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Abstract

Background
We evaluated associations of HTR2C expression with survival and microenvironment scores across
glioma cohorts after adjustment for clinical and molecular characteristics.

Methods
Adult primary gliomas historically classified as grades II–III were analyzed in The Cancer Genome Atlas
(TCGA) and two Chinese Glioma Genome Atlas (CGGA) cohorts. Cox models assessed overall survival.
Partial rank correlations assessed microenvironment scores, adjusting for age, sex, grade, and molecular
subtype, with additional ABSOLUTE purity adjustment in TCGA. Benjamini–Hochberg correction
controlled false discovery rates. A separate tissue microarray comprised 39 evaluable cores from normal
brain and grade I–II tumors.

Results
Survival analyses included 505, 201, and 132 patients. Adjusted hazard ratios per standard-deviation
increase in expression were 0.87 (95% confidence interval 0.72–1.05), 0.67 (0.52–0.87), and 0.67 (0.49–
0.91) in TCGA, CGGA693, and CGGA325, respectively; sensitivity analyses showed variation across
models. In TCGA, adjusted correlations were − 0.405 for immune and − 0.275 for stromal scores (n = 
409; both BH-adjusted P < 0.001). Monocytic-lineage correlations were − 0.188, − 0.210, and − 0.394
across the three cohorts (n = 411, 208, and 139; all BH-adjusted P < 0.01). Associations differed among
myeloid scores and algorithms. Cytoplasmic staining was higher in normal brain than grade II tumors
(Holm-adjusted P = 0.025).

Conclusions
HTR2C expression was inversely associated with monocytic-lineage scores across cohorts. Its survival
association varied with covariate adjustment and analysis population, supporting interpretation within
the clinical and molecular context.

1 Introduction
Adult diffuse gliomas are molecularly and clinically heterogeneous. Among tumors historically classified
as histological grades II and III, IDH mutation and 1p/19q codeletion status distinguish patient groups
with different genomic features and survival outcomes [1–4]. Integrated genomic analyses showed that
these molecular features captured biological differences more accurately than histological classification
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alone [1–3]. Evaluating the association between individual gene expression and survival therefore requires
consideration of molecular subtype, age, and histological grade, together with assessment of
consistency across cohorts.

HTR2C encodes the serotonin 2C receptor (5-HT2C), a G protein-coupled receptor whose ligand
recognition and activation properties have been characterized through structural and functional studies
[5]. In U251 human glioma cells, activation of 5-HT2C increased neprilysin expression [6]. This cellular
finding provides a basis for investigating 5-HT2C biology in glioma. At the patient level, further
characterization is needed to establish how tissue HTR2C expression relates to survival and tumor
microenvironment features, and whether these associations persist after adjustment for clinical and
molecular factors.

Bulk glioma transcriptomes contain expression contributions from malignant and nonmalignant cells,
and tumor purity can confound associations derived from tissue-level expression data [7, 8]. Single-cell
studies have further resolved malignant-cell states and nonmalignant populations in diffuse gliomas and
distinguished microglia-derived from blood-derived tumor-associated macrophages [9–11]. These
observations support examining broad immune and stromal features alongside specific myeloid-related
expression signatures. Incorporating molecular subtype and tumor purity allows assessment of whether
associations between HTR2C and these scores persist after accounting for these factors.

In this study, we analyzed TCGA and two CGGA transcriptomic cohorts to examine the association
between HTR2C expression and overall survival in patients with primary gliomas historically classified as
grades II and III, comparing estimates before and after clinical and molecular adjustment. In TCGA, we
additionally assessed associations with immune, stromal, and myeloid-related scores while adjusting for
ABSOLUTE tumor purity. External analyses of monocytic lineage and myeloid dendritic cell scores were
conducted in CGGA. We also compared HTR2C immunohistochemical scores in a tissue microarray
containing normal brain tissue and historically classified grade I and II tumors. The study aimed to
determine the consistency of the HTR2C survival association across cohorts and adjustment models
and to characterize its associated tumor microenvironment expression features.

2 Methods

2.1 Data sources and cohort selection
Transcriptomic and clinical data were obtained from The Cancer Genome Atlas (TCGA) and the Chinese
Glioma Genome Atlas (CGGA). TCGA-LGG HTR2C expression was queried from the UCSC Xena HiSeqV2
dataset (TCGA.LGG.sampleMap/HiSeqV2), and clinical information was retrieved from
TCGA.LGG.sampleMap/LGG_clinicalMatrix [12]. Survival data were obtained from TCGA-LGG.survival.tsv
in the UCSC Xena GDC hub. TCGA molecular subtype annotations were obtained from worksheet S1A of
the pan-glioma supplementary file TableS1.PatientData.20151020.v3.xlsx [3]. The CGGA datasets
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comprised the processed FPKM expression and clinical data from the mRNAseq_693 (PRJCA001747)
and mRNAseq_325 (PRJCA001746) cohorts [13].

Eligible patients were adults aged ≥ 18 years with primary glioma recorded as histological grade II or III
and complete data on age, sex, grade, molecular subtype and HTR2C expression. One primary tumor
record per patient was retained in TCGA, and expression, clinical and molecular data were matched
using patient identifiers. Histological grades were retained as recorded in the source datasets. Tumors
were classified as IDH-mutant and 1p/19q-codeleted, IDH-mutant and non-codeleted, or IDH-wildtype
according to IDH and 1p/19q status. CGGA cases with missing molecular annotations or concurrent
annotations of IDH-wildtype status and 1p/19q codeletion were excluded. The primary TCGA analyses
used the subtype annotations from the pan-glioma study, with one case with discordant molecular
information excluded in sensitivity analyses.

TCGA HTR2C expression was analyzed using the log₂(RSEM + 1) values retrieved from the Xena dataset,
whereas CGGA FPKM values were transformed as log₂(FPKM + 1). Expression distributions and
subsequent associations were analyzed separately within each cohort. Survival analyses required a
survival time greater than zero and a valid event indicator. TCGA microenvironment analyses required
complete data on the corresponding scores and ABSOLUTE tumor purity. Analysis populations were
selected separately from each base cohort according to the required variables. Complete-case analyses
were performed without imputation of missing values. Cohort selection is shown in Fig. 1a, and data
sources and analysis populations are summarized in Supplementary Table S1.

2.2 Tissue microarray and immunohistochemistry
The tissue microarray was commercially obtained from Shanghai Outdo Biotech (Shanghai, China) and
contained normal cerebral cortex and tumors recorded as grade I or II, with one tissue core per patient.
Tissue types and grades were obtained from the pathology records supplied with the microarray. Cores
with complete or partial tissue loss were excluded.

