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Background and objectives

The objectives of this study were to investigate the prognostic value of primary symptoms and leading symptoms in adult patients with diffuse infiltrating glioma and to provide a clinical perspective for evaluating survival.





Methods

This study included a retrospective cohort from two tertiary university hospitals (n = 604, 2006–2013, Tampere University Hospital and Turku University Hospital) and a prospective cohort (n = 156, 2014–2018, Tampere University Hospital). Preoperative symptoms were divided into primary and leading symptoms. Results were validated with the newer WHO 2021 classification criteria.





Results

The most common primary symptoms were epileptic seizure (30.8% retrospective, 28.2% prospective), cognitive disorder (13.2% retrospective, 16.0% prospective), headache (8.6% retrospective, 12.8% prospective), and motor paresis (7.0% retrospective, 7.1% prospective). Symptoms that predicted better survival were epileptic seizure and visual or other sense-affecting symptom in the retrospective cohort and epileptic seizure and headache in the prospective cohort. Predictors of poor survival were cognitive disorder, motor dysfunction, sensory symptom, tumor hemorrhage, speech disorder and dizziness in the retrospective cohort and cognitive disorder, motor dysfunction, sensory symptom, and dizziness in the prospective cohort. Motor dysfunction served as an independent predictor of survival in a multivariate model (OR = 1.636).





Conclusion

Primary and leading symptoms in diffuse gliomas are associated with prognoses in retrospective and prospective settings. Motor paresis was an independent prognostic factor for poor survival in multivariate analysis for grade 2-4 diffuse gliomas, especially in glioblastomas.
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1 Introduction

Diffuse gliomas are brain tumors that are characterized by their resemblance to glial cells and include, for example, astrocytomas and oligodendrogliomas. Recently, the WHO classification of brain tumors introduced genetic and molecular information to diagnostics; IDH mutation status categorizes astrocytomas in their own subclasses. Conversely, both IDH mutation and 1p19q co-deletion characterize oligodendrogliomas (1). Grade 4 gliomas were divided into IDH mutated astrocytomas and IDH wildtype glioblastomas (GBM).

Brain tumors present with various symptoms, which can make the diagnosis difficult. Depending on the location and the ability to infiltrate brain tissue, symptoms can vary widely (2). In addition, it is common to present with multiple symptoms before any examination. Some symptoms are more noticeable and might lead to patients to seek help sooner. However, many symptoms (e.g. cognitive disorder or headache) may progress slower, so the diagnosis may be delayed (3, 4). Preoperative symptoms can be clustered into primary symptoms (PS) and leading symptoms (LS). PS are the first symptoms manifested by the tumor. However, the PS are not always the reason the patient seeks medical attention. LS are those that most likely lead to examination.

According to earlier studies, epileptic seizure is the most common PS in patients with diffuse glioma (2, 5). Though more prevalent in grades 2 and 3, seizures are still common in grade 4 gliomas. Cognitive disorder, headache, and motor paresis are common presenting symptoms in high-grade gliomas (HGG) (2–4). Certain patient characteristics (e.g. age and sex) might be associated with these symptoms. The molecular properties of glioma have been studied in relation to presenting symptoms to some extent. However, the focus has largely been on the associations with epilepsy (6). Posti et al (7) reported that cognitive disorder was associated with GBM especially in older patients.

Survival after glioma diagnosis is influenced by patient age, IDH mutation status, extent of surgery, location of the tumor, and perioperative Karnofsky performance score (8–14). Preoperative epileptic seizure is associated with better survival in patients with diffuse glioma (15–17), whereas cognitive disorder has been associated with worse survival, although not as an independent factor (18). Preoperative neurologic deficit has been associated with worse survival in low-grade gliomas (19). However, literature on this subject remains scarce. Furthermore, prognosis remains poor, especially with the most malignant subtype, GBM. An individual treatment plan must be evaluated in every patient to optimize the prognosis and to maintain the best possible neurological status. Thus, more data are needed on the determinants of survival.

No large studies focus on the PS in gliomas as outcome predictors. Moreover, to our knowledge, within the era of current molecular diagnostics, the prognostic capability of different symptoms has not been evaluated. Here, we aim to study the PS and LS in patients with glioma in a retrospective, two-center cohort (group 1) and a prospective, single-center cohort (group 2).




2 Materials and methods



2.1 Patient cohorts

A two-center retrospective cohort study was conducted at Tampere University Hospital and Turku University Hospital, both in Finland. These cohorts formed group 1 of this study. The group consisted of consecutive patients who had a primary resection or biopsy on grade 2–4 glioma during 2006–2013. Criteria for the cohort were a diagnosed WHO grade 2–4 diffuse astrocytoma or oligodendroglioma by MRI and/or CT and histological analysis. Only adult patients age 18 years or older at the time of the primary diagnosis were included. A total of 604 patients met the selection criteria. PS and LS were evaluated retrospectively from patient archives.

A prospective cohort was recruited from Tampere University Hospital during 2014–2018 and formed group 2 of this study. A patient history was obtained, and clinical information was recorded on the patients’ charts. A total of 250 patients with intracranial tumors were recruited for the prospective study. All recruited patients had undergone neurosurgical resection or biopsy. All patients received diagnoses according to the WHO 2016 classification of brain tumors (1). The inclusion criteria matched the retrospective criteria. From the 250 patients, 156 met the inclusion criteria. Only adult patients with diffuse glioma and primary operations were selected for the analyses. The data were collected with a detailed history-taking and a neurological status review before and after the operation. Patient characteristics are shown in Table 1.


Table 1 | Patient characteristics in the retrospective cohorts (group 1) and the prospective cohort (group 2).



