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Background: (I) To determine whether patients with malignant bone tumors had a higher risk of dying 
from pneumonia compared with the general US population; (II) to identify the independent risk factor 
associated with fatal pneumonia among these patients. 
Methods: We identified 18,583 patients diagnosed with primary malignant bone tumors between 1973 and 
2016 from the Surveillance, Epidemiology, and End Results (SEER) database. Standardized mortality ratios 
(SMRs) were calculated based on the mortality data of the general population gathered by the National 
Center for Health Statistics, which provided the risk of death from pneumonia among cancer patients 
relative to that of the general population. Given that other causes of death were considered as competing 
events, we also designed the Fine-Gray model to identify demographic and tumor-related characteristics 
associated with a higher risk of dying from pneumonia among these patients. 
Results: Patients with primary malignant bone tumors had a higher risk of dying from pneumonia than the 
general population after adjusting the distribution difference of age, sex, and race among them (SMR =2.79; 
95% CI: 2.17–3.59). The older age, Black and earlier period of diagnosis were found to be the independent 
prognostic factor for a higher risk of death from pneumonia for these patients. Additionally, amputation due 
to malignant bone tumors significantly increased the risk of death from pneumonia compared with non-
surgery. The highest mortality rate of pneumonia was observed among patients with chordoma. Interaction 
tests demonstrated that amputation only increased the relative risk of fatal pneumonia among patients with 
osteosarcoma. Throughout the follow-up period, the mortality rate of fatal pneumonia was the highest 
within the first year after diagnosis, and the highest relative suicide risks persisted over time in patients with 
osteosarcoma. 
Conclusions: To mitigate the risk of fatal pneumonia among patients with bone tumors, we call for long-
term clinical monitoring of the lung condition among these patients, especially for those after amputation for 
bone tumors. 
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Introduction

Pneumonia and cancer are the leading causes of death 
worldwide (1). In 2017, it was estimated that more than  
2 . 5 6  m i l l i o n  p e o p l e  d i e d  f r o m  p n e u m o n i a  a n d 
approximately 9.6 million people died from various forms of 
cancer (1,2). Pneumonia caused by influenza was responsible 
for an estimated 145,000 deaths (3). 

With the advances in screening, diagnosis, and treatment 
of cancer in recent years, the survival rate of cancer patients 
has significantly improved (4); however, the morbidity and 
mortality of other non-cancer diseases such as stroke, cardiac 
disease, and Alzheimer’s disease among cancer survivors 
remain increasing among the cancer survivors (5-8). It was 
reported that pneumonia was a major cause of death among 
long-term childhood cancer survivors (9). With age, cancer 
survivors admitted to the hospital due to pneumonia have an 
increased risk of dying from pneumonia (9). Among cancer 
patients, life-threatening pneumonia was mainly caused by 
the disease and its treatment comprising poor nutritional 
status and cytotoxic therapy (10-12). Moreover, higher doses 
of exercise, especially aerobic exercise has proven to be 
strongly associated with a lower risk of pneumonia mortality 
in a dose-dependent manner (13,14).

Among patients with bone tumors, activities are 
restricted due to pain, distortion of bone and pathological  
fractures (15). The change of gait, deviation of appearance, 
and reductions in function, stability, and strength cause severe 
impairment of athletic ability of patients with malignant 
bone tumors, especially in those who underwent amputation  
(15-17). Furthermore, it was recognized that the most of 
child patients with primary malignant bone tumors usually 
suffer from malnutrition (18). These may increase the risk for 
fatal pneumonia (10,11,13,14). To the best of our knowledge, 
there are few guidelines for the primary prevention and 
management of pneumonia in patients with malignant bone 
tumors. Therefore, the objectives of this study were to 
determine the risk of dying from pneumonia among patients 
with malignant bone tumors relative to that of the general 
population and to identify demographic and tumor-related 
characteristics and type of surgery associated with a higher 
risk of dying from pneumonia. We present the following 
article in accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/tcr-21-306).

