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Abstract

Background. The pharmacokinetics of temozolomide (TMZ) in patients with severe renal impairments (creatinine
clearance, <36 mL/min/m?) or in hemodialysis (HD) patients has not been investigated. TMZ and its metabolic
products are mainly excreted in urine, as retention of these in the body may result in increased adverse events in
HD patients.

Methods. Seven HD patients with high-grade gliomas from 6 institutions were included in the study. Patient charac-
teristics, treatment schedule, clinical course, pathological/molecular findings, and adverse events were evaluated.
Results. The histopathological diagnoses were isocitrate dehydrogenase (/DH) wild-type glioblastoma in 4 cases,
not other specified (NOS) glioblastoma in 2 cases, and /IDH-mutant anaplastic astrocytoma in 1 case. Five of the
7 patients completed radiotherapy (48-60 Gy) with concomitant TMZ (75 mg/m?) followed by adjuvant 5-day TMZ
(150 mg/m?) every 28 days. During the entire course of treatment withTMZ, severe (Common Terminology Criteria
for Adverse Events [CTCAE] > Grade 3) lymphocytopenia occurred in 57%, neutropenia in 0%, and thrombocy-
topenia in 14% of the patients. Generally, the frequency and degree of myelosuppression do not increase in HD
patients with high-grade gliomas. Two of the 7 (28.5%) patients died of infectious disease despite having no direct
correlation to myelosuppression; that is similar to the death rate of 21.9% resulting from infection in HD patients
in Japan.

Conclusions. Decreasing the dose of TMZ might not be required in HD patients with high-grade gliomas during
concomitant radiochemotherapy and maintenance therapy. However, careful clinical and hematological observa-
tion is required to avoid critical hematotoxicity and infection.

adverse events hemodialysis patients malignant glioma temozolomide.

Temozolomide (TMZ) is proven to be effective in treating  thatis stable at acidic pH less than 5 and labile at pH greater
malignant gliomas.” TMZ, an imidazotetrazine derivative than 7, can be administered orally and intravenously. At
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physiologic pH, TMZ is spontaneously hydrolyzed to its
active metabolite, 5-(3-dimethyl-1-triazenyl) imidazole-
4-carboxamide (MTIC), which is further hydrolyzed to
5-amino-imidazole-4-carboxamide (AIC). AIC is a known
intermediate in purine and nucleic acid biosynthesis
and is converted to methylhydrazine, which is the active
alkylating species. Cytochrome P450 enzymes play only
minor roles in the metabolism of TMZ and MTIC.2 A popu-
lation pharmacokinetic analysis revealed that age (range,
19-78 years) has no influence on the pharmacokinetics of
TMZ.2 Another population pharmacokinetic analysis re-
vealed that creatinine clearance (range, 36-130 mL/min/m?)
had no effect on TMZ clearance after oral administration.
However, the pharmacokinetics of TMZ in patients with se-
vere renal impairments (creatinine clearance, <36 mL/min/
m?) and in hemodialysis (HD) patients has not yet been
investigated, and the TMZ prescription information states
only that “caution should be exercised when temozolomide
is administered to patients with severe renal impairment.”?2

TMZ has not been studied in HD patients. The bioavaila-
bility of TMZ on oral administration has been found to be
almost 100%,% and about 38% of the total administered
TMZ radioactive dose is recovered over 7 days: 37.7% in
the urine and 0.8% in feces, respectively. Radioactivity is
recovered in the urine as TMZ (5.6%), AIC (12%), acid me-
tabolite (2.3%), and unidentified polar metabolites (17%).2
Radioactive TMZ was used to investigate the excretion of
TMZ from the body. Therefore, TMZ or its metabolites
that could be converted into methylhydrazine might ex-
cessively remain in patients with chronic kidney disease,
enhancing TMZ-associated adverse events (AEs) in those
patients.*

In the present study, we report a case series of HD
patients with high-grade gliomas who were treated with
TMZ at multiple institutions, and we discuss whether TMZ
doses should be decreased in HD patients with high-grade
gliomas.

I
Materials and Methods

Seven HD patients who underwent radiochemotherapy
with TMZ were collected from 7 institutions. Clinical data
were obtained from the patients’ records, including age,
sex, histopathological diagnosis, molecular information of
the tumors, prescribed treatment, AEs during the concom-
itant and adjuvantTMZ therapy, KPS and modified Rankin
scale before and after initial treatment, radiographic
findings before and after treatment, follow-up period, and
progression-free survival (PFS).

The institutional histopathological diagnoses were
mostly based on the WHO 2007 criteria, and the diagnoses
were adjusted to the recently revised WHO 2016 criteria
incorporating molecular information. The molecular
analyses were performed at each institution.

