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Objective: Although temozolomide has been extensively used to treat various tumors, there
is a lack of large-cohort studies on temozolomide’s toxicity profile. The toxicity profiles and
associated factors in patients treated with temozolomide-containing regimens were analyzed.
Patients and Methods: Patients treated with temozolomide-containing regimens in the
Affiliated Union Hospital of Huazhong University of Science and Technology from
January 2008 to December 2019 were included. A retrospective analysis of the clinical
data of patients treated with temozolomide-containing regimens was performed. Univariate
chi-square test and multivariate logistic regression analysis were employed to identify factors
associated with the occurrence of toxicities.

Results: Among the 1057 patients received temozolomide-containing regimens, 922 patients
were included in our analyses. Of the 922 patients, 484 patients (52.5%) experienced
toxicities. Univariate analysis revealed that radiotherapy, chemotherapy cycle, chemotherapy
regimen, and clinical stage were significantly associated with the toxicity during temozolo-
mide treatment (P < 0.05). The chemotherapy regimen, chemotherapy cycle, and clinical
stage were significantly associated with the overall occurrence of toxicities (P < 0.05).
A chemotherapy regimen, chemotherapy cycle, and clinical stage were associated with the
hematological system’s toxicities, whereas gender, age, clinical diagnosis, and clinical stage
were related to gastrointestinal toxicities (P < 0.05). Clinical diagnosis, chemotherapy regi-
men, and age were associated with liver toxicity (P < 0.05).

Conclusion: Toxicities are common among patients receiving temozolomide-containing
regimens. Clinicians should be aware of factors associated with toxicities to minimize the
impact of the toxicity.

Keywords: temozolomide, toxicity, hematological system, gastrointestinal system, liver
toxicity

Introduction

Temozolomide is an imidazotetrazine derivative and a second-generation alkylat-
ing agent with antitumor effects. Orally administered temozolomide capsules are
fully absorbed and well distributed in tissues; hence, the drug crosses the blood-
brain barrier resulting in predictable adverse reactions.! Temozolomide’s toxic
profile and side effects are relatively mild and tolerable in patients receiving six
or more cycles of treatment.” Temozolomide has been associated with anemia,
lymphopenia, neutropenia, and severe thrombocytopenia.” In clinical practice,
temozolomide has been extensively used to treat glioma, non-small cell lung
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cancer, leukemia, melanoma, lymphoma, and certain
solid tumors. Among other chemotherapeutics, temozo-
lomide provides the most potent antitumor effects in
glioblastoma.® In China, temozolomide has been on the
market for nearly 20 years. Due to its sound curative
effects in glioma patients, temozolomide has become
the first-line treatment for malignant brain tumors.*>

Temozolomide’s efficacy and therapeutic regimen have
been extensively studied in various tumors.””'' However,
there is a lack of large-cohort studies on the toxicity profile
of temozolomide. In this study, we retrospectively ana-
lyzed clinical data in patients treated with temozolomide
in our hospital during the past 12 years. The in-depth
analysis of the temozolomide-related toxicities can guide
the clinical use of temozolomide to prevent toxicities.

Methods

Study Population

This study was approved by the Ethics Committee of Union
Hospital of Tongji Medical College of Huazhong University
of Science and Technology (reference number: 2019-S893).
This retrospective study analyzed the toxicity profiles of
cancer patients treated with temozolomide-containing regi-
mens from January 1, 2008, to December 31, 2019, at the
Union Hospital of Tongji Medical College of Huazhong
University of Science and Technology. The hospital is
a 5000 - bed comprehensive university teaching hospital in
Wuhan, a megacity in China. The exclusion criteria were 1)
patients with poor treatment adherence (irregular use, dis-
continuation or change of medication), which might have
affected the evaluation of temozolomide’s safety and effi-
cacy, and 2) patients with incomplete data.

