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Chao Li1, Yi-Xuan Yan2, Jin Fu1*‡, Zhao-Li Shen1*‡ and Xian-Zhen Chen1*‡

1 Department of Neurosurgery, Shanghai Tenth People’s Hospital, Tongji University School of Medicine, Shanghai, China,
2 Hospital of Stomatology, Guanghua School of Stomatology, Sun Yat-sen University, Guangdong Provincial Key Laboratory
of Stomatology, Guangzhou, China

Background: Despite improved overall survival outcomes, chemotherapy has brought
concerns for heart disease–related death (HDRD) among cancer patients. The effect of
chemotherapy on the risk of HDRD in anaplastic astrocytoma (AA) patients remains unclear.

Methods: We obtained 7,129 AA patients from the Surveillance, Epidemiology, and End
Results (SEER) database from 1975 to 2016. Kaplan–Meier and Cox regression analysis
were conducted to evaluate the effect of chemotherapy on the HDRD risk. Based on the
competing risk model, we calculated the cumulative incidences of HDRD and non-HDRD
and performed univariate and multivariate regression analyses. Then, a 1:1 propensity
score matching (PSM) was used to improve the comparability between AA patients with
and without chemotherapy. Landmark analysis at 216 and 314 months was employed to
minimize immortal time bias.

Results: AA patients with chemotherapy were at a lower HDRD risk compared to those
patients without chemotherapy (adjusted HR=0.782, 95%CI=0.736–0.83, P<0.001). For
competing risk regression analysis, the cumulative incidence of HDRD in non-
chemotherapy exceeded HDRD in the chemotherapy group (P<0.001) and multivariable
analysis showed a lower HDRD risk in AA patients with chemotherapy (adjusted
SHR=0.574, 95%CI=0.331–0.991, P=0.046). In the PSM-after cohort, there were no
significant association between chemotherapy and the increased HDRD risk (adjusted
SHR=0.595, 95%CI=0.316−1.122, P=0.11). Landmark analysis showed that AA patients
who received chemotherapy had better heart disease–specific survival than those in the
non-chemotherapy group (P=0.007) at the follow-up time points of 216 months. No
difference was found when the follow-up time was more than 216 months.
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Conclusion: AA patients with chemotherapy are associated with a lower risk of HDRD
compared with those without chemotherapy. Our findings may help clinicians make a
decision about the management of AA patients and provide new and important evidence
for applying chemotherapy in AA patients as the first-line treatment. However, more
research is needed to confirm these findings and investigate the correlation of the risk of
HDRD with different chemotherapy drugs and doses.
Keywords: anaplastic astrocytoma, chemotherapy, SEER, heart disease-related death, cardio-oncology
INTRODUCTION

Gliomas are the most common primary malignant neoplasms of
the central nervous system with an incidence of five-to-six cases
per 100,000 persons per year. Anaplastic astrocytoma (AA), a
WHO grade III glioma, is a diffusely infiltrating, malignant,
astrocytic, primary brain tumor (1). It constitutes approximately
6.1% of all gliomas with a median age of onset of 41 years (2, 3).
Approximately 7,175 patients were newly diagnosed from 2014
to 2018 in the United States according to the Central Brain
Tumor Registry of the United States (4). Patients with AA
have traditionally been thought to have a terrible prognosis.
The 5-year relative survival rate for AA patients has been poor at
30.5% (95%CI=29.7–31.2), and the 10-year relative survival rate
has dropped to 22.2% (95%CI=21.4–23.0) (4). Although the bulk
of the tumor can often be resected, the tumor almost always
reoccurs due to the rapid proliferation of infiltrative residual
tumor cells (5). The standardized treatment for AA is surgical
removal, radiotherapy, and chemotherapy according to the
National Comprehensive Cancer Network Guidelines.

Temozolomide (TMZ), an oral monofunctional alkylating
agent, which has been approved by the U.S. Food and Drug
Administration (FDA) for use in the treatment of anaplastic
astrocytoma for the first line, is the world-recognized
standardized chemotherapy method for AA (6). Previous studies
have shown that TMZ can bring overall survival benefits in AA
patients and TMZ is generally better tolerated compared with the
primary treatment regimen PCV (procarbazine, lomustine, and
vincristine). While chemotherapy can improve overall survival
outcomes, its toxicity has aroused clinicians’ and researchers’
attention. Many chemotherapy drugs such as anthracycline
agents and cyclophosphamide increase the risk of cardiovascular
disease, including heart failure and myocardial infarction (7). The
most common toxicities of TMZ including gastrointestinal side
effects and myelosuppression have been reported (8–10). Recently,
TMZ has been found to be associated with liver toxicity. As for
heart toxicity, the accumulation of TMZ can cause an unusual
cardiomyopathy, which restricts its use in clinics (10).

