REVIEW ARTICLE

Literature Review of Spinal Cord Glioblastoma

Joshua J. Timmons, BS,* Kisa Zhang, BS,* Johnson Fong, BS,* Edwin Lok MS*
Kenneth D. Swanson, PhD,* Shiva Gautam, PhD,{ and Eric T. Wong, MD*

Objectives: This systematic review aims to investigate spinal cord
glioblastoma (scGBM) and correlations between patient traits and sur-
vival outcome, as well as differences in cohorts administered temozo-
lomide or total resections, through an analysis of published cases
reported up to October 2016.

Methods: We obtained patient data by querying PubMed and Google
Scholar with predetermined search terms and inclusion criteria that
enabled the identification of relevant case reports. Survival was com-
pared using Kaplan-Meier curves and log-rank analyses.

Results: Of 153 patients with scGBM identified through a literature
search, 135 met the predetermined search and inclusion criteria. Median
overall survival (OS) for the resulting cohort was 12 (95% CI, 10-14)
months. The female sex was found to significantly predict worse out-
comes, and a sizable number of patients with long-term disease were
found to have afflictions of the thoracic spinal cord. Neither the
pediatric, temozolomide nor total resection subgroups had significantly
improved survival characteristics, by log-rank analysis, relative to
counterparts.

Conclusions: These data elucidate the characteristics of patients with
scGBM. For more sophisticated and in-depth analyses in the future, it is
imperative that time-of-treatment information is recorded in future case
reports. In addition, all case reports should be made available to prevent
publication bias.
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lioblastoma (GBM) is a common malignant neoplasm of the

central nervous system (CNS) accounting for 50% of pri-
mary brain tumors.! Primary GBM of the spinal cord, in contrast,
is rare and accounts for only 1% to 3% of all primary spinal
tumors.? There have been fewer than 200 reported cases of spinal
cord GBM (scGBM) in total.>* Median survival for this disorder
is only 12 months. Although treatments generally mirror those
employed for intracranial GBM, optimal therapeutic strategies for
scGBM have not been established and the rarity of the disease
precludes the conduct of clinical trials to test for treatment
efficacy.*> In addition, there are conflicting data on patient out-
come from neurosurgical interventions, with analyses doc-
umenting survival benefits, % neurological improvement,” no
effect, and worsened outcomes.>!0 Several studies have also
suggested a benefit to postoperative radiation, but the magnitude
of benefit from this treatment remains unclear.!!~13 Lastly, there is
only one known analysis on the benefits of chemotherapy!? for
this disease. We attempt here to investigate patient characteristics,
tumor location, possible effects of temozolomide versus other
chemotherapies, as well as total resection versus partial resection
while screening for reports with sufficient follow-up and diag-
nosis with neuroimaging.

PATIENTS AND METHODS

Literature Search

We conducted a literature search as shown in the PRISMA
diagram (Fig. 1) and included publication dates through
October 15, 2016. We searched for records with the medical
subject headings “spinal” and any of “glioblastoma,” “glio-
sarcoma,” or “glioma” in PubMed. Similarly, we curated
articles that contained “spinal” and any of “glioblastoma,”
“gliosarcoma,” or “glioma” in their title with Google Scholar.
Abstracts obtained from these two search tools meeting the
inclusion criteria were included if patient data were original,
consisted of a follow-up period of at least nine months after
diagnosis, were diagnosed with neuroimaging (magnetic reso-
nance imaging [MRI] or computed tomography [CT]), and
contained treatment information that was complete and clear.
Furthermore, we only included patients if their disease was
primary spinal cord glioblastoma, excluding patients with sec-
ondary metastases from primary intracranial GBM.

Data Collection

Age, sex, tumor location(s), year of publication, treat-
ments (surgery, radiation, and chemotherapy), treatment time
relative to diagnosis, and overall survival (OS) from diagnosis
were extracted from each article, along with censoring infor-
mation if loss to follow-up occurred. Age was coded as either
pediatric (18 y and younger) or adult (older than 18 y). Tumor
location was coded categorically as cervical, thoracic, lumbar,
conus, or multiple locations (combinations of the defined
locations). Surgical interventions were categorized as either “no
surgical intervention,” “biopsy,” “partial or subtotal resection,”
or “gross total resection.” Patients who underwent multiple
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FIGURE 1. Case report retrieval and selection with criteria appli-
cation in a PRISMA (preferred reporting items for systematic
reviews and meta-analyses) chart.

surgeries were recorded based on the most aggressive type of
surgery performed; for example, a biopsy followed by a gross
total resection was coded as “gross total resection” (Supple-
mental Table 1, Supplemental Digital Content 1, http://links.
lww.com/AJCO/A192).

