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Abstract: This study aimed to evaluate cancer risk and possible risk

factors in patients diagnosed with empyema.

A total of 31,636 patients with newly diagnosed empyema between

January 1, 1999 and December 31, 2010 were included in this study.

Standardized incidence ratios (SIRs) were calculated to compare the

cancer incidence in these empyema patients to that in the general

population. Adjusted hazard ratios were also calculated to investigate

whether characteristics increased cancer risk.

During the 12-year study period, 2,654 cancers occurred in 31,636

patients with empyema, yielding an SIR of 2.67 (95% confidence

interval [CI] 2.57–2.78). We excluded cancer that occurred within 1

year to avoid surveillance bias. The cancer risk remained significantly

increased (SIR 1.50, 95% CI 1.41–1.58). Specifically, patients with

empyema had higher SIR of cancers of the head and neck (1.50, 95% CI

1.41–1.58), esophagus (2.56, 95% CI 1.92–3.33), stomach (1.49, 95%

CI 1.16–1.89), liver and biliary tract (2.18, 95% CI 1.93–2.45), and
-Mei Yeh, MS, Tze D, PhD,
u, MD, PhD

Our study demonstrates an increased incidence of cancer develop-

ment in patients with empyema, and patients’ age � 60, men, and those

with diabetes mellitus and liver cirrhosis showed a higher incidence of

developing cancer compared to the general population. The association

between such kind of infection and secondary malignancy may be

elucidated by further study.

(Medicine 95(9):e2934)

Abbreviations: CI = confidence interval, HR = hazard ratio, LHID

= Longitudinal Health Insurance Database, NHI = National Health

Insurance, NHIRD = National Health Insurance Research Dataset,

NHRI = National Health Research Institutes, SIR = standardized

incidence ratio.

INTRODUCTION

Empyema is the accumulation of pus in the thoracic cage that
often results from a progressive deposition of parapneumo-

nic fluid. Persistent infection eventually results in the formation
of scar tissue and a pleural peel encompassing the lung.1 Even
with the advance of antibiotics and pneumococcal vaccines, this
still accounts for approximately 5% of cases of pneumonia.2

Incidence of empyema has been increasing worldwide in recent
decades.3 About 15% of empyema patients die and 30% of
patients require interventional drainage of the pleural space.4,5

Most studies focus on short-term empyema complications;
however, the long-term effects of this disease, including cancer,
have hardly been studied.

Increased cancer risk in patients with inflammatory and
infectious diseases has been reported in many studies.6,7

Furthermore, the effects of chronic pulmonary inflammatory
disease on cancer have been well documented.8,9 However, no
study to date has focused on the association between empyema
and further cancer risk.

Using the National Health Insurance Research Dataset
(NHIRD) of Taiwan, we conducted a nationwide population-
based study to examine the relative risk of malignancies,
including specific cancer types, in patients with empyema.

MATERIALS AND METHODS

Data Sources
Taiwan’s National Health Insurance (NHI) program, which

began in 1995, is a mandatory universal health insurance
program that covers more than 99% of the Taiwanese popu-
lation.10 The NHIRD is managed by the National Health
Research Institutes (NHRI) of Taiwan and consists of detailed
healthcare data from more than 28 million enrollees. It includes
coverage for outpatient, inpatient, emergency, dental, and
dicine services. The Longitudinal Health
a subset of the NHIRD and is a repre-
ntaining 1,000,000 patients randomly
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sampled from the registry of all enrollees. Cancer diagnosis was
confirmed using the Registry for Catastrophic Illness Patients,
which contains comprehensive enrollment information for all
patients with severe diseases who have received copayment
exemption under the NHI program. Patients diagnosed with
cancer require histological confirmation to be enrolled in
this registry.

All information that could potentially identify an individ-
ual is encrypted. Confidentiality of data is maintained in
accordance with the data regulations of the Bureau of NHI
and the NHRI. This study was approved by the Institutional
Review Board of the Taipei Veterans General Hospital (2014-
05-001BE).