HTR2C immunostaining was performed using horseradish peroxidase (HRP) detection and 3,3′-
diaminobenzidine (DAB) chromogen. A recombinant rabbit monoclonal antibody against HTR2C
(Thermo Fisher Scientific, catalog no. MA5-32717) was used at a dilution of 1:2000, with the EnVision
FLEX/HRP detection system (DAKO). Brown staining was considered positive.

Cytoplasmic staining scores were calculated from the original records by multiplying staining intensity
by the positive-cell fraction, expressed on a scale of 0–1. Intensity ranges recorded as 0.5–1 and 1–2
were represented by their midpoints, 0.75 and 1.5, respectively. Cytoplasmic scores from individual cores
were used for comparisons among tissue groups. Representative images were selected from cores with
cytoplasmic scores equal to the median of their respective groups. The tissue microarray composition is
provided in Table 2.

2.3 Overall survival analysis
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Overall survival (OS) times and event status were obtained from the respective databases. Survival time
was measured in days, death was treated as the event, and patients recorded as alive were censored
according to the database records. TCGA and the two CGGA cohorts were analyzed separately. Log₂-
transformed HTR2C expression was standardized within the primary survival analysis population of each
cohort and entered into Cox proportional hazards models [14] as a continuous variable. Hazard ratios
(HRs) and 95% confidence intervals were reported per one-standard-deviation increase in HTR2C
expression.

Three models with sequential covariate adjustment were fitted. M0 included HTR2C expression alone;
M1 additionally included age, sex, and histological grade; and M2 further included molecular subtype.
Age was modeled per 10-year increase. Sex, histological grade, and molecular subtype were treated as
categorical variables, with female sex, grade II, and IDH-mutant, 1p/19q-codeleted tumors as the
respective reference categories. All three models used the same complete-case population within each
cohort. Tied event times were handled using the Efron method, and regression coefficients were
assessed using two-sided Wald tests. A clinical and molecular model without HTR2C was also fitted and
compared with M2 using a likelihood ratio test to assess the change in model fit after adding HTR2C.

The proportional hazards assumption was assessed using tests based on scaled Schoenfeld residuals
[15, 16], with the rank transformation of time as the primary approach and the Kaplan–Meier
transformation as a supplementary assessment. In TCGA, HTR2C expression and age were modeled
separately using restricted cubic splines with knots at the 5th, 35th, 65th, and 95th percentiles of the
respective distributions. Each spline model was compared with its corresponding linear model using a
likelihood ratio test for nonlinearity. M2 was also refitted after excluding TCGA-CS-5394, a case with
discordant molecular annotations.

Post hoc sensitivity analyses were conducted in both CGGA cohorts following the proportional hazards
diagnostics. Cox models were stratified jointly by histological grade and molecular subtype, allowing a
separate baseline hazard function for each stratum, and adjusted for age and sex. Additional analyses
were restricted to patients with IDH-mutant tumors and adjusted for age, sex, histological grade, and
1p/19q codeletion status. These restricted analyses retained the HTR2C expression mean and standard
deviation from the primary survival analysis population of the corresponding cohort.

To assess the influence of requiring complete molecular data, supplementary available-case analyses
were performed in both CGGA cohorts. These analyses retained the eligibility requirements for age,
primary disease status, histological grade, sex, HTR2C expression, and survival data, without requiring
complete molecular subtype information. M0 and M1 were then refitted, with HTR2C expression
restandardized within the corresponding available-case population of each cohort.

2.4 Analysis of immune and stromal scores
Precomputed ESTIMATE immune and stromal scores [7] and ABSOLUTE tumor purity estimates [17]
were obtained from worksheet S1A of the TCGA pan-glioma supplementary file
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TableS1.PatientData.20151020.v3.xlsx and matched to HTR2C expression and clinical data by patient
identifier. This cross-sectional analysis included patients with complete data on HTR2C expression, both
ESTIMATE scores, age, sex, histological grade, molecular subtype, and ABSOLUTE tumor purity.

Associations between HTR2C expression and the two scores were assessed sequentially in the same
analysis population. Unadjusted Spearman rank correlations were first estimated, followed by partial
rank correlations adjusted for age, sex, histological grade, and molecular subtype. The primary analysis
additionally adjusted for ABSOLUTE tumor purity. HTR2C expression, each score, and continuous
covariates were rank-transformed, with average ranks assigned to tied values; categorical covariates
were dummy-coded. The ranks of HTR2C expression and each score were separately regressed on the
covariates, and the Pearson correlation between the resulting residuals was calculated. For visualization,
residuals from the fully adjusted analysis were divided by their standard deviation.

For the unadjusted, clinical and molecular adjusted, and fully adjusted analyses, 95% confidence
intervals were estimated using 2,000 patient-level bootstrap samples drawn with replacement. Ranking
and covariate adjustment were repeated in each sample, and the 2.5th and 97.5th percentiles of the
correlation estimates defined the confidence limits. Two-sided P values were calculated using a t-
distribution approximation, with degrees of freedom determined by the sample size and the rank of the
covariate design matrix. The Benjamini–Hochberg procedure [18] was applied to the two score tests
within each adjustment set, and BH-adjusted P values were reported. The two fully adjusted tests
constituted the primary testing family.

Sensitivity analyses excluded TCGA-CS-5394, a case with discordant molecular annotations; restricted
the analysis to patients also included in the primary survival analysis; and modeled tumor purity using a
restricted cubic spline. The spline was constructed from tumor purity ranks, with knots at the 5th, 35th,
65th, and 95th percentiles. Unadjusted analyses and analyses adjusted for clinical and molecular
covariates were also repeated in all eligible patients with both scores available to assess the influence of
requiring complete tumor purity data. Confidence intervals for sensitivity analyses were estimated using
the Fisher z approximation, and Benjamini–Hochberg correction was applied to the two tests within each
sensitivity analysis. Patients included in the primary analysis and those excluded because of missing
data were also compared descriptively with respect to age, sex, histological grade, molecular subtype,
and HTR2C expression.

2.5 Analysis of myeloid-related scores
Precomputed TCGA infiltration estimates were downloaded from the TIMER2.0 resource “Infiltration
Estimation for all TCGA tumors” (infiltration_estimation_for_tcga.csv.gz) on September 17, 2026 [19],
and matched to expression, clinical, and molecular data by patient identifier. The primary analysis
included seven xCell scores [20]: macrophages, monocytes, myeloid dendritic cells, activated myeloid
dendritic cells, M1 macrophages, M2 macrophages, and plasmacytoid dendritic cells. Cell labels
followed the algorithm annotations in the source matrix. Auxiliary analyses included TIMER [21]
macrophage and myeloid dendritic cell scores and MCP-counter [22] monocytic lineage and myeloid
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dendritic cell scores. Two MCP-counter monocyte-related fields with identical values in the source matrix
were treated as a single score.

