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Abstract

Traditionally, overall survival (OS) in primary glioblastoma (GBM) was dismal 
with 5% at 2 years, but recent advances have improved OS in this population. 
Long-term survivors (LTS), while rare, can now be identified and evaluated. In 
a single-center, retrospective analysis, we identified GBM LTS as defined by 
survival ≥5 years from diagnosis. To characterize late recurrence in GBM LTS, 
we extracted a patient subset that experienced disease/treatment free period 
≥2 years. Demographic data was obtained along with characteristics of late 
recurrence: location, pathology, associated clinical symptoms, and calculation 
of time to death from late recurrence. 139 primary GBM patients were identified 
as long-term survivors from January 1, 1998 to August 31, 2011. 42 (30%) had 
a late recurrence. 59.5% (n=25) were male and average age was 45.6 yrs 
(range, 23-66yrs). 57.1% (n=24) had new neurological symptoms to indicate 
recurrence, but the remaining 42.9% were found to have recurrence on serial 
MRIs. Median OS was 6.8 yrs (95% CI 6.2, 8 years) and median time to late 
recurrence was 3.6 yrs (95% CI 3.3, 4.6 yrs). Once patients progressed, median 
time to death from recurrence was 1.3 yrs (95% CI 1, 1.7 yrs) indicating a more 
aggressive cancer. GBM LTS can develop late recurrences in their disease 
trajectory even after a protracted disease/treatment free time period. Continued 
close monitoring with frequent clinical evaluations and MRI imaging is warranted 
in this population. Establishment of survivorship programs should be considered 
for GBM LTS to address disease-related and psychosocial issues.

survival greater than five year [4,6].

The characteristics of long term survivorship and late GBM 
recurrence are vital to an understanding of the prognosis and 
pathophysiology of late recurrence. Furthermore, these characteristics 
inform physician and patient expectations in the case of long-term 
survivorship and determine the need for ongoing patient monitoring 
and psycho-social support. While patient outcomes following GBS 
diagnosis and treatment have been studied extensively [4,6], a large 
study characterizing late GBM recurrence in LTS remains absent 
from the literature. Therefore, we designed a protocol at the Preston 
Robert Tisch Brain Tumor Center (PRT-BTC) to identify long-term 
survivorship in primary GBM and describe the factors associated 
with survivorship and late recurrence.

Methods
Inclusion criteria and data collection

In a retrospective analysis, we identified primary GBM LTS 
as defined by survival greater than or equal to 5 years from initial 
GBM diagnosis. Inclusion criteria included a histologically confirmed 
diagnosis of glioblastoma, treatment at the PRT-BTC between 
January 1, 1998 and August 31, 2011, ages 18-70 years, and survival 
of at least 5 years of more following diagnosis of GBM. Clinical 
characteristics and tumor-related information were collected on all 
eligible long-term GBM survivors treated at the PRT-BTC, resulting 
in a population of 139 patients. To characterize late recurrence in 
GBM LTS, we identified a subgroup of 42 patients who had a disease-
free period for 2 years or greater off therapy before their cancer 

Background
Primary brain tumors represent 1% of all diagnosed cancers, but 

the survival rates of patients with the most malignant form of these 
tumors, GBM(WHO grade IV), continues to be poor with less than 
3% of patients surviving at five years’ post diagnosis [1,2]. Gliomas 
in general are the most commonly diagnosed class of primary brain 
tumor, while GBM remains the most common of the gliomas [1]. 
Many environmental factors have been proposed to be associated 
with an increased risk of GBM, with the only unequivocally associated 
factor being a history of therapeutic X-ray irradiation, especially 
prophylactic CNS X-ray irradiation in children diagnosed with acute 
lymphoblastic leukemia [1].

The standard of care for newly diagnosed GBM involves surgical 
resection followed by temozolomide concurrent with and after 
radiotherapy. Despite this aggressive approach, median survival 
has been prolonged only from 12.1 months to 14.6 months relative 
to radiotherapy alone and disease recurrence and progression 
occurs with regular frequency [3]. Prognostic factors associated 
with prolonged survival have been younger age at time of initial 
diagnosis and high Karnofsky Performance Score at time of diagnosis 
[2,4-6]. Other factors associated with a good prognosis for survival 
have included 06-methylguanine DNA methyltransferase (MGMT) 
promoter methylation status with longer survival being associated 
with MGMT promoter methylation and isocitrate dehydrogenase 1 
mutation [7-9]. Long-term survival in GBM patients has not been 
studied extensively, and the definition of long-term survival itself has 
been variably described as either survival greater than three years or 
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recurred. Demographic data was obtained from this group along with 
characteristics of their late recurrence, including tumor location, 
pathology, KPS at time diagnosis of recurrence, associated clinical 
symptoms, and calculation of overall survival and time to death from 
late recurrence.