However, most of the previous studies were aimed to figure
out the efficacy of chemotherapy on AA patients’ overall survival,
oma; CI, confidence interval; CIF,
art disease–related death; HDSS, heart
SEER, Surveillance, Epidemiology, and
ng; SHR, subdistribution hazard ratio;

2

and long-term follow-up studies on the association between
chemotherapy and heart disease-related death (HDRD) have
been limited (8, 11–14). Thus, there is a need for clinicians and
oncologists to explore whether chemotherapy increases the risk
of HDRD in AA patients. The Surveillance, Epidemiology, and
End Results (SEER) database provides the clinical information of
cancer patients to investigate the prognostic factors of survival
(15). Based on the SEER database, Guan et al. found that
chemotherapy was associated with a lower cardiovascular
death risk in primary central nervous system lymphoma
patients than those without chemotherapy (16). Janick
Weberpals found that a long-term heart-specific mortality
among breast cancer survivors treated with chemotherapy or
radiotherapy is not increased compared with the general
population (17). However, no similar articles in AA have been
published yet. Our study innovatively intends to investigate
whether chemotherapy increases the risk of HDRD in AA
patients on the basis of the SEER database, using competing
risk regression analysis, PSM, and landmark analysis.
METHODS

Data Source
Data were extracted from the SEER database (https://seer.cancer.
gov/), which were downloaded using the SEER Stat 8.3.8
software. The SEER program is an authoritative population-
based cancer registry, which covers approximately 34.6% of the
U.S. population. Patients have been de-identified in the database,
and no ethical approval was needed. The ethical approval of this
publicly available information was not required (18).

Study Population and Variables
Patients diagnosed with AA as a primary tumor were obtained
from the SEER database. According to the International
Classification of Diseases for Oncology, the Third Edition
(ICD-O-3), the code of AA was 9401. We identified 7,560
patients with a diagnosis of AA between the years 1975 and
2016. Cases without a definite survival time were excluded. We
also excluded patients with an unknown information of
chemotherapy, and finally, 7,129 eligible patients were included
for subsequent analysis.

Patients were classified into two groups depending on the
chemotherapy status (yes versus no). However, the type of
chemotherapy treatment and doses were unclear. Covariates
June 2022 | Volume 12 | Article 870843

https://seer.cancer.gov/
https://seer.cancer.gov/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Lin et al. Heart Disease-Related Death in AA
included the age at diagnosis (≤34 years old, 35–50 years old, 51–
65 years old, >66 years old), sex (male, female), race (white,
black, others), marital status (single/unmarried, married,
divorced/separated, widowed/others), year of diagnosis (~1998,
1999–2005, 2006–2012, 2013–2016), surgery (yes, no), previous
history of malignant tumor (sequence number: yes, no), tumor
size (≤4 cm, >4 cm, unknown), surgery method (gross total
resection, subtotal resection, biopsy and local excision, no
surgery, others), primary site (supratentorial tumor,
infratentorial tumor, others), and radiation (yes, no). The
HDRD information was extracted from the reason-of-death
data from the SEER database. According to ICD-10 codes,
HDRD was defined as death from heart diseases (I00–I09, I11,
I13, I20–I51) including acute rheumatic fever (I00–I02), chronic
rheumatic heart diseases (I05–I09), hypertensive heart disease
(I11), hypertensive heart and renal disease (I13), ischemic heart
diseases (I20–I25), pulmonary heart disease, the diseases of
pulmonary circulation (I26–I28), and other forms of heart
disease (I30–I51).

Statistical Analysis
The different clinicopathologic characteristics between
chemotherapy and non-chemotherapy groups were analyzed
and evaluated using Pearson’s chi-square test. The Kaplan–
Meier method was conducted to estimate heart disease-specific
survival (HDSS) in different groups, and the differences between
the curves were analyzed by the log-rank test. Only death from
heart disease was considered as an event in the Kaplan–Meier
method. For univariate and multivariate analyses, the Cox
regression model was used to access the hazard ratio (HR) and
95% confidence intervals (95% CIs) to analyze the effect of
chemotherapy on HDRD in AA patients. Kaplan–Meier curves
and the Cox regression model were conducted using the R
package “survival.”

For competing risk analysis, HDRD and other cause-related
deaths were two competing endpoint events (19). HDRD was
considered as the primary event of interest, whereas death due to
other causes was defined as a competing risk event, and an alive
patient was considered as a censored event. The probability of
developing primary and competing events were shown by the
calculating crude cumulative incidence function (CIF) using the
Fine–Gray competing risk model, which was grouped by age,
chemotherapy, diagnosis time, marital status, race, radiation,
sequence number, sex, surgery, surgery method, and tumor size
(20, 21). The differences in CIF among subgroups were estimated
with the Gray’s test (22). The CIF curves for each variable were
plotted using the R package “cmprsk”. Then, univariate and
multivariate competing risk regression analyses were employed
to calculate the subdistribution hazard ratio (SHR) and 95%CI to
evaluate the independent effect of chemotherapy on HDRD in
AA (23).