Patients with complete data on the selected scores, HTR2C expression, clinical and molecular
covariates, and ABSOLUTE tumor purity were included. Using the rank correlation approach described in
Section 2.4, associations were estimated without adjustment, after adjustment for age, sex, histological
grade, and molecular subtype, and after additional adjustment for tumor purity. For the fully adjusted
analyses, 95% confidence intervals were estimated using 2,000 patient-level bootstrap samples, with
ranking and covariate adjustment repeated in each sample. Confidence intervals for the other
adjustment sets were estimated using the Fisher z approximation. Two-sided P values were calculated
using the residual-correlation t approximation. Within each adjustment set, Benjamini–Hochberg
correction was applied separately to the seven xCell tests and the four auxiliary tests. The seven fully
adjusted xCell tests constituted the primary testing family. The fully adjusted analyses were repeated
after excluding TCGA-CS-5394, with Fisher z confidence intervals and separate correction within the
same two testing families. The proportion of zero scores and the number of distinct values were also
summarized for each score.

Following the TCGA analyses, monocytic lineage and myeloid dendritic cell scores were examined in the
CGGA mRNAseq_693 and mRNAseq_325 cohorts. Scores were calculated in Python using the official
MCP-counter HUGO marker sets and scoring rule [22], as the arithmetic mean of log₂(FPKM + 1)
expression across available marker genes within each sample. All seven monocytic lineage markers
were available in both cohorts. Of the six myeloid dendritic cell markers, only CD1E, CLEC10A, and CLIC2
were available. These three genes were therefore used to calculate an exploratory score; the unavailable
genes CD1A, CD1B, and WFDC21P were not imputed as zero. Marker coverage is provided in
Supplementary Table S4.

The two CGGA cohorts were analyzed separately. Within each cohort, unadjusted Spearman correlations
and partial rank correlations adjusted for age, sex, histological grade, and molecular subtype were
calculated in the same complete-case population. Tumor purity was not included in the CGGA models.
Confidence intervals for adjusted correlations were estimated using 2,000 patient-level bootstrap
samples, with ranking and covariate adjustment repeated in each sample. P values were calculated
using a two-sided t approximation, and Benjamini–Hochberg correction was applied jointly to the two
adjusted tests within each cohort. The monocytic lineage score based on the complete marker set was
the main reported score; the dendritic cell score based on three available genes was reported as an
exploratory analysis.

2.6 Statistical analysis
Continuous variables were summarized as medians with the 25th and 75th percentiles, and categorical
variables as counts and percentages. Clinical and molecular characteristics were summarized
separately for each cohort. The patient was the unit of analysis. Complete-case populations were
defined according to the variables required for each analysis, without imputation of missing values.
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Cytoplasmic immunohistochemical scores were compared among normal brain tissue, grade I tumors,
and grade II tumors using a permutation Kruskal–Wallis test. The test statistic was corrected for tied
ranks, and the P value was estimated from 999,999 random permutations of group labels with a plus-one
correction. Pairwise comparisons used exact permutation Mann–Whitney tests, enumerating all label
allocations that preserved the group sizes. Two-sided P values were calculated as twice the smaller
inclusive permutation-tail probability, capped at 1. Holm correction was applied jointly to the three
pairwise comparisons.

Methods for survival and correlation analyses are described in Sections 2.3–2.5. Tests of regression
coefficients, correlation coefficients, and pairwise comparisons were two-sided. Statistical significance
was defined as P < 0.05 for tests without multiplicity adjustment, Holm-adjusted P < 0.05 for pairwise
immunohistochemical comparisons, and BH-adjusted P < 0.05 within each testing family for score
correlation analyses. Effect estimates were reported with 95% confidence intervals.

Data processing and statistical analyses were performed in Python using pandas, NumPy, SciPy, and
lifelines. Statistical figures were generated using Matplotlib.

3 Results

3.1 Cohort characteristics and HTR2C expression across
molecular subtypes
The TCGA, CGGA693 and CGGA325 cohorts included 509, 208 and 139 adults with primary glioma,
respectively (Fig. 1a; Supplementary Table S1). Median ages were 41, 40 and 39 years, respectively.
According to the original histological records, grade II tumors accounted for 48.1%, 49.5% and 66.9% of
the respective cohorts; the remaining tumors were grade III. The IDH-mutant, non-codeleted subtype was
the most frequent in TCGA and CGGA693, accounting for 48.5% and 46.2%, respectively. In CGGA325,
the IDH-mutant, 1p/19q-codeleted subtype was the most frequent, accounting for 38.1%. Clinical and
molecular characteristics are summarized in Table 1.

Overall survival analyses included 505, 201 and 132 patients from the respective cohorts, with 124, 77
and 64 recorded deaths. The TCGA analyses of ESTIMATE scores and myeloid-related scores included
409 and 411 patients, respectively. MCP-counter analyses included 208 patients from CGGA693 and 139
from CGGA325 (Fig. 1a; Table 1).

In all three cohorts, median HTR2C expression was lower in IDH-wildtype tumors than in either IDH-
mutant subgroup. In TCGA, median expression was higher in the IDH-mutant, 1p/19q-codeleted
subgroup than in the non-codeleted subgroup. The two IDH-mutant subgroups had similar median
expression levels in CGGA693, whereas the non-codeleted subgroup had a higher median in CGGA325.
Expression distributions overlapped across molecular subtypes within each cohort (Fig. 1b–d).
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Table 1
Clinical and molecular characteristics

Characteristic TCGA CGGA
mRNAseq_693

CGGA
mRNAseq_325

Patients 509 208 139

Age, years, median (Q1, Q3) 41.0 (33.0,
53.0)

40.0 (33.0, 45.3) 39.0 (35.0, 46.0)

Sex, n (%)      

Female 229 (45.0) 90 (43.3) 55 (39.6)

Male 280 (55.0) 118 (56.7) 84 (60.4)

Historical histological grade, n (%)      

Grade II 245 (48.1) 103 (49.5) 93 (66.9)

Grade III 264 (51.9) 105 (50.5) 46 (33.1)

IDH and 1p/19q molecular subtype,
n (%)

     

IDH-mutant, 1p/19q-codeleted 168 (33.0) 65 (31.3) 53 (38.1)