Study Design
A “Temozolomide Safety Reassessment Research Card”
was designed to collect demographic data, medication sta-
tus, and toxicity occurrence. Additional information gath-
ered included Karnofsky Performance Status Scale (KPS
scale), body-mass index (BMI), drug manufacturer, radio-
therapy, chemotherapy cycle, chemotherapy regimen, clin-
ical diagnosis, and clinical tumor stage. Data were retrieved
from the hospital electronic health records (EHR).
Chemotherapy regimens were divided into five cate-
gories: (1) concurrent chemoradiotherapy with adjuvant
chemotherapy (usually six cycles of adjuvant chemother-
apy with temozolomide alone); (2) mono-chemotherapy
(only temozolomide); (3) combined chemotherapy with

two drugs (temozolomide combined with capecitabine,
cisplatin, irinotecan, apatinib, bevacizumab, recombinant
human endostatin, gemcitabine, methotrexate, or rituxi-
mab); (4) complex chemotherapy regimen, including
multidrug chemotherapy involving three or more drugs
and concurrent chemoradiotherapy followed by com-
bined chemotherapy; (5) adjuvant chemotherapy after
radiotherapy. In this analysis, the chemotherapy cycle
was regarded as the total cycle number with clear exam-
ination results during the patient’s hospitalization.
Usually, temozolomide was used for five days in
a cycle, and each cycle lasted for 28 days. However, in
concurrent chemoradiotherapy, temozolomide was
employed for 42 consecutive days, and this was regarded
as one chemotherapy cycle due to the continuous use of
temozolomide in concurrent chemoradiotherapy.

The severity of toxicities was assessed based on the
Common Terminology Criteria for Adverse Events
(CTCAE) v4.0."> The CTCAE displays Grades 1 through 5
with unique clinical descriptions of severity for each adverse
event. Grade 1- mild: asymptomatic or mild symptoms; clin-
ical or diagnostic observations only; intervention not indi-
cated. Grade 2 - moderate: minimal, local, or noninvasive
intervention indicated; limiting age-appropriate instrumental
activities of daily living (ADL). Grade 3 - severe or medically
significant but not immediately life-threatening: hospitaliza-
tion or prolongation of hospitalization indicated; disabling;
limiting self-care ADL. Grade 4 - life-threatening conse-
quences; urgent intervention indicated. Grade 5 - death related

to an adverse event.

Statistical Analysis

Data were recorded using Microsoft Excel®, and SPSS
25.0 was used for statistical analyses. Normally distributed
data were expressed as means + standard deviation (SD),
whereas categorical data were expressed as percentages.
The chi-square test was used to compare groups, and the
influencing factors were analyzed by multivariate logistic
regression analysis. Significant factors in univariate analy-
sis were used in multivariate logistic regression analysis.
P-values < 0.05 were considered statistically significant.

Results

Characteristics of Patients and Analysis of
Toxicities

A total of 1057 patients were treated with temozolomide-
containing regimens within the analysis period, and 922
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met the inclusion and exclusion criteria. Among the 922
patients, 558 were males, and the average age was 45.25
years (ranged from 1 to 93 years). Toxicities were reported
in 484 of the 922 patients, with an overall toxicity rate of
52.5% (Table 1).

As a retrospective study, we have observed differences
in the dosage of temozolomide in different chemotherapy
regimens. Concurrent chemoradiotherapy is 75mg/m*/d
for 42 days (some patients do not use it for 42 days, and
some patients only use temozolomide from Monday to
Friday each week), and this was regarded as one che-
motherapy cycle due to the continuous use of temozolo-
mide in concurrent chemoradiotherapy. In the adjuvant
treatment period or in combination with other chemother-
apy regimens, the dosage of temozolomide is usually
150mg/m%/d or 200mg/m?/d for 5 days, and each cycle
lasted for 28 days. Different temozolomide-containing
regimens in our study were listed in Supplemental Table 1.

A total of 787 toxic cases were recorded in patients
treated with temozolomide-containing regimens. The most
common cases involved the hematological system (34.9%,
275/787), followed by the gastrointestinal system (24.8%,
195/787) (Supplemental Table 2). When cases were ana-
lyzed based on chemotherapy regimens, the concurrent

chemoradiotherapy with adjuvant chemotherapy accounted
the most, 55.3% (435/787), followed by temozolomide
mono-therapy (17%, 134/787) (Table 2).

Among the 922 patients who were treated with temo-
zolomide, 183 patients concurrently received other che-
motherapeutic agents. The toxicity occurrence based on
the concurrent drugs used in more than ten patients is
listed in Table 3. The most common combination drug
used was capecitabine (31.7%, 58/183), followed by cis-
platin (23.5%, 43/183).

