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tumor imaging or symptoms, yet these can improve if the 
current treatment plan is maintained [8, 9].

Innovations in PET imaging with 11C or 18F-labeled 
choline (CHO) have shown promise in tumor diagnos-
tics. CHO enters cells via high-affinity choline transport-
ers, is phosphorylated by choline kinase, and integrated 
into phosphatidylcholine, reflecting the synthesis activity 
of the cell membrane system [10, 11]. CHO uptake is low 
in normal brain tissue but significantly higher in rapidly 
proliferating tumor cells. Several quantitative markers, 
such as maximum standardized uptake value (SUVmax), 
average standardized uptake value (SUVmean), metabolic 
tumor volume (MTV), total lesion CHO uptake (TLG), 
and the tumor-to-normal contralateral cortical activity 
ratio (T/N ratio), have proven crucial for correlating with 
glioma grading. These markers offer prognostic distinc-
tions superior to those based on the World Health Orga-
nization (WHO) grading system [12, 13].

Utilizing 11C-CHO PET/CT imaging technology, type, 
location, and extent of tumors could be pinpointed more 
accurately. This method not only facilitates precise pre-
surgical diagnoses and tumor boundary delineation but 
also provides insights into the tumor’s biological char-
acteristics and invasiveness. Such detailed information 
is vital for crafting personalized treatment plans and for 
surgical planning, thereby optimizing surgical outcomes 
and minimizing risks. Postoperatively, 11C-CHO PET/CT 
imaging is invaluable for monitoring treatment response, 
evaluating residual tumors, assessing recurrence risks, 
and improving overall prognosis [14, 15].

This pilot study retrospectively analyzed 38 patients 
with recurrent glioma, as determined by 11C-CHO PET/
CT imaging. The findings affirm the significant prognos-
tic value of this imaging technology in assessing glioma 

Introduction
Glioma, a primary malignant tumor originating from 
glial cells, represents approximately 81% of intracranial 
malignant tumors. It is known for its high heterogene-
ity and generally poor prognosis [1–3]. Despite compre-
hensive treatment approaches, the prognosis for glioma 
remains grim due to its highly malignant nature [4]. Sur-
gical intervention, primarily through routine craniotomy, 
has been the traditional treatment method, although it 
involves significant trauma and has long lacked an ideal 
approach. Conventional surgical treatments showed a 
high recurrence rate, necessitating supplementary post-
operative radiotherapy and chemotherapy [5, 6].

Recent studies emphasize the critical role of postopera-
tive radiotherapy, particularly intensity-modulated radio-
therapy [7]. This technique offers precise targeting and 
dose concentration, effectively eliminating glioma while 
minimizing radiation exposure to surrounding healthy 
tissues [7]. Traditional imaging may lead to misinterpre-
tations of therapeutic outcomes, such as pseudo-pro-
gression, where treatment may initially seem to worsen 
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outcomes and offer a reliable reference for prognosis 
evaluations in clinical settings.

Materials and methods
Participants
This study retrospective included participants have a 
histopathological confirmed diagnosis of glioma, have 
undergone prior treatment with surgery and/or radio-
therapy at the Department of Neurosurgery, Affiliated 
Hospital of Inner Mongolia Medical University, from 
January 2019 to October 2021. PET Scans were per-
formed post-operatively and during follow-up periods for 
monitoring. Patients presented elevated 11C-CHO uptake 
were retrospective recruited. Patients’ demographic and 
clinical information were collected. Ethical approval was 
granted by the ethics committee of Affiliated Hospital 
of Inner Mongolia Medical University, written informed 
consent was obtained from all patients before the imag-
ing examinations. Patients with presence of brain 
metastases from other malignant tumors or non-glioma 
primary brain tumors were excluded.

PET imaging agent
The 11C-CHO agent was synthesized using a Sumitomo 
HM-20 S cyclotron and a GE TRACERLab FX-C chemi-
cal synthesizer, with HPLC purification by Shimadzu 
Corporation and TLC by Bioscan Corporation. The 
agent, provided by the Nuclear Medicine Department, 
exhibited a radioactive chemical purity of over 95%. All 
Participants were briefed about the procedure and signed 
informed consent forms before imaging.

Imaging procedure
After administering 10–15 mCi (370–555 Mbq) of 11C-
CHO intravenously. A CT scan covered the skull top 

to base, using 140 kV, 110 mA, and a 5 mm slice thick-
ness. PET imaging acquisition (ZOOM 2, slice thick-
ness 5 mm) followed in three-dimensional mode within 
the same field of view (Biograph mCT Flow, SIEMENS, 
Erlangen, Germany) after 30–60  min. The PET images 
were corrected for attenuation using the CT data and 
then fused with the CT images.