IDH-mutant, non-codeleted 247 (48.5) 96 (46.2) 50 (36.0)

IDH-wildtype 94 (18.5) 47 (22.6) 36 (25.9)

Analysis populations      

OS analysis, n 505 201 132

Excluded from OS analysis, n 4 7 7

Deaths, n

(% of OS analysis)

124 (24.6) 77 (38.3) 64 (48.5)

Censored, n

(% of OS analysis)

381 (75.4) 124 (61.7) 68 (51.5)

Myeloid analysis, n 411 208 139

ESTIMATE analysis with purity, n 409 Not assessed Not assessed

(a) Selection of patients for the TCGA and two CGGA RNA-sequencing cohorts. Base cohorts included
adults with primary tumors of historical histological grades II or III and complete age, sex, grade,
molecular-subtype and HTR2C expression data. The TCGA source cohort contained 516 primary
patients. The clinical and molecular complete cohorts comprised 509, 208 and 139 patients,
respectively. Analysis subsets overlap and were selected separately for overall survival (OS) and
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microenvironment analyses. Discordant CGGA annotations refer to IDH-wildtype tumors annotated as
1p/19q-codeleted. (b–d) HTR2C expression in the three molecular subtypes in the corresponding base
cohorts. Points represent individual patients. Boxes show the 25th and 75th percentiles, with the median
marked inside; whiskers extend to the most extreme values within 1.5 interquartile ranges. All patient
points are displayed. TCGA values are log2(RSEM + 1), whereas CGGA values are log2(FPKM + 1). Panels
are descriptive; expression values were not pooled or directly compared across datasets. Molecular
labels and historical grades do not constitute complete WHO 2021 integrated diagnoses. Data sources,
eligibility and analysis membership are provided in Supplementary Table S1

3.2 HTR2C immunostaining in normal brain tissue and
grade I and II tumors
The tissue microarray contained samples from 42 patients. After exclusion of three samples with
complete or partial tissue loss, 39 were included in the cytoplasmic staining analysis: three normal brain
samples, five grade I tumors and 31 grade II tumors, with grades based on the original pathology records
(Table 2). Representative staining images are shown in Fig. 2a–c. Median cytoplasmic HTR2C staining
scores (interquartile ranges) were 1.00 (0.88–1.18) in normal brain tissue, 0.75 (0.60–0.80) in grade I
tumors and 0.45 (0.30–0.68) in grade II tumors (Fig. 2d).

Cytoplasmic staining scores differed across the three groups (permutation P = 0.0119). Pairwise
comparisons showed lower scores in grade II tumors than in normal brain tissue (Holm-adjusted P = 
0.0251). The comparisons between normal brain tissue and grade I tumors and between grade I and
grade II tumors did not reach statistical significance (both Holm-adjusted P = 0.2955).

Representative tissue cores are shown for (a) normal cerebral cortex (A01), (b) pilocytic astrocytoma,
historical grade I (A07), and (c) diffuse astrocytoma, historical grade II (B03). The selected cores had
cytoplasmic staining scores equal to the median of their respective groups. Scale bars, 500 µm. (d)
Cytoplasmic staining scores in normal brain tissue (n = 3), grade I tumors (n = 5), and grade II tumors (n 
= 31). Each point represents one patient, with one core per patient. Horizontal offsets separate
overlapping observations. The bars beside each group indicate the median and interquartile range.
Scores were calculated as staining intensity multiplied by the positive-cell fraction (0–1); intensity
ranges of 0.5–1 and 1–2 were represented by their midpoints, 0.75 and 1.5, respectively. Cores C11 and
C12 were excluded because of tissue loss, and C14 was excluded because of partial tissue loss.
Histological diagnoses and grades follow the original tissue records. The omnibus P value was obtained
by permuting group labels 999,999 times using the tie-corrected Kruskal–Wallis statistic. Pairwise
comparisons used two-sided exact permutation Mann–Whitney tests with Holm correction across all
three comparisons
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Table 2
Composition of the tissue microarray and analyzed cores

Tissue or recorded histology Historical
grade

Available
cores

Excluded
cores

Analyzed
cores

Cerebral cortex Not applicable 3 0 3

Ganglioglioma I 1 0 1

Pilocytic astrocytoma I 4 0 4

Oligodendroglioma II 3 0 3

Pleomorphic
xanthoastrocytoma

II 2 0 2

Diffuse astrocytoma II 17 0 17

Oligodendrocyte astrocytoma II 12 3 9

3.3 Association between HTR2C expression and overall
survival
In TCGA, each standard deviation increase in HTR2C expression was associated with a hazard ratio for
death of 0.65 in the unadjusted model (95% CI, 0.54–0.77; P = 1.72 × 10⁻⁶). The association was
attenuated after adjustment for age, sex, historical histological grade and molecular subtype (HR, 0.87;
95% CI, 0.72–1.05; P = 0.145; Fig. 3a).

In both CGGA cohorts, higher HTR2C expression was associated with a lower hazard of death after
adjustment for the same covariates. The HR per standard deviation increase was 0.67 in CGGA693 (95%
CI, 0.52–0.87; P = 0.002) and 0.67 in CGGA325 (95% CI, 0.49–0.91; P = 0.009; Fig. 3a).

Likelihood-ratio tests comparing the clinical and molecular model with and without HTR2C indicated
improved fit in CGGA693 (χ² = 11.566; P = 0.0007) and CGGA325 (χ² = 7.855; P = 0.0051), but not in
TCGA (χ² = 2.152; P = 0.1424). In TCGA, restricted cubic spline comparisons did not provide evidence of
nonlinearity for HTR2C (P = 0.6898) or age (P = 0.2340). Model diagnostics in the CGGA cohorts
identified departures from the proportional hazards assumption for grade or molecular subtype
covariates. After joint stratification by grade and molecular subtype, with adjustment for age and sex, the
HR for HTR2C was 0.73 in CGGA693 (95% CI, 0.56–0.95; P = 0.017) and 0.77 in CGGA325 (95% CI, 0.57–
1.04; P = 0.090). Analyses restricted to patients with IDH-mutant tumors, adjusted for age, sex, grade and
1p/19q codeletion status, yielded HRs of 0.80 in CGGA693 (n = 154; 95% CI, 0.56–1.13; P = 0.197) and
0.68 in CGGA325 (n = 99; 95% CI, 0.45–1.02; P = 0.063; Fig. 3b). Primary and sensitivity estimates are
provided in Supplementary Table S2.