Statistical analysis
Descriptive statistics were performed on the available 

demographic characteristics of GBM LTS with recurrence as well as 
the characteristics of their late recurrence. Kaplan-Meier methods 
were used to determine and describe median overall survival, median 
time from the end of treatment to late recurrence, and median time 
from late recurrence to death. The log-rank test was used to compare 
patients that were symptomatic at recurrence vs. not symptomatic at 
recurrence on overall survival and time from late recurrence to death.

Results
Based on the definition of LTS and late recurrence, 42 out of 139 

patients (30%) had a late recurrence. Table 1 summarizes the late 
recurrent patients’ demographic characteristics and the characteristics 
of their recurrences. Of the 42 patients, 25 (59.5%) were male and 17 
(40.5%) were female, and the average age was 45.6 years (range: 23-66 
years). Twenty-four patients (57.1%) had neurological symptoms that 
indicated recurrence, and by August 31st, 2011 32 patients (76.2%) 
had died.

For all patients with late recurrence, median time from end of 
treatment for initial primary GBM to late recurrence was 3.6 years 
(95% CI 3.3, 4.6 years). Figure 1 shows a Kaplan-Meier curve of time 
from end of treatment to late recurrence. Median overall survival was 
6.8 years (95% CI: 6.1, 8.0). Figure 2 shows a Kaplan-Meier curve of 
overall survival for all recurrent patients following initial diagnosis 
of GBM. For the long term survivors with late recurrence who 
eventually died, median time to death after late recurrence was 1.3 
years (95% CI: 1.0, 1.7).

Patients who were symptomatic at recurrence had a median 
overall survival of 6.8 years following initial GBM diagnosis (95% 
CI: 5.7, 8.0), while patients who were not symptomatic at recurrence 

Patient Characteristics All (N=42) %
Gender
   Male 25 59.5
   Female 17 40.5
Age
<50 25 59.5
>=50 17 40.5
Age Mean (SD) 45.6 (11.3)
Age Range 23 – 66
Symptoms at Progression
   No 18 42.9
   Yes 24 57.1
Site at Recurrence
   Diffuse 8 19.0
   Distant 13 31.0
   Local 21 50.0
KPS at Progression
   100-90 16 38.1
   80 10 23.8
   70 or less 4 9.6
   Not reported 12 28.6
Vital Status
   Alive 10 23.8
   Dead 32 76.2

Table 1: Patient Characteristics.

Figure 1: Kaplan-Meier Curve of Time from End of Treatment to Late 
Recurrence.

Figure 2: Kaplan-Meier Curve for Overall Survival for All Patients.

Figure 3: Kaplan-Meier Curve of Time from Late Recurrence to Death for 
Patients Symptomatic at Recurrence vs Not Symptomatic at Recurrence.
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had a median overall survival of 7.7 years (95% CI: 5.5, ∞). Median 
time from late recurrence to death was 1.2 years (95% CI: 0.8, 1.5) 
for patients who were symptomatic at recurrence and 1.4 years (95% 
CI: 1.0, 1.8) for patients who were not symptomatic at recurrence. 
Figure 3 shows the Kaplan-Meier curves comparing overall survival 
for patients who were symptomatic at recurrence and patients who 
were not symptomatic at recurrence over time following diagnosis 
of late recurrence. There was no evidence of a statistical difference in 
overall survival (log-rank p-value=0.63) or time from late recurrence 
to death (log-rank p-value=0.86) between the patients who were 
symptomatic at recurrence and those who were not symptomatic at 
recurrence.

Discussion
Even though this population did experience a longer post-

diagnosis survival than most patients with primary GBM, our research 
has demonstrated recurrent GBM in a significant fraction of LTS. 
Furthermore, median survival following recurrence of 1.3 years and 
recurrent patient survival of only 23.8% at the end of our observation 
period suggests that patients with late recurrent GBS have an overall 
survival probability and median survival time comparable to primary 
GBS.

The biological factors associated with late recurrence are vital to an 
understanding of the prognosis and pathophysiological mechanism 
of late primary GBM recurrence. Unfortunately, unequivocal 
research findings describing the factors associated with GBM 
recurrence remain elusive. Even so, research in this field is ongoing 
and several studies are now suggesting that alterations in repair 
proteins in particular mismatch repair, are associated with recurrent 
tumors and more aggressive phenotypes. Involved repair proteins for 
mismatch repair include 06-methylguanine-DNA-methyltransferase 
(MGMT), MSH6, MSH2, and MLH1. In recent study by Felsberg 
and colleagues, they found the recurrent GBMs express lower levels 
of MSH2 and MSH6 as detected by immunohistochemistry [10]. 
Therefore, these mutations are likely to enhance tumorgenicity 
and lead to radiation and chemotherapeutic resistance. Another 
compelling possibility is that exposure to alkylator chemotherapy 
induces an aggressive phenotype. Temozolomide is an alkyating 
agent that induces a modification in the O6 position of guanine. Two 
pathways that have been implicated in resistance to temozolomide 
are the upregulation of MGMT and deficiency of DNA mismatch 
repair [11]. In in vitro cell lines, a deficiency in mismatch repair 
prevented the DNA damage induced by temozolomide and hence 
prevented temozolomide cytotoxicity [12]. In fact, exposure to 
temozolomide has been shown to be promutagenic, thereby inducing 
somatic mutations in the DNA in recurrent human malignant 
gliomas. Furthermore, somatic mutations were also shown to occur 
at the mismatch repair gene MSH6 [13]. These mutations in MSH6 
caused by temozolomide in turn led to deficiency of mismatch repair 
and resistance to temozolomide. These mutations in the MSH6 were 
identified in recurrent human malignant gliomas after exposure to 
temozolomide. This study suggested that induction of mutagenesis 
of important repair genes by alkylator therapy could in turn lead 
to resistance to the therapy. Further research showed that MSH6 
mutations occurred during therapy with temozolomide and in turn 
led to progression and/or resistance to temozolomide [14,15].