PFS was calculated from the date of initial surgery until
the date of documented tumor progression or death, and
the median PFS was estimated using Kaplan-Meier sur-
vival analysis. To determine the factors that affect PFS in
HD patients with high-grade gliomas, univariate analyses
were performed using Fisher exact tests to compare

categorical variables. Analyses were performed using JMP
13.2.0 (SAS Institute Inc). AEs were evaluated using CTCAE
version 4. All procedures performed in studies involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards.
Informed consent was obtained from all individual
participants included in the study.

I
Results

Table 1 shows the clinical characteristics of the 7 patients.
All 7 patients were men, and the average age was 66 years.
None of the 7 patients had evidence of previous hepatitis B
infection. The histopathological diagnoses were isocitrate
dehydrogenase (/DH) wild-type glioblastoma in 4 cases,
not other specified (NOS) glioblastoma in 2 cases, and
IDH-mutant anaplastic astrocytoma in 1 case. The O(6)-
methylguanine-DNA- methyltransferase (MGMT) promoter
methylation was found in 6 patients and was not tested in
the remaining 1. Six of the 7 patients underwent a surgical
resection, and 4 of the 7 patients received the standard
Stupp protocol’ as adjuvant therapy. In Case 1, 5-day TMZ
was administered concomitantly with radiotherapy, and
the dose of TMZ during the adjuvant phase was escalated
by 10 mg/m? course by course. In Case 5, the irradiation
rate was reduced to 48 Gy at the patient’s request because
he felt irritating pain around the wound and was unable to
stay still in the irradiation facility.

None of the patients received bevacizumab, and a
carmustine wafer was implanted in one patient during
surgery. In Case 7, the patient discontinued taking TMZ
after the 10th day of the concomitant phase because of
the occurrence of skin rash. HD may affect the dose of
blood concentration because the molecular weight of
TMZ and metabolic products are smaller than the per-
meability transition pore. With respect to the timing of
TMZ uptake in 1 day, 5 patients received TMZ after HD,
and 2 patients received TMZ in the early morning before
HD. One patient with NOS glioblastoma underwent radi-
otherapy (radiation dose, 56 Gy) with oral concomitant
TMZ (100 mg/m?) for 5 days followed by adjuvant 5-day
TMZ (110 mg/m?) every 28 days as the initial course of
maintenance therapy with an increasing dosage of 10 mg/
m? for each of 4 cycles. Patients on HD or those with se-
vere renal disease who underwent chemotherapy usually
received a 50% dose reduction of the alkylating agents.®
Case 1 was started with a 50% dose to avoid potential he-
matological toxicity. The dose was increased by 10 mg/m?
in each cycle as long as patients did not show any ad-
verse side effects. In Case 6, an MRI taken 2 years after
radiochemotherapy revealed progression of white-matter
T2/fluid-attenuated inversion recovery hyperintensities.
Clinically this translated to impairment in the patient’s
daily physical activities. Although the last MRI, which was
obtained 3 years after surgery, showed no tumor recur-
rence, he was hospitalized because of a fall, subsequently
became bedridden, and, 5 months later, succumbed to as-
piration pneumonia (Table 1).
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One patient presented with tumor progression during

the maintenance chemotherapy during the concom- s 2
itant radiochemotherapy (Case 5), and one patient = 2 ‘g
presented with tumor progression during the concomitant -g, g2
radiochemotherapy(Case 1) (Table 1). The median PFS was 2 % =
12 months (range, 4-40.7 months). g < § =
Severe AEs in the 7 HD patients during the concomitant ’mMm. M. g § g
radiochemotherapy with TMZ are shown inTable 2. During § 6§66 66 2 3 g <
the concomitant radiochemotherapy, 2 patients had Grade B EH B B
3 and 4 lymphocytopenia, respectively, and 1 patient had
Grade 3 thrombocytopenia. In this series, Cases 2, 3, and 2
5, who presented with lymphocytopenia Grade 3, sponta- S
neously recovered (ie, improvement of lymphocyte counts, §
as stated below) during the concomitant therapy. In Case §
4, the patient showed lymphocytopenia Grade 4, and TMZ g ol oI o IE
therapy was temporarily discontinued to allow recovery £6§6§ 66558 «
from myelotoxicity, then restarted without any alteration in B =
the chemotherapeutic dose.
With regard to nonhematological toxicity, 1 patient 2 )

had Grade 2 pneumonia, and 1 patient had Grade 3 skin 2 § -;3;
rash, which led to the discontinuation of daily TMZ. During -g ° @ @ - .
the maintenance therapy, Grade 3 lymphocytopenia in §. § 8 ¢ 6 6 5 <
2 patients and Grade 3 neutropenia in 1 patient were HEE < Bl > Bl < Bl <
observed; severe thrombocytopenia was not observed ffu
in any of the patients. After 3 courses of adjuvant TMZ o )
therapy, 1 patient developed bacterial pneumonia caused czu ag §
by methicillin-resistant Staphylococcus aureus and PC_% A @ N ..
eventually died of it. Another patient developed Grade 3 2 B3 5 366 6 6 &
leukoencephalopathy. There was no difference in the fre- Tz Bz 2> z=2 z =
quency and degree of AEs with regard to the timing of TMZ E
administration (before HD vs after HD) according to the = = =
statistical analysis. Median KPS and modified Rankin scale 5 2 ]
before the treatment were 50 and 2.5, and 70 and 3 after *g % g
the concomitant radiochemotherapy, respectively. E g % -