After the study was conducted, a new WHO criterion for glioma classification was published. The molecular data needed for the new classification was not present in all the gliomas, especially in group 1 for its retrospective nature. In this group the IDH status and 1p19q codeletion is known for total of 384 patients. Group 2 represents the newer era as a prospective group, where most gliomas were analyzed for IDH mutation and 1p19q codeletion. In fact, 145 of these has this data available. There was no availability for TERT promoter, MGMT, CDKN2A/B or chromosomal 7/10 deletion analyses. With this aforementioned data available, we did additional analyses for astrocytomas that had IDH data available and separated IDH wildtype glioblastomas from grade 4, IDH mutant astrocytomas. In addition, former grade 2-3 oligoastrocytomas were divided into astrocytomas and oligodendrogliomas. After this, oligodendroglial tumors were removed from the analyses. Patients who had a surgical resection were included in these updated analyses.




2.2 Data collection

Data were analyzed from these two aforementioned groups: group 1, which represented the retrospective two-center cohorts, and group 2, which represented the prospective single-center cohort (Table 1). Both groups were divided into two subgroups: subgroup A included WHO 2016 grade 2–3 gliomas, and subgroup B included grade 4 gliomas.

Symptoms were considered PS only if they were clearly first-onset symptoms. Patients with multiple first-onset symptoms or slowly progressing symptoms that could not be evaluated in a respective order were unable to be determined. If a patient presented with multiple symptoms, the LS was considered the one that most likely led to additional examinations. Patients presenting with only one symptom had the same PS and LS.

Symptoms were characterized specifically and then grouped into nine major symptom classes: epileptic seizure, cognitive disorder, motor dysfunction, headache, sensory symptom, visual or other sense-impairing symptom, tumor hemorrhage, speech disorder, and dizziness. Motor disorder included any paresis or paralysis logical to the anatomical localization of the tumor. Motor and sensory types of aphasia and dysarthria were classified as speech disorders. Cognitive disorders include loss of memory, weakening of everyday performance, inability to cooperate, and other problems with cognitive abilities. The symptoms were collected similarly as previously described (7). These included also hemorrhage, which, in fact, is not a symptom but rather a finding.




2.3 Neuropathological analysis

The brain tumor samples were h istologically diagnosed according to the WHO 2007 Classification of CNS Tumors in the retrospective cohorts (20) and according to the WHO 2016 Classification of CNS Tumors (1) in the prospective cohort. In the prospective cohort and in part of the retrospective samples, IDH1 mutation status was determined using immunohistochemistry to identify the mutant R132H isocitrate dehydrogenase 1 (IDH1) protein (21, 22). Fluorescence in situ hybridization (FISH) assessment of the chromosomal arms 1p 19q was performed in oligodendroglial tumors (23).




2.4 Statistical analysis

All statistical analyses were conducted using SPSS 20.0 software (IBM, Armonk, NY). Prognostic values of PS and LS were analyzed by Kaplan-Meier curves with log-rank tests. Cox multivariate regression analysis was used to assess the independent value of the prognostic factors in univariate analysis. Covariates used for the Cox forward stepwise regression model were PS, LS, age groups, tumor grade, IDH mutation status, and preoperative Karnofsky performance scale. Age groups were divided into four equal-sized groups; the minimum age was 20 years, and the maximum age was 85 years.

Cause of death data were retrieved from Statistics Finland, an institution that collects vital status data for all Finnish citizens and enters it into the Finnish Causes of Death Register. The cause of death data contains information about primary and ancillary causes of death. We used these data, together with the date of the first glioma-related surgical procedure, to determine the overall survival.





3 Results



3.1 Symptom frequencies

Epileptic seizure was the most common PS and LS in both groups. PS frequencies for the subgroups are shown in (Figure 1A), and LS frequencies for the subgroups are shown in (Figure 2A). Cognitive disorder, headache, and motor dysfunction were the next most common symptoms among both groups. The distribution of symptoms was very similar between the subgroups. The PS could not be determined reliably for 190 patients (32%) in group 1 and 38 patients (24%) in group 2. The LS could not be determined for 16 patients (3%) in group 1 and five patients (3%) in group 2.




Figure 1 | Primary symptom frequencies. (A) Primary symptom frequencies in groups 1 (retrospective) and 2 (prospective) divided by grade subgroups: 1A (grade II–III), 2A (grade II–III), 1B (grade IV), and 2B (grade IV). In addition, the survival curves for motor dysfunction in the combined retrospective and prospective groups. (B) Survival curves in kaplan-meier analysis for motor dysfunction as PS in grade 4 gliomas. (C) Survival curves in kaplan-meier analysis for motor dysfunction as PS in grade 2-3 gliomas.






Figure 2 | Leading symptom frequencies. (A) Leading symptom frequencies in groups 1 (retrospective) and 2 (prospective) divided by grade subgroups: 1A (grade II–III), 2A (grade II–III), 1B (grade IV), and 2B (grade IV). In addition, the survival curves for motor dysfunction in the combined retrospective and prospective groups. (B) Survival curves in kaplan-meier analysis for motor dysfunction as LS in grade 4 gliomas. (C) Survival curves in kaplan-meier analysis for motor dysfunction as LS in grade 2-3 gliomas.






3.2 Molecular characteristics

In the retrospective data, seizure as the PS and the LS was associated with IDH mutation in the entire group 1 (p = 0.001 and p < 0.001 for PS and LS, respectively). In subgroup 1A, seizure was associated with IDH mutation, but only as the LS (p = 0.001). In subgroup 1B, no association was observed. In addition, motor dysfunction as the LS was associated with IDH wild-type tumors in the entire retrospective group and in subgroup 1A (p = 0.001 for each), but not when it was the PS.

The same tests were then studied in the prospective material to determine associations between IDH mutation and PS or LS. Seizure was associated with IDH mutation both as the PS and as the LS in the entire prospective group (p < 0.001 for each symptom comparison using the chi-square test). The same associations were observed separately in subgroup 2A (p = 0.023 for PS; p = 0.038 for LS) and subgroup 2B (p = 0.003 for PS; p = 0.017 for LS). Motor dysfunction showed similar associations in the prospective setting. Motor dysfunction as the LS was associated with wild-type IDH in the entire group and in subgroup 2A (p = 0.009 and p = 0.010, respectively). Unlike results in the retrospective group, cognitive disorder correlated with wild-type IDH in the entire prospective group (p = 0.053 for PS; p = 0.018 for LS).

