). No clinical nomogram or calibrated risk calculator was therefore developed. Full
sensitivity, model comparison, cutoff, and calibration outputs are in Supplementary Tables S12–S19.
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Table 3
GSE31312 confirmation robustness and transportability

Section Analysis n /
early
deaths

Effect
Estimate or
Statistic
(95% CI)

P
Value

Additional value Interpretation

Adjusted 0–2-
year
association

Composite:
primary QC,
age + sex + 
COO

467 /
114

1.29 (1.07–
1.56)

.008 — Prespecified
confirmatory test

Adjusted 0–2-
year
association

Composite: all
samples, age + 
sex + COO

470 /
115

1.31 (1.09–
1.58)

.004 — Prespecified QC
sensitivity

Adjusted 0–2-
year
association

Composite:
strict no flags,
age + sex + 
COO

460 /
111

1.31 (1.08–
1.58)

.006 — Prespecified QC
sensitivity

Adjusted 0–2-
year
association

Composite: IPI
complete
cases, IPI + 
COO

421 /
102

1.15 (0.93–
1.42)

.193 — Association
attenuated;
independence
beyond IPI not
confirmed

Adjusted 0–2-
year
association

Immune axis:
primary QC,
age + sex + 
COO

467 /
114

1.38 (1.15–
1.66)

< .001 — Most consistent
component

Adjusted 0–2-
year
association

Immune axis:
IPI complete
cases, IPI + 
COO

421 /
102

1.22 (1.00–
1.49)

.046 — Nominal
association
retained

Incremental fit Composite
added to age + 
sex + COO

467 /
114

Likelihood-
ratio χ² =
6.95

.008 ΔC = 0.030;
paired P = .147

Model fit
improved; C-index
increase was
modest and not
statistically
established

Fixed cutoff Unchanged
GSE181063
median cutoff:
high versus low

467 /
114

1.47 (0.99–
2.19)

.055 342 low / 125
high; cutoff = 
0.012257783

Adverse direction
reproduced;
primary result
borderline

Fixed-model
transportability

Development
coefficients
applied without
refitting

467 /
114

Calibration
slope = 0.38
(0.17–0.60)

— Clinical C = 
0.572; clinical + 
score C = 0.610;
ΔC = 0.038;
slope CI
excludes 1

External
calibration
inadequate;
nomogram
remains on hold

The cutoff was 0.0122577831956875 and was not optimized in GSE31312. IPI complete-case models are sensitivities.
External coefficients were applied without refitting or recalibration.

Exploratory Immune Mechanism
All 5 depletion-oriented immune subprograms had HRs greater than 1 in each outcome cohort. Descriptive pooled
evidence was strongest for the interferon gamma response overlap (37 genes; HR 1.36, 95% CI 1.05–1.76; P = .037;
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BH adjusted P = .097; I²=7.9%) and complement overlap (15 genes; HR 1.34, 95% CI 1.04–1.72; P = .039; BH adjusted
P = .097; I² = 0%) (Fig. 3; Table 4). Inflammatory response, IL2/STAT5 signaling, and TNFA/NFKB signaling were
directionally concordant but did not meet the exploratory BH < .10 criterion.

Gene-level triangulation identified 26 of the 195 locked immune genes with lower expression in early death in all three
cohorts and nominal P < .05 in at least two (Fig. 4; Supplementary Tables S23–S24). The set included multiple T-cell
receptor and immune signaling genes, including CD2, CD3D, CD3G, CD247, LCK, CD8A, TRAT1, CD28, and ITGAL.
These patterns support an immune-depleted transcriptional state associated with early mortality, but they do not
quantify immune cell fractions, establish causal mechanisms, or justify a replacement score.

Table 4
Exploratory immune mechanism synthesis

Overlapping module Genes Pooled HR
(95% CI)

P
Value

BH-Adjusted
P Value

I² Evidence

IFN-gamma response
overlap

37 1.36 (1.05–
1.76)

.037 .097 7.9% Exploratory BH-adjusted
P < .10 support

Complement overlap 15 1.34 (1.04–
1.72)

.039 .097 0.0% Exploratory BH-adjusted
P < .10 support

Inflammatory
response overlap

37 1.24 (0.95–
1.62)

.074 .108 0.0% Directional only

IL2/STAT5 signaling
overlap

17 1.22 (0.93–
1.59)

.086 .108 0.0% Directional only

TNFA/NFKB signaling
overlap

17 1.14 (0.88–
1.47)

.171 .171 0.0% Directional only

Hazard ratios are per 1-SD higher depletion score. Modules overlap and remain part of the unchanged 195-gene
program. BH adjustment covers five module summaries.

Discussion
This staged analysis confirmed the prespecified association between a locked equal-weight 2-pathway score and
mortality within 2 years in an additional public DLBCL cohort. The confirmatory GSE31312 HR of 1.29 per standard
deviation was directionally aligned with both earlier cohorts and remained stable under opposing QC sensitivities.
The central biological observation was more specific: depletion of the locked 195 gene immune program was
consistently adverse across all three outcome cohorts, whereas the MYC component was strongly associated only in
development and showed substantial between-cohort heterogeneity.