Methods

Data sources

Patients diagnosed with malignant bone tumors between 
January 1st,  1973 and December 31st,  2016 were 
identified using the Surveillance, Epidemiology, and End 
Results (SEER) database, a publicly available, nationally 
representative, population-based cancer database established 
by the National Cancer Institute (19). The mortality data of 
the general US population collected by the National Center 
for Health Statistics spanning from 1969 to 2017 was also 
used as a comparison.

Study population

In this study, all patients with a diagnosis of malignant bone 
tumors were included. Patients were excluded if their cancer 
diagnosis were not microscopically confirmed and ages at 
the times of diagnosis and follow-up time were unknown 
(Figure 1). In the multivariate analysis, patients who did not 
have the definitive race, clinical stage, and information for 
surgery were also excluded.

Study variables

We extracted demographic characteristics from the SEER 
database, including age at diagnosis (0–14, 15–29, 30–44, 
45–59, and 60+ years), sex (female, male), race (white, black, 
and other), and year of diagnosis (1973–1990, 1991–2000, 
2001–2010, and 2011–2016). The tumor-related variables 
included the histological subtype, primary site (upper limb, 
lower limb, skull and face, vertebral column, thorax, pelvis, 
and others), and clinical stage of the bone tumors [localized 
(N0M0), regional (N+), distant (M1) and unknown (blank)]. 
The treatment variables comprised surgery (amputation, 
limb salvage, surgery, not otherwise specified, and none), 
chemotherapy (yes and none/unknown), and radiation 
(yes and none/unknown) for bone tumor. Survival time 
and cause of death were also available. All patients were 
divided into five subgroups according to the histological 
subtype of malignant bone tumors, including osteosarcoma, 
chondrosarcoma, Ewing sarcoma, chordoma, and others 
[International Classification of Disease for Oncology third 
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revision codes are listed in (Table 1)].
Patients with cause of death coded as “pneumonia and 

influenza (50120)” were considered to have died from 
pneumonia.

Statistical analyses

The number of deaths from pneumonia divided by person-
years of survival was calculated as the mortality rate of 
pneumonia. Among cancer-patient subgroups stratified 
by different characteristics, the standardized mortality 
ratios (SMRs) and 95% confidence intervals (95% CIs) 
were calculated as described earlier (20), which provided 
the relative risk of fatal pneumonia for cancer patients 
compared with all general US population after adjusting the 
distribution difference of age, sex, and race among them. 
Five-year age ranges were used for standardization. In 
detail, the SMRs were estimated as the ratios of observed to 
expected number of deaths. The observed number of deaths 
represents the total number of deaths from fatal pneumonia 
among patients with bone tumors recorded during the 
study period; the expected number of deaths represents the 
number of individuals who died from fatal pneumonia in 
the general population with the same distribution of age at 
diagnosis, sex, race (8,21). Other causes of non-cancer death 
other than pneumonia were regarded as competing risk 
events in the multivariate analysis. Therefore, we designed 
the Fine-Gray model to identify demographics, tumor-
related characteristics, and type of surgery associated with a 
higher risk of dying from pneumonia among patients with 
bone tumors. Interaction tests were further carried out to 
investigate the potential differential effect of amputation on 
relative risk of dying from pneumonia among patients with 

different histological subtype of bone tumors. Survival time 
recorded as 0 months in the SEER database was converted 
to one-half of a month according to accepted epidemiologic 
practices (20). 

All statistical tests were 2-sided, and P<0.05 were also 
considered statistically significant. The analyses were 
performed using the SEER*Stat software version 8.3.6 and 
the R version 3.51 statistical software. 

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Results

Among 18,583 patients suffering from malignant bone 
tumors followed for 142,082 person-years, a total of  
60 deaths due to pneumonia occurred, with a mortality 
rate of 42.23/100,000 person-years (Table 1). Patients with 
primary malignant bone tumors had a significantly higher 
risk of dying from pneumonia compared to the general US 
population with the same distribution of age, sex, and race 
(SMR =2.79; 95% CI: 2.17–3.59). The interquartile range 
of survival time was from 1.33 to 11.33 years, with a median 
survival time of 4.25 years.