Among the 922 patients analyzed, 285 (30.9%) were
classified as clinical stages 1-2, and 637 (69.1%) as stages
3—4. The occurrence of toxicities in patients with different
clinical diagnoses and at different stages is listed in Table
4. In patients at clinical stages of 1 and 2, patients with
glioma (n = 192) experienced the highest rate of toxicities
(47.9%, 92/192), followed by patients with lymphoma
(46.7%, 7/15). This pattern was also observed in patients
at clinical stages 3 and 4, patients with glioma (n = 368)
had the highest rate of toxicities (77.7%, 286/368), fol-
lowed by patients with lymphoma (67.9%, 19/28). The
rates of toxicity occurrence were higher in stages 3—4
than stages 1-2 regardless of cancer types. Due to the
large gap in the number of toxicity occurrence of different

severities, no statistically significant factors affecting toxi-
city severity are identified.

The case toxicity severities were assessed using the
CTCAE rating scale. A total of 726 cases (92.2%) were
rated at grades 1-2, and 61 (7.8%) were rated grade 3 or
above. Within the grades 1-2 categories, the hematological
system accounted for 249 cases (34.3%, 249/726), fol-
lowed by the gastrointestinal system (25.9%, 188/726).
Within the grades 3 or above category, the hematological
system accounted for the most, 26 cases (42.6%, 26/61),
followed by the other type (37.7%, 23/61) (Table 5).

Factors Affecting the Toxicity Occurrence

of Temozolomide-Containing Regimens
Univariate analysis indicates that radiotherapy, chemother-
apy cycle, chemotherapy regimen, and clinical stage were
significant factors affecting the toxicity occurrence (P <
0.05) (Table 1). Among the 922 patients, 616 had BMI
recorded in EHR. Univariate analysis revealed that BMI
was not associated with the overall toxicity occurrence
(P = 0.082) (Supplemental Table 3).

The variables that showed statistical significance in

univariate analysis were used as independent variables in
logistic multivariate regression analysis. The overall toxi-
city and toxicities in the hematological system, gastroin-
testinal system, and liver were used as dependent
variables. A chemotherapy regimen, chemotherapy cycle,
and clinical stage were identified as factors significantly
affecting the overall occurrence of toxicity (P<0.05)
(Table 6).

A chemotherapy regimen, chemotherapy cycle, and
clinical stage were identified as factors significantly affect-
ing the occurrence of toxicities in the hematological sys-
tem (P<0.05) (Supplemental Table 4). Gender, age,
clinical diagnosis, and clinical stage were factors signifi-

cantly associated with toxicity in the gastrointestinal sys-
tem (P<0.05) (Supplemental Table 5). Clinical diagnosis,
chemotherapy regimen, and age were factors significantly

affecting the occurrence of toxicity in the liver (P<0.05)
(Supplemental Table 6).

Among the 922 cases, 21 cases were observed to be
active discontinuation of the drug, except for 3 cases due
to economic reasons and 1 case due to switching che-
motherapy regimens, the other 17 cases were reported in
Supplemental Table 7. It can be observed that of the 17
cases of discontinuation, 16 cases of discontinuation

occurred in the first cycle, and only 1 case occurred in
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Table | Univariate Analysis of Factors Affecting the Overall Occurrence of Toxicities