Co-deletion of 1p19q and its relation to the symptoms were analyzed in the main groups. In the retrospective group, the absence of co-deletion was associated with motor dysfunction as the LS (p = 0.017). In the prospective group, cognitive disorder was associated with the absence of co-deletion as the PS and the LS (p = 0.010 and p = 0.023, respectively).




3.3 Symptoms and prognosis

To study the effect of symptoms on survival, we first assessed the results for univariate analysis in the retrospective data (group 1) for PS; results are presented in Table 2. In the entire group, epileptic seizure and a visual or other sense-impairing symptom as the PS were associated with a better prognosis, whereas motor dysfunction, cognitive disorder, and dizziness were associated with a worse outcome. In grade 2–3 diagnoses (subgroup 1A), only epileptic seizure was associated with a better outcome; in that group, dizziness and a sensory PS were associated with a worse outcome. In the grade 4 glioma group (subgroup 1B), epileptic seizure was associated with a better prognosis. Dizziness and motor dysfunction as the PS were associated with a worse outcome in grade 4 gliomas. Tumor hemorrhage, headache, and speech disorder as the PS had no significant prognostic value in the retrospective group.


Table 2 | Prognostic value of the primary symptoms in patients with diffuse glioma in group 1 by log-rank test.



The nine symptom categories were then assessed as the LS for their prognostic value in the retrospective study group; results are shown in Table 3. Epileptic seizure remained the only positive predictor in the entire group; prognosticators for worse outcome were motor dysfunction, cognitive disorder, tumor hemorrhage, and dizziness. For grade 2–3 diagnoses (subgroup 1A), seizure was the only predictor of better outcome, and motor dysfunction, cognitive disorder, and speech disorder were predictors of worse outcome. In grade 4 gliomas (subgroup 1B), seizure predicted better survival; conversely, motor dysfunction predicted worse survival. Headache or visual or other sense-impairing symptom as the LS did not have any significant prognostic value in the retrospective group.


Table 3 | Prognostic value of the leading symptoms in patients with diffuse glioma in group 1 by log-rank test.



To validate the findings observed in the retrospective population, the associations were tested in the prospective cohort. First, the PS in the prospective study (group 2) were assessed (Table 4). As in the retrospective group, epileptic seizure predicted better outcomes, and motor dysfunction predicted worse outcomes, in the entire group. Motor dysfunction was the only predictive factor associated with poor survival in grade 2–3 disease (subgroup 2A). In grade 4 gliomas (subgroup 2B), cognitive disorder predicted worse survival; interestingly, headache was associated with better survival. The remaining PS had no significant prognostic value in the prospective group.


Table 4 | Prognostic value of the primary symptoms in patients with diffuse glioma in group 2 by log-rank test.



Last, the LS were evaluated in the prospective group; results are shown in Table 5. Epileptic seizure was the only predictor of better survival. Motor dysfunction, cognitive disorder, sensory symptom, and dizziness predicted poor survival in the entire group. Motor and sensory symptoms had prognostic value for poor survival in grade 2–3 disease (subgroup 2A). In grade 4 gliomas (subgroup 2B), dizziness correlated with poor survival and was the only symptom with prognostic significance. The remaining LS did not have any significant prognostic value in the prospective setting.


Table 5 | Prognostic value of the leading symptoms in patients with diffuse glioma in group 2 by log-rank test.



Kaplan-Meier survival curves for motoric dysfunction as the PS in the whole combined study material (groups 1 and 2) are shown in Figure 1B (grade 4) and Figure 1C (grade 2-3). Furthermore, motoric symptom as LS is presented in Figure 2B (grade 4) and Figure 2C (grade 2-3).

The aforementioned results included few biopsied patients. Further analyses were conducted with these biopsied patients excluded. Group 1 has total of 41 biopsies (N1A = 21 and N1B = 20). Group 2 has 27 biopsied patients (N2A = 14 and N2B = 13). With these exclusions the statistically significant results largely remain, except the following: In the prospective group 2 grade 2-4 gliomas, motor disorder still showed clear trend of poor survival as PS and LS (p = 0.054 and p = 0.056, respectively). Additionally dizziness lost its predictive value as PS in subgroup 1A and as LS in grade 2-4 gliomas.




3.4 Other associations

In addition to the molecular characteristics described earlier, associations for sex, age, and tumor grade were tested. First, we assessed the associations in the retrospective population and the same analyses were then tested in the prospective group (Table 6). With regard to gender, men in group 1 seemed to have more epileptic seizures as the PS, and women in group 1 experienced more cognitive disorder as the LS. Women had headache more often than men as the LS in the prospective setting. Similarities between the groups were seen in the correlation between tumor grade and seizure or cognitive disorder. Seizure correlated with lower tumor grades, and cognitive disorder was associated with grade 4 tumors. Interestingly, in the retrospective group, motor dysfunction as the PS and tumor hemorrhage and speech disorder as the LS correlated with grade 4 tumors. Age associations were similar between groups 1 and 2. Seizure and headache correlated with younger age. Cognitive disorder correlated with older age; motor system correlated with older age as well, except as the PS in group 1.


Table 6 | Symptom associations with gender, age, and grade of tumor in groups 1 and 2 respectively.