The immune finding is compatible with decades of work showing that nonmalignant stromal and immune programs
contribute prognostic information beyond tumor-intrinsic cell of origin [5, 8]. The exploratory overlap results implicate
interferon gamma response, complement, inflammatory signaling, and lymphocyte-associated genes, but their
interpretation must remain at the level of bulk tissue transcription. Lower expression could reflect cellular
composition, functional suppression, sampling, tissue handling, or correlated tumor biology. The Hallmark label used
to define the parent program should not be read literally as transplant rejection.

The contrast between continuous and fixed threshold results is informative. A standardized continuous score
transported to GSE31312, while the unchanged raw development cutoff produced a borderline result and different
high-versus-low group proportions. Rank based construction reduced dependence on absolute platform scale, but it
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could not eliminate differences in specimen processing, platform annotation, case mix, follow-up, or baseline
hazards. The poor external calibration slope and overoptimistic mean survival prediction further show that an
associated biomarker is not automatically a deployable clinical model.

Adjustment choices also constrain the claim. The primary model used age, sex, and COO because these variables
were available across cohorts and fixed before confirmation. In the GSE31312 IPI complete-case subset, the
composite estimate attenuated and was not significant. Although the immune axis retained a borderline association,
this was a sensitivity result rather than a separate confirmatory test. Accordingly, the present data do not
demonstrate prognostic value beyond IPI and do not support a nomogram.

Several design features strengthen interpretability. The cohorts had separate discovery, prior validation, and
confirmatory roles; the endpoint, weights, directions, cutoff, and adjustment were frozen; QC was outcome-blinded;
analyses remained cohort-specific; and a source manifest fingerprinted the reviewed outputs. The additional cohort
was processed independently and no accession overlap was detected. These controls reduce common sources of
analytical flexibility, although they cannot substitute for prospective validation.

Limitations
This study was a retrospective secondary analysis of public datasets with heterogeneous tissue processing and
microarray platforms and without centralized pathology review. The endpoint was all-cause mortality within 2 years
of the recorded overall-survival origin; it was neither lymphoma-specific mortality nor a direct measure of primary
refractory disease. Clinical covariate availability differed among cohorts, and IPI adjustment required complete-case
analysis and attenuated the composite association in GSE31312. Although no accession overlap was detected,
public metadata could not establish patient-level independence across all source cohorts.

Only three outcome cohorts were available, so the random-effects summaries and I² estimates are descriptive and
imprecise, particularly for the heterogeneous MYC axis. The transferred cutoff was not fully confirmed, and the fixed
development model was poorly calibrated; no recalibration, clinical decision-curve analysis, or prospective utility
assessment was performed. Finally, bulk expression cannot identify immune-cell fractions or establish causal
pathways. The immune-module and 26-gene analyses were exploratory and were not used to modify the locked
score.

Conclusion
A locked rank-based composite of MYC activation and immune-program depletion was associated with 0–2-year all-
cause mortality in a prespecified additional DLBCL cohort. The reproducible signal was dominated by immune
depletion, whereas the MYC effect was cohort-dependent. The score should currently be viewed as a cross-platform
biological association rather than a calibrated clinical predictor. Prospective validation with complete IPI data,
standardized tissue processing, and prespecified calibration assessment is required before clinical use.

Abbreviations
ABC
activated B-cell-like
BH
Benjamini-Hochberg
CAMERA
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correlation adjusted mean rank
CI
confidence interval
COO
cell of origin
DLBCL
diffuse large B-cell lymphoma
FDR
false discovery rate
GEO
Gene Expression Omnibus
GCB
germinal center B-cell-like
HR
hazard ratio
IPI
International Prognostic Index
mKH
modified Knapp-Hartung
OS
overall survival
PH
proportional hazards
QC
quality control
REML
restricted maximum likelihood
R-CHOP
rituximab,cyclophosphamide,doxorubicin,vincristine,and prednisone.
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Figure 1

Adjusted associations of the MYC adverse axis, immune-depletion axis, and locked equal-weight composite with all-
cause mortality within 2 years. Cohort-specific estimates are hazard ratios per 1-SD higher adverse score from Cox
models adjusted for age, sex, and COO. Black diamonds show descriptive REML random-effects summaries with
modified Knapp-Hartung confidence intervals; these pooled estimates do not replace the prespecified GSE31312
confirmatory test

Figure 2

Page 15/18



Robustness and transportability analyses. Left: the locked equal-weight composite in GSE31312 under the primary
QC set, all-sample sensitivity, strict no-flag sensitivity, and IPI-plus-COO complete-case sensitivity. Right: adjusted
high-versus-low hazard ratios using the unchanged GSE181063 median cutoff in all three cohorts. The cutoff was not
optimized in either validation cohort

Figure 3

Descriptive three-cohort meta-analysis of five prespecified overlapping functional annotations within the locked 195-
gene immune program. Hazard ratios are per 1-SD higher depletion-oriented score. Red indicates exploratory BH-
adjusted P < .10 across five modules. Modules are overlapping annotations and are not immune-cell fractions or
replacement predictors

Page 16/18



Figure 4

Moderated gene-level t statistics for the 26 genes meeting the prespecified exploratory core criterion: negative log
fold change in all three cohorts and nominal P < .05 in at least two. Blue denotes lower expression in early death.
Genes remain part of the unchanged 195-gene immune score and were not used to refit or rebuild the predictor
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