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trial, as judged by contrast MRI, may require additional 
consideration.15 In looking at the MRI studies for the first 
3 patient visits in our trial, we found that the mean MRI 
contrast area for tumor-bearing patients increased at 10 
weeks but decreased at the third patient visit. This does 
not represent active tumor growth and shrinkage. Instead, 
this behavior is indicative of the phenomenon known as 
“pseudoprogression,”15 in which the increase seen on con-
trast MRI is not attributable to progression of an active-
ly growing tumor. Rather, it is thought that the increase 
in size is due to the death of active tumor tissue and the 
swelling of subsequently formed necrotic tissue. Pseudo-
progression is a relatively new phenomenon, having been 
seen only after introducing TMZ into the SOC, and is not 
completely understood. The data would suggest that there 
was considerable pseudoprogression in the current trial.

The reduction in tumor sizes (Fig. 3) is probably one of 
the most remarkable results of this study. There appear to 
be no published records of GBM tumors getting smaller 
with which to compare our results. This may seem sur-
prising; however, anecdotal evidence from medical per-
sonnel connected to SOC RT in GBM suggests that the 
maximum tumor regression seen during RT is around 

20%–25%. Thus, the disappearance of tumors during this 
trial in almost 20% of the full-dose patients would appear 
to emphasize the beneficial use of TSC for this indication.

Patient Status During the Trial
Two measures concerned the status of patients during 

this trial: KPS scores and QOL self-reported question-
naires. More data were reported for the KPS scores. The 
QOL questionnaires depend on compliance, and records 
of these data diminished during the latter stages of the 
trial.

KPS Score
The median KPS scores for the entire trial (Fig. 4) were 

always 80 or above. A score of 80 is defined as “normal 
activity with effort; some signs or symptoms of disease.” 
Thus, the majority of patients were able to retain reason-
ably normal activity throughout the trial.

The KPS scores around and during the interval when 
TSC was administered (Weeks 1–6) are shown in Fig. 
5. The median scores rose during those 6 weeks of TSC 
dosing but returned to baseline after the TSC dosing was 

Fig. 4. Median KPS scores for the duration of the trial. Numbers in parentheses on the x-axis represent the number of patients 
whose data were reported by the clinical sites and do not necessarily correspond to the number of patients alive at the time; num-
bers outside the parentheses represent the number of weeks.

Fig. 5. Median KPS scores during TSC dosing. Numbers in parentheses on the x-axis represent the number of patients whose 
data were reported by the clinical sites and do not necessarily correspond to the number of patients alive at the time; numbers 
outside the parentheses represent the number of weeks.



J. L. Gainer et al.

J Neurosurg  May 13, 20166

complete. This result would suggest that TSC is beneficial 
for patients when dosed with TMZ. As noted previously, 
TMZ dosing did not produce any evidence of myelosup-
pression, which may account for the higher KPS scores 
during this time.

Quality of Life
Quality of life was judged by the answers on 2 patient 

questionnaires. The results of one of those questionnaires, 
the EORTC QLQ-C30, for various periods of time dur-
ing the trial (times when data compliance was better) are 
provided in Fig. 6. This questionnaire is helpful in that it 
allows one to look at 3 separate facets of patient life: func-
tional, symptomatic, and global health. These separate 
scores were fairly constant throughout the trial, a trend 
also seen in the KPS scores. Both functional and global 
health aspects showed high scores, indicating that both 
were good, and symptomatic scores were low, indicating 
that relatively few symptoms were present.

More About TSC
Trans sodium crocetinate is a completely novel drug, 

and its mechanism of action is based on previous stud-
ies designed to identify the most significant resistance to 
oxygen movement in its pathway from the red blood cells 
to the tissues. Major resistance was proposed to come 
from the blood plasma,6,16 which is primarily composed 
of water, and water molecules are attracted to one another 
through hydrogen bonds. Increasing the number of hy-
drogen bonds among the water molecules will cause the 
water to become more structured on a microscopic scale, 
resulting in a decrease in its density. Chemical compounds 
that, when added to water, cause an increase in the water 
hydrogen bonding are called “kosmotropes.”7 Trans so-
dium crocetinate, through its hydrophobic intermolecular 
forces, causes more hydrogen bonds to form among water 
molecules13 and thus can be considered to be a kosmo-
tropic compound.