~ ) @ =

2 c 2 g c 2

= O O O O o o o =~ =
| £ H E B B
Case Presentation (Case 3) 2 g

= ks i
A 66-year-old man presented to the emergency room fol- g f:é g
lowing a general convulsion during HD. CT scan and MRI & Qe 5 3
showed an enhanced cystic lesion with edema in the right = § 9 <*:5
occipital lobe (Fig. 1). The patient presented with a left lat- 2 'g ® g .. B ® =
eral homonymous hemianopia and had a KPS of 80. He ,GE: _g S ‘3' sis| 5|5 £ i =
underwent a gross total resection of the tumor. The histo- 3 =z >z 22z 2 2 '5; §
pathological diagnosis was IDH wild-type glioblastoma (Fig. it s
2). The promoter region of the MGMT gene was methyl- g © _ N _ . 273
ated by a methylation-specific polymerase chain reaction.® =) i by bl % %
The patient received concomitant daily TMZ (75 mg/m?), i e ® 8 ® 8 .
the same dose as non-HD patients, for 42 days with radio- é = o ICARC) © CANC) o g%
therapy (radiation dose, 60 Gy per 30 fractions). On the days & E> 2 é § 2 § é 2 § E
of HD, TMZ was administered after HD. During the concom- @ a o §
itant radiochemotherapy, the patient presented with Grade § o E 2
3 and 4 lymphocytopenia from day 28 to day 42. The TMZ E E 2 % g
therapy was temporarily discontinued for 3 days, to be § ‘g 2 ‘g’ )
resumed at the same dose only after lymphocytic recovery 2 Bl v 0o 0o 0 0 o o < g
to at least Grade 3 level was documented. The patient e 3555555 =5 i 2
completed a total of 42 days of TMZ administration, ex- E °c < g"-;
cluding the days of temporal discontinuation, hence it was ~ E E
not prolonged. After the completion of radiochemotherapy, 2 o g 2
the patient was treated with adjuvant TMZ therapy by the = S .- IS 22

usual 5- per 28-day schedule (150 mg/m?, days 1-5) without
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Fig. 1 A and B, Preoperative axial contrast-enhanced CT scans
demonstrate a heterogeneously enhanced tumor with cyst in the
right occipital lobe. C and D, Axial, MRI fluid-attenuated inversion re-
covery—weighted image demonstrates the tumor in the right occip-
ital lobe with cvst and brain edema around the tumor.

decreasing the dose for a total of 12 courses. During the ad-
juvantTMZ monotherapy, the patient presented with Grade
3 lymphocytopenia; however, decreasing theTMZ dose was
not required. At the end of the adjuvant TMZ therapy, the
patient’s KPS was 90 (visual field deficit), and there was no
evidence of tumor recurrence 9 months after the initial sur-
gery (Fig. 3).

I
Discussion

TMZ is primarily metabolized by hydrolysis, and TMZ
and its metabolic products are mainly excreted in the
urine. The time from administration to maximum blood
dose concentration is 1 hour, and the time to half dose
is 2 hours.” The radioactivity of orally administered TMZ
is recovered in the urine as TMZ (5.6%) and AIC (12%);
therefore, possible AIC accumulation may enhance TMZ-
associated AEs in patients with chronic kidney disease.*
However, TMZ has not been studied in HD patients, and
TMZ prescription information with regard to informa-
tion on TMZ toxicity and pharmacodynamics is lacking in
those patients.

In Table 3, studies in patients with adequate renal
function who underwent initial chemoradiotherapy
with TMZ were reviewed. In the literature, the rates of
hematotoxicity of patients with adequate renal func-
tion who received concomitant initial TMZ therapy were
19.3% to 43% and 1% to 9.8% for greater than or equal
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Fig. 2 A, Histologic evaluation by hematoxylin-eosin staining
showing a polymorphic glia cell increased in higher density and
higher vascularity with necrosis. B, Tumor cells were positive for
isocitrate dehydrogenase 1/2. A and B, Scale bar = 100 um.