Characteristics associated with an increased risk of dying 
from pneumonia

Demographics
There were four deaths due to pneumonia observed 
among patients with malignant bone tumors whose age 
at diagnosis was less than 19 years (Figure 2). For these 
young cancer patients, the risk of dying from pneumonia 
was more than 10-fold greater than that in the general 
population (SMR =10.07; 95% CI: 5.24–19.36). The 
relative risk of fatal pneumonia gradually declined as 
patients with bone tumors grew older. The old patients 
whose age at diagnosis was more than 80 years old had 
the highest mortality rate of pneumonia among all age 
subgroups (1,312.19/100,000 person-years), but the risk of 
fatal pneumonia of those was equal to that of the general 
population (SMR =1.80; 95% CI: 0.97–3.34). Blacks had 
a higher mortality rate of pneumonia despite the least 
number of deaths (53.43/100,000 person-years; SMR 
=4.53; 95% CI: 2.16–9.51). 

19,501 patients diagnosed with malignant 

bone tumors between January 1, 1973, and 

December 31, 2016, in SEER program

918 Excluded

906 Diagnosis of bone tumors was 

not confirmed microscopically

12 Unknown age at diagnosis or 

follow-up time

18,583 analyzed

Figure 1 Flow diagram of patient selection within the SEER 
database between 1973 and 2016. SEER, Surveillance, Epidemiology, 
and End Results.
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Table 1 Deaths from pneumonia among patients with primary malignant bone tumors in the SEER database demographic and tumor 
characteristics

Variable No. of patients No. of deaths Person-years Mortality ratea SMR (95% CI)

Age at diagnosis

0–19 years 5,487 4 48,653.92 8.22 11.17 (4.19–29.77)

20–44 years 5,167 5 48,946.00 10.22 5.41 (2.25–12.99)

45–64 years 4,279 11 30,940.04 35.55 3.36 (1.86–6.06)

65–84 years 3,242 30 12,779.96 234.74 2.63 (1.84–3.77)

85+ years 408 10 762.08 1312.19 1.80 (0.97–3.34)

Sex

Female 8,103 20 65,567.04 30.50 2.27 (1.47–3.52)

Male 10,480 40 76,514.96 52.28 3.15 (2.31–4.29)

Race

Black 1,730 7 13,100.83 53.43 4.53 (2.61–9.51)

White 15,344 51 117,496.88 43.41 2.66 (2.02–3.49)

Other 1,509 2 11,484.29 17.42 2.64 (0.66–10.54)

American Indian/Alaska Native 144 0 1,182.92 0.00 0.00 (0.00–0.00)

Asian or Pacific Islander 1,218 2 9,048.71 22.10 3.12 (0.78–12.49)

Unknown 147 0 1,252.67 0.00 0.00 (0.00–0.00)

Year

1973–1990 3,094 22 42,640.08 51.59 5.46 (3.59–8.29)

1991–2000 3,407 15 38,368.92 39.09 2.98 (1.80–4.95)

2001–2010 7,286 20 50,136.17 39.89 2.14 (1.38–3.31)

2011–2016 4,796 3 10,936.83 27.43 0.97 (0.31–3.10)

Stageb

Localized 6,688 24 65,332.17 36.74 2.80 (1.87–4.17)

Regional 6,478 22 52,184.63 42.16 2.66 (1.75–4.03)

Distant 3,177 4 11,475.42 34.86 2.04 (0.77–5.44)

Unknown 2,240 10 13,089.79 76.40 3.72 (2.00–6.92)

Table 1 (continued)
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Table 1 (continued)

Variable No. of patients No. of deaths Person-years Mortality ratea SMR (95% CI)

Primary sitec

Axial 5,830 27 36,185.29 74.62 3.03 (2.08–4.42)

Thorax 1,440 10 11,477.54 87.13 3.09 (1.66–5.74)

Vertebral column 1,299 7 7,960.29 87.94 4.02 (1.92–8.43)

Pelvis 3,091 10 16,747.46 59.71 2.55 (1.37–4.74)

Extremity 9,699 24 84,791.21 28.30 2.86 (1.91–4.26)

Upper limb 2,298 5 19,832.83 25.21 1.85 (0.77–4.44)

Lower limb 7,401 19 64,958.38 29.25 3.33 (2.13–5.23)

Others 3,054 9 21,105.50 42.64 2.14 (1.11–4.11)