Cordectomies were coded as gross total resection. Radiation
administration was recorded as a dichotomous variable (yes or
no). Chemotherapy was recorded as either “no chemotherapy,”
“unspecified chemotherapy,” “nontemozolomide chemotherapy,”
or “temozolomide,” in addition to the type of chemotherapy.
Patients who received temozolomide in addition to another type
of chemotherapy were recorded as “temozolomide” (Supple-
mental Table 1, Supplemental Digital Content 1, http://links.lww.
com/AJCO/A192). Karnofsky Performance Score (KPS) was
estimated by an experienced clinician based on reported patient
symptoms when such presenting symptoms were available and
when KPS was not reported by the report’s author.

Statistical Analysis

Survival data were analyzed using R’s “survival”
package'* and presented using R’s “survminer” package.
Median OS with 95% confidence interval (CI) was determined
using Kaplan-Meier survival statistics.'> In groups with multi-
level categorical data such as chemotherapy and surgery, sur-
vival differences were determined by pairwise comparison
against “biopsy” as a baseline for surgical interventions and “no
chemotherapy” for chemotherapy treatments. In addition, we
carried out log-rank tests between categorical data with “no
chemotherapy” versus “chemotherapy,” “no radiation” versus
“radiation,” and “no neurosurgical resection” versus ‘“neuro-
surgical resection.”

RESULTS

Clinical Characteristics

Our search identified 176 publications of scGBM from
PubMed, 301 publications from Google Scholar, and 13 pub-
lications through references (Fig. 1). Of 97 relevant records, 74
had a sufficient length of follow-up, complete treatment data,
and original patient information. We identified 13 additional
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TABLE 1. Clinical Characteristics and Treatments in 135 Patients
Diagnosed With Spinal Cord Glioblastoma

Patient Characteristics

OS Months

Stratification n (%) Deaths 95% CI)
Age

0.7-18 57 (42) 50 12 (10-14)

19-76 78 (58) 76 12.5 (10-16)
Sex

Male 77 (57) 69 13.5 (10-18)

Female 58 (43) 57 11 (10-14)
Karnofsky

0-60 38 (28) 34 14 (10-20)

70-100 9 (7) 8 14 (10-NA)
Location

Cervical only 45 (33) 42 10 (8-17)

Thoracic only 39 (29) 36 13 (10-20)

Lumbar only 2(2) 2 19 (2-NA)

Conus only 9(7) 9 10 (10-NA)

Multiple-locations 40 (30) 37 13 (10-15)
Surgery

No surgical intervention 3(2) 3 2 (1.8-NA)

Biopsy 25 (19) 24 12 (5-16.5)

Subtotal resection 78 (58) 70 10.5 (9-14)

Total resection 29 (22) 29 14 (13.5-21)
Radiation

No radiation 20 (15) 19 5.5 (3-16.6)

Radiation 115 (85) 107 13 (11-14)
Chemotherapy

No chemotherapy 47 (35) 44 8 (5-13)

Unspecified 21 (16) 20 13 (9-18)

chemotherapy
Nontemozolomide 20 (15) 20 13.5 (10-37)
chemotherapy

Temozolomide 47 (35) 42 14 (12-18)
Treatment combinations

Palliative 4(3) 4 2 (1.8-NA)

Resection 11 (8) 10 5 (3-NA)

Radiation 54 5 3 (2-NA)

Chemotherapy 0 (0) 0 NA

Resection+radiation 27 (20) 25 11 (8-21)

Resection+chemotherapy 54) 5 12 (11-19.6)

Radiation+chemotherapy 19 (14) 18 12 (11-19.6)

Resection+radiation 64 (47) 59 14 (12-16)

+chemotherapy

CI indicates confidence interval; NA, not applicable; OS, overall survival.

reports by hand-searching that also fit the criteria for analysis
(Supplemental Table 1, Supplemental Digital Content 1, http://
links.lww.com/AJCO/A192).

The dataset consisted of 135 patients, and their clinical
characteristics and applied treatments were tabulated in Table 1.
The median age was 22 (range, 0.7 to 76) years, and 57%
(77/135) were male and 43% (58/135) were female. Forty-two
percent were 18 years of age or younger (57/135) whereas 58%
(78/135) were older than 18.