3.5 Multivariate analysis

Finally, the prognostic significance of different symptoms was evaluated in a Cox multivariate analysis for the entirety of pooled data, including both groups 1 and 2. In addition, odds ratios (ORs) for mortality were reported. Independent prognostic factors were IDH mutation (OR = 0.380; 95% CI, 0.263–0.550), older age (OR = 1.573; 95% CI, 1.350–1.834), high preoperative Karnofsky performance score (OR = 0.976; 95% CI, 0.971–0.982), high tumor grade (OR = 1.329; 95% CI, 1.110–1.592), and motor dysfunction as the PS (OR = 1.636; 95% CI, 1.147–2.332).

In a separate multivariate analysis for oligodendrogliomas, the forward stepwise regression model could not be completed. The low number of oligodendroglial tumors was the most likely reason for this result.




3.6 Updated WHO 2021 classification

Similar symptom trajectory was to be seen with the new WHO 2021 classification of gliomas in both groups 1 and 2. Epileptic seizure as PS remained as a positive prognosticator in IDH wildtype glioblastomas (p = 0.045 in Chi-squared test). Following, the motor symptom was an indicator of poor prognosis in IDH wildtype glioblastomas as PS (p = 0.019 in Chi-squared test) in group 1.

Motor symptom was an independent prognostic marker in COX multivariate analysis for poor survival in group 1 IDH wildtype glioblastomas. In this analysis were accounted the preoperative Karnofsky performance score and age.





4 Discussion

Epileptic seizure was the most frequent PS and LS of glioma. The second most common symptom was a cognitive disorder, followed by a motor dysfunction and headache. Excluding headache, all these symptoms were associated with prognosis. However, only motor dysfunction as the PS was independently associated with poor survival in a multivariate analysis (OR = 1.636; 95% CI, 1.147–2.332).

Most importantly, we demonstrated that motor dysfunction as a PS could be used as a predictor of poor prognosis in an independent manner, even after the 2021 WHO-defined molecular classification had been taken into account. This finding could be used as a personalized clinical tool in planning the primary operation strategy—whether to biopsy or make a resection. Our finding indicate that it might be better to biopsy a patient with HGG that is presenting with motor dysfunction. Although additional prospective research is needed to account the extent of resection with these patients. In addition, motor dysfunction status as a PS could play a role in designing additional oncological treatment modalities. In frontal or temporal gliomas, the symptom pattern could be used as a reference to consider supramarginal resection, which may lead to improved survival (24, 25). Surgical treatment targets aim to improve the survival of and the quality of life for patients with high-grade glioma. Maximum, safe resection of the tumor is associated with better survival in patients with grade 4 glioma without significant worsening of the neurological status (8). The extent of surgery, however, depends on the location of the tumor. For example, patients with gliomas that affect the motor pathway can be susceptible to postoperative paresis or plegia, which would worsen the quality of life (9). This potential for complications must be taken into account when evaluating the extent of resection. The treatment plan must be evaluated individually with every patient to achieve a longer prognosis but maintain the best possible neurological status.

Our data, like previously reported data, show that epileptic seizure as the PS correlates with better survival in patients with glioma patients (5, 15–17, 26, 27). The predictive nature of this symptom could be explained in part by the location or growth of the tumor and its molecular properties. Preoperative seizures have been linked to IDH mutation status in low-grade gliomas but not usually in grade 4 gliomas (6, 26, 28). Our study has similar results with seizure as either the PS or the LS. Interestingly, in the prospective setting, seizure was associated with IDH mutated astrocytomas in grade 4 gliomas as well. Seizure was not an independent prognostic factor, though IDH mutation was, and the correlation between these factors was clearly presented. The tumor growth rate, for one, could influence the epileptic properties of the tumor. One study suggested that a faster growth rate in temporal and insular gliomas led to seizures more often in low-grade gliomas, but fast-growing high-grade gliomas presented with other symptoms (29). Seizures commonly lead to faster imaging studies and therefore reduce the delay of diagnosis. Together, these properties of glioma-related epilepsy could explain the tumor biology behind the prognostic value. We showed that cognitive disorder was associated with worse survival as the PS and LS but not as an independent prognosticator. Earlier studies evaluating the LS have reflected similar results (18).

Our study included data from all patients who underwent operation for brain tumors within two geographically defined areas that cover approximately 2 million inhabitants, or nearly half the Finnish population. The two included university hospitals are the only tertiary care centers in their regions and are responsible for providing neurosurgical services. Thus, the study provides important epidemiological information about the symptom frequency in an unbiased manner. Our results on the symptom spectrum confirm the results of previous smaller studies: epileptic seizure is the most common symptom in all tumor groups (2, 7), followed by cognitive disorder, motor dysfunction, and headache. The prevalence of headache did not seem to be more common in our study than in the general population (30–32). Better survival of patients with headache might be explained with these gliomas being coincidental findings through a very common and unspecific symptom. This likely leads to faster interventions of the tumor and therefore better survival. In other comparisons, the symptoms reported in our study were similar to those reported previously (30, 33).

Our study had limitations with its retrospective properties. Patients can experience a broad spectrum of symptoms when suffering from a diffuse glioma. Symptoms can develop over time, and patients may not accurately recall the time spectrum of the symptoms, especially with cognitive symptoms. By including a prospective follow-up cohort, we more accurately defined the PS; however, it remained undefined for approximately one quarter of the study population. Otherwise, the results between groups 1 and 2 were very similar. In addition, a new WHO 2021 criteria for gliomas was published after this study was conducted. Therefore, we did not have all the required molecular data from all the patients before the new classification, e.g. TERT promoter, CDKN2A/B and chromosomes 7/10 status. We were unable to determine the MGMT status of the tumor samples, since it was not routinely assessed in our clinical practice, nor did we have the true extent of the resection reliably available for the whole study population. In grade 2 gliomas, there has most likely been an increase in favor for chemotherapy.

This study has its value as the clinician’s tool. Knowledge of the symptom trajectory and the value they serve as prognosticators in the first stages the tumor has been found, before any of the molecular information is available. In addition, this study has its strength reporting these results in large cohorts and in systematic manner. Low-income countries can lack the availability for the newer molecular analytics and therefore this could serve as valuable information regarding the glioma´s nature (34).