A deeper understanding of the factors associated with GBM 
late recurrence can help to inform expectations with regard to 
disease probability and severity. These factors can also illuminate 
the pathophysiological mechanisms by which recurrence occurs 
and guide the treatment of recurrent patients. The standard of care 
for recurrent GBM is evolving, but may include a second tumor 
resection or re-irradiation if the patient meets criteria as well as 
treatment with a number of chemotherapeutic and biological 
agents including nitrosoureas, temozolomide, and bevacizumab 
[16]. Positive clinical response to temozolomide therapy may prove 
unlikely in patients previously treated with temozolomide following 
initial GBM diagnosis, and strategies to overcome induced tumor 
resistance have included modified, high-dose metronomic dosing 
regimens [16]. Unfortunately, combination therapy among multiple 
therapeutic agents has failed to produce evidence for superior 
activity, but commonly produces increased drug toxicities [16]. 
Our understanding of the biology and susceptibilities of normally-
occurring recurrent GBM is clearly evolving, and it remains to 
be determined if late recurrent GBM represents a physiologically 
distinct disease entity that warrants and responds to unique treatment 
measures.

The finding of significant GBS recurrence in LTS and poor 
survival thereafter raises several issues concerning the management 
and counseling of long-term GBS survivors. One such issue is the 
need for continued clinical and radiological surveillance for signs of 
recurrence five years or more after initial diagnosis of GBM. Currently, 
there are no clinical trials that define optimal frequency for follow-up 
after treatment of GBM, while the National Comprehensive Cancer 
Network recommends that for follow up of primary GBS “a repeat 
MRI should be obtained four weeks after completion of radiation 
therapy, then every two to four months for two to three years, and less 
frequently thereafter.” While tempting for physicians, patients and 
institutions to cease regular evaluation following a protracted disease 
free period, our research suggests that even with long term absence 
of disease following treatment (≥2 years), there continues to be a risk 
for recurrence. Protracted GBS LTS surveillance is thus warranted to 
maximize prompt diagnosis and treatment of recurrence.

Our study also found no significant difference in terms of 
median survival or overall survival for patients diagnosed with 
recurrent GBM who were and who were not symptomatic at time of 
diagnosis. This raises an interesting question concerning the nature 
of long-term patient surveillance. Might it be possible that long-
term radiographic evaluation may be eventually phased out of a LTS 
patient surveillance program without impact on patient outcomes 
following recurrence? Instead, detection of recurrence would rely 
on patient presentation with new neurological symptoms either 
after recognition by the patient, patient’s family or other health care 
providers, or at regular clinical GBS follow-up evaluation. While this 
is an intriguing possibility, there is currently insufficient research into 
the characteristics of late recurrence into LTS to determine whether 
long-term radiography may be withdrawn from a LTS patient 
surveillance program without affecting patient outcomes.

A final consideration is the psycho-social support a GBS long-
term survivor may need given the knowledge that deadly recurrence 
is possible even after protracted disease free periods. Physicians 
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should be prepared to counsel their patients to remain vigilant for 
new symptoms for years after diagnosis and patients themselves 
may benefit from support groups catering to the specific needs and 
challenges of GBS LTS. Certain behaviors, such as regular exercise, 
have been associated with an increased OS and increased years of life 
following initial GBM diagnosis [17]. An ideal GBM LTS support 
group could address the social and psychological stresses and 
concerns in the case of GBM LTS as well as educate and encourage 
patients to adopt behaviors associated with better outcomes.

In conclusion, our research has shown that GBM recurrence 
remains a significant possibility even after years of disease free 
status following treatment cessation. Late recurrence is associated 
with significant mortality, and the survival time following diagnosis 
of recurrence appears comparable to primary GBM. Unequivocal 
prognostic factors associated with recurrence probability and severity 
remains elusive and research into these factors in ongoing. Finally, 
the high probability of late recurrence in long term survivors indicates 
a need for patient surveillance programs and psychosocial survivor 
support catering to the unique needs of GBM LTS.
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