Variable With Toxicities Without Toxicities Total (n=922) a P-value
(n=484) (n=438) Value
N (Constituent N (Constituent N (Constituent
Ratio) Ratio) Ratio)
Gender 0.441 0.507
Male 288 (59.5%) 270 (61.6%) 558 (60.5%)
Female 196 (40.5%) 168 (38.4%) 364 (39.5%)
Age 2.046 | 0.563
<18 32 (6.6%) 24 (5.5%) 56 (6.1%)
18-39 134 (27.7%) 109 (24.9%) 243 (26.4%)
40-59 233 (48.1%) 217 (49.5%) 450 (48.8%)
>59 85 (17.6%) 88 (20.1%) 173 (18.8%)
KPS score 1.781 0.776
100 27 (5.6%) 30 (6.8%) 57 (6.2%)
90 250 (51.7%) 235 (53.7%) 485 (52.6%)
80 138 (28.5%) 118 (26.9%) 256 (27.7%)
70 47 (9.7%) 40 (9.1%) 87 (9.4%)
<60 22 (4.5%) 15 (3.4%) 37 (4.0%)
Drug manufacturer 0.088 0.766
Domestic 372 (76.9%) 333 (76.0%) 705 (76.5%)
Import 112 (23.1%) 105 (24.0%) 217 (23.5%)
Radiotherapy 9.117 | 0.003*
Yes 323 (66.7%) 250 (57.1%) 573 (62.1%)
No 161 (33.3%) 188 (42.9%) 349 (37.9%)
Chemotherapy cycle 39.599 | <0.001*
| 210 (43.4%) 268 (61.2%) 478 (51.8%)
2 81 (16.7%) 69 (15.8%) 150 (16.3%)
3 48 (9.9%) 31 (7.1%) 79 (8.6%)
4 39 (8.1%) 24 (5.5%) 63 (6.8%)
5 27 (5.6%) Il (2.5%) 38 (4.1%)
6 35 (7.2%) 22 (5.0%) 57 (6.2%)
7 21 (4.3%) 6 (1.2%) 27 (2.9%)
8 or more 23 (4.8%) 7 (1.6%) 30 (3.3%)
Chemotherapy regimen 32.858 | <0.001*
Concurrent chemoradiotherapy with adjuvant 284 (58.7%) 226 (51.6%) 510 (55.3%)
chemotherapy
Mono-chemotherapy 73 (15.1%) 118 (26.9%) 191 (20.7%)
Combined chemotherapy 50 (10.3%) 58 (13.2%) 108 (11.7%)
Complex chemotherapy regimen 55 (11.4%) 20 (4.6%) 75 (8.1%)
Only as adjuvant chemotherapy after 22 (4.5%) 16 (3.7%) 38 (4.1%)
radiotherapy
Clinical diagnosis 8.652 0.124
Glioma 304 (62.8%) 256 (58.4%) 560 (60.7%)
Lung cancer 39 (8.1%) 38 (8.7%) 77 (8.4%)
Melanoma 35 (7.2%) 28 (6.4%) 63 (6.8%)
Lymphoma 26 (5.4%) 17 (3.9%) 43 (4.7%)
Neuroendocrine carcinoma 13 (2.7%) 25 (5.7%) 38 (4.1%)
Others 67 (13.8%) 74 (16.9%) 141 (15.3%)
(Continued)
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Table | (Continued).
Variable With Toxicities Without Toxicities Total (n=922) P P-value
(n=484) (n=438) Value
N (Constituent N (Constituent N (Constituent
Ratio) Ratio) Ratio)
Clinical stage 14.420 | <0.001*
Stage 1-2 123 (25.4%) 162 (37.0%) 285 (30.9%)
Stage 34 361 (74.6%) 276 (63.0%) 637 (69.1%)

Note: *P<0.01 indicates statistically significant differences.
Abbreviation: KPS, Karnofsky Performance Status.

the third cycle. 13 cases of drug discontinuation occurred
during concurrent radiotherapy and chemotherapy. 7 cases
continued to complete the treatment of temozolomide after
the toxicity was reduced or disappeared. 5 cases of drug
discontinuation indicated related hematological system
toxicity, 5 cases of drug discontinuation indicated related
gastrointestinal system toxicity, 4 cases of drug disconti-
nuation accompanied with liver injury. Multiple toxicity
were also observed in 7 cases occurred in the first che-
motherapy cycle. Cases of multiple toxicity were analyzed
based on chemotherapy regimens, the concurrent chemor-
adiotherapy with adjuvant chemotherapy accounted the
most, 57.1% (4/7), followed by combined chemotherapy
(28.6%, 2/7) and temozolomide mono-therapy (14.3%, 1/
7).(Supplemental Table 7).

Discussion

This retrospective analysis reveals that in patients receiving
temozolomide-containing regimens, the toxicity occurrence
rate is high, around 50%. A chemotherapy regimen, che-
motherapy cycle, and clinical stage are significant factors
affecting the overall toxicity occurrence. Factors affecting
the toxicity occurrence varies among organ systems.