In conclusion, motor dysfunction as the PS in patients with glioma predicts worse survival and functions as an independent prognostic factor. We did not asses the combination of symptom burden regarding their effect on prognosis, though this would be an interesting topic for further studies. Additional prospective research is needed to validate the use of PS and LS as clinical prognosticator tools.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by Ethical committee of the Pirkanmaa Hospital District. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

TK: Conceptualization, Data curation, Formal analysis, Investigation, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. JP: Conceptualization, Data curation, Investigation, Supervision, Validation, Writing – review & editing. JS: Conceptualization, Data curation, Investigation, Validation, Writing – review & editing. MiR: Conceptualization, Formal analysis, Validation, Writing – review & editing. JF: Conceptualization, Data curation, Investigation, Validation, Writing – review & editing. MG: Conceptualization, Data curation, Investigation, Validation, Writing – review & editing. MeR: Conceptualization, Data curation, Investigation, Validation, Writing – review & editing. KG: Conceptualization, Writing – review & editing. MN: Conceptualization, Writing – review & editing. VV: Conceptualization, Data curation, Investigation, Validation, Writing – review & editing. KN: Conceptualization, Formal analysis, Investigation, Supervision, Validation, Writing – review & editing. HH: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Supervision, Validation, Writing – review & editing. JH: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Competitive State Research Financing of the Expert Responsibility area of Tampere University Hospital, The Finnish Ministry of Social Affairs and Health to TK, KN, HH and JH.




Acknowledgments

We would like to thank the nurse researchers Anne Simi, Laura Nevaharju-Sarantis and Janika Pietilä for their help in conducting the study.





Conflict of interest

Authors HH and JH were employed by the company Fimlab Laboratories Ltd, which is a public limited company. Individual funding outside of this submitted work: Academy of Finland #17379 to JP; Government’s Special Financial Transfer tied to academic research in Health Sciences, Finland #11129 to JP; the Maire Taponen Foundation.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Louis, DN, Ohgaki, H, Wiestler, OD, Cavenee, WK, Burger, PC, Jouvet, A, et al. WHO classification of tumours of the central nervous system. (2016).

2. IJzerman-Korevaar, M, Snijders, TJ, de Graeff, A, Teunissen, SC, and de Vos, FY. Prevalence of symptoms in glioma patients throughout the disease trajectory: a systematic review. J Neurooncol (2018) 140(3):485–96. doi: 10.1007/s11060-018-03015-9

3. Valentinis, L, Tuniz, F, Valent, F, Mucchiut, M, Little, D, Skrap, M, et al. Headache attributed to intracranial tumours: a prospective cohort study. Cephalalgia; (2010) 30(4):389–98. doi: 10.1111/j.1468-2982.2009.01970.x

4. Taphoorn, MJ, and Klein, M. Cognitive deficits in adult patients with brain tumours. Lancet Neurol (2004) 3(3):159–68. doi: 10.1016/S1474-4422(04)00680-5

5. Pallud, J, Audureau, E, Blonski, M, Sanai, N, Bauchet, L, Fontaine, D, et al. Epileptic seizures in diffuse low-grade gliomas in adults. Brain; (2014) 137(Pt 2):449–62. doi: 10.1093/brain/awt345

6. Shen, S, Bai, Y, Zhang, B, Liu, T, Yu, X, and Feng, S. Correlation of preoperative seizures with a wide range of tumor molecular markers in gliomas: an analysis of 442 glioma patients from China. Epilepsy Res (2020) 166:106430. doi: 10.1016/j.eplepsyres.2020.106430

7. Posti, JP, Bori, M, Kauko, T, Nordberg, J, Rahi, M, Frantzén, J, et al. Primary symptoms of glioma in adults. Acta Neurol Scand (2015) 131(2):88–93. doi: 10.1111/ane.12285

8. Li, YM, Suki, D, Hess, K, and Sawaya, R. The influence of maximum safe resection of glioblastoma on survival in 1229 patients: can we do better than gross-total resection? J Neurosurg (2016) 124(4):977–88. doi: 10.3171/2015.5.JNS142087

9. Raco, A, Pesce, A, Fraschetti, F, D'Andrea, G, Polli, FM, and Acqui, M. Risk of postoperative performance status worsening after resection of lesions involving the motor pathway: a multinomial logistic regression model. J Neurol Surg A Cent Eur Neurosurg (2018) 79(6):453–63.

10. Cohen, AL, Holmen, SL, and Colman, H. IDH1 and IDH2 mutations in gliomas. Curr Neurol Neurosci Rep (2013) 13(5):345-013–0345-4. doi: 10.1007/s11910-013-0345-4

11. Ichimura, K, Narita, Y, and Hawkins, CE. Diffusely infiltrating astrocytomas: pathology, molecular mechanisms and markers. Acta Neuropathol (2015) 129(6):789–808. doi: 10.1007/s00401-015-1439-7

12. Casartelli, G, Dorcaratto, A, Ravetti, JL, Sola, S, Vitali, A, Merlo, DF, et al. Survival of high grade glioma patients depends on their age at diagnosis. Cancer Biol Ther (2009) 8(18):1719–21. doi: 10.4161/cbt.8.18.9209

13. Lacroix, M, Abi-Said, D, Fourney, DR, Gokaslan, ZL, Shi, W, DeMonte, F, et al. A multivariate analysis of 416 patients with glioblastoma multiforme: prognosis, extent of resection, and survival. J Neurosurg (2001) 95(2):190–8. doi: 10.3171/jns.2001.95.2.0190

14. Patel, CK, Vemaraju, R, Glasbey, J, Shires, J, Northmore, T, Zaben, M, et al. Trends in peri-operative performance status following resection of high grade glioma and brain metastases: the impact on survival. Clin Neurol Neurosurg (2018) 164:67–71. doi: 10.1016/j.clineuro.2017.11.016