Treatments and Outcomes

The median OS was 12 (95% CI, 10-14) months. Age
(adult vs. pediatric scGBM) was not a significant predictor of
worsened survival by log-rank (P=0.67). The pediatric sub-
group was evenly split between males 49% (28/57) and females
51% (29/57). In contrast, the adult population skewed toward
the male sex, 63% (49/78). Sex (male vs. female), however,
was a significant predictor of worsened outcome by comparison
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FIGURE 2. Actuarial Kaplan Meier survival curves with log-rank test results reported for comparison of survival outcome among sub-
groups treated with chemotherapy or surgical resection subgroups. A, Median overall survival was 14 months (95% Cl, 12-18) for
patients that received temozolomide versus 13.5 months (95% Cl, 10-37) for those that received other types of chemotherapy; B, 10.5
months (95% Cl, 9-14) for patients that underwent subtotal resections versus 14 months (95% Cl, 13.5-21) for patients that underwent

total resections.

of survival with log-rank statistics (P=0.007; Fig. 2) with
males living an average of 13.5 (95% CI, 10-18) months versus
11 (95% CI, 10-14) months for females.

The most common location was in the cervical spinal cord
alone, at 33% (45/135), followed by tumors spanning multiple
regions of the spinal cord, affecting 30% (40/135), and then the
thoracic region of the spinal cord afflicting 29% (39/135) of the
population. However, we detected no difference in patient sur-
vival between tumors involving single and multiple regions of the
spinal cord (P =0.943). Furthermore, no significant difference in
survival characteristics was determined between location sub-
groups by log-rank analysis (P=0.43; Fig. 2). However, we
found that long-term survivors were afflicted disproportionally by
tumors that were completely or partially in the thoracic portion of
the spinal cord; 100% (11/11) of patients that lived 40 months or
longer had tumors in the thoracic region.

Almost all the patients, 98% (132/135), underwent a
neurosurgical operation. Among patients who underwent sur-
gery, 19% (25/132) had just a biopsy, 59% (78/132) received a
partial resection, and 20% (22/132) underwent a gross total
resection. In addition, 85% (115/135) of patients received
radiotherapy. We found no significant difference in survival
between patients that underwent total resections versus those
that underwent a subtotal resection by log-rank analysis
(P=0.10; Fig. 3).

A wide range of alkylating chemotherapies, including temo-
zolomide, nimustine (ACNU), carmustine (BCNU), lomustine
(CCNU), ranimustine (MCNU), cyclophosphamide, ThioTEPA,
dacarbazine, and combinations including the 8-in-1 protocol and
PCV (procarbazine, lomustine, and vincristine) were administered
to the patient population. But nonalkylating chemotherapies like
paclitaxel and bevacizumab were also used.!? Of note, ACNU and

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

MCNU were not approved for use in the United States. Sixty-five
percent (88/135) of patients were treated with chemotherapy, but
the type of drug was unspecified in 24% (21/88) of these cases.
Among the other 67 patients with specified chemotherapy, temo-
zolomide was the most commonly administered drug at 70% (47/
67). We found no significant difference between patients that
received temozolomide versus those that received some other type
of chemotherapy (P=0.11; Fig. 3).

The management of scGBM often involves multiple treat-
ment modalities. The most common treatment combination in our
study cohort was neurosurgical resection plus radiation and che-
motherapy in 47% (64/135), followed by resection plus radiation
in 20% (27/135), and then by radiation and chemotherapy in the
absence of resection in 19% (19/135). The least common treat-
ment combination was resection plus chemotherapy, and this
occurred in only 4% (5/135) of the population. The median time
to neurosurgical resection, the start of radiation, and the start of
chemotherapy was respectively 1 (range, O to 1) month, 2 (range,
1 to 4) months, and 2 (range, 1 to 7) months after diagnosis.
However, time to treatment information was sparse, presented in
just 5%, 5%, and 7% of the cases for patients treated with surgery,
radiation, and chemotherapy, respectively. Time of death was
available for 93% (126/135) of patients.