The physical changes caused by TSC, in essence, “open 
up” the water phase, allowing oxygen to diffuse more 

quickly from the red cells to the vascular wall. Thus, over 
time, the oxygen concentration at the vascular wall in-
creases. That, in turn, causes an increase in the oxygen 
gradient between the vascular wall and the tissues. This 
gradient is especially pronounced if the tissues at the other 
end of the gradient have lower oxygen concentrations; that 
is, they are hypoxic. It is this increased oxygen gradient 
that is the driving force for more oxygen to diffuse from 
the blood vessels to the tissues.

Thus, TSC is quite unlike the majority of pharmaceu-
tical compounds. It acts purely through physical chemi-
cal changes in the blood plasma. It has no effect on genes 
other than those that would be caused by increased oxygen 
itself.4 It should prove to be useful for alleviating hypoxia 
in any tissues since it acts on a systemic basis.

The chemotherapeutic portion of the SOC for GBM be-
gins 1 month after RT is finished. It involves 6 monthly 
cycles during which larger doses of TMZ are given for 1 
week, followed by 3 weeks of rest. It has also been sug-
gested that increased oxygen may promote better results 
during chemotherapy; thus, extending TSC dosing to this 
portion of the SOC may also prove to be beneficial. This 
extended dosing of TSC is being planned in an upcoming 
Phase III clinical trial.

Conclusions
The antihypoxia drug TSC appears to be beneficial 

when added to the SOC for GBM. This trial showed higher 
overall survival at 1 and 2 years than that in the trial estab-
lishing the SOC for GBM. Greater survival rates were also 
seen for patients having only needle biopsies initially, a 
subgroup thought to fare worse than patients having resec-
tions. Considerable pseudoprogression appeared to occur 
in patients, as judged by tumor size changes during the 
first 18 weeks of the trial. In addition, it was shown that a 
considerable number of tumors became smaller. Quality 
of life did not diminish during the trial, and no serious 
adverse events were attributed to TSC. In fact, TSC has 
not resulted in a serious adverse event to date in 3 clinical 
trials involving over 150 patients.

Fig. 6. Quality of life scores. Numbers in parentheses on the x-axis represent the number of patients whose data were reported by 
the clinical sites and do not necessarily correspond to the number of patients alive at the time; numbers outside the parentheses 
represent the number of weeks.
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Appendix
Participating Clinical Sites and Principal Investigators 

Barrow Neurological Institute, Phoenix, Arizona, Dr. William 
R. Shapiro; Baylor University Medical Center, Dallas, Texas, Dr. 
Karen Fink; Cedars-Sinai Medical Center, Los Angeles, Califor-
nia, Dr. Surasak Phuphanich; Emory University Medical Center, 
Atlanta, Georgia, Dr. H.-K. G. Shu; Forsyth Medical Center, Win-
ston-Salem, North Carolina, Dr. Volker and Dr. W. W. Stieber; 
George Washington University Medical Center, Washington, DC, 
Dr. Jonathan H. Sherman; Medical College of Wisconsin, Milwau-
kee, Wisconsin, Dr. Mark G. Malkin and Dr. Jennifer M. Connelly; 
Medical University of South Carolina, Charleston, South Carolina, 
Dr. Pierre Giglio and Dr. Scott M. Lindhorst; Memorial Hermann-
Texas Medical Center, Houston, Texas, Dr. Jay-Jiguang Zhu; 
North Shore University Health System, Manhasset, New York, 
Dr. Michael Schulder; Northwestern University Medical School, 
Chicago, Illinois, Dr. Jeffrey J. Raizer; Pennsylvania State Medi-
cal Center, Hershey, Pennsylvania, Dr. Jonas M. Sheehan; Rush 
University Medical Center, Chicago, Illinois, Dr. Robert Aiken; 
University of Arkansas Medical Center, Little Rock, Arkansas, 
Dr. Christopher P. Cifarelli and Dr. Shirley Ong; University of 
Florida, Gainesville, Florida, Dr. Erin Dunbar and Dr. Gregory 
J. A. Murad; University of Kentucky Medical Center, Lexington, 
Kentucky, Dr. John L. Villano; University of Southern California, 
Norris Cancer Center, Los Angeles, California, Dr. Naveed Wagle; 
and University of Virginia Medical Center, Charlottesville, Vir-
ginia, Dr. James M. Larner and Dr. Jason P. Sheehan.
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