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Abstract

Introduction: Reducing the in-hospital post-chemotherapy mortality rate in patients with malig-
nant musculoskeletal tumors is important for improving treatment outcome. This study aimed to
investigate the risk factors associated with in-hospital post-chemotherapy mortality in patients
with primary malignant musculoskeletal tumors. Methods: Using a Japanese national inpatient
database, we retrospectively identified 5039 patients (2920 men and 2131 women; mean age, 39
years) who underwent curative chemotherapy for malignant musculoskeletal tumors between
2007 and 2010. We extracted data on the patients’ characteristics, complications, chemothera-
peutic agent use, comorbidities, and in-hospital death. Logistic regression analyses were per-
formed to analyze factors affecting in-hospital post-chemotherapy death in these patients. Results:
The overall in-hospital mortality rate was 1.1%. Higher in-hospital mortality rates were signifi-
cantly associated with a greater volume of blood transfusion (>2500 mL) (odds ratio [OR], 49.71;
95% confidence interval [CI], 22.24 - 111.12; p < 0.001), diabetes mellitus (OR, 3.05; 95% CI: 1.21 -
7.70; p = 0.019), and older age (OR, 3.05; 95% CI, 1.11 - 8.37; p = 0.031). Conclusions: Higher
in-hospital post-chemotherapy mortality rates were associated with massive blood transfusion,
which was associated with a 16-fold higher risk of in-hospital mortality compared with other risk
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factors. Blood transfusion volume should be considered an important indicator for deciding
whether the next cycle of chemotherapy is administered continuously or not.
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1. Introduction

Chemotherapy plays an essential role in the management of various types of malignant musculoskeletal tumors,
and potentially improves long-term patient survival [1]-[3]. To reduce short-term post-chemotherapy mortality,
it is important to clarify risk factors associated with in-hospital post-chemotherapy mortality. Previous studies
on chemotherapy-related early death in patients with lymphoma, carcinoma, and sarcoma have investigated ma-
lignant tumor groups overall but did not focus on specific malignant tumor types.

Neutropenia followed by sepsis is the most frequent cause of death in patients undergoing chemotherapy [4].
Other causes of chemotherapy-related early death have included cardiac, renal, and neurogenic failure; poor
performance status scores; advanced age; and pulmonary embolism [4] [5].

However, chemotherapeutic protocols and clinical courses differ between tumor types, and there is little in-
formation concerning risk factors associated with post-chemotherapy mortality risk in patients with malignant
musculoskeletal tumors.

In the present study, we investigated risk factors associated with in-hospital post-chemotherapy mortality in
patients with primary malignant musculoskeletal tumors, using data from a national inpatient database in Japan.

2. Materials and Methods
2.1. Data Source

For this study, we used data from the Japanese Diagnosis Procedure Combination database, details of which
have been described previously [6]. Data were collected between July 1 and December 31in each year between
2007-2010. The database contained 2.99 million inpatients from 926 hospitals in 2007, 2.86 million from 855
hospitals in 2008, 2.57 million from 818 hospitals in 2009, and 3.19 million from 952 hospitals in 2010. The da-
tabase includes the following data: patients’ age and sex; diagnoses and comorbidities at the time of admission
and complications after admission, which were recorded according to the International Classification of Diseas-
es, Tenth Revision (ICD-10) [in the Japanese language]; procedures; names and doses of drugs administered,;
blood transfusion volumes; and in-hospital deaths. Because of the anonymous nature of the data, the need for
informed consent was waived. This study was approved by the Institutional Review Board at The University of
Tokyo.

2.2. Patient Selection

We included all patients with a primary diagnosis of malignant neoplasm of the bone and articular cartilage of
limbs (C40), malignant neoplasm of bone and articular cartilage of other and unspecified sites (C41), malignant
neoplasm of peripheral nerves and the autonomic nervous system (C47), and malignant neoplasm of other con-
nective and soft tissues (C49). Anticancer agents included cisplatin (CDDP), ADR, methotrexate (MTX), IFM,
dacarbazine, and ETO. Combinations of anticancer agents were categorized into the following 8 categories: IFM
+ ETO, ADR, ADR + CDDP, IFM, IFM + ADR, CDDP, MTX, and others.