Skull and face 2,590 8 19,074.33 41.94 2.19 (1.10–4.39)

Others 464 1 2,031.17 49.23 1.78 (0.25–12.66)

Surgery

Yes 14,162 40 119,267.42 33.54 2.46 (1.81–3.36)

Amputation 1,977 7 13,019.58 53.77 3.29 (1.57–6.90)

Limb salvage 10,017 22 75,286.17 29.22 1.92 (1.26–2.92)

Surgery, NOS 2,168 11 30,961.67 35.53 4.13 (2.28–7.45)

No 3,547 11 15,317.17 71.81 2.50 (1.39–4.52)

Unknown 874 9 7,497.42 120.04 10.38 (5.40–19.95) 

Chemotherapy

Yes 8,521 10 59,220.75 16.89 4.90 (2.64–9.11)

No/unknown 10,062 50 82,861.25 60.34 2.57 (1.95–3.39)

Radiation therapy

Yes 4,436 17 25,829.29 65.82 3.53 (2.20–5.68) 

No/unknown 14,147 43 116,252.71 36.99 2.58 (1.91–3.47)

All 18,583 60 142,082.00 42.23 2.79 (2.17–3.59)
a, per 100,000 person-years; b, localized: invasive but confined to the organ of origin; Regional: extension beyond the organ of origin; but 
no distant metastasis; Distant: distant metastasis; c, specific primary site code [the International Statistical Classification of Diseases and 
Related Health Problems, the tenth revision (ICD-O-10)]: Skull and face: C41.0, C41.1; Thorax: C41.3; Vertebral column: C41.2; Pelvis: 
C41.4; Upper limb: C40.0, C40.1; Lower limb: C40.2, C40.3; Others: C40.8, C40.9, C41.8, C41.9. SMR, standardized mortality ratio; CI, 
confidence interval.

Tumor-related characteristics
Patients with localized (36.74/100,000 person-years; 
SMR =2.80; 95% CI: 1.87–4.17) and distant bone tumors 
(34.86/100,000 person-years; SMR =2.04; 95% CI: 0.77–
5.44) were equally likely to die from pneumonia. Besides, 
the relative risk of dying from pneumonia was highest 

in patients with malignant bone tumors of the vertebral 
column (87.94/100,000 person-years; SMR =4.02; 95% 
CI: 1.92–8.43), followed by those with bone tumors of the 
lower limb (29.25/100,000 person-years; SMR =3.33; 95% 
CI: 2.13–5.23), and the thorax (87.13/100,000 person-years; 
SMR =3.09; 95% CI: 1.66–5.74). 
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Figure 2 The y-axis represented the absolute or relative number of deaths due to pneumonia and the x-axis represented the age group at 
diagnosis. The colors depicted the histological subtypes of malignant bone tumors. (A) Deaths from fatal pneumonia among cancer patients 
as a function of age group; (B) relative deaths from fatal pneumonia among cancer patients as a function of age group.

Treatments for malignant bone tumors
Patients who did not undergo surgery had a higher 
mortality rate of fatal pneumonia compared to patients who 
underwent surgery. The relative risk of fatal pneumonia 
was higher among patients who underwent amputation 
than those who underwent limb salvage or did not undergo 
surgery. Patients who underwent radiation (65.82/100,000 
person-years; SMR =3.53; 95% CI: 2.20–5.68) or did not 
undergo chemotherapy (60.34/100,000 person-years; SMR 
=2.57; 95% CI: 1.95–3.39) for malignant bone tumors had a 
higher risk of fatal pneumonia.

The risk factors for death from pneumonia based on the 
Fine–Gray model 

The Fine and Gray model indicated that older age at 
diagnosis and axial tumors were associated with the higher 
incidence of fatal pneumonia among patients with malignant 
bone tumors (Table 2). After controlling for potential 
confounders, amputation significantly increased the risk 
of dying from pneumonia compared with non-surgery and 
limb salvage [hazard ratio (HR) =0.21; 95% CI: 0.06–0.77; 
P=0.018] and (HR =0.43; 95% CI: 0.19–0.93; P=0.033).