DISCUSSION
This systematic review was carried out to better understand
scGBM’s characteristics, distribution, and response to treatment,
including temozolomide and total resection (vs. alternative che-
motherapies and subtotal resection, respectively). This disease
is very rare and has a poor prognosis. There is no molecular
marker specific for scGBM, and markers such as isocitrate
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FIGURE 3. Actuarial Kaplan Meier survival curves with log-rank test results reported for comparison of survival outcome. A, Median
overall survival for females was 11 months (95% Cl, 10-14) versus 13.5 months (95% Cl, 10-18) for males; B, 10 months (95% Cl, 8-17)
for patients with cervical only scGBM versus 13 months (95% Cl, 10-20) for patients with strictly thoracic scGBM; C, 12 months (95% Cl,
10-14) for pediatric sScGBM versus 12.5 months (95% Cl, 10-16) for adult scGBM.

dehydrogenase-1 (IDH-1) and OS-methylguanine-DNA methyl- scGBM case reports have been published (Supplemental Table 1,
transferase (MGMT) promoter methylation only have prognostic Supplemental Digital Content 1, http://links.lww.com/AJCO/
significance primarily for supratentorial GBMs.'® Fewer than 200 A192), which is prohibitive for conducting prospective clinical
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trials to test specific therapies. Furthermore, contradictory reports
on the benefit of resection, radiation, and chemotherapy limit
clinicians’ ability to formulate a consensus on optimal treatment
strategies. Therefore, retrospective analysis of published reports is
the only means available to assess treatment efficacy.

The existing scGBM data has notable shortfalls. First, a lack
of “time-to-treatment” information is systemic. In fixed-covariate,
univariate, or multivariate regression analyses for either survival
or progression free survival, patients that receive therapies will
seem to live longer because of post hoc group assignment—
because their inclusion is predicated upon the patients living long
enough to receive treatment—that is independent of any corre-
lation with treatment effect.!” This “immortal time bias” is
common to retrospective observational analyses but correctable
with time-dependent Cox proportional hazards models.!®!°
Unfortunately, only 3% (4/135) of case reports with treatments
had full time-to-treatment information,'®?%-22 and only 2% (3/
135) had partial information.>>> Furthermore, among patients
that received surgery, radiation, and chemotherapy, only 5%, 5%,
and 7%, respectively, had time of treatment information (Table 2).
For the patients with time-of-treatment information available, all
underwent surgical resection within a range of 0 to 1 month,
consistent with the 22-day median observed in a single-institu-
tional review of spinal cord astrocytoma.’® The median treatment
time for radiation and chemotherapy was 2 months after diag-
nosis, but the variance was notably larger: 1 to 4 months for
radiation and 1 to 7 months for chemotherapy. It is imperative
that future studies of this disease include time-of-treatment
information to allow a more thorough retrospective investigation
of treatment effects.

In addition, there may be lead-time bias for scGBM patients
treated after the widespread adoption of neuroimaging for
diagnosis.?” We partially corrected for this by screening for case
reports that used neuroimaging for diagnosis. However, several
case series were retrospective, investigating years of patient
reports at a single institution,’®?? so while some patients may
have been diagnosed with neuroimaging, others may not (because
of the long-term retrospective nature of some case series, we did
not investigate case report publication date versus patient sur-
vival). Finally, publication bias favoring successful treatments
and outcomes may lead to a distortion of survival data.3%3! In
fact, at least three scGBM case reports explicitly characterized
their patients’ survival as an improvement over the known median
OS, suggesting that a sizable portion of published scGBM case

TABLE 2. Clinical Reporting of Patient Traits and Treatment
Information

Percentage of Patients

Metric With Information
Patient symptoms 43
Karnofsky performance status 1
Type of chemotherapy 76
Time of treatment
Surgery 5
Radiation 5
Chemotherapy 7

Percentage of patient reports that included information on symptoms, KPS,
and treatments. “Type of chemotherapy” corresponds to the percentage of case
reports with specific details about the type of chemotherapy administered. For
example, a generic statement that the patient “received chemotherapy” would not
count. “Time of treatment” percentages are from the cohort of patients that were
stated as having received that type of treatment. Surgery includes all types of
surgical intervention.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

reports may be outliers.>>3233 This is not unique to scGBM; in a
retrospective study, observational clinical research was among the
most likely to select for studies with significant results.3! The end-
result is a probable overrepresentation of case reports that perform
well against the average; outcomes for scGBM are likely worse
than the literature reports.

Other groups have undertaken analyses for spinal glio-
blastoma, and there is overlap between their patient cohorts and
the one presented here. The two closest in scope are Beyer
et al* and a study of the Surveillance, Epidemiology and End
Results (SEER) program database between 1973 and 2007 by
Adams et al.’> Without this screening, treatments employed
more often after the clinical adoption of neuroimaging will
seem to improve OS due, in some part, to earlier detection of
the disease. Further, unlike Adams et al, we compared out-
comes between surgical and chemotherapeutic subgroups rather
than between treated and untreated subpopulations to avoid the
aforementioned immortal time bias.