2.3. Patients’ Background Characteristics

We identified the following comorbidities or procedures that could potentially be associated with in-hospital
post-chemotherapy mortality: distant metastasis (including lung, brain, and lymph nodes); administration of G-
CSF agents; diabetes mellitus; surgery for malignant musculoskeletal tumors; venous thromboembolism (180.0-
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80.3, A40-41, and D65); chronic HD; and induction of urgent HD. Blood transfusion volume was categorized
into the following 3 groups: 0 mL, 1 - 2499 mL, or >2500 mL. These factors were surely collected by DPC da-
tabase system and some of them were not well-studied previously.

2.4. Definitions of Standard and Low-Dose Chemotherapy

In-hospital death following chemotherapy can occur as chemotherapy-related adverse events or as a result of
disease progression [4] [7]. Palliative chemotherapy aims to delay disease progression in terminally ill patients,
but it is rarely effective and can be harmful [7]. We, therefore, excluded patients with low-dose palliative che-
motherapy and only included patients aged >13 years old undergoing standard-dose chemotherapy. Cut-off dos-
es discriminating standard- and low-dose regimens were defined as 6.0 g for MTX, 6.0 g for IFM, 100 mg for
CDDP, and 60 mg for ADR, according to the NECO95J regimen or the mesna, doxorubicin, ifosfamide, and
dacarbazine regimen. These cut-off values were calculated on the basis of a body surface of 0.8 m?. This figure
was approximately half of the standard body surface area of the Japanese population, being 1.69 m? for men and
1.51 m? for women [8].
We also excluded patients aged <13 years because of their skeletal immaturity.

2.5. Outcome Measurements

The primary outcome measure was in-hospital mortality.

2.6. Statistical Analyses

For univariate comparisons of patients’ characteristics and outcomes between the subgroups, the chi-square test
was used for categorical variables and the Wilcoxon rank-sum test was used for continuous variables. Multiva-
riable logistic regression analysis was performed to analyze the concurrent effects of various factors on the oc-
currence of in-hospital death, while adjusting for the clustering of patients within hospitals using a generalized
estimating equation [9]. The threshold for significance was a p-value <0.05. All statistical analyses were per-
formed using SPSS, version 19.0 (IBM Corp., Armonk, NY, USA).

3. Results

We identified 5953 patients (3365 men and 2588 women; mean age, 39 years) who underwent chemotherapy for
a malignant musculoskeletal tumor during the study period. We excluded 902 patients with low-dose treatment
and included 5051 eligible patients. We excluded patients with hemodialysis (HD) and acute renal failure (ARF)
from the final analysis objects because of their high mortality rates and small patient numbers. Seven of 8 pa-
tients with chronic HD and one of 4 patients with HD treatment for ARF died. Thus, the final analysis popula-
tion included 5039 eligible patients.

Patients” background characteristics and in-hospital mortality rates are shown in Table 1. Overall, the
in-hospital mortality rate was 1.1%, and 80% of the patients were aged <59 years. Blood transfusions were not
required in 79%. Granulocyte-colony stimulating factor (G-CSF) was administered to 55% of the patients. The
main drug combinations administered were ifosfamide (IFM) plus doxorubicin hydrochloride (ADR), IFM alone,
and IFM plus etoposide (ETO). Distant metastasis, G-CSF administration, diabetes mellitus and greater volumes
of blood transfusion had significant effect on in-hospital mortality. Different drug combinations did not have
any significant effect on in-hospital mortality rates.

Table 2 shows the results of the logistic regression analysis. Higher mortality was significantly associated
with older age, distant metastasis, diabetes mellitus, and greater volumes of blood transfusion, but not with G-
CSF administration. The odds ratio for blood transfusion (>2500 mL) was 49.71 (95% confidence interval,
22.24 - 111.12) when compared with no blood transfusion.

4. Discussion

In the present study, we utilized the data from a Japanese national inpatient database to elucidate risk factors as-
sociated with in-hospital post-chemotherapy mortality in patients with malignant musculoskeletal tumors. The
overall in-hospital mortality rate was 1.1%, and massive blood transfusion was significantly associated with
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Table 1. In-hospital mortality.