Squares indicate hazard ratios (HRs), and horizontal lines indicate 95% confidence intervals (CIs).
Expression was standardized within each primary survival cohort after log2(RSEM + 1) transformation in
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TCGA or log2(FPKM + 1) transformation in CGGA. HRs represent a one-standard-deviation increase in
expression. (a) M0 was unadjusted; M1 adjusted for age, sex and historical histological grade; M2
additionally adjusted for IDH/1p/19q-defined molecular subtype. The same complete-case population
was used for M0–M2 within each cohort: TCGA, 505 patients and 124 deaths; CGGA693, 201 patients
and 77 deaths; CGGA325, 132 patients and 64 deaths. (b) TCGA sensitivity analyses excluded one case
with discordant molecular information or modeled age using a restricted cubic spline. CGGA analyses
stratified the baseline hazard jointly by grade and molecular subtype, with adjustment for age and sex, or
restricted the population to IDH-mutant tumors, with adjustment for age, sex, grade and 1p/19q-defined
subtype. Sensitivity analyses retained the expression standardization of their primary survival cohort.
The CGGA sensitivity models were fitted after proportional-hazards diagnostics identified departures for
other covariates. P values are two-sided Wald P values without multiplicity adjustment. The dashed line
indicates HR = 1. Primary and sensitivity estimates are provided in Supplementary Table S2

3.4 Associations of HTR2C expression with immune and
stromal scores in TCGA
Among the 409 TCGA patients included in the analysis, HTR2C expression was inversely correlated with
both ESTIMATE immune and stromal scores. The unadjusted Spearman correlation coefficient was − 
0.456 for the immune score (95% CI, − 0.535 to − 0.373) and − 0.338 for the stromal score (95% CI, − 
0.425 to − 0.242; Fig. 4a).

The inverse associations persisted after adjustment for age, sex, historical histological grade, molecular
subtype and ABSOLUTE tumor purity. The partial correlation coefficient was − 0.405 for the immune
score (95% CI, − 0.486 to − 0.318; P = 2.33 × 10⁻¹⁷; BH-adjusted P = 4.66 × 10⁻¹⁷) and − 0.275 for the
stromal score (95% CI, − 0.365 to − 0.178; P = 1.89 × 10⁻⁸; BH-adjusted P = 1.89 × 10⁻⁸; Fig. 4a–c). Both
inverse associations persisted in sensitivity analyses excluding the case with discordant molecular
annotations, restricting the population to patients also included in the survival analysis, and allowing for
a nonlinear association with tumor purity (Supplementary Table S3).

All panels include the same 409 patients with complete clinical, molecular, ESTIMATE and ABSOLUTE
purity data. (a) Estimates are shown without adjustment, after adjustment for age, sex, historical grade
and molecular subtype, and after additional adjustment for ABSOLUTE tumor purity. Circles indicate the
first two adjustment sets, and squares indicate the primary fully adjusted estimates. Horizontal bars
show percentile 95% confidence intervals from 2,000 patient-level bootstrap samples, with ranking and
covariate adjustment repeated in each sample. Two-sided P values were calculated using a t
approximation for the residual correlations. The displayed BH-adjusted P values use Benjamini–
Hochberg correction across the two scores within each adjustment set; the two fully adjusted tests
constitute the primary testing family. (b, c) Fully adjusted rank residuals for HTR2C expression and the
immune or stromal score, respectively, scaled to unit standard deviation for display. Each point
represents one patient. Colors identify the molecular subtypes; the line summarizes the overall residual
association. Subtypes comprise IDH-mutant, 1p/19q-codeleted tumors (n = 140), IDH-mutant, non-
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codeleted tumors (n = 193), and IDH-wildtype tumors (n = 76). Fully adjusted results and sensitivity
analyses are provided in Supplementary Table S3

3.5 Associations of HTR2C expression with myeloid-
related scores in TCGA
Among 411 TCGA patients, HTR2C expression was inversely associated with the xCell macrophage
score (partial ρ = −0.363; 95% CI, − 0.445 to − 0.276; BH-adjusted P = 1.44 × 10⁻¹³), M1 macrophage
score (partial ρ = −0.447; 95% CI, − 0.524 to − 0.362; BH-adjusted P = 1.84 × 10⁻²⁰) and monocyte score
(partial ρ = −0.289; 95% CI, − 0.379 to − 0.195; BH-adjusted P = 5.47 × 10⁻⁹) after adjustment for age, sex,
historical histological grade, molecular subtype and ABSOLUTE tumor purity. The association with the
M2 macrophage score was not statistically significant (partial ρ = −0.002; 95% CI, − 0.106 to 0.100; BH-
adjusted P = 0.962; Fig. 5a).

Among the xCell dendritic cell scores, the activated myeloid dendritic cell score was inversely associated
with HTR2C expression (partial ρ = −0.361; 95% CI, − 0.447 to − 0.264; BH-adjusted P = 1.44 × 10⁻¹³). A
weaker inverse association was observed for the plasmacytoid dendritic cell score (partial ρ = −0.112;
95% CI, − 0.204 to − 0.015; BH-adjusted P = 0.035). The association with the myeloid dendritic cell score
was not statistically significant (partial ρ = −0.014; 95% CI, − 0.117 to 0.083; BH-adjusted P = 0.916;
Fig. 5a).

Auxiliary analyses of the same patients, adjusted for the same covariates, showed an inverse
association between HTR2C expression and the MCP-counter monocytic-lineage score (partial ρ =
−0.188; 95% CI, − 0.281 to − 0.090; BH-adjusted P = 2.80 × 10⁻⁴). The association with the TIMER
macrophage estimate was not statistically significant (partial ρ = 0.007; 95% CI, − 0.097 to 0.104; BH-
adjusted P = 0.891). Myeloid dendritic cell scores from TIMER and MCP-counter were both inversely
associated with HTR2C expression, with partial correlation coefficients of − 0.313 (95% CI, − 0.401 to − 
0.222; BH-adjusted P = 4.72 × 10⁻¹⁰) and − 0.182 (95% CI, − 0.275 to − 0.087; BH-adjusted P = 2.99 ×
10⁻⁴), respectively (Fig. 5b).

Exclusion of one patient with discordant molecular annotations yielded similar effect estimates in the
remaining 410 patients. The xCell myeloid dendritic cell and plasmacytoid dendritic cell scores
contained 190 (46.2%) and 189 (46.0%) zero values, respectively. Fully adjusted results are provided in
Supplementary Table S3.