Regarding the effect of the confounding factors between the
chemotherapy and non-chemotherapy groups in the SEER
cohort, we employed the PSM method to improve the
comparability between groups with the R package “MatchIt”.
We applied age, sex, race, marital status, the year of diagnosis,
primary site, tumor size, surgery, radiation, and sequence
Frontiers in Oncology | www.frontiersin.org 3
number as covariates to calculate propensity scores with a
logistic regression model. The caliper value was set as 0.1. The
nearest-neighbor matching method was employed, and patients
were matched between 2 groups at a ratio of 1:1 (24, 25). Then,
landmark analysis was conducted to avoid immortal time bias
that might exist in the chemotherapy group. We chose 216 and
340 months as timepoints. The HDSS between chemotherapy
and non-chemotherapy groups was estimated using the Kaplan–
Meier approach. Univariate and multivariate analyses, stratified
analysis, and interaction tests were also conducted in the PSM-
after cohort. The landmark analysis was employed to minimize
immortal time bias. Minimum follow-up times of 216 and 340
months were selected for analysis (26).

R software version 4.1.1 (https://www.r-project.org/) was used
for statistical analysis and visualization (27). The following R
packages were also utilized: rms, survminer, ggplot2, glmnet, pec,
cobalt, and DescTools. Two-tailed P-values <0.05 were considered
as statistically significant.
RESULTS

Demographics and
Clinicopathological Findings
In all, 7,129 patients diagnosed with AA were enrolled in this
study. Table 1 summarized the demographic characteristics of
patients with a chemotherapy status. Of the cohort, 4,196
patients (58.9%) were stratified into the chemotherapy group,
and 2,933 patients (41.1%) were stratified into the non-
chemotherapy group. Statistically significant differences
(P<0.001) were noted, between the chemotherapy group and
the non-chemotherapy group, in age (42.99% vs. 57.14% age > 50
years old), marital status (26.76% vs. 24.55% single, 6.2% vs.
14.05% widowed), the year of diagnosis(61.99% vs. 32.42% after
2006), primary site (5.93% vs. 7.47% infratentorial, 75.83% vs.
70.99% supratentorial), tumor size (23.52% vs. 13.19% less than
4 cm, 21.02% vs. 9.85% more than 4 cm), surgery (59.96% vs.
34.3% yes), radiation (66.8% vs. 34.67% yes), and surgery method
(16.87% vs. 10.47% biopsy and local excision, 20.97% vs. 10.64%
gross total resection, 21.07% vs. 12.21% subtotal resection,
15.87% vs. 38.6% others). After a median follow-up of
75 months, there were a total of 5,257 deaths; 71 of them were
related to heart disease.

Survival Analysis and Cox Regression
Analysis in AA Patients
Survival analysis was conducted in AA patients grouped by the
chemotherapy status and covariates with a certain HDSS status
and time. In the Kaplan–Meier curves and log-rank test, as
shown in Figures 1 and S1, patients who received chemotherapy
enjoyed longer HDSS (P<0.001). Covariates including age at
diagnosis, marital status, year of diagnosis, primary site, surgery
and surgery method, and radiation were associated with HDSS.
Similarly, in terms of HDSS, univariate Cox regression analysis
also displayed an association between the improvement with
HDSS and the patients’ chemotherapy status (unadjusted
June 2022 | Volume 12 | Article 870843
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HR=0.329, 95%CI=0.2–0.54, P<0.001; Figure 2). Older age was a
significant predictor of an increased HDRD. The year of
diagnosis between 2013 and 2016 (unadjusted HR=0.344, 95%
CI=0.13–0.909, P=0.031), surgery treatment in the primary
tumor site (unadjusted HR=0.549, 95%CI=0.329-0.914,
P=0.001), and radiation treatment (unadjusted HR=0.462, 95%
Frontiers in Oncology | www.frontiersin.org 4
CI=0.288-0.743, P=0.001) were associated with a significantly
improved HDSS. After adjustment for covariates, the result of
multivariate Cox regression analysis showed that the risk of
HDRD was decreased in AA patients who received
chemotherapy (adjusted HR=0.782, 95%CI=0.736–0.83,
P<0.001; Figure 2).
TABLE 1 | The demographic characteristics of anaplastic astrocytoma patients before PSM.