15. Toledo, M, Sarria-Estrada, S, Quintana, M, Maldonado, X, Martinez-Ricarte, F, Rodon, J, et al. Prognostic implications of epilepsy in glioblastomas. Clin Neurol Neurosurg (2015) 139:166–71. doi: 10.1016/j.clineuro.2015.10.002

16. Yang, P, You, G, Zhang, W, Wang, Y, Wang, Y, Yao, K, et al. Correlation of preoperative seizures with clinicopathological factors and prognosis in anaplastic gliomas: a report of 198 patients from China. Seizure; (2014) 23(10):844–51. doi: 10.1016/j.seizure.2014.07.003

17. Dobran, M, Nasi, D, Chiriatti, S, Gladi, M, di Somma, L, Iacoangeli, M, et al. Prognostic factors in glioblastoma: is there a role for epilepsy? Neurol Med Chir (2018) 58(3):110–5. doi: 10.2176/nmc.oa.2017-0167

18. Klein, M, Postma, TJ, Taphoorn, MJ, Aaronson, NK, Vandertop, WP, Muller, M, et al. The prognostic value of cognitive functioning in the survival of patients with high-grade glioma. Neurology; (2003) 61(12):1796–8. doi: 10.1212/01.WNL.0000098892.33018.4C

19. Pignatti, F, van den Bent, M, Curran, D, Debruyne, C, Sylvester, R, Therasse, P, et al. Prognostic factors for survival in adult patients with cerebral low-grade glioma. J Clin Oncol (2002) 20(8):2076–84. doi: 10.1200/JCO.2002.08.121

20. Louis, DN, Ohgaki, H, Wiestler, OD, Cavenee, WK, Burger, PC, Jouvet, A, et al. WHO classification of tumours of the central nervous system. (2007). doi: 10.1007/s00401-007-0278-6

21. Mäkelä, K, Nordfors, K, Finne, J, Jokilammi, A, Paavonen, T, Haapasalo, H, et al. Polysialic acid is associated with better prognosis and IDH1-mutation in diffusely infiltrating astrocytomas. BMC Cancer (2014) 14:623. doi: 10.1186/1471-2407-14-623

22. Capper, D, Zentgraf, H, Balss, J, Hartmann, C, and von Deimling, A. Monoclonal antibody specific for IDH1 R132H mutation. Acta Neuropathol (2009) 118:599. doi: 10.1007/s00401-009-0595-z

23. Järvelä, S, Parkkila, S, Bragge, H, Kähkönen, M, Parkkila, AK, Soini, Y, et al. Carbonic anhydrase IX in oligodendroglial brain tumors. BMC Cancer (2008) 8:1. doi: 10.1186/1471-2407-8-1

24. Díez Valle, R, Tejada Solis, S, Idoate Gastearena, MA, de Eulate, RG, Echávarri, PD, and Mendiroz, JA. Surgery guided by 5-aminolevulinic fluorescence in glioblastoma: volumetric analysis of extent of resection in single-center experience. J Neurooncol (2011) 102(1):105–13. doi: 10.1007/s11060-010-0296-4

25. Eyüpoglu, IY, Hore, N, Merkel, A, Buslei, R, Buchfelder, M, and Savaskan, N. Supra-complete surgery via dual intraoperative visualization approach (DiVA) prolongs patient survival in glioblastoma. Oncotarget; (2016) 7(18):25755–68. doi: 10.18632/oncotarget.8367

26. Zhong, Z, Wang, Z, Wang, Y, You, G, and Jiang, T. IDH1/2 mutation is associated with seizure as an initial symptom in low-grade glioma: a report of 311 Chinese adult glioma patients. Epilepsy Res (2015) 109:100–5. doi: 10.1016/j.eplepsyres.2014.09.012

27. Flanigan, PM, Jahangiri, A, Kuang, R, Truong, A, Choi, S, Chou, A, et al. Improved survival with decreased wait time to surgery in glioblastoma patients primary with seizure. Neurosurgery; (2017) 81(5):824–33. doi: 10.1093/neuros/nyx084

28. Phan, K, Ng, W, Lu, VM, McDonald, KL, Fairhall, J, and Reddy, R. Association between IDH1 and IDH2 mutations and preoperative seizures in patients with low-grade versus high-grade glioma: a systematic review and meta-analysis. World neurosurg (2018) 111:e539–45. doi: 10.1016/j.wneu.2017.12.112

29. Lee, JW, Wen, PY, Hurwitz, S, Black, P, Kesari, S, Drappatz, J, et al. Morphological characteristics of brain tumors causing seizures. Arch Neurol (2010) 67(3):336–42. doi: 10.1001/archneurol.2010.2

30. Jensen, R, and Stovner, LJ. Epidemiology and comorbidity of headache. Lancet Neurol (2008) 7(4):354–61. doi: 10.1016/S1474-4422(08)70062-0

31. Stovner, LJ, and Andree, C. Prevalence of headache in Europe: a review for the Eurolight project. J Headache Pain (2010) 11(4):289–99. doi: 10.1007/s10194-010-0217-0

32. Hagen, K, Åsberg, AN, Uhlig, BL, Tronvik, E, Brenner, E, Stjern, M, et al. The epidemiology of headache disorders: a face-to-face interview of participants in HUNT4. J Headache Pain (2018) 19(1):25. doi: 10.1186/s10194-018-0854-2

33. Rasmussen, BK, Hansen, S, Laursen, RJ, Kosteljanetz, M, Schultz, H, Nørgård, BM, et al. Epidemiology of glioma: clinical characteristics, symptoms, and predictors of glioma patients grade I-IV in the Danish Neuro-Oncology Registry. J Neurooncol (2017) 135(3):571–9. doi: 10.1007/s11060-017-2607-5