All analyses include the same 411 patients with complete clinical and molecular information, ABSOLUTE
purity and the selected cell scores. (a) Seven xCell scores. (b) Four auxiliary scores from TIMER and
MCP-counter. Squares show partial rank correlations adjusted for age, sex, historical grade, molecular
subtype and ABSOLUTE tumor purity. Horizontal bars indicate percentile 95% confidence intervals from
2,000 patient-level bootstrap samples, with ranks and covariate adjustment recalculated in each sample.
Two-sided P values were obtained using a t approximation. Benjamini–Hochberg correction was applied
separately to the seven xCell tests and the four auxiliary tests. The dashed line indicates zero correlation.
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All selected scores are shown, including nonsignificant results. The MCP-counter monocytic-lineage
estimate corresponds to the source column Monocyte_MCPCOUNTER; the identical
Macrophage/Monocyte_MCPCOUNTER column was counted once. DC, dendritic cell. M1, M2 and
activated are algorithm-defined cell labels. All algorithms were evaluated in the same TCGA cohort; panel
b is an algorithm sensitivity analysis. Fully adjusted results are provided in Supplementary Table S3

3.6 Associations of HTR2C expression with monocytic-
lineage scores in the CGGA cohorts
The CGGA693 and CGGA325 analyses included 208 and 139 patients, respectively, with all seven
markers for the MCP-counter monocytic-lineage score available in both cohorts. After adjustment for
age, sex, historical histological grade and molecular subtype, HTR2C expression was inversely
associated with the monocytic-lineage score in both cohorts. The partial correlation coefficient was − 
0.210 in CGGA693 (95% CI, − 0.342 to − 0.071; P = 0.00265; BH-adjusted P = 0.00530) and − 0.394 in
CGGA325 (95% CI, − 0.534 to − 0.235; P = 2.41 × 10⁻⁶; BH-adjusted P = 4.83 × 10⁻⁶; Fig. 6a, b).

Of the six markers in the myeloid dendritic cell signature, CD1E, CLEC10A and CLIC2 were available in
both cohorts, and scores were calculated from these three genes. After adjustment for the same
covariates, this score was inversely associated with HTR2C expression in CGGA693 (partial ρ = −0.177;
95% CI, − 0.309 to − 0.038; BH-adjusted P = 0.0115). The association in CGGA325 was not statistically
significant (partial ρ = −0.068; 95% CI, − 0.244 to 0.111; BH-adjusted P = 0.432). Complete results and
marker coverage are provided in Supplementary Table S4.

Adjusted rank residuals are shown for HTR2C expression and the monocytic-lineage score in (a)
CGGA693 (n = 208) and (b) CGGA325 (n = 139). All seven monocytic-lineage markers were available in
both cohorts. Scores were calculated as the arithmetic mean of log2(FPKM + 1) expression across these
markers. Expression and score ranks were separately adjusted for age, sex, historical grade and
molecular subtype, and residuals were scaled to unit standard deviation for display. Each point
represents one patient; lines summarize the residual associations. Partial rank correlations and
percentile 95% confidence intervals from 2,000 patient-level bootstrap samples are shown. The BH-
adjusted P values use Benjamini–Hochberg correction across the two evaluated scores within each
cohort, including the incomplete myeloid dendritic-cell score reported in Supplementary Table S4. CGGA
models did not include ABSOLUTE purity. The two cohorts were analyzed separately

4 Discussion
This study examined the relationships of HTR2C expression with overall survival and tumor
microenvironment-related transcriptional features in three glioma cohorts. After adjustment for available
clinical and molecular factors, higher HTR2C expression was consistently associated with lower MCP-
counter monocytic-lineage scores in TCGA and both CGGA cohorts. In TCGA, inverse associations were
also observed with the ESTIMATE immune and stromal scores and several myeloid-related scores.
Higher HTR2C expression was associated with a lower hazard of death in the primary adjusted analyses
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of both CGGA cohorts, whereas the corresponding association in TCGA was attenuated after molecular
adjustment. Immunohistochemistry further showed lower cytoplasmic HTR2C staining in grade II tumors
than in normal brain tissue. These findings indicate a consistent inverse relationship between HTR2C
expression and monocytic-lineage-related transcriptional features across the three cohorts.

IDH mutation and 1p/19q codeletion define glioma subgroups with distinct genomic characteristics and
survival outcomes and provide greater prognostic resolution than grade alone [1–4]. Against this
molecular background, the survival analyses showed a consistently inverse direction between HTR2C
expression and mortality across all three cohorts. The association was particularly reproducible in the
two independent CGGA datasets. After adjustment for age, sex, historical grade, and molecular subtype,
each standard-deviation increase in HTR2C expression was associated with a 33% lower hazard of death
in both CGGA693 and CGGA325. The close agreement between these estimates, despite differences in
cohort size and patient composition, supports the reproducibility of the association. Addition of HTR2C
also significantly improved the fit of the clinical and molecular models in both CGGA cohorts, indicating
that HTR2C provided prognostic information beyond the variables included in these models. In TCGA,
higher HTR2C expression was strongly associated with a lower hazard of death before molecular
adjustment and remained significant after adjustment for age, sex, and grade. The estimate moved
toward the null after molecular subtype was included, in parallel with the marked differences in HTR2C
expression among IDH/1p/19q-defined subgroups. This attenuation places the survival association
within the established molecular heterogeneity of glioma and suggests that HTR2C may partly capture
biological differences represented by these subtypes.

Bulk glioma transcriptomes contain RNA derived from malignant cells together with signals from
immune, stromal, and resident neural populations. Differences in these cellular components contribute
to transcriptional variation among glioma subtypes, as demonstrated by single-cell studies of
oligodendroglioma and IDH-mutant astrocytoma [9, 10]. In the TCGA cohort, higher HTR2C expression was