Study Population
Patients newly diagnosed with empyema (International

Classification of Diseases, Ninth Revision, Clinical Modifi-
cation: 510.X) between January 1, 1999 and December 31, 2010
were enrolled in the empyema cohort. We excluded patients
under 20 years old and those who had prior malignancies. The
observation period was from January 1, 1999 to December
31, 2011.

Statistical Analysis
The follow-up period started at the date of diagnosis of

empyema and ended at death or on December 31, 2011, and the
occurrence of cancer was identified as the main dependent
variable. We used standardized incidence ratio (SIR) as the
main method of analysis. To calculate SIR, the observed number
of cancer occurrences was divided by the expected number,
which was computed by applying the national cancer incidence
rate record in the Taiwan National Cancer Registry. The 95%
confidence intervals (CI) for each SIR were calculated assuming
a Poisson distribution of cancer occurrence. A 1-year lag time

Teng et al
was used to avoid misclassification and surveillance bias, and
Bonferroni correction was applied to counteract the problem of
multiple comparisons.

FIGURE 1. Patient selection flow chart.
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The Cox proportional hazards model was used in univari-
ate and multivariate analyses to identify predictors of cancer
occurrence. All variables with a P value< 0.1 in the univariate
analyses were entered into a multivariate analysis. The statisti-
cal analyses were conducted using SAS 9.3 software (SAS
Institute, Inc., Cary, NC). The selected level of significance was
P< 0.05. The Perl programming language (version 5.12.2) was
used for data extraction and calculation, and Microsoft SQL
Server 2012 (Microsoft Corp., Redmond, WA) for data linkage,
processing, and sampling.

RESULTS

Study Population Characteristics
We identified 39,024 patients with newly diagnosed

empyema. Of these, 2,335 were diagnosed before age 20, 72
were lost to follow-up after empyema diagnosis, and 4,981 had
antecedent malignancies. The patient selection flow chart is
shown in Figure 1. After excluding these patients, the final
sample consisted of 31,636 patients, 77.5% of which were men.
Overall, the cohort was observed for 113,433 person-years. The
median age at diagnosis was 64 years (interquartile range, 49–
76 years). The demographic data of the cohort are shown in
Table 1.

All Cancers
During the study period, 2,654 cancers occurred. Com-

pared with the general population, patients with empyema had a
significantly greater cancer risk, with an SIR of 2.67 (95% CI
2.57–2.78; P< 0.001). The SIR was 2.59 (95% CI 2.48–2.70;
P< 0.001) for men and 3.04 (95% CI 2.79–3.304; P< 0.001)
for women. A subgroup analysis performed according to patient
age at diagnosis of empyema revealed that younger patients
tended to have a greater cancer SIR. In the subgroup analysis

Medicine � Volume 95, Number 9, March 2016
performed according to follow-up duration after diagnosis of
empyema, 1,484 cases of cancer were diagnosed during the first
year of follow-up, only 211.23 of which were expected. This
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2.69–3.81, P< 0.001) were still significant predictors of cancer

TABLE 1. Characteristics of Patients With Empyema

Total Male Female

No. of patients 31,636 24,516 7,120
Person-years at risk 113,433 88,571 24,862
Median follow-up, y (interquartile range) 2.56 (0.38–5.90) 2.61 (0.42–5.92) 2.38 (0.28–5.84)
Median age, y (interquartile range) 64 (49–76) 63 (48–75) 68 (54–78)
Age at diagnosis, y

20–39 3,528 2,901 627
7
1
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yielded an SIR of 7.03 (95% CI 6.67–7.39; P< 0.001). After
excluding the first year of follow-up, a total of 1,170 cancer
cases were observed during the remainder of the observation
period, yielding an SIR of 1.50 (95% CI 1.41–1.48; P< 0.001).
Patients still had a greater cancer risk than the general popu-
lation after excluding the first year of follow-up. The cumu-
lative incidence of cancer after empyema is included in
Figure 2. Furthermore, increased cancer risks were still present
after 5 years of follow-up (SIR 1.38; 95% CI 1.24–1.52;
P< 0.001). The results of subgroup analyses are summarized
in Table 2.

