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The heterogeneity within tumors has long been associated with therapy
failure and disease progression. Recent advances in single-cell RNA-
sequencing technologies have enabled us to dissect the cellular diversity
in glioblastoma (GBM). However, how these cellular programs change
longitudinally under therapy remains poorly understood. To address this
question, we collected and profiled a large-scale longitudinal cohort of 59
matched IDH-wildtype GBM sample pairs provided by 7 centers worldwide
by single-nucleus RNA-sequencing (snRNA-seq) and whole-exome/whole-
genome sequencing. The majority of patients (51 patients) in this cohort
received standard-of-care (temozolomide and radiation) following initial
tumor resection. Leveraging this large-scale snRNS-seq dataset of 457,442
cells, we detected novel cellular states and associations between malignant
and tumor microenvironment (TME) cells, and then performed longitudinal
analyses. The recurrent samples showed significantly lower malignant cell
fraction (p=0.002) and reciprocal increase in proportions of glio-neuronal
TME cell types (oligodendrocytes, neurons and astrocytes). The TME com-
position, malignant cell state proportions and baseline expression programs
were retained at recurrence more than expected by chance, but overall were
not well conserved between primary and recurrent samples. A subset of pairs
(12/59 pairs) enriched with glio-neuronal TME at recurrence showed a sig-
nificant transcriptomic shift and was associated with better clinical course
(p=0.02). The tumors that acquired radiation-related small deletion pheno-
type underwent a transition towards MES/Hypoxia phenotype (0/9 at pri-
mary, 6/9 at recurrence, p=0.02). We defined pairs as likely responders or
non-responders to treatment based on the MGMT methylation status of
the primary tumor sample. This uncovered diverging evolutionary trajec-
tories in cellular programs between the two groups. Strikingly, the changes
in malignant state frequency and baseline malignant expression profile were
strongly associated with specific changes in the TME composition. Our find-
ings based on high-resolution longitudinal snRNA-seq analyses highlight the
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diverse evolutionary trajectories in GBM that are shaped by TME changes
and treatments.
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