associated with lower ESTIMATE immune and stromal scores [7]. These associations remained after
adjustment for age, sex, historical grade, molecular subtype and ABSOLUTE tumor purity [17], with partial
correlation coefficients of − 0.405 for the immune score and − 0.275 for the stromal score. The stronger
association with the immune score indicates that the HTR2C-related transcriptional pattern was more
closely linked to immune components than to the broader stromal component captured by ESTIMATE.
Sequential models were fitted in the same 409 patients, allowing changes in the estimates to be
attributed to covariate adjustment rather than differences in the analysis population. The inverse
associations were also maintained after exclusion of the case with discordant molecular annotations,
restriction to patients included in the survival analysis, and nonlinear adjustment for tumor purity.
Persistence of these relationships after adjustment for molecular subtype and tumor purity indicates
that the association was not determined solely by the greater nonmalignant-cell contribution of low-
purity tumors. HTR2C-high tumors may therefore represent a transcriptional context characterized by
reduced immune and stromal expression programs within otherwise comparable molecular and clinical
groups.
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Analysis of myeloid-related scores further specified the immune context associated with HTR2C
expression. After adjustment for clinical factors, molecular subtype, and tumor purity, higher HTR2C
expression was inversely associated with the xCell macrophage, monocyte, M1 macrophage, and
activated myeloid dendritic-cell scores. Among these associations, the xCell M1 macrophage score
showed the largest correlation coefficient. Importantly, the xCell monocyte score and the MCP-counter
monocytic-lineage score yielded concordant inverse associations despite differences in their marker
genes and scoring procedures [20, 22]. Myeloid dendritic-cell scores derived from TIMER and MCP-counter
were also inversely associated with HTR2C expression, extending the observed pattern to additional
myeloid-related transcriptional programs. Experimental and single-cell studies have established that
glioma-associated microglia and recruited macrophages have distinct ontogenies and occupy diverse,
tumor-instructed transcriptional states [11, 25, 28–30]. Conventional M1 and M2 markers can overlap within
these states; the xCell M1 association should therefore be understood as an M1-related expression
signature rather than evidence of a discrete polarization state [11, 25–27]. The convergence of the
monocyte and monocytic-lineage results provides a specific cellular direction for investigating how
HTR2C relates to the myeloid compartment of the glioma microenvironment.

The monocytic-lineage association was externally replicated in both CGGA cohorts using the complete
seven-gene MCP-counter marker set. MCP-counter was developed to estimate the relative abundance of
defined cell populations from bulk transcriptomic data and was validated using RNA mixtures and tissue
immunohistochemistry [22]. After adjustment for age, sex, historical grade, and molecular subtype,
HTR2C expression was inversely associated with the monocytic-lineage score in CGGA693 and
CGGA325, with partial correlation coefficients of − 0.210 and − 0.394, respectively. Both associations
remained significant after BH correction. The same direction was observed in the TCGA MCP-counter
analysis after additional adjustment for ABSOLUTE tumor purity. Because the three cohorts were
processed and analyzed separately, the concordant results were not dependent on pooling expression
values or applying a common normalization scale across datasets. Replication across TCGA and two
independent CGGA cohorts provides robust transcriptomic evidence linking higher HTR2C expression to
a lower monocytic-lineage signature in glioma and identifies this cellular component as a priority for
subsequent spatial localization and functional investigation.

Immunohistochemical analysis extended the transcriptomic findings to the protein and tissue levels.
HTR2C staining was detectable in normal cerebral cortex and in grade I and II tumors, with median
cytoplasmic scores of 1.00, 0.75, and 0.45, respectively. The ordered decrease across the three tissue
groups was supported by the overall permutation test, and grade II tumors showed significantly lower
cytoplasmic staining than normal brain tissue after correction for multiple comparisons. This pattern
was compatible with the transcriptomic observation that lower HTR2C expression occurred in
molecularly less favorable tumors and was associated with a higher hazard of death in the survival
analyses. Previous work in U251 glioma cells showed that pharmacological activation of 5-HT2C altered
downstream neprilysin expression, demonstrating that the receptor can participate in biological
responses in a glioma-cell context [6]. The present immunohistochemical findings provide experimental
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evidence that differences in HTR2C are also detectable at the protein level in human brain and glioma
tissues.

The replicated inverse relationship between HTR2C expression and monocytic-lineage scores raises a
testable hypothesis that HTR2C is linked to a glioma state with reduced monocytic-lineage
representation. Determining the cellular source of HTR2C is central to evaluating this relationship.
Single-cell and spatial transcriptomic analyses can distinguish expression in malignant cells, resident
neural cells, microglia, and blood-derived macrophages, while RNA in situ hybridization or multiplex
immunofluorescence with OLIG2, SOX2, IBA1, and CD68 can confirm cellular localization in tissue. Once
the principal source is established, HTR2C perturbation in the relevant cell model can be combined with
measurements of chemokine expression, conditioned-medium migration assays, and glioma–myeloid
coculture experiments. These approaches can determine whether variation in HTR2C expression is
accompanied by changes in monocyte recruitment or myeloid-cell state and clarify the biological basis
of the association observed across the three cohorts.

Study limitations

The retrospective nature of the TCGA and CGGA cohorts meant that complete WHO 2021 integrated
diagnoses, treatment information, and several clinical variables were not uniformly available. Molecular
subtype was therefore incorporated where possible, and the main findings were examined across three
independent datasets to enhance their reliability. In addition, the associations between HTR2C and
immune features were derived primarily from bulk transcriptomic data. Transcriptome-based cell-type
scoring is informative for cohort-level comparisons, but its estimates depend on marker definitions, data
processing, and the populations represented in the tissue [23, 24]. Although the inverse association with
the MCP-counter monocytic-lineage score was consistently reproduced in both CGGA cohorts and
supported by complementary immunohistochemical findings, transcriptomic deconvolution cannot
determine the precise cellular source of HTR2C or establish a causal regulatory relationship. Spatial
transcriptomic analyses, single-cell profiling, and cell-specific functional experiments may further define
the cellular context and biological role of HTR2C in the glioma microenvironment.

5 Conclusions
In cohorts of primary gliomas historically classified as grades II and III, the inverse association between
HTR2C expression and monocytic-lineage scores was supported by TCGA and both CGGA cohorts. In
TCGA, associations with immune, stromal, and selected myeloid scores persisted after adjustment for
clinical factors, molecular subtype, and tumor purity. The survival association varied with covariate
adjustment and the population analyzed, requiring interpretation within the clinical and molecular
context. This study characterizes an HTR2C-associated microenvironment expression pattern supported
across cohorts. Further investigation should prioritize its cellular source and relationship with
monocytic-lineage populations.
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Figure 1

Cohort selection and HTR2C expression across molecular subtypes

(a) Selection of patients for the TCGA and two CGGA RNA-sequencing cohorts. Base cohorts included
adults with primary tumors of historical histological grades II or III and complete age, sex, grade,
molecular-subtype and HTR2C expression data. The TCGA source cohort contained 516 primary
patients. The clinical and molecular complete cohorts comprised 509, 208 and 139 patients,
respectively. Analysis subsets overlap and were selected separately for overall survival (OS) and
microenvironment analyses. Discordant CGGA annotations refer to IDH-wildtype tumors annotated as
1p/19q-codeleted. (b–d) HTR2C expression in the three molecular subtypes in the corresponding base
cohorts. Points represent individual patients. Boxes show the 25th and 75th percentiles, with the median
marked inside; whiskers extend to the most extreme values within 1.5 interquartile ranges. All patient
points are displayed. TCGA values are log2(RSEM + 1), whereas CGGA values are log2(FPKM + 1). Panels
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are descriptive; expression values were not pooled or directly compared across datasets. Molecular
labels and historical grades do not constitute complete WHO 2021 integrated diagnoses. Data sources,
eligibility and analysis membership are provided in Supplementary Table S1