Image analysis
The adjusted PET images were then processed using 
Euclid software (version1.0, Evomics Medical Technology 
Co., Ltd. Shanghai, China) for tumor delineation. Images 
were reviewed by two experienced nuclear medicine 
and CT specialists using a centralized reading approach 
using semi-automated 3D isocount volume-of-interest 
(VOI) tools to define tumor boundaries. Where neces-
sary, a manual adjustment tool was used for slice-by-slice 
refinement when the automated tools failed to accurately 
define the tumor edges. Additionally, a reference VOI 
was set up in a mirror-image region to assist with tissue-
background ratio (TBR) calculations. The system then 
automatically calculated the radioactive count for each 
ROI, determining the SUVmax, SUVmean, MTV, and TLG 
values.

Clinical and survival analysis
The associations between WHO grade, IDH muta-
tion status, and imaging parameters were analyzed. 
Post-recurrence survival (PRS) was defined as the time 
between initiating PET imaging and date of death. 
Kaplan-Meier analysis was performed to study the prog-
nostic value of PET-related parameters including SUV-
max, SUVmean, MTV and TLG for PRS. The surv_cutpoint 
function of the survminer package in R (v0.4.9) was used 
to determine the optimal split point for continuous vari-
ables in the Kaplan Meier analysis. p < 0.05 was consid-
ered statistically significant. We have included additional 
analysis using Cox proportional hazards models to evalu-
ate outcome.

Results
The cohort consisted of 38 patients with a median age 
of 48 years (range: 17–71). The patients’ gliomas were 
classified according to the World Health Organization 
(WHO) criteria, with seven patients having grade III gli-
omas and nine patients having grade IV gliomas. Patient 
demographics are summarized in Table  1. SUVmean 
(r = 0.79), SUVmax(r = 0.78), and TLG(r = 0.49), but not 
MTV(r = 0.21), were significantly associated with WHO 
grade (P < 0.01). However, none showed a significant rela-
tionship with IDH mutation status (P > 0.05).

Table 1  Patient characteristics
Characteristic Values
Age (years) Median:48(range,17–71)
Sex, n (%)
  Male 23(60.5%)
  Female 15(39.5%)
Region of interest
SUVmax 2.783 ± 1.133(‾x ± s)
SUVmean 1.508 ± 0.628(‾x ± s)
MTV 6.824(9.835) Median (Interquartile range)
WHO grade, n (%)
  Grade II 22(57.9%)
  Grade III 7(18.4%)
  Grade IV 9(23.7% )
Biopsy
IDH1 mutation 17(44.7%)
MGMT methylation 11(28.9%)
GFAP positive 13(34.2%)
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Clinical and survival analysis
We divided patients into two groups based on WHO 
grade: a high-grade group (WHO grades III and IV) and 
a low-grade group (WHO grades I and II). In the high-
grade group, patients with lower SUVmax, SUVmean, 
MTV, or TLG values had more favorable survival out-
comes, with TLG showing a significant correlation with 
prognostic risk (p = 0.019). Similarly, in the low-grade 
group, lower SUVmax, SUVmean, MTV, or TLG val-
ues were associated with better survival outcomes. Spe-
cifically, MTV and TLG were significantly correlated 
with prognostic risk, with p-values of 0.034 and 0.023, 
respectively. (supplemental files). The Kaplan-Meier 
(KM) analysis revealed significant correlations between 
parameters such as the maximum SUVmax, SUVmean, and 

TLG with the prognostic risk, whereas the MTV result 
did not demonstrate significant association. Figure  1 
provides illustrative examples of representative patients. 
Notably, patients exhibiting lower SUVmax, SUVmean, or 
TLG values exhibited more favorable survival outcomes, 
with respective p-values of 0.0055, 0.011, and 0.044, as 
depicted in Fig. 2.