Additionally, the analysis by Adams and colleagues
includes case reports of both anaplastic astrocytoma and GBM,
whereas our focus here is on GBM alone, but the study benefits
from the diverse geographic sampling of its cancer registry. Our
systematic review differs from others because we are the first to
screen for the use of neuroimaging with diagnosis to avoid lead-
time bias, which is highly relevant in a retrospective analysis
such as this.3?

Within the patient population we found that all long-term
survivors of scGBM, who lived at least 40 months from the time of
diagnosis, had an affliction of the thoracic region. This is
explainable by the possibility for more aggressive treatment in the
lower regions of the spinal cord, as we later discuss. We also
observed that females have significantly worse OS than males
(P=0.0074; Fig. 1). This is in opposition to Beyer et al,* who
found no difference (P=0.311) between the two sexes, but con-
sistent with the findings of Adams et al® (P=0.048).

There have been conflicting reports on the benefit of surgical
resection for cytoreduction as compared to biopsy for diagnosing
scGBM since most patients proceed to receive adjuvant radiation.
Therefore, a larger benefit from radiation may mask a small
survival advantage from resection. Among reports on spinal cord
astrocytoma, some authors have reported that resection benefited
patients by prolonging their OS, including the SEER analysis by
Adams et al, 53937 while others have found no such survival
benefit.>3® In fact, Raco et al'® suggested that surgical inter-
vention worsened neurological performance without improving
survival. In addition to its questionable survival benefit, resection
is often avoided because of the infiltrative nature of scGBM, the
absence of a distinct tissue plane between the tumor and adjacent
spinal cord parenchyma, and the likelihood of neurological
worsening because of aggressive neurosurgical intervention.>*
Our analysis suggests that there is no significant difference in
survival between subtotal and total resection cohorts (P=0.10;
Fig. 3). We did not investigate resection versus nonresection
subgroups because of probable immortal time bias and surgical
selection bias.

Although temozolomide chemoradiation is the standard of
care for intracranial GBM, the use of radiation and chemo-
therapy on scGBM is controversial because their benefit is
unknown.*!#3 In clinical practice, radiation has been admin-
istered as an adjuvant therapy shortly after neurosurgical
resection,*>#* at the time of first recurrence or dissemination,*
or both.” Isaacson et al** recommended that high-grade astro-
cytomas of the spinal cord receive a total does of 5400 cGy in
180 cGy per fractions, though there have been encouraging
outcomes with higher doses as Shirato et al*6*” reported a
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patient who lived an additional 4.8 years after receiving
6500 cGy of radiation in 26 fractions. Like a surgical cordec-
tomy reported by Marchan et al,3® Shirato et al*’ pointed out
such high doses of radiation should only be applied to patients
with already compromised motor function and scGBM located
in the lower thoracic or lumbar segment of the spinal cord
because it may result in “radiocordectomy.” Neither Adams
et al® nor Mineham et al'? found radiation predictive of OS by
multivariate analysis, though neither group separated patients
by tumor grade according to the World Health Organization
classification. Adams and colleagues did find a trend towards
improved survival from radiation in a log-rank analysis of
patient survival curves (P =0.068), but the results are difficult
to interpret for lack of correction for immortal time bias.

In a head-to-head comparison between primary scGBM
patients who received temozolomide versus those who did not,
Herndndez-Durdn et al'> did not find temozolomide to be
associated with prolonged survival. Similarly, we find no sig-
nificant difference between patients who received temozolo-
mide versus those that were known to have received other types
of chemotherapy (P =0.11; Fig. 3), though many patients, 16%
(21/135), received some form of unspecified chemotherapy,
precluding a more in-depth analysis.

CONCLUSIONS

Spinal cord glioblastoma is a deadly disease that is so rare
it is unlikely there will ever be a clinical trial. We have reported
trends, such as significantly worse outcomes for female
patients, a lack of survival difference between temozolomide
and other chemotherapies, and the apparent lack of survival
benefit from total resection. But more thorough case reporting is
vital for future investigations. For example, only 5% (7/135) of
case reports included time-of-treatment information, and 16%
(21/135) of patients received an unspecified form of chemo-
therapy. We urge future authors of case reports to thoroughly
document their patient characteristics and treatment information
so that future researchers may perform a better retrospective
analysis of prognostic factors and treatment outcomes. Fur-
thermore, we encourage all clinicians to publish their case
reports documenting patients with scGBM to offset publication
bias that clouds understanding of the disease.
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