Figure 2

HTR2C immunohistochemistry in normal brain tissue and historically classified grade I and II tumors

Representative tissue cores are shown for (a) normal cerebral cortex (A01), (b) pilocytic astrocytoma,
historical grade I (A07), and (c) diffuse astrocytoma, historical grade II (B03). The selected cores had
cytoplasmic staining scores equal to the median of their respective groups. Scale bars, 500 μm. (d)
Cytoplasmic staining scores in normal brain tissue (n = 3), grade I tumors (n = 5), and grade II tumors (n
= 31). Each point represents one patient, with one core per patient. Horizontal offsets separate
overlapping observations. The bars beside each group indicate the median and interquartile range.
Scores were calculated as staining intensity multiplied by the positive-cell fraction (0–1); intensity
ranges of 0.5–1 and 1–2 were represented by their midpoints, 0.75 and 1.5, respectively. Cores C11 and
C12 were excluded because of tissue loss, and C14 was excluded because of partial tissue loss.
Histological diagnoses and grades follow the original tissue records. The omnibus P value was obtained
by permuting group labels 999,999 times using the tie-corrected Kruskal–Wallis statistic. Pairwise
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comparisons used two-sided exact permutation Mann–Whitney tests with Holm correction across all
three comparisons

Figure 3

Association between continuous HTR2C expression and overall survival across three transcriptomic
cohorts
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Squares indicate hazard ratios (HRs), and horizontal lines indicate 95% confidence intervals (CIs).
Expression was standardized within each primary survival cohort after log2(RSEM + 1) transformation in
TCGA or log2(FPKM + 1) transformation in CGGA. HRs represent a one-standard-deviation increase in
expression. (a) M0 was unadjusted; M1 adjusted for age, sex and historical histological grade; M2
additionally adjusted for IDH/1p/19q-defined molecular subtype. The same complete-case population
was used for M0–M2 within each cohort: TCGA, 505 patients and 124 deaths; CGGA693, 201 patients
and 77 deaths; CGGA325, 132 patients and 64 deaths. (b) TCGA sensitivity analyses excluded one case
with discordant molecular information or modeled age using a restricted cubic spline. CGGA analyses
stratified the baseline hazard jointly by grade and molecular subtype, with adjustment for age and sex, or
restricted the population to IDH-mutant tumors, with adjustment for age, sex, grade and 1p/19q-defined
subtype. Sensitivity analyses retained the expression standardization of their primary survival cohort.
The CGGA sensitivity models were fitted after proportional-hazards diagnostics identified departures for
other covariates. P values are two-sided Wald P values without multiplicity adjustment. The dashed line
indicates HR = 1. Primary and sensitivity estimates are provided in Supplementary Table S2
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Figure 4

Associations of HTR2C expression with ESTIMATE immune and stromal scores in TCGA

All panels include the same 409 patients with complete clinical, molecular, ESTIMATE and ABSOLUTE
purity data. (a) Estimates are shown without adjustment, after adjustment for age, sex, historical grade
and molecular subtype, and after additional adjustment for ABSOLUTE tumor purity. Circles indicate the
first two adjustment sets, and squares indicate the primary fully adjusted estimates. Horizontal bars
show percentile 95% confidence intervals from 2,000 patient-level bootstrap samples, with ranking and
covariate adjustment repeated in each sample. Two-sided P values were calculated using a t
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approximation for the residual correlations. The displayed BH-adjusted P values use Benjamini–
Hochberg correction across the two scores within each adjustment set; the two fully adjusted tests
constitute the primary testing family. (b, c) Fully adjusted rank residuals for HTR2C expression and the
immune or stromal score, respectively, scaled to unit standard deviation for display. Each point
represents one patient. Colors identify the molecular subtypes; the line summarizes the overall residual
association. Subtypes comprise IDH-mutant, 1p/19q-codeleted tumors (n = 140), IDH-mutant, non-
codeleted tumors (n = 193), and IDH-wildtype tumors (n = 76). Fully adjusted results and sensitivity
analyses are provided in Supplementary Table S3

Figure 5
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Associations of HTR2C expression with myeloid-related scores in TCGA

All analyses include the same 411 patients with complete clinical and molecular information, ABSOLUTE
purity and the selected cell scores. (a) Seven xCell scores. (b) Four auxiliary scores from TIMER and
MCP-counter. Squares show partial rank correlations adjusted for age, sex, historical grade, molecular
subtype and ABSOLUTE tumor purity. Horizontal bars indicate percentile 95% confidence intervals from
2,000 patient-level bootstrap samples, with ranks and covariate adjustment recalculated in each sample.
Two-sided P values were obtained using a t approximation. Benjamini–Hochberg correction was applied
separately to the seven xCell tests and the four auxiliary tests. The dashed line indicates zero correlation.
All selected scores are shown, including nonsignificant results. The MCP-counter monocytic-lineage
estimate corresponds to the source column Monocyte_MCPCOUNTER; the identical
Macrophage/Monocyte_MCPCOUNTER column was counted once. DC, dendritic cell. M1, M2 and
activated are algorithm-defined cell labels. All algorithms were evaluated in the same TCGA cohort; panel
b is an algorithm sensitivity analysis. Fully adjusted results are provided in Supplementary Table S3

Figure 6

Association of HTR2C expression with the MCP-counter monocytic-lineage score in two CGGA cohorts

Adjusted rank residuals are shown for HTR2C expression and the monocytic-lineage score in (a)
CGGA693 (n = 208) and (b) CGGA325 (n = 139). All seven monocytic-lineage markers were available in
both cohorts. Scores were calculated as the arithmetic mean of log2(FPKM + 1) expression across these
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markers. Expression and score ranks were separately adjusted for age, sex, historical grade and
molecular subtype, and residuals were scaled to unit standard deviation for display. Each point
represents one patient; lines summarize the residual associations. Partial rank correlations and
percentile 95% confidence intervals from 2,000 patient-level bootstrap samples are shown. The BH-
adjusted P values use Benjamini–Hochberg correction across the two evaluated scores within each
cohort, including the incomplete myeloid dendritic-cell score reported in Supplementary Table S4. CGGA
models did not include ABSOLUTE purity. The two cohorts were analyzed separately
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