Specific Cancer Types
The cancer incidence for specific cancer types among

patients with empyema during the whole follow-up period is
shown in Supplemental Table 1, http://links.lww.com/MD/
A728. After excluding the first year of follow-up, patients with
empyema still had a greater risk of cancer of the head and neck
(SIR 1.73; 95% CI 1.45–2.05), esophagus (SIR 2.56, 95% CI
1.92–3.33), stomach (SIR 1.49, 95% CI 1.16–1.89), liver and
biliary tract (SIR 2.18, 95% CI 1.93–2.45), and lung and
mediastinum (SIR 1.62, 95% CI 1.39–1.86). The SIRs for
specific types of cancers beyond the first year of follow-up
are in Table 3.

40–59 10,13
60–79 13,03
�80 4,940
Cancer Risk Predictors
Univariate Cox proportional hazards analysis showed age

� 60 years (hazard ratio [HR] 2.57, 95% CI 2.28–2.90,

FIGURE 2. Cumulative incidence of cancer in patients with
empyema.
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P< 0.001), male sex (HR 1.34, 95% CI 1.15–1.56,
P< 0.001), diabetes mellitus (HR 1.41, 95% CI 1.24–1.59,
P< 0.001), chronic obstructive pulmonary disease (HR 1.40,
95% CI 1.21–1.63, P< 0.001), liver cirrhosis (HR 2.88, 95% CI
2.42–3.42, P< 0.001), and chronic kidney disease (HR 1.37,
95% CI 1.12–1.68, P¼ 0.002) to be associated with a higher
risk of developing cancer. In the multivariate analysis, age� 60
(HR 2.76, 95% CI 2.43–3.12, P< 0.001), male sex (HR 1.54,
95% CI 1.32–1.79, P< 0.001), diabetes mellitus (HR 1.27, 95%
CI 1.12–1.44, P< 0.001), and liver cirrhosis (HR 3.20, 95% CI

8,301 1,836
9,808 3,223
3,506 1,434
development. The results of univariate and multivariate
analyses are described in Table 4.

DISCUSSION
This nationwide population-based study shows that

patients with empyema have increased cancer risk. Most cancer
cases in our cohort were detected within 1 year after diagnosis
according to the subgroup analysis of follow-up time. Com-
prehensive surveillance for cancer during that period may have
led to a surveillance bias.11 However, after excluding the first-
year follow-up, increased cancer risk was still observed for
patients with empyema. The risk remained increased with more
than 5 years of follow-up. This finding indicates a positive
association between these diseases. Additionally, the SIRs of
subgroups according to sex were similar, suggesting that sex is
not a significant influence.

The cancer diagnoses in our study are considered reliable.
The bureau of NHI has implemented a strict verification process
for enrollment in the Registry of Catastrophic Illness Patients,
which requires pathological proof of malignancies. On the other
hand, certification of an NHI-defined catastrophic illness, such
as various types of cancer, can exempt patients from paying
additional medical expenses; thus, the diagnosis is reliable
and exhaustive.

Carcinogenesis is a time-dependent process, and cancer is
most likely to develop in people with chronic infection or
inflammation.12–14 Several inflammatory cytokines, such as
interleukin 6, interleukin 21, and tumor necrosis factor alpha,
have been proven to play important roles in carcinogenesis.15–17

Inflammatory angiogenesis and the microenvironment can also
promote tumor growth.18

Malignant pleural effusion might be the first presentation
of certain cancers, especially for lung, breast, and ovarian
cancers.19–21 However, malignant pleural effusion might be

misclassified as empyema. Furthermore, patients with
empyema might undergo more investigations such as imaging
studies, which might lead to cancer being detected incidentally.
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TABLE 2. Standardized Incidence Ratios According to Sex, Age at Diagnosis, and Follow-Up Time after Empyema

Total Male Female

Characteristics Observed Expected SIR (95% CI) Observed Expected SIR (95% CI) Observed Expected SIR (95% CI)

All cancers 2,654 993.26 2.67 (2.57–2.78) 2,102 811.70 2.59 (2.48–2.70) 552 181.56 3.04 (2.79–3.30)

Age at diagnosis, y

20–39 72 11.72 6.14 (4.81–7.74) 57 9.06 6.29 (4.76–8.15) 15 2.66 5.64 (3.16–9.31)