Evaluation of Toxicity Occurred in the
Combination Therapy

When combined with the orally-administered chemothera-
peutic agent capecitabine, the toxicity rate in temozolomide-
treated patients is 25.9% (15/58), lower than that of patients
receiving temozolomide mono-chemotherapy (38.2%, 73/
191). However, why the combination of temozolomide with
capecitabine has a favorable safety profile remains unclear.
The combination of temozolomide with injectable che-

motherapeutics increases the toxicity rate occurrence except

for the combination with bevacizumab, which exhibits

a comparable rate to temozolomide mono-chemotherapy.

Evaluation of Factors Associated with

Temozolomide-Containing Therapies

A chemotherapy regimen and chemotherapy cycle are
significant factors affecting the overall toxicity occurrence.
The risk of toxicity in complex chemotherapy regimens
and concurrent chemoradiotherapy with adjuvant che-
motherapy is 4.06 and 3.37 times higher than that of
temozolomide mono-chemotherapy. Hematological toxi-
city incidence was 275/922 (29.8%) and only 26/922
(2.8%) for grade 3 or higher. Gastrointestinal system toxi-
city incidence was 195/922 (21.3%), and only 7/922 of
grade 3 or higher. Abnormal liver function incidence was
139 of 922 (15.1%), and the incidence of grade 3 or higher
toxicity was only 5 of 922 (0.5%). Results of retrospective
analysis revealed that the chemotherapy regimen contain-
ing temozolomide was found to be safe with a low overall
incidence of grade 3 or 4 toxicity.

The toxicity of different chemotherapy regimens con-
taining temozolomide was also investigated in other stu-
dies. Brada reported that incidences of grade 3—4
hematological and grade 3—4 non-hematological toxicity
in the temozolomide monotherapy for glioblastoma were
the same as 25%."* Chua reported a higher incidences of
grade 3—4 hematological toxicity (36.4%) and grade 3—4
non-hematological toxicity (40.9%) in chemotherapy regi-
mens containing temozolomide.'* However, a low inci-
dence of toxicity in the temozolomide monotherapy for
glioblastoma was also reported that the incidence of grade
3—4 hematological toxicity was 2.4% and no grade 3—4
non-hematological toxicity was observed.'” It should be
noted that the toxicity evaluations were based on the
specific chemotherapy regimens.
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Table 4 Occurrence of Toxicities at Different Clinical Tumor Stages

Clinical Diagnosis Clinical Stage 1-2 Clinical Stage 3-4
With Without Rate of Toxicity With Without Rate of Toxicity
Toxicity Toxicity (%) Toxicity Toxicity (%)

Glioma 92 100 47.9 286 82 77.7

Lung cancer | 2 333 38 36 51.3

Melanoma 4 9 30.8 31 19 62.0

Lymphoma 7 8 46.7 19 9 67.9

Neuroendocrine | 2 333 12 23 343

carcinoma

Other 18 41 30.5 49 33 59.8

Table 5 Severity of Toxicity

Types of Toxicity Grade 1-2 (n=726)

Grade 3 and Above (n=61) Total (n=787)

N (Constituent Ratio)

N (Constituent Ratio) N (Constituent Ratio)

Hematological system 249(34.3%)
Gastrointestinal system 188(25.9%)
Liver function 134(18.5%)
Other 155(21.3%)

26(42.6%) 275(34.9%)
7(11.5%) 195(24.8%)
5(8.2%) 139(17.7%)
23(37.7%) 178(22.6%)

malignant glioma, which reveals that temozolomide’s
hematological toxicity is higher in women than in men.'*
This discrepancy could be attributed to the fact that we
included all cancer patients treated with temozolomide, not
just glioma patients. The risk of hematological toxicities in
patients at clinical stages 1-2 is only 0.64 times higher
than that in patients at stages 3—4 (P < 0.05).

Clinical diagnosis, clinical stage, gender, and age are
significant factors affecting the gastrointestinal system’s
toxicity occurrence. In lung cancer patients, the risk of
the gastrointestinal system toxicity is 6.2 times higher
than that in patients with neuroendocrine tumors (P <
0.01). The risk of gastrointestinal toxicity in patients at
clinical stages 1-2 is only 0.59 times higher than that in
patients at stages 3—4 (P < 0.05). Our analysis is consistent
with another study, which indicates that the risk of gastro-
intestinal toxicity is 1.88 times higher in women than in
men (P < 0.01)."7