Pathological types of malignant bone tumors associated 
with a higher risk of dying from pneumonia

Among patients with chordoma, there were eight deaths 
due to pneumonia, accounting for 13% of all deaths 
due to pneumonia among patients with malignant 
bone tumors (Table 3). This was the highest mortality 
rate of pneumonia (84.29/100,000 person-years; SMR 
=2.38; 95% CI: 1.19–4.76), followed by patients with 

chondrosarcoma (53.83/100,000 person-years; SMR =2.34; 
95% CI: 1.58–3.46). Besides, patients with osteosarcoma 
(16.90/100,000 person-years; SMR =2.99; 95% CI: 1.50–
5.98) had approximately the same risk of fatal pneumonia 
as patients with Ewing sarcoma (16.11/100,000 person-
years; SMR =11.82; 95% CI: 3.81–36.64). The interaction 
test demonstrated that amputation increased the relative 
risk of fatal pneumonia among patients with osteosarcoma 
(SMR =5.36; 95% CI: 1.34–21.43), but did not increased 
the relative risk among patients with other types of bone 
tumors.

Time since diagnosis

For all patients with malignant bone tumors, the mortality 
rate of fatal pneumonia was the highest within the first year 
after the cancer diagnosis (89.47/100,000 person-years; 
SMR =2.92; 95% CI: 1.76–4.84), decreased gradually after 
one year, while the relative risk was the highest after ten 
years (25.18/100,000 person-years; SMR =4.03; 95% CI: 
2.29–7.10). The highest relative suicide risks persisted 
over time in patients with osteosarcoma (Table 4). Figure 3 
showed the cumulative incidence of death from pneumonia 
among cancer patients.

Discussion

Among patients with malignant bone tumors, surgical site 
infection is a common postoperative complication (22,23), 
but few studies have paid attention to pulmonary infection. 
Using data from the SEER database, we first reported that 
the risk of dying from pneumonia among patients with 
primary malignant bone tumors was approximately three-
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Table 2 Fine-gray regression analysis for risk of dying from pneumo-
nia among patients with malignant bone tumors

Variable HR 95% CI P value

Age at diagnosis 8.53 (3.54, 20.53) <0.001

Sex

Female – – Ref

Male 1.53 (0.73, 3.20) 0.260

Race

White – – Ref

Black 0.99 (0.22, 4.38) 0.990

Other 0.00 (0.00, 0.00) 0.000

Year of diagnosis

1973–1990 – – Ref

1991–2000 0.85 (0.18, 3.96) 0.840 

2001–2010 0.76 (0.17, 3.45) 0.720 

2011–2016 0.33 (0.05, 2.09) 0.240 

Location

Extremity – – Ref

Axial 2.04 (1.03, 4.05) 0.041 

Other 1.32 (0.47, 3.70) 0.600 

Stage

Distant – – Ref

Localized 4.09 (0.88, 18.89) 0.072 

Regional 2.44 (0.54, 11.02) 0.240 

Surgery

Amputation – – Ref

None 0.21 (0.06, 0.77) 0.018 

Limb salvage 0.43 (0.19, 0.93) 0.033 

Chemotherapy

No/unknown – – Ref

Yes 0.58 (0.21, 1.61) 0.300

Radiation therapy

No/unknown – – Ref

Yes 1.66 (0.67, 4.12) 0.270

HR, hazard ratio; CI, confidence interval; NOS, not otherwise 
specified.

fold that of the general population. The risk factors of dying 
from pneumonia for these patients included lack of physical 
activities, prolonged bed rest, and malnutrition (12-14,18). 

Our study demonstrated that the risk of dying from 
pneumonia among patients with bone tumors varied greatly 
by pathological subtypes of malignant bone tumors. In 
this study, patients with chordoma had the highest risk 
of dying from pneumonia, which may be associated with 
the common location of the chordoma. Chordoma is 
an extremely rare subtype of bone sarcoma and appears 
anywhere along the central neural axis from the skull base 
to the sacrum. Patients with chordomas usually present with 
tingling, numbness, weakness, and radiculopathies related 
to the level of spinal tumors (24-26), which could reduce 
exercise capacity and prolong the bed-rest time. Radical 
resection is the most basic treatment for chondroma, and 
the principles of surgical treatment for chordoma include 
more aggressive surgery, wider surgical margins, and 
elaborate reconstructive (27-29). Although the benefits of 
early mobilization after surgery have been well documented, 
the complexity of a spinal reconstructive procedure and 
poor overall physiologic condition in the early postoperative 
period may render early mobilization unfeasible (30-32). 
Additionally, among patients with bone tumors of the 
vertebral column, higher recurrence rates of spinal bone 
tumors increase the re-operation rates (33), thus further 
increasing the bed-rest time and incidence of in-hospital 
lung infections (34-36). 