34. Baugh, JN, Gielen, GH, van Vuurden, DG, van Zanten, SE, Hargrave, D, Massimino, M, et al. Transitioning to molecular diagnostics in pediatric high-grade glioma: experiences with the 2016 WHO classification of CNS tumors. Neurooncol Adv (2021) 3(1):vdab113. doi: 10.1093/noajnl/vdab113




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Kivioja, Posti, Sipilä, Rauhala, Frantzén, Gardberg, Rahi, Rautajoki, Nykter, Vuorinen, Nordfors, Haapasalo and Haapasalo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1305725-g001.jpg
Survival

o8

02

00

The primary symptom

Frequency withing each group

0.0% 10.0% 20.0% 30.0% 40.0 % 50.0 %

GROUP 1A

GROUP 2A

GROUP 1B

GROUP 2B

45.6%(83)
6.0% (11)
3.3% (6)
9.3% (17)
1.6% (3)

49.0% (25)

7.8% (4)
7.8% (4)
11.8% (6)
5.9% (3)

0.0% (0)

0.0% (0)
2.0% (1)

0.0% (0)

24.2% (103)
16.4% (69)
8.5% (36)
8.3% (35)
2.1% (9)
0.9% (4)
1.7% (7)
4.5% (19)
2.4% (10)

18.1% (19)
20.0% (21)

13.3% (14)

| Epileptic seizure m Cognitive disorder
m Motor dysfunction w Headache
M Sensory symptom W Visual or other sense-impairing symptom
W Tumor hemorrhage c m Speech disorder
W Dizziness
L dymr:?:aon
asPS

og

o8

Survival

04

02

0o

4000 6000 0 1000 2000 000 4000 5000
Follow-up time Follow-up time





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Motor dysfunction as a primary symptom predicts poor outcome: multicenter study of glioma symptoms

      

        		

          Background and objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Patient cohorts

          



          		

            2.2 Data collection

          



          		

            2.3 Neuropathological analysis

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Symptom frequencies

          



          		

            3.2 Molecular characteristics

          



          		

            3.3 Symptoms and prognosis

          



          		

            3.4 Other associations

          



          		

            3.5 Multivariate analysis

          



          		

            3.6 Updated WHO 2021 classification

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Group 1

Gender

PS Male 0.060 TI-111 <0.001 Lower age <0.001
Epileptic seizure

LS TI-111 <0.001 Lower age <0.001

PS v 0.047
Motor dysfunction

LS Higher age 0016

PS v 0.002 Higher age <0.001
Cognitive disorder T T

LS Female 0.043 v 0.001 Higher age <0.001

PS Lower age 0.003
Headache

LS Lower age 0.002
Visual or other sense-impairing symptom PS Lower age 0.016
Tumor hemorrhage LS v 0.036
Speech disorder LS v 0.030

Symptom

PS Lower grade <0.001 Lower age <0.001
Epileptic seizure

LS Lower grade <0.001 Lower age <0.001

PS Higher age 0.017
Motor dysfunction

LS Higher age 0.002

PS Higher age 0.002
Cognitive disorder

LS I\ 0.003 Higher age 0.003

PS Lower age 0.034
Headache T

LS Female 0.008 Lower age 0.012

The chi-square test was used for gender and grade, and the Mann-Whitney U test was used for age association.





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
1A 1B Whole Group

(G 2- (e)] (G 2-4)
Primary Symptom 95% Cl for 95% Cl for 95% Cl for
Prognosis  Mean Survival =~ Prognosis = Mean Survival =~ Prognosis  Mean Survival
(P (p)? (p®
Lower Upper Lower Upper Lower Upper
FY—. +(0.002) +(0.034) +(<0.001)
Epileptic seizure i 1570 2308 (4/NS] 393 617 (+/NS] 967 1395
. NS. - (0.026) - (0.037)
Motor dysfuncti 850 2185 169 412 275 657
otor dysfunction N.S/NS. [-/N.S] [N.S/N.S.]
- NS. NS. - (0.005)
Cognitive disorder NS/ 581 1710 NS/NS. 242 599 =] 329 701
NS. NS. NS.
Headache TSNS 577 1350 NSNS 349 729 (NS/NS] 1498 912
- (0.001) NS. NS.
Sensory symptom NS/ 0 449 NSNS, 196 841 (NS/NS] 180 696
Visual or other sense- N.S. 1043 3040 N.S. o 1925 +(0.019) 755 2378
impairing symptom N.S/NS. N.S/N.S. [+/NS]
NS. NS.
Tumor hemorrhage N/A (/NS 113 449 (/NS 113 449
. NS NS. N.S.
Speech disorder GeheE 433 1150 NG 206 565 INS/NS] 275 606
s o - (0.020) - (0.021) - (0.006)
Di 4 11 2 4
izziness NS/] 788 SRS 60 3 NS/ 9 37

+Predicts a better prognosis compared with other patients. - Predicts a worse prognosis compared with other patients. G, tumor grade; N/A, not available; N.S., no significant prognostic value.
*Results reported separately for Tampere and Turku cohorts are shown individually in brackets.





OEBPS/Images/table4.jpg
2A 2B Whole Group

(G 2-3) (G 4) (G 2-4)
Primary symptom 95% Cl for 95% Cl for 95% Cl for
Prognosis = Mean Survival =~ Prognosis ~ Mean Survival =~ Prognosis =~ Mean Survival
(9] () (p)
Lower Upper Lower Upper Lower Upper
Epileptic seizure NS. 2253 4139 NS. 521 1340 +(0.002) 1530 3039
Motor dysfunction ~ (<0.001) 9 309 NS. 84 814 —~ (<0.001) 96 616
Cognitive disorder N/A - (0.006) 143 380 NS. 318 968
Headache NS. 745 4957 +(0.020) 687 2090 NS. 1131 3339
Sensory symptom NS. 393 4105 N/A NS. 993 4062
Visualor/gthersenses N/A NS 0 1674 NS 0 1674
impairing symptom
Tumor hemorrhage N/A N/A N/A
Speech disorder N/A NS. 131 1700 NS. 445 1653
Dizziness N/A N/A N/A

+Predicts a better prognosis compared with other patients. -Predicts a worse prognosis compared with other patients. G, tumor grade; N/A, not available; N.S., no significant prognostic value.