Characteristic Total Non-Chemotherapy Chemotherapy P Statistic Value

n = 7,129 n = 2,933 n = 4,196

Age.cat, n (%) <0.001 331.969
~34 1,805 (25.32) 646 (22.03) 1,159 (27.62)
35~50 1,844 (25.87) 611 (20.83) 1,233 (29.39)
51~65 1,795 (25.18) 664 (22.64) 1,131 (26.95)
66~ 1,685 (23.64) 1,012 (34.5) 673 (16.04)
Sex, n (%) 0.039 4.265
Female 3,191 (44.76) 1,356 (46.23) 1,835 (43.73)
Male 3,938 (55.24) 1,577 (53.77) 2,361 (56.27)
Race, n (%) 0.2 3.22
Black 426 (5.98) 192 (6.55) 234 (5.58)
Others 448 (6.28) 189 (6.44) 259 (6.17)
White 6,255 (87.74) 2,552 (87.01) 3,703 (88.25)
Marital Status, n (%) <0.001 125.67
Divorced/Separated 518 (7.27) 213 (7.26) 305 (7.27)
Married 4,096 (57.46) 1,588 (54.14) 2,508 (59.77)
Single/Unmarried 1,843 (25.85) 720 (24.55) 1,123 (26.76)
Widowed/Others 672 (9.43) 412 (14.05) 260 (6.2)
Diagnosis, n (%) <0.001 696.04
~1998 1,864 (26.15) 1,173 (39.99) 691 (16.47)
1999~2005 1,713 (24.03) 809 (27.58) 904 (21.54)
2006~2012 2,060 (28.9) 570 (19.43) 1,490 (35.51)
2013~2016 1,492 (20.93) 381 (12.99) 1,111 (26.48)
Primary Site, n (%) <0.001 21.361
Infratentorial 468 (6.56) 219 (7.47) 249 (5.93)
Others 1,397 (19.6) 632 (21.55) 765 (18.23)
Supratentorial 5,264 (73.84) 2,082 (70.99) 3,182 (75.83)
Hist. Type, n (%) 1 Fisher
Astrocytoma, anaplastic 7,129 (100) 2,933 (100) 4,196 (100)
Tumor Size, n (%) <0.001 350.623
~4 1,374 (19.27) 387 (13.19) 987 (23.52)
4~ 1,171 (16.43) 289 (9.85) 882 (21.02)
Unknown 4,584 (64.3) 2,257 (76.95) 2,327 (55.46)
Surgery, n (%) <0.001 453.793
NO 3,607 (50.6) 1,927 (65.7) 1,680 (40.04)
YES 3,522 (49.4) 1,006 (34.3) 2,516 (59.96)
Surgery Method, n (%) <0.001 596.69
Biopsy and local excision 1,015 (14.24) 307 (10.47) 708 (16.87)
Gross total resection 1,192 (16.72) 312 (10.64) 880 (20.97)
No surgery 1,882 (26.4) 824 (28.09) 1,058 (25.21)
Others 1,798 (25.22) 1,132 (38.6) 666 (15.87)
Subtotal resection 1,242 (17.42) 358 (12.21) 884 (21.07)
Radiation, n (%) <0.001 715.124
NO 3,309 (46.42) 1,916 (65.33) 1,393 (33.2)
YES 3,820 (53.58) 1,017 (34.67) 2,803 (66.8)
Sequence Number, n (%) <0.001 11.381
NO 6,450 (90.48) 2,612 (89.06) 3,838 (91.47)
YES 679 (9.52) 321 (10.94) 358 (8.53)
Outcome 1, n (%) <0.001 17.561
Non HDRD 7,058 (99) 2,886 (98.4) 4,172 (99.43)
HDRD 71 (1) 47 (1.6) 24 (0.57)
Outcome 2, n (%) <0.001 275.38
Survival 1,872 (26.26) 473 (16.13) 1,399 (33.34)
HDRD 71 (1) 47 (1.6) 24 (0.57)
Competing event 5,186 (72.75) 2,413 (82.27) 2,773 (66.09)
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Competing Risk Regression Analysis of
HDRD in AA Patients
Considering HRRD and other cause-related deaths were two
competing endpoint events, we utilized competing risk
regression analysis to explore the effect of chemotherapy on
the risk of HDRD. The CIF curves for all variables are shown in
Figures 3 and S2. Anaplastic astrocytoma patients with
chemotherapy were at a lower HDRD risk compared to those
patients with no chemotherapy (P<0.001). Meanwhile, older
age was associated with higher HDRD cumulative incidences
than younger age (P<0.001). However, other covariates
including sex, years of diagnosis, marital status, primary site,
race, radiation, surgery and surgery method, sequence number,
and tumor size showed no statistical significance for the
cumulative incidences of HDRD. As shown in Figure 4A, in
the competing risk regression model, univariate analysis
showed the chemotherapy status (unadjusted SHR = 0.378,
95%CI = 0.229–0.622, P<0.001) and age (35–50 y, P = 0.041;
Frontiers in Oncology | www.frontiersin.org 5
51–65 y, P = 0.023; >66 y, P < 0.001) were correlated with
HDRD, which were consistent with CIF. In multivariate
analysis, we adjusted covariates and found that age was
independently associated with HDRD and AA patients with
chemotherapy still showed a decreased probability of HDRD
(adjusted SHR=0.574, 95%CI=0.331–0.991, P=0.046,
Figure 4A), as expected. Additionally, we conducted stratified
analysis and interaction tests to control the influence of
covariates, based on several clinical factors including age, sex,
marital status, year of diagnosis, tumor size, surgery and
surgery method, rad ia t ion , and sequence number
(Figure 4B). In the subgroups of age (35–50 y) and age (>60
y), patients with chemotherapy showed the decreasing risk of
HDRD (35–50 y, unadjusted SHR=0.355, 95%CI=0.121–0.928,
P=0.035; >60 y, unadjusted SHR=0.281, 95%CI=0.108–0.729,
P=0.009). In both female and male subgroups, the married
subgroup, year of diagnosis between 2006 and 2012 subgroup,
tumor size >4 cm and unknown subgroup, surgery treatment in
A B