We found that amputation could significantly increase 
the risk of dying from pneumonia among patients with 
malignant bone tumors, mainly those associated with a lack 
of exercise. Patients often experience physical disability 
and motor dysfunction after amputation (15). In addition, 
the change of identity from being a healthy individual to 
becoming a disabled person has a negative effect on the 
mental aspects and social life of patients with bone tumors 
(17,37). High levels of anxiety and depression have been 
observed in patients with bone tumors after remission 
(38,39), which reduce patients’ participation in sports and 
physical activity (15). To improve the exercise capacity 
of patients with amputation, clinicians could increase the 
utilization of sports prosthetic devices or popularize sports 
programs that do not require prosthetics such as wheelchair 
exercises or traditional Indian yoga among patients with 
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bone tumors, which were deemed feasible (15,40). 
It was reported that almost one-third of deaths from 

pneumonia were among children younger than five years (1). 
Furthermore, although the number of people dying from 
pneumonia has decreased substantially over the past 
three decades, the number of deaths among people aged  
70 years and older has increased (1). In an investigation 
of a long-term cancer survivor cohort in England, Smith 
et al. reported that childhood cancer survivors have a 
higher additional risk of hospitalization due to pneumonia 
compared with adolescent and young adult cancer  
survivors (9). We found that the young patients had a 
significantly higher risk of fatal pneumonia than the 
general population. Even though the patients whose age at 
diagnosis was more than 85 years had the highest mortality 
rate from pneumonia, this risk was equal to that of the 
general population. These meant that for young cancer 
patients, malignant bone tumors and related treatment play 
an important role in increased risk of fatal pneumonia, but 
for old patients, the age was the most predominant factor 

for the high mortality rate of pneumonia and the effects 
of tumors were negligible. Therefore, it was necessary 
to separate young and old patients as two distinct groups 
when considering the risk of dying from pneumonia among 
patients with malignant bone tumors.

We also found that the risk of dying from pneumonia was 
the highest within the first year after the initial diagnosis 
among patients with malignant bone tumors. Furthermore, 
patients who underwent amputation for bone tumors had a 
longer high-risk period than patients who did not undergo 
surgery, in which cancer patients had a higher incidence 
of fatal pneumonia compared with the general population. 
A possible hypothesis to explain this was that bone tumors 
and the related surgery resulted in a higher risk of fatal 
pneumonia shortly after diagnosis. With the improvement 
of the nutritional status and the recovery of exercise capacity 
among patients, the risk of pneumonia decreased gradually. 
However, the recovery of exercise capacity was difficult and 
required more time for patients who underwent amputation. 
These findings highlight that clinicians should have a 

Table 3 The risk of death from pneumonia by type of histology and surgery among patients with malignant bone tumors

Histological typea Surgeryb No. of patients No. of death Person-years Mortality ratec SMR (95% CI)

Osteosarcoma 6,335 8 47,347.13 16.90 2.99 (1.50–5.98)

Amputation 1,044 2 6,805.17 29.39 5.36 (1.34–21.43)

Limb salvage 3,252 1 23,410.33 4.27 0.88 (0.12–6.24)

None 970 1 4,032.25 24.80 1.85 (0.26–13.10)

Ewing sarcoma 2,512 3 18,616.67 16.11 11.82 (3.81–36.34)

Amputation 151 0 1,135.33 0.00 0.00 (0.00–0.00)

Limb salvage 986 1 7,193.25 13.90 8.90 (1.25–63.21)

None 885 0 4,623.25 0.00 0.00 (0.00–0.00)

Chondrosarcoma 5,208 25 46,440.83 53.83 2.34 (1.58–3.46)

Amputation 488 2 3,228.92 61.94 1.62 (0.41–6.49)