Fig. 3 A and B, Postoperative axial contrast-enhanced CT scans
demonstrate total tumor resection and no enhanced lesion. C and
D, Axial MRI fluid-attenuated inversion recovery-weighted image
demonstrates gross total tumor resection without brain injury.
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Table3 Hematotoxicity in the Present Series in Comparison With Those in Nonhemodialysis Cases During Initial Chemoradiotherapy, as Cited in the Literature

Thrombocytopenia > Grade 3 (%)

Lymphocytopenia > Grade 3 (%)

57

Neutropenia > Grade 3 (%)

@
Q
®
I

(&)

o=
o
o

=2

Performance Status

Present study

NA
61

284

0,1,2

PS =

Stupp et al'

KPS > 50 (84%) KPS < 50 (16%)

Kobayashi
et al®

46

81

KPS > 50

Kocher et al'?

22

32

KPS > 70

Nishikawa

etal’®

23.5

13
8.2

85

KPS > 60

Clarke et al™*
Wick et al'®

7.2

23.6

195
369

KPS > 60

28.9

9.8

KPS > 60

Gilbert et al'®

Abbreviations: NA, not available; PS, Performance Scale (WHO).

to Grade 2 and greater than or equal to Grade 3 neutro-
penia, 78.9% to 94.4% and 22% to 61% for greater than
or equal to Grade 2 and greater than or equal to Grade
3 lymphocytopenia, and 3% to 28% and 1% to 7.2% for
greater than or equal to Grade 2 and greater than or equal
to Grade 3 thrombocytopenia®'* (Table 3). On the other
hand, the rates of greater than or equal to Grade 2 and
greater than or equal to Grade 3 neutropenia were 14%
and 0%, greater than or equal to Grade 2 and greater than
or equal to Grade 3 lymphocytopenia were 85% and 57%,
and greater than or equal to Grade 2 and greater than or
equal to Grade 3 thrombocytopenia were 14% and 14%,
respectively, in this series of HD patients receiving con-
comitant initial TMZ therapy. Therefore, although the
series comprises a smaller number of patients, the risk of
hematotoxicity in HD patients was similar, that is, within
the range reported in previous studies, to patients with
adequate renal function. Indeed, there was no severe
hematotoxicity that led to TMZ discontinuation, regard-
less if concomitant daily TMZ was completed with radio-
therapy (radiation dose, 48-60 Gy) in 5 of the 7 cases.

The risk factors for lymphocytopenia are female sex, loss
of weight, sulfamethoxazole-trimethoprim combination,?
and the number of lymphocytes (<1200/ul) before TMZ
treatment (prelymph).®

Although the incidence of neutropenia and thrombocy-
topenia in the present series was within the range reported
in the literature with non-HD patients, 2 of the 7 cases
(Cases 3 and 5) had bacterial pneumonia. Case 3 showed
bacterial pneumonia in the concomitant initial therapy, not
caused by P carinii, during the period of lymphocytopenia
without neutropenia, that was treated with antibiotics
for 1 week. This pneumonia cannot correlate with
lymphocytopenia. Case 5 showed either severe neutro-
penia or lymphocytopenia before the infection caused
by bacterial pneumonia, and pneumonia caused the de-
terioration of the patient’s performance status. Ichie et al
reported that in their series of patients receiving concomi-
tant initial TMZ therapy with radiation, patients older than
65 years demonstrated a 16.7% incidence rate of greater
than or equal to Grade 3 thrombocytopenia.'® In our hemo-
dialysis series, 4 of the 7 patients were older than 65 years,
and 1 of the 4 patients experienced Grade 3 thrombocy-
topenia. Therefore, generally, the frequency and degree
of myelosuppression do not increase in HD patients with
high-grade gliomas.

The molecular weights of TMZ, AIC, and MTIC are
194.15 Da, 338.21 Da, and 168.16 Da, respectively.
Generally, in HD patients, the factors that influence the
elimination rate of the drugs include the following: the
type of dialysis membrane, molecular weight of the drugs,
volume of distribution of the drugs, protein-binding rates
of the drugs, other dialysis conditions, and the molec-
ular weight of the substance that can pass through the
HD membrane, which is less than 500 Da." Such factors
should be taken into consideration.

As medical technologies progress and the life span
of people increases, HD patients have the chance to live
longer and neurosurgeons will have a greater chance of
seeing HD patients with high-grade gliomas. The data re-
ported by the Japanese Society for DialysisTherapy in 2016
demonstrated that 21.9% of deaths resulted from infection
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in HD patients. In the present series, 2 of the 7 patients
(28.5%) died of infection despite having no direct correla-
tion to myelosuppression, and physicians need to be more
careful in preventing and treating infectious diseases in HD
patients with high-grade gliomas.

Although this is a small-number case series, these
results raise important concerns regarding serious clinical
conditions and will lead to multicentered, randomized con-
trol studies in the future.

I
Conclusions

The administration of the regular treatment dose of
TMZ to HD patients, supplemented by careful observa-
tion of hematological toxicity and prophylactic use of
sulfamethoxazole-trimethoprim combination, is feasible.
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