D E F

G H

C

FIGURE 1 | Heart disease–specific survival (HDSS) curves of anaplastic astrocytoma patients stratified according to (A) age at diagnosis, (B) marital status, (C) year
of diagnosis, (D) primary site, (E) surgery, (F) surgery method, (G) radiation and (H) chemotherapy based on Kaplan–Meier method.
June 2022 | Volume 12 | Article 870843
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the primary site subgroup, received biopsy and local excision
subgroup and subtotal resection subgroup, no radiation
treatment subgroup, and no sequence number subgroup,
chemotherapy was associated with a lower risk of HDRD
with statistical significance. Meanwhile, chemotherapy did
not increase the risk of HDRD in any of subgroups
(Figure 4B). The subgroups of age >66 y (SHR for
interaction=0.09, 95%CI=0.009–0.93, P=0.043) and surgery
treatment in the primary site (SHR for interaction=0.353,
95%CI=0.125–0.997, P=0.049) displayed that there existed
interactions between the effect of age/surgery and
Frontiers in Oncology | www.frontiersin.org 6
chemotherapy on the risk of HDRD (Figure 4B), which
appeared to be effect modifiers between chemotherapy and
HDRD. These results suggest robustness to our overall analysis.
Effect of Chemotherapy on HDRD in AA
Patients in PSM-After Cohort
For the sake of minimizing the impact of confounding factors
and confirming the role of chemotherapy on the HDRD risk, we
performed a 1:1 PSM and obtained a balanced cohort (PSM-after
cohort) including the non-chemotherapy group (n=2,085) and
A B

FIGURE 3 | Cumulative incidence plots based on the competing risk regression model of anaplastic astrocytoma patients stratified according to (A) age at
diagnosis and (B) chemotherapy status.
FIGURE 2 | Forest plots showing different results of (left) univariable and (right) multivariable analysis for heart disease–related mortality based on the Cox
proportional hazards model. HR, hazard ratio; CI, confidence interval.
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chemotherapy group (n=2,085). Figure 5 showed the assessment
methods of the covariate balance: after matching, all SMD values
were lower than 0.1 (Figure 5A); the kernel density functions of
the chemotherapy group and non-chemotherapy group were
much closer than the cohort before PSM (Figures 5B, C); the
histogram of the propensity score distribution of the
chemotherapy group was similar to that of the non-
chemotherapy group (Figures 5D, E). The characteristics of
the matched patients were displayed in Table 2; apart from the
marital status (P = 0.035), surgery and surgery method (P =
0.002), and sequence number (P=0.0036), almost all of the
Frontiers in Oncology | www.frontiersin.org 7
covariates were similarly distributed between the chemotherapy
group and non-chemotherapy group.

Univariate and multivariate analyses based on competing risk
regression analysis were conducted again in the PSM-after cohort,
as shown in Figure 6A. The subgroup age 51–65 y (unadjusted
SHR=3.14, 95%CI=1.032−9.549, P=0.044; adjusted SHR=4.664,
95%CI=1.588−13.7, P=0.005) and age >66y (unadjusted
SHR=3.739, 95%CI= 1.251−11.175, P=0.018; adjusted SHR=
6.867, 95%CI= 2.491−18.931, P<0.001) were still associated with
an increased probability of HDRD in both univariate and
multivariate analyses. No differences were found (unadjusted
A

B

FIGURE 4 | Forest plots showed the results of (A, left) univariable and (A, right) multivariable analysis based on the competing risk regression model. Forest plots
showed the results of (B, left) stratified analysis and (B, right) interaction tests based on the competing risk regression model. SHR: subdistribution hazard ratio;
CI, confidence interval.
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SHR= 0.572, 95%CI=0.304−1.077, P=0.084; adjusted SHR=0.595,
95%CI=0.316−1.122, P=0.11) between the chemotherapy group
and the non-chemotherapy group in univariate and multivariate
analyses. Furthermore, we also conducted stratified analysis; the
PSM-after cohort was stratified into subgroups according to
covariates (Figure 6B). The P-value >0.05 appeared in almost all
subgroups so that the interaction test was performed, which
showed that no covariates interacted with the chemotherapy
status. These results confirmed that chemotherapy for AA
patients did not increase the risk of HDRD.
Frontiers in Oncology | www.frontiersin.org 8
Landmark Analysis of HDSS in
PSM-After Cohort
Kaplan–Meier analysis was performed in the PSM-after cohort.
The chemotherapy status (P=0.04), age (P<0.001), and primary
site (P=0.024) were statistically significant (Figures 7A–C). No
statistical difference was observed in sex, race, marital status, the
year of diagnosis, tumor size, surgery, surgery method, radiation,
and sequence number (Figure S2). Similar to the previous
results, patients who were older or did not receive
chemotherapy had a higher risk of HDRD. Subsequently, we
A