Cox proportional hazards models were utilized to eval-
uate the influence of various PET parameters on post-
recurrence survival. The analysis revealed that lower 
SUVmax, SUVmean, and MTV values did not have a statis-
tically significant association with improved survival out-
comes, as indicated by hazard ratios showing a reduced 
risk of mortality (p value > 0.05). However, contrary to the 

Fig. 1  Patient A: a 41-year-old male diagnosed with mixed oligodendroglioma (WHO grade II), underwent surgery followed by radiotherapy. 11C-choline 
PET/CT imaging showed increased tracer uptake in the left frontal lobe (SUVmax=2.10; SUVmean=1.22; MTV = 4.88cm3). Follow-up: Alive, survival period of 
38 months
Patient B: a 43-year-old male diagnosed with anaplastic oligodendroglioma (WHO grade III), underwent surgery followed by radiotherapy. 11C-choline 
PET/CT imaging showed increased tracer uptake in the left frontal lobe (SUVmax=5.28; SUVmean=3.17; MTV = 3.01 cm3). Follow-up: Deceased, survival 
period of 12 months
Patient C: a 57-year-old male diagnosed with glioblastoma (WHO grade IV), underwent surgery followed by radiotherapy. 11C-choline PET/CT imaging 
showed increased tracer uptake in bilateral frontal lobes and the genu of corpus callosum (SUVmax=3.59; SUVmean=1.97; MTV = 24.81 cm3). Follow-up: 
Deceased, survival period of 6 months
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Kaplan-Meier analysis, lower TLG values were not linked 
to poorer survival outcomes. (supplemental files).

Discussion
The findings of this retrospective analysis reinforce the 
substantial prognostic value of 11C-choline PET/CT 
imaging in managing recurrent glioma. By providing 
detailed insights into the metabolic activity of glioma 
cells, this study highlights the advantages of 11C-CHO 
PET/CT in facilitating more accurate clinical decision-
making and treatment planning.

11C-CHO PET/CT imaging has provided dis-
tinct advantages over traditional imaging modalities, 

particularly in its ability to differentiate between tumor 
recurrence and radiation-induced changes such as 
pseudo-progression [8, 9]. This capability is crucial 
because it informs more accurate clinical decision-
making and treatment planning. In this present study, 
by providing detailed insights into the metabolic activ-
ity of glioma cells, 11C-CHO PET/CT not only facilitates 
the identification and delineation of residual disease 
post-surgery which potentially including targeted radio-
therapy, but also proves indispensable in postoperative 
assessments and long-term management.

The study’s findings also underscored the superior 
prognostic value of PET-related parameters such as 

Fig. 2  Kaplan-Meier curves of OS according to the patients’ baseline PET-related parameters derived from tumor lesions of whole brain
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SUVmax, SUVmean, and TLG. The correlation of these 
parameters with patient survival suggests that lower 
SUVmax, SUVmean, and TLG are associated with better 
survival outcomes. Interestingly, MTV did not show a 
significant correlation with PRS, indicating that the met-
abolic activity reflected by SUV and TLG might be more 
indicative of tumor aggressiveness than the volume mea-
sured alone.

These results have important implications for the clini-
cal management of glioma. The ability of 11C-CHO PET/
CT to provide quantitative and qualitative data enhances 
the WHO grading system, offering a more nuanced 
approach to patient stratification and personalized treat-
ment planning. As the integration of 11C-CHO PET/CT 
in clinical settings continues to evolve, its potential to 
significantly improve patient outcomes becomes increas-
ingly apparent. This in vivo approach ensures rigorous 
data collection and analysis, aiming to assess the prog-
nostic value of 11C-CHO PET/CT imaging in glioma 
recurrence and to contribute significantly to personal-
ized patient management strategies, but its short half-life 
limits availability to centers with on-site cyclotrons. FET 
PET/CT, with a longer half-life, is more accessible. How-
ever, 18F-FET may show lower uptake in low-grade glio-
mas, potentially underestimating residual disease.

11C-CHO PET/CT imaging is warranted in patients 
with suspected recurrent glioma to confirm recur-
rence for tailor personalized treatment plans, potentially 
including targeted radiotherapy based on the metabolic 
activity and extent of the tumor.

While the findings of this study demonstrate the sub-
stantial prognostic value of 11C-choline PET/CT imaging 
in managing recurrent glioma, several limitations should 
be acknowledged: The study is based on a relatively 
small sample size; larger, multicentric trials are needed. 
As a retrospective study, it is subject to inherent biases 
such as selection bias and information bias. While the 
study highlights the advantages of 11C-CHO PET/CT, it 
does not extensively compare this modality with other 
advanced imaging techniques such as MRI or other PET 
tracers.

Conclusion
This study demonstrated that 11C-CHO PET/CT are 
associated with post-recurrence survival, suggesting their 
utility in predicting patient outcomes effectively. Future 
studies should focus on validating these results in a larger 
cohort to establish standardized protocols that leverage 
the prognostic capabilities of 11C-CHO PET/CT imaging 
in managing glioma.
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