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Abstract

Background
At present, the in vivo gene evolution of human glioma after surgery is unknown. We need to understand
the real-time in vivo gene evolution information of the tumor to dynamically re�ect the real behavior of
the tumor, so as to drive therapeutic decisions. TISF-ctDNA can provide real-time in vivo gene information
after surgery, and then reveal postoperative glioma behavior more realistically.

Methods
This retrospective, Single center, sample collection, validation study conducted at Zheng Zhou University
People's hospital from July 1st, 2016, to November 1st, 2021, assessed patients with glioma who were
receiving surgical treatment and adjuvant radiotherapy and chemotherapy. The study including 69
patients, with radiological relapse identi�ed in 44 patients forming the main cohort.

RESULTS
In the primary tumor, a total of 199 mutations were detected in 58 tumor tissue samples,12 patients
(21%) with 1 mutation and 45 patients (79%) with multiple mutations,TP53 (44%) followed by IDH1(39%)
and PTEN(25%), mean VAF from 2.1%-79.5%,with a median 40.5%.At or after a diagnosis of recurrence, A
total of 613 gene mutations were found through TISF ctDNA sequencing, including TP53 (48%), NF1
(38%), PTEN (31%), mean VAF from 0.2%-34.14%, with a median 1.54%, and we also found Pseudo-
progression and hypermutation associated with TMZ resistance. In the main cohort of 44 patients (mean
age, 52 years) with a median follow-up of 190 days (20-1530 days), mean VAF of TISF ctDNA during
follow-up was associated with relapse (hazard ratio, 4.058; 95% CI, 1.089 to 15.12; P = 0.0012). Similar
outcomes were observed for tumor tissue (hazard ratio, 2.214; 95% CI, 1.003 to 4.887; P = 0.0165).
Hypermutation was found in 3 patients in the cohort, and the in vivo evolution of hypermutation was
tracked in 2 of these patients.

CONCLUSIONS
TISF ctDNA describes human glioma behavior, demonstrates the real tumor gene mutation landscape in
vivo during treatment, providing prognostic and response data of clinical relevance.

Introduction
A growing understanding of hallmarks of cancer is transforming our clinical management[1], ctDNA is an
important part of our understanding of tumor behavior and is increasingly valuable in assessing
prognosis and treatment response [2–5]. In non-central nervous system solid tumors, the presence of
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ctDNA in plasma following surgical resection has been strongly associated with a high risk of tumor
recurrence[3, 6–9]. However, in patients with malignant glioma, there is not a better sample to reliably
track tumor gene evolution during postoperative treatment, real-time monitoring of tumor behavior during
treatment in glioma patients remains challenging[10].

In response to this worldwide problem, we propose a CTT solution[11]. Our previous research showed that
TISF ctDNA was a powerfully potential source for characterizing the genomic landscape of
glioma[12],and reveals the mutational landscape of minimal residual disease after glioma surgery and
the risk of early recurrence[13].The aims of this study were �rstly to determine whether postoperative
recurrence-free survival is associated with mean VAF for mutant genes. Secondly, responses associated
with postoperative TMZ chemotherapy, including evaluate treatment effect by comparing TISF ctDNA
with corresponding imaging and early detection of hypermutation during TMZ treatment, besides by
performing serial TISF testing in two hypermutated patients, we reproduced the in vivo evolution from
early postoperative period to TMZ-induced MMR loss and eventual hypermutation to relapse.

Methods

Patients and sample collection
A total of 69 patients were recruited from July 1st, 2016, to November 1st, 2021, from Zheng Zhou
University People's hospital,1 patient had brain metastases, the rest were primary glioma. Clinical
information was obtained from patient charts. The histopathological diagnoses were assessed by an
experienced neuropathologist according to the 2016 WHO classi�cation. Standardized TMZ and RT
regimens after surgery[14].The pre- and postoperative imaging evaluation was actualized mainly by MRI.
This retrospective study was approved by the local institutional review board at HPPH and written
consent was signed by both patients and/or legal representatives. The tumor tissue is obtained
intraoperatively, TISF is obtained by the treatment pump and sample analysis. See the method[12, 13, 15].

Statistical Analysis
The primary study objective was to assess the relationship between mean VAF in tumor and follow-up
TISF samples and relapse-free survival using standard and time-dependent Cox proportional hazards
regression models. Secondary end points included lead time between ctDNA detection and relapse using
Kaplan-Meier methods. GraphPad Prism, version 9.0.0 were used for statistical analyses. All P values
were 2-sided and considered to be signi�cant at P < 0.05.