B

D E

C

FIGURE 5 | Evaluation of the covariate balance by propensity score matching (PSM). (A) The loveplot showed SMD across covariates before and after PSM.
(B, C) Kernel density showed the distribution balance of chemotherapy and non-chemotherapy groups (B) before PSM and (C) after PSM. (D, E) Histogram showed
the balance of the chemotherapy group and non-chemotherapy group (D) before PSM and (E) after PSM.
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conducted landmark analysis at 216 and 340 months to
minimize immortal time bias that might exist in the
chemotherapy group. Patients who received chemotherapy had
better HDSS than those in the non-chemotherapy group
(P=0.007) at the follow-up time point of 216 months. In the
group of the follow-up time between 216 months and 340
months (P=0.057) and the group of the follow-up time of
more than 340 months (P=0.497), there was no difference
between the chemotherapy and non-chemotherapy groups in
HDSS. However, information regarding chemotherapy drugs
and doses was lacking. More research is needed to reveal the
correlation of the risk of HDRD with different chemotherapy
drugs and doses.
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DISCUSSION

With improving long-term cancer survival, an increasing
proportion of these patients are living with long-term adverse
effects and complications of cancer therapy (28–30). In a
previous study, Omar Abdel-Rahman found that cardiac death
is a significant reason of death and there is a difference among
variable cancer types (31). It was reported that cardiotoxicity is a
potential adverse effect of various cancer treatments, which is
responsible for significant mortality in the oncology patients,
specifically due to left ventricular dysfunction (32). Many
chemotherapy drugs such as anthracycline agents and
cyclophosphamide improves overall survival and disease-free
TABLE 2 | The demographic characteristics of anaplastic astrocytoma patients after PSM.

Characteristic Total Non-Chemotherapy Chemotherapy P

n = 4,170 n = 2,933 n = 4,196

Age.cat, n (%) 0.51
~34 1,003 (24.05) 490 (23.5) 513 (24.6)
35~50 1,054 (25.28) 514 (24.65) 540 (25.9)
51~65 1,069 (25.64) 548 (26.28) 521 (24.99)
66~ 1,044 (25.04) 533 (25.56) 511 (24.51)
Sex, n (%) 0.575
Female 1,887 (45.25) 953 (45.71) 934 (44.8)
Male 2,283 (54.75) 1,132 (54.29) 1,151 (55.2)
Race, n (%) 0.662
Black 282 (6.76) 144 (6.91) 138 (6.62)
Others 283 (6.79) 148 (7.1) 135 (6.47)
White 3,605 (86.45) 1,793 (86) 1,812 (86.91)
Marital Status, n (%) 0.035
Divorced/Separated 321 (7.7) 175 (8.39) 146 (7)
Married 2,348 (56.31) 1,129 (54.15) 1,219 (58.47)
Single/Unmarried 1,080 (25.9) 564 (27.05) 516 (24.75)
Widowed/Others 421 (10.1) 217 (10.41) 204 (9.78)
Diagnosis, n (%) 0.203
~1998 1,341 (32.16) 656 (31.46) 685 (32.85)
1999~2005 1,142 (27.39) 561 (26.91) 581 (27.87)
2006~2012 1,026 (24.6) 513 (24.6) 513 (24.6)
2013~2016 661 (15.85) 355 (17.03) 306 (14.68)
Primary Site, n (%) 0.629
Infratentorial 316 (7.58) 165 (7.91) 151 (7.24)
Others 880 (21.1) 445 (21.34) 435 (20.86)
Supratentorial 2,974 (71.32) 1,475 (70.74) 1,499 (71.89)
Tumor Size, n (%) 0.285
~4 681 (16.33) 347 (16.64) 334 (16.02)
4~ 503 (12.06) 266 (12.76) 237 (11.37)
Unknown 2,986 (71.61) 1,472 (70.6) 1,514 (72.61)
Surgery, n (%) 0.002
NO 2,625 (62.95) 1,264 (60.62) 1,361 (65.28)
YES 1,545 (37.05) 821 (39.38) 724 (34.72)
Surgery Method, n (%) 0.002
Biopsy and local excision 482 (11.56) 258 (12.37) 224 (10.74)
Gross total resection 473 (11.34) 254 (12.18) 219 (10.5)
No surgery 1,371 (32.88) 626 (30.02) 745 (35.73)
Others 1,292 (30.98) 659 (31.61) 633 (30.36)
Subtotal resection 552 (13.24) 288 (13.81) 264 (12.66)
Radiation, n (%) 0.192
NO 2,239 (53.69) 1,141 (54.72) 1,098 (52.66)
YES 1,931 (46.31) 944 (45.28) 987 (47.34)
Sequence Number, n (%) 0.036
NO 3,721 (89.23) 1,839 (88.2) 1,882 (90.26)
YES 449 (10.77) 246 (11.8) 203 (9.74)
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survival in patients in many cancer patients, but there has been
an increasing concern regarding their cardiotoxicity (33, 34).
These did provide an important insight into the mechanisms and
principles of whether and how chemotherapy can affect cardiac
function (35).