Limb salvage 3,358 9 28,345.25 31.75 1.44 (0.75–2.77)

None 550 4 2,532.25 157.96 2.69 (1.01–7.18)

Chordoma 1,476 8 9,491.58 84.29 2.38 (1.19–4.76)

Amputation 30 0 265.00 0.00 0.00 (0.00–0.00)

Limb salvage 1,019 6 6,532.92 91.84 3.23 (1.45–7.18)

None 247 2 1,075.58 185.95 1.95 (0.49–7.80)
a, the histological codes (International Classification of Diseases for Oncology, 3rd Edition): Osteosarcoma: 9180/3-9200/3; 
Chondrosarcoma: 9220/3-9243/3; Ewing sarcoma: 9260/3; Chordoma: 9370/3-9372/3; Others: 8000/3-9150/3, 9250/3-9251/3, 9261/ 
3-9365/3 and 9380/3-9580/3; b, these data about patients whose information of surgery was incomplete was not presented; c, per 100,000 
person-years. SMR, standardized mortality ratio; CI, confidence interval; NOS, not otherwise specified.
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Table 4 The incidence of fatal pneumonia by time since diagnosis

Surgery
Time since diagnosis

0 to 1 year 1 to 5 years 5 to 10 years 10 years+

All

No. of death 15 21 12 12

Person-years 16,765.92 44,816.50 34,106.83 47,652.33

Mortality rate 89.47 46.86 35.18 25.18

SMR (95% CI) 2.92 (1.76–4.84) 2.27 (1.48–3.47) 2.70 (1.53–4.76) 4.03 (2.29–7.10)

Osteosarcoma

No. of death 3 7 3 4

Person-years 5,705.46 14,277.08 10,845.50 16,943.58

Mortality rate 52.58 49.03 27.66 23.61

SMR (95% CI) 3.62 (1.17–11.24) 7.66 (3.65–16.06) 6.23 (2.01–19.31) 8.13 (3.05–21.65)

Chondrosarcoma

No. of death 4 5 2 3

Person-years 4,797.08 14,294.08 11,800.92 15,918.50 

Mortality rate 83.38 34.98 16.95 18.85 

SMR (95% CI) 1.87 (0.70–4.99) 1.10 (0.46–2.65) 0.84 (0.21–3.36) 1.69 (0.55–5.25)

Ewing sarcoma

No. of death 0 0 0 3

Person-years 2,353.83 5,958.67 4,181.25 6,302.08 

Mortality rate 0.00 0.00 0.00 47.60 

SMR (95% CI) – – – 52.60 (16.96–163.08)

Chordoma

No. of death 0 1 0 0

Person-years 1,363.75 3,913.42 2,472.58 1,846.75

Mortality rate 0.00 25.55 0.00 0.00

SMR (95% CI) – 0.57 (0.08–4.06) – –

SMR, standardized mortality ratio; CI, confidence interval.

comprehensive understanding of the factors associated with 
a higher risk of dying from pneumonia, to mitigate the risk 
of dying from pneumonia among patients with bone tumors.

Our study has several limitations. First, influenza not 
only causes pneumonia but also has a negative effect on 
other systems, including the central nervous system and the 
cardiovascular system (41,42). There is a possibility that the 
patients whose causes of death were coded as “pneumonia 
and influenza” did not die from pneumonia caused by 
influenza, but from complications caused by the influenza 

in the other systems. Second, the higher incidence of fatal 
pneumonia among patients with amputation is associated 
with lower dose of exercise, but we could not get quantified 
data about exercise from SEER database. Therefore, we 
could not directly evaluate the impact of exercise on the risk 
of fatal pneumonia among these patients. 

Conclusions

We first reported that patients with malignant bone tumors 
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had a higher risk of dying from pneumonia compared to the 
general population. Surgery could decrease the incidence 
of fatal pneumonia, but amputation could increase the 
risk. Orthopedic surgeons cannot subjectively change the 
method of surgery for bone tumors. Therefore, we call 
for long-term clinical monitoring of the lung condition 
among these patients. This requires enhanced coordinated 
multidisciplinary cooperation between orthopedic and 
respiratory medicine teams.
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