Results
The molecular landscape of ctDNA in resectable gliomas.

Firstly, Blood samples from the 69 patients were sequenced to exclude somatic mutations. And the
distribution of pathological types is shown in the Fig. 1A, identifying radiological relapse in 44 patients
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(mean age, 52 years). In all 57 tumor sample, 199 mutations were identi�ed: 12 patients (21%) with 1
mutation and 45 patients (79%) with multiple mutations using the 68-cancer gene panel. The most
frequently detected mutation was TP53 (44%) followed by IDH1(39%) and PTEN (25%; Fig. 1B), with
median average VAF of 40.5%. We also compared the VAF of variants between tumor and TISF before
postoperative treatment, in this cohort, we see a difference in VAF between these two sample types (P < 
0.0001), This could be due to a substantial reduction in tumor burden after surgery.

TISF from 29 patients (comprising 45 samples) at or after a diagnosis of recurrence was available and at
least one variant was detected in 93% (27/29) of cases. There are 613 gene mutations were found, TP53
was also the most frequently mutated gene at this clinical timepoint (48%) ,next NF1 (38%) and PTEN
(31%), mean VAF from 0.2%-34.14%, with a median 1.54%(Fig. 1C). Of the two cases in which a variant
was not detected at or after recurrence, no variants were detected at any point in the cases during their
clinical pathway, indicating these patients had low shedding tumors. One of the patients did not detect
any mutations in the TISF obtained the day before the second surgery, and the pathological diagnosis
after the operation was con�rmed to be gliosis, and we considered it to be a Pseudoprogression.

Baseline Tisf Ctdna And Prognosis

23 patients received TISF for ctDNA sequencing 9–43 days(median follow-up of 23 days)after surgery,
excluding somatic mutations from the blood and 23 TISF(+),MRD was detected in 23/23 patients at a
median allele frequency of 0.45%. In 31 tumor samples obtained at operation, mean allele frequency from
2.1%-79.15%, median allele frequency of 39.52%, mean allele frequency was associated with relapse-free
survival (hazard ratio, 2.214; 95% CI, 1.003 to 4.887; P = 0.0165)(Fig. 2A B)

To evaluate the role of TISF ctDNA in recurrence surveillance after de�nitive operation, we obtain TISF
samples for ctDNA sequencing 100–300 days after operation, which gave rise to a ctDNA analysis
subgroup of 14 patients. We found that the mean VAF is 0.21%-20.825%, median allele frequency of
39.52%.Remarkably, higher than median VAF has a very high risk of recurrence(hazard ratio, 4.058; 95%
CI, 1.089 to 15.12; P = 0.0012) (Fig. 2C D).

Ctdna Fraction And Response To Tmz Treatment

There was statistically signi�cant difference in tumor and baseline ctDNA fraction (p < 0.0001). The
ctDNA fraction among nonresponding patients (determined via serial radiological) was relatively unstable
throughout treatment (mean 1.01% at baseline, 11.735% on treatment, and 3.12% at EOS) (Fig. 3A,B). By
contrast, the ctDNA fraction among responders exhibited stable on treatment(mean 0.399% at baseline,
0.562% on treatment, and 2.848% at EOS). We further evaluated the ctDNA fraction in longitudinal same-
patient samples (Fig. 3C,D). Among responders, no signi�cant change on treatment and increased at EOS
(mean 0.2% at baseline, 0.47% on treatment, and 5.7% at EOS); this was not observed for
nonresponders(mean 0.29% at baseline, 15.94% on treatment, and 0.99% at EOS)

Early Detection Of Hypermutation In Tisf Ctdna And In Vivo Evolution Of Hypermutation
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We next explored early detection of hypermutation in TISF ctDNA and in vivo evolution of hypermutation.
A total of 3/69(4.3) hypermutated patients with 132–189 mutations were identi�ed in our cohort, and we
tracked the in vivo evolution of hypermutation in 2/3 by serial TISF ctDNA monitoring.

In all 3 TISF samples at the time of hypermutation, we found that in addition to the large number of
mutations, there was MMR gene de�ciency with a large number of point mutations characterized by G:C 
> A:T, consistent with signature 11[16], and in tumor tissue no MMR-related gene mutations were found in
all of them, which were con�rmed to be tumor hypermutations induced during TMZ treatment.