AA is a relatively rare tumor with poor prognosis (36). The
optimal treatment for AA is still controversial (37). Surgery
resection, radiotherapy, and chemotherapy are recommended
as the first line of the treatment regimen (38, 39). Owing to the
characteristics of infiltrative tumor growth, it is nearly impossible
to achieve a complete surgical resection. After radiotherapy,
tumor recurrence or the development of a secondary
glioblastoma is usually expected. Thus, chemotherapy
treatments are always recommended. Since there are limited
trails about the effect of chemotherapy in AA patients, it is more
Frontiers in Oncology | www.frontiersin.org 10
necessary to understand better the risk of HDRD-associated
chemotherapy in the AA patients of clinical trials (40, 41).

In this large population-based research, we utilized the SEER
database to analyze the effect of chemotherapy on the risk of
HDRD in AA patients. In Kaplan–Meier and Cox regression
analyses, we clarified the association between clinical
characteristics and HDSS and predicted the risk of an
individual’s clinical outcome through HRs. We found that
chemotherapy is associated with a significantly decreased risk
of HDRD among AA patients. In view of existing competing
events including other cause-related deaths, we conducted
competing risk regression analysis to confirm the role of
chemotherapy in AA patients. The result of competing risk
regression analysis showed that AA patients who underwent
chemotherapy were at a lower HDRD risk in comparison with
A

B

FIGURE 6 | Forest plots showed the results of (A, left) univariable and (A, right) multivariable analysis in the PSM-after cohort. Forest plots showed the results of
(B, left) stratified analysis and (B, right) interaction tests in the PSM-after cohort. SHR: subdistribution hazard ratio; CI, confidence interval.
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those patients with no chemotherapy treatment (unadjusted
SHR=0.378, 95%CI=0.229–0.622, P<0.001). Meanwhile,
multivariate analysis confirmed the independent effect of
chemotherapy on HDRD in AA (adjusted SHR=0.574, 95%
CI=0.331–0.991, P=0.046). In addition, we found that
covariates like age significantly impact on HDRD; stratified
analysis and interaction tests were performed, which provided
robust evidence to our analysis. Furthermore, PSM was
employed between the chemotherapy group and the non-
chemotherapy group to minimize the effect of covariates, in
order to achieve the “post-randomization.” In the PSM-after
cohort, univariate and multivariate analyses showed no
significant difference between the chemotherapy group and the
non-chemotherapy group on HDRD (unadjusted SHR= 0.572,
95%CI=0.304−1.077, P=0.084; adjusted SHR=0.595, 95%
CI=0.316−1.122, P=0.11). Then, landmark analysis was used to
correct immortal time bias in the PSM-after cohort. These results
Frontiers in Oncology | www.frontiersin.org 11
confirmed that chemotherapy did not decrease the HDSS in
AA patients.

To the best of our knowledge, it is the first study to explore the
effect of chemotherapy on the risk of HDRD and associated risk
factors in AA patients. Since AA is a relatively rare tumor and the
clinical trials were limited, the treatment regimen of AA was
established according to principle of glioblastoma. The role of
chemotherapy in AA, particularly TMZ, is currently under
experiment (42–44). In this study, the result of our analysis
identified a significantly decreased risk of HDRD with
chemotherapy on AA patients, even after controlling the impact
of competing events. Furthermore, both HDSS and other cause-
related survival were significantly higher in AA patients with
chemotherapy compared with those without chemotherapy,
which may bring new insights into chemotherapy benefits in AA
patients. After minimizing the effect of covariates by PSM, we still
found that chemotherapy did not increase the risk of HDRD, which
A B

DC

FIGURE 7 | Kaplan–Meier and landmark analysis of HDSS in the PSM-after cohort. HDSS curves of anaplastic astrocytoma patients stratified according to (A) age
at diagnosis, (B) primary site and (C) chemotherapy based on the Kaplan–Meier method. (D) Landmark analysis of HDSS stratified according to chemotherapy in the
PSM-after cohort at 216 and 340 months.
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provided a favorable complement to our previous analysis.
Moreover, patients who were diagnosed with AA decades ago
were treated with no chemotherapy treatment or traditional
chemotherapy regimen including the PCV regimen or
carmustine, which has severe side effects such as hematologic,
hepatic, and cardiac toxicity (44–46). Recently, TMZ has been
widely used in AA patients with the advantages of convenience to
administer, less toxicity, and similar efficacy compared to PCV (47–
49). A recent randomized phase III CATION trial on concurrent
and adjuvant TMZ without 1p/19q co-deletion in anaplastic glioma
patients revealed an HR reduction for the overall survival of 0.645
after adjuvant TMZ (95% CI=0.450–0.926, P= 0.0014). Since we did
not identify the impact of a specific chemotherapy treatment
regimen on the risk of HDRD in AA patients, we took the year
of diagnosis into consideration (50). In univariable and
multivariable analyses based on the competing risk regression
model, the diagnosis years between 2013 and 2016 are associated
with a lower risk of HDRD compared with patients diagnosed
before 1998. We supposed that it implied the impact of changes in
the treatment plan, nursing treatment, and the advance of
cardiovascular treatment. Nevertheless, more future clinical trials
should be conducted to investigate the positive and negative roles of
chemotherapy (especially TMZ) in AA patients.