OEBPS/Images/table3.jpg
1A 1B Whole Group

(G 2- (e)] (G 2-4)
Leading Symptom 95% Cl for 95% Cl for 95% Cl for
Prognosis  Mean Survival =~ Prognosis = Mean Survival =~ Prognosis  Mean Survival
(P (p)? (p®
Lower Upper Lower Upper Lower Upper
ES + (<0.001) +(0.014) + (<0.001)
Epileptic seizure Qe 1585 2245 el 411 644 /o] 996 1390
. - (0.003) - (0.032) - (<0.001)
Motor dysfunction N.S/NS. 432 1027 (/NS 243 386 (/NS 315 508
L - (0.004) N.S. - (<0.001)
Cognitive disorder (=N 413 1075 NS/NS. 290 563 (/NS 346 603
NS. NS. NS.
Headache o 599 2179 NSNS 336 668 (NS/NS] 453 935
NS. NS. NS.
Sensory symptom NS/NS. 1126 2065 NSNS, 167 807 (NSINS] 433 1279
Visual or other sense- N.S. 1158 3015 N.S. 277 389 N.S. 539 2076
impairing symptom N.S/NS. N.S/N.S. [NS/NS]
NS. - (0.003)
Tumor hemorrhage N/A NS/NS. 38 589 [N 38 589
. - (0.044) NS. NS.
Speech disorder NS 202 754 6 123 1501 (/NS 157 1319
NS. NS. - (0.028)
Dizzi 4 144 432 1 491
teriness [NS/NS] 66 9 NS/NS) 3 [N.S/NS.] 86 o

+Predicts a better prognosis compared with other patients. - Predicts a worse prognosis compared with other patients. G, tumor grade; N/A, not available; N.S., no significant prognostic value.
*Results reported separately for Tampere and Turku cohorts are shown individually in brackets.





OEBPS/Images/fonc-13-1305725-g002.jpg
Survival

o8

o8

04

o0

The leading symptom

0.00% 10.00% 20.00%

GROUP 1A

GROUP 2A

GROUP 1B

GROUP 2B

12.6% (23)
12.1% (22)
5.5% (10)
1.6% (3)
2.7% (5)
0.0% (0)
2.2% (4)
2.7% (5)

3.9% (2)

15.7% (8)
2.0% (1)
2.0% (1)
0.0% (0)
2.0% (1)
0.0% (0)

9.7% (41)
1.4% (6)
0.9% (4)

)
7.8% (33)
4.0% (17)

14.3% (15)

6.7% (7)
2.9% (3)

m Epileptic seizure

w Motor dysfunction
m Sensory symptom
® Tumor hemorrhage
W Dizziness

16.2% (17)

Frequency within each group

18.7% (79)

Survival

08

o8

o4

02,

00

30.00%

27.3% (115)
25.4% (107)

23.8% (25)

26.7% (28)

40.00% 50.00% 60.00%

52.7% (96)

58.8% (30)

m Cognitive disorder

" Headache

m Visual or other sense-impairing symptom
W Speech disorder

4000 000
Follow-up time

2000 3000 4000 5000

Follow-up time





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/table1.jpg
Patient character
No. of patients

Sex

Male

Female

Age, y

Median

Minimum
Maximum

Grade

2

IDH mutant/IDH wildtype/unknown
1p19q co-deleted/no co-deletion/unknown
3

IDH mutant/IDH wildtype/unknown
1p19q co-deleted/no co-deletion/unknown
4

IDH mutant/IDH wildtype/unknown
Follow-up

No. of survivors at the end of follow-up
Median follow-up duration for survivors, days

Median time from operation to death, days

Group 1

604

349 (57.8%)

255 (42.2%)

61
20

85

108 (17.9%)
42/26/40
25/23/60
74 (12.3%)
19/21/34
2/28/44
422 (69.9%)

22/248/152

69
1896

288

156

87 (55.8%)

69 (44.2%)

61
21

82

23 (14.7%)
13/2/8
8/6/9

28 (17.9%)
16/12/0
9/5/14

105 (67.3%)

4/98/3

87
263

321





OEBPS/Images/table5.jpg
2A 2B

Whole Group

(G 2-3) (G 4) (G 2-4)
Leading Symptom 95% ClI for 95% ClI for 95% Cl for
Prognosis = Mean Survival =~ Prognosis ~ Mean Survival =~ Prognosis =~ Mean Survival
(p) (p) (p)
Lower Upper Lower Upper Lower Upper
Epileptic seizure NS. 2348 3818 NS. 598 1213 +(0.001) 1600 2791
Motor dysfunction ~ (<0.001) 36 308 NS. 156 837 - (<0.001) 150 714
Cognitive disorder N/A NS. 232 647 - (0.011) 291 806
Headache NS. 2241 5676 NS. 353 761 NS. 574 3227
Sensory symptom - (0.001) 24 24 NS. 171 171 - (<0.001) 0 242
VisuzLorothersenses N/A NS. 0 1674 NS 177 1917
impairing symptom
Tumor hemorrhage N/A N/A N/A
Speech disorder N/A NS. 302 1416 NS. 463 1437
Dizziness N/A - (0.002) 16 293 - (<0.001) 46 293

+Predicts a better prognosis compared with other patients. -Predicts a worse prognosis compared with other patients. G, tumor grade; N/A, not available; N.S., no significant prognostic value.





OEBPS/Images/fonc.2023.1305725_cover.jpg
& frontiers | Frontiers in Oncology

Motor dysfunction as a primary symptom
predicts poor outcome: multicenter study of
glioma symptoms