Clinical diagnosis, chemotherapy regimen, and age are
significant factors contributing to treatment-related liver
dysfunction. The risk of abnormal liver function in

lymphoma patients is 6.01 times higher than that in patients
with neuroendocrine tumors (P < 0.05). The risk of liver
toxicity in patients undergoing concurrent chemoradiother-
apy with adjuvant chemotherapy, complex chemotherapy,
and combined chemotherapy is 6.75, 4.33, and 3.37 times
higher, respectively, compared with the risk in patients
receiving temozolomide mono-chemotherapy (P < 0.05).
The risk of liver dysfunction in patients under 18 is only
0.09 times higher than that in patients aged over 59 (P <
0.05). Notably, out of 56 patients aged under 18, only one
patient (1.79%) exhibited liver toxicity instead of the 15.1%
overall incidence of treatment-related liver dysfunction.
Our study analyzed patients who received temozolo-
mide-containing regimens over 12 years using data from
real-world clinical practice. The findings may help clin-
better
motherapies and monitor at-risk patients to develop

icians design temozolomide-containing che-
treatment-related toxicities. The study has the following
limitations 1) the analysis is a single-center study, and 2)
the study is retrospective in nature. We did not assess the

clinical outcome of the patients.
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Table 6 Multivariate Analysis of Factors Affecting the Overall Occurrence of Toxicities

Variable B Standard Error | Wald | Significance | OR (95% CI)
Gender
Female 0.137 0.144 0.901 0.343 1.147 (0.864—1.521)
Male Ref (1.00)
Age
<18 0.279 0.338 0.683 0.409 1.322 (0.682-2.563)
18-39 0.275 0.222 1.544 | 0.214 1.317 (0.853-2.033)
40-59 0.062 0.191 0.107 | 0.744 1.064 (0.732—1.549)
>59 Ref (1.00)
Clinical diagnosis
Lung cancer 1.000 0.459 4.740 | 0.029 2.718 (1.105-6.688)
Melanoma 1.135 0.469 5.867 | 0.015 3.112 (1.242-7.800)
Glioma 0.799 0.427 3.508 | 0.061 2.224 (0.964-5.135)
Lymphoma 0.894 0.529 2.859 | 0.091 2.444 (0.867-6.886)
Others 0.789 0.440 3216 | 0.073 2.201 (0.929-5.211)
Neuroendocrine carcinoma Ref (1.00)
Chemotherapy regimen
Complex chemotherapy regimen 1.400 0.398 12.388 | <0.001 4.057 (1.860-8.849)
Only as adjuvant chemotherapy after radiotherapy 1.080 0.677 2.5441 | 0.111 2.944 (0.781-11.094)
Combined chemotherapy 0.423 0.279 2.301 0.129 1.526 (0.884-2.635)
Concurrent chemoradiotherapy with adjuvant chemotherapy | 1.214 0.596 4.153 0.042 3.366 (1.047-10.818)
Mono-chemotherapy Ref (1.00)
Chemotherapy cycle
2 0.407 0.199 4.160 | 0.041 1.502 (1.016-2.221)
3 0.702 0.259 7.350 | 0.007 2.019 (1.215-3.354)
4 0.605 0.296 4.177 | 0.041 1.831 (1.025-3.271)
5 1.128 0.387 8.508 | 0.004 3.091 (1.448-6.597)
6 0.582 0.309 3.557 | 0.059 1.790 (0.977-3.278)
7 1.215 0.483 6.328 | 0.012 3.370 (1.308-8.685)
8 or more 1.396 0.465 8.992 | 0.002 4.038 (1.622-10.055)
| Ref (1.00)
Radiotherapy
Yes 0.376 0.568 0438 | 0.508 1.456 (0.478—4.432)
No Ref (1.00)
Clinical stage
Stage 1-2 —0.586 | 0.157 13.844 | <0.001 0.557 (0.409-0.758)
Stage 3—4 Ref (1.00)

Abbreviations: OR, odds-ratio; Cl, confidence-interval.

Conclusion

In patients treated with temozolomide-containing regi-
mens, toxicities present commonly in the hematological
and gastrointestinal systems and the liver. Clinicians
should pay particular attention to the significant factors
associated with the toxicity occurrence, such as the che-
motherapy regimen, chemotherapy cycle, and the patient’s
clinical stage.
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