In our study, we also found that age at diagnosis is one of the
most important prognostic factors of HDSS and OS in AA patients,
and age at diagnosis is also one of the most important covariates in
our study. We employed multiple methods to minimize its impact
on our main issue. Even after PSM, the older age was still associated
with a high risk of HDRD in univariate and multivariate analysis,
particularly in those patients who were older than 51 years old. The
numbers of studies have identified the different characteristics and
clinical outcomes in the malignant glioma patients of different ages
(51–53). Older age is widely recognized as a risk factor and poor
prognostic factor for both heart disease and cancer. In addition, the
probability of receiving surgery, radiotherapy, and chemotherapy
was found to be influenced by age (54–56). Elderly patients are less
tolerant of the toxicity of chemotherapy drugs and more likely to
suffer adverse effects and complications. Clinicians should pay more
attention to themanagement of elder patients and should not ignore
the probability of rare complications. Elderly AA patients have
special needs, and a comprehensive assessment is required to
provide the optimal and personalized treatment.

There are some advantages to our study. Firstly, we are the first
to investigate the impact of chemotherapy on the risk of HDRD in
AA patients. Secondly, due to the relatively low incidence, clinical
trials were limited and difficult to perform. Simultaneously, the
studies conducted in the single medical center were not applicable to
discuss the risk of HDRD in cancer patients because of the small
sample size, large selection bias, and low statistical efficiency. We
applied the SEER database consisting of the large-scale, population-
based data with longitudinal follow-up information, increasing the
power to evaluate the heart disease-related outcomes. Thirdly,
considering the impact of competing events, we applied the
competing risk regression model to avoid false-positive results.
We also utilized PSM to correct the covariables and used
landmark analysis to minimize immortal time bias.
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Although our study provides a robust result about the impact
of chemotherapy on HDRD in AA patients, there are still some
limitations. Firstly, the SEER database did not allow us to
differentiate the chemotherapy information including drug
regimens and doses but only “yes” versus “no/unknown”
options. We cannot get access to information about specific
chemotherapy drugs and regimen. Therefore, we can only
assume chemotherapy drugs and give a speculation of PCV or
TMZ based on the glioma treatment guidelines from the NCCN
and literature reviews. Secondly, all the patients were from the
United States, and the cases from Asia and Europe are still
needed to verify our studies. Thirdly, as an observational study,
there are some limitations in nature. Some baseline difference
between groups cannot be balanced very well, compared with
prospective studies, even though many methods were applied in
our study. In addition, a lot of clinical information including the
reason of death was missing. The exact HDRD events for each
patient were not provided in the SEER database. It was suggested
that if a cancer diagnosis is made very recently, death certifiers
and hospital were more likely to record cancer as the cause of
death. Even the rigorous quality assurance program in the SEER
database (57) cannot guarantee that every medical registrar can
record the exact reason of death for every cancer patient,
especially those with noncancer causes. All these reasons may
lead to the inaccuracy of the number of HDRD and compromise
our investigation of the association between the risk of HDRD
and chemotherapy in AA patients (31).
CONCLUSION

In conclusion, AA patients with chemotherapy are associated with a
lower risk of HDRD compared with those without chemotherapy
treatment based on a large-sized population. Our findings may help
clinicians make a decision about the management of AA patients
and provide new and important evidence for applying
chemotherapy in AA patients as the first-line treatment.
Additionally, the results of our study need to be further verified
in prospective randomized trials.
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Supplementary Figure 1 | Heart disease specific survival curves of anaplastic
astrocytoma patients stratified according to (A) sex, (B) race, (C) tumor size, (D)
sequence number based on Kaplan-Meier method.

Supplementary Figure 2 | Cumulative incidence plots based on competing
risk regression model of anaplastic astrocytoma patients stratified according to
(A) Sex, (B) race, (C) marital status, (D) the year of diagnosis, (E) primary site,
(F) tumor size, (G) surgery, (H) surgery method, (I) radiation and (J) sequence
number.

Supplementary Figure 3 | Heart disease specific survival curves of anaplastic
astrocytoma patients in PSM-after cohort stratified according to (A) sex, (B) race,
(C) marital status, (D) the year of diagnosis, (E) tumor size, (F) surgery, (G)
surgery method, (H) radiation and (I) sequence number based on Kaplan-Meier
method.
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