In one of the patients with continuous TISF surveillance, we found PMS2: p.A127T 232 days before
hypermutation, but the mutation frequency was only 0.1%. In TISF samples after 112 days, we found
mutations at different sites such as MSH2, MSH6, MLH1, etc. However, the number of mutations at this
time was 22, indicating that hypermutation had not occurred (Tumor VS TISF1 paired t-test showed
statistical difference, P<0.0001; Tumor VS TISF2, P=0.0451; TISF1 VS TISF2, P=0.0099). In addition, we
detected in TISF samples After 63 days of hypermutation, radiographic recurrence was found. In the other
patient, we obtained only one TISF sample before hypermutation, with an interval of 303 days, so no
MMR-associated mutation was detected (Tumor VS TISF1, Tumor VS TISF2, Paired t-test showed no
statistical difference; TISF1 VS TISF2,P=0.0020).

Discussion
A key to understanding glioma is not just exposing spatiotemporal heterogeneity, the natural process that
underlines clonal evolution, but also to understand such heterogeneity in a way that is clinically relevant
and instructive for diagnosis and treatment. An important aspect of TISF ctDNA is that it embeds the
evolutionary history of the tumor, a fundamental biological element that cannot be directly measured in
humans until now[17–19], the main reason is the di�culty of obtaining samples[20]. Nevertheless,
understanding that history may be critical in developing targeted drugs[21].Therefore, the main message
of this study is that tumor gene mutation must be investigated in depth from the point of view of tumor
evolution if we are to reveal postoperative brain glioma true behavior.

Our �ndings suggest that Relapse-free survival time associated with mean VAF for mutant genes either in
tumor or TISF, and ctDNA levels status following surgery could be used to patients for recurrence risk
strati�cation. Currently, following surgery, patients are routinely offered adjuvant chemotherapy. However,
many patients �nd this di�cult to tolerate. Clinical trials could be designed which randomize low-risk
patients to continue adjuvant chemotherapy, whereas high-risk patients could be randomized to
alternative treatments. Other studies Consistent with our results, albeit in other solid tumors[9].

Additionally, on-treatment change in ctDNA levels seem to be predictive of response to TMZ therapies in
gliomas. In our cohort, There is a great difference here the mean VAF between responders and non-
responders. Research shows TMZ-induced hypermutation is associated with worse prognosis and
development after recurrence[22]. But the process from surgery to hypermutation has been unknown, and
it is more di�cult to achieve early detection of hypermutation. Our �ndings revealed the whole process of
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human glioma patients in vivo evolution from postoperative to MMR loss, and �nally to hypermutation
and relapse.

Conclusion
In conclusion, we demonstrated that TISF ctDNA can describe postoperative brain glioma behavior,
provide prognostic and response data of clinical relevance, and identify emerging genomic alterations
that might serve as therapeutic targets.

Abbreviations
TISF
tumor in-situ �uid
MRD
minimal residual disease
ctDNA
circulating tumor DNA
VAF
variant allele frequency
TMZ
Temozolomide
GBM
Glioblastoma
PsP
Pseudoprogress
RFS
Recurrence-free survival
FFPE
formalin-�xed and para�n embedded.
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Figure 1

(A) Patient composition, including 38 GBM,17 WHO Grade III gliomas,13 WHO Grade II gliomas and one
brain metastases the mutational landscape for tumor tissue. Contains 57 tissue samples, some of which
are from freshly resected surgical tissues, others are formalin-�xed and para�n embedded (FFPE)
tumors. (B) the mutational landscape for TISF, time frame at or after recurrence composed of 45 samples
from 29 patients.
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Figure 2

(A Relapse-free survival by ctDNA detection after patients who are given surgical treatment and take
multi-point sampling of tumor tissue. B Relapse-free survival among individual patients with tumor
ctDNA detection during the study. C Relapse-free survival in 14 patients with TISF ctDNA detection
during follow-up after operation 100-300 days the population consisted of 11 GBM and 3 WHO Grade III
gliomas. D Relapse-free survival among individual patients with TISF ctDNA detection after operation
100-300 days)
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Figure 3

Treatment-induced changes in the tumor fraction in ctDNA. (A) Violin plots comparing tumor fraction
between tumor and baseline TISF samples. Wilcoxon rank-sum test: p <0.0001.(B) During TMZ treatment,
combined with imaging examination, the line graph of mean VAF changes in the responder group and the
nonresponder group. (C,D) Analysis of single-patient TISF ctDNA sample sets showing longitudinal
tumour fraction changes for nonresponders and responders.
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Figure 4

Clinical course and ctDNA results of typical cases. (A,B). Images from left to right are follow-up MRI
images after surgery and at the time of TISF extraction, heatmap of certain mutant genes detected in
tumor tissue and TISF, and VAF scatter plot of some mutant genes detected in tumor tissue and TISF.