In-hospital mortality

N n (%) p-value
All 5039 53 (1.1)
Male 2913 34 (1.2)
Sex
Female 2126 19 (0.9) 0.347
<59 4032 41 (1.0
Age (years) 60 - 69 763 6 (0.8)
>70 244 6 (2.5) 0.074
No 4102 33 (0.8)
Distant metastasis
Yes 937 20 (2.1) <0.001
No 2279 10 (0.4)
G-CSF
Yes 2760 43 (1.6) <0.001
No 4853 44 (0.9)
Diabetes mellitus
Yes 186 9 4.8) <0.001
No 4670 50 (1.1)
Surgery
Yes 369 3 (0.8) 0.640
No 4994 52 (1.0
Deep vein thrombosis
Yes 45 1 (2.2) 0.439
0 3998 10 (0.3)
Blood transfusion (mL) 1-2499 728 11 (1.5)
>2500 313 32 (10.2) <0.001
IFM + ADR 1411 18 1.3)
IFM 884 8 0.9)
IFM + ETO 753 4 (0.5)
ADR 545 4 0.7
Chemotherapy
ADR + CDDP 448 4 0.9)
CDDP 200 2 (1.0
MTX 198 1 (0.5)
Others 600 12 (2.3) 0.237

G-CSF, granulocyte-colony stimulating factor; IFM, ifosfamide; ETO, etoposide; ADR, doxorubicin hydrochlo-

ride; CDDP, cisplatin; MTX, methotrexate.
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Table 2. Logistic regression analysis for in-hospital mortality.

In-hospital mortality

OR 95% ClI p-value
<59 Reference
Age (years) 60 - 69 1.39 0.54 - 3.53 0.495
>70 3.05 1.11-8.37 0.031
No Reference
Distant metastasis
Yes 3.05 1.69-5.49 <0.001
No Reference
G-CSF
Yes 1.01 0.44-231 0.981
No Reference
Diabetes mellitus
Yes 3.05 1.21-7.70 0.019
0 Reference
Blood transfusion (mL) 1-2499 6.02 290-12.51 <0.001
>2500 49.71 22.24-111.12 <0.001

OR, odds ratio; Cl, confidence interval; G-CSF, granulocyte-colony stimulating factor.

in-hospital mortality. Other risk factors associated with increased in-hospital mortality included distant metasta-
sis, diabetes mellitus, and greater age (>70 years).

Published data relating to the outcomes of systemic anticancer therapies have been limited. Previous studies
investigated post-chemotherapy early death for all malignant tumors, and several studies have assessed early
mortality specific to lung cancer [4] [5]. However, to our knowledge, studies investigating post-chemotherapy
early mortality in patients with malignant musculoskeletal tumors have not been published, most probably be-
cause of the rarity of the disease. Post-chemotherapy early mortality for all malignant tumors has been reported
as <10% [4] [5] [8]. Our data demonstrated that in-hospital post-chemotherapy mortality in patients with malig-
nant musculoskeletal tumors was significantly lower than that for other malignant tumors.

Blood transfusion volume has not been reported previously as a risk factor for in-hospital post-chemotherapy
mortality for malignant tumors. However, in the present study, a greater blood transfusion volume (>2500 mL)
elicited a 16 fold higher risk of in-hospital mortality compared with other identified risk factors. Myelosuppres-
sion is a common adverse effect of chemotherapy that can induce severe anemia and thrombocytopenia, which
require blood transfusion [10] [11]. Although anemia can have a profound effect on many aspects of the patients’
quality of life, severe thrombocytopenia has been reported as a life-threatening complication of cancer chemo-
therapy [11]-[13]. Situations requiring high blood transfusion volumes can include severe myelosuppression as
well as serious general conditions and terminal stage diseases. Our findings suggest that these types of situation
could be associated with a high rate of in-hospital post-chemotherapy death. Although previous reports have
noted severe thrombocytopenia as a risk factor that increases in-hospital death, our data suggest that severe
anemia might also be a risk factor for increasing in-hospital death.

Our study has several limitations that are inherent to all administrative database studies. First, the database
does not provide important clinical data such as the pathological case data and the individuals’ performance sta-
tus. Second, the database is restricted to information on in-hospital and major complications only and does not
provide any information pertaining to the patients’ conditions before admission and after discharge. Third, the
database does not provide data on the physicians’ intent to administer curative or palliative chemotherapy (i.e.,
individualized chemotherapy). Despite these limitations, our study has provided important information to pre-
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vent harmful chemotherapy treatment in patients with malignant musculoskeletal tumors.

5. Conclusion

Massive blood transfusion was significantly associated with in-hospital post-chemotherapy mortality. To date,
massive blood transfusion has not been reported as a risk factor for in-hospital post-chemotherapy mortality in
patients with malignant musculoskeletal tumors. Thus, blood transfusion volume is an important factor to enable
better treatment decisions on whether to administer the next cycle of continuous chemotherapy in these patients.
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