40–59 722 195.88 3.69 (3.42–3.96) 583 162.96 3.58 (3.29–3.88) 139 32.92 4.22 (3.55–4.99)

60–79 1,455 567.28 2.56 (2.43–2.70) 1,159 469.05 2.47 (2.33–2.62) 296 98.24 3.01 (2.68–3.38)

�80 405 218.38 1.85 (1.68–2.04) 303 170.63 1.78 (1.58–1.99) 102 47.75 2.14 (1.74–2.59)

Follow-up time after empyema

0–1 1,484 211.23 7.03 (6.67–7.39) 1,135 172.90 6.56 (6.19–6.96) 349 38.33 9.10 (8.17–10.11)

1–5 791 506.86 1.56 (1.45–1.67) 651 413.89 1.57 (1.45–1.70) 140 92.96 1.51 (1.27–1.78)

�5 379 275.18 1.38 (1.24–1.52) 316 224.90 1.41 (1.25–1.57) 63 50.26 1.25 (0.96–1.60)

Teng et al Medicine � Volume 95, Number 9, March 2016
Therefore, we excluded the first-year follow-up to avoid mis-
classification and surveillance bias. The cancer risk of patients
with empyema was significantly increased whether first-year
follow-up was included or excluded.

CI¼ confidence interval, SIR¼ standardized incidence ratio.
By analyzing and comparing the results of including versus
excluding events in the first year of follow-up, we could find a
sharp decline of SIR in cancers of the esophagus (including

TABLE 3. Standardized Incidence Ratios for Specific Cancer Types

Total

Site of Cancers Observed Expected SIR (95% CI) Observe

All cancers 1,170 782.03 1.50 (1.41–1.58) 967

Head and neck 134 77.59 1.73 (1.45–2.05) 130

Digestive 574 334.79 1.71 (1.58–1.86) 475

Esophagus 54 21.13 2.56 (1.92–3.33) 53

Stomach 68 45.50 1.49 (1.16–1.89) 60

Colon and rectum, anus 155 125.79 1.23 (1.05–1.44) 122

Liver and biliary tract 276 126.89 2.18 (1.93–2.45) 223

Pancreas 21 15.48 1.36 (0.84–2.07) 17

Lung and mediastinum 188 116.36 1.62 (1.39–1.86) 161

Bone and soft tissue 10 5.92 1.69 (0.81–3.11) 10

Skin 21 17.11 1.23 (0.76–1.88) 12

Breasts 13 23.85 0.54 (0.29–0.93) 1

Genitourinary 137 137.68 1.00 (0.84–1.18) 105

Cervix 8 7.47 1.07 (0.46–2.11) –

Uterus 6 3.49 1.72 (0.63–3.74) –

Ovaries 3 2.94 1.02 (0.21–2.98) –

Prostate 60 70.05 0.86 (0.65–1.10) 60

Bladder 38 33.08 1.15 (0.81–1.58) 29

Kidneys 22 20.66 1.06 (0.67–1.61) 16

Thyroid 2 7.19 0.28 (0.03–1.01) 1

Hematologic 46 34.30 1.34 (0.98–1.79) 34

Non-Hodgkin lymphoma 21 17.20 1.22 (0.76–1.87) 15

Hodgkin disease 0 0.62 0.00 (0.00–5.93) 0

Multiple myeloma 10 5.04 1.98 (0.95–3.65) 5

Leukemia 15 11.43 1.31 (0.73–2.16) 14

All others 45 27.24 1.65 (1.20–2.21) 38

CI¼ confidence interval, SIR¼ standardized incidence ratio.
The significance level of P value under Bonferroni correction is P< 0.0
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within 1-year event, SIR 7.43, 95% CI 6.43–8.54 vs excluding
within 1-year event, SIR 2.56, 95% CI 1.92–3.33) and
lung/mediastinum (including within 1-year event, SIR 6.63,
95% CI 6.22–7.06 vs excluding within 1-year event, SIR 1.62,

95% CI 1.39–1.86). The empyema may have been the present-
ing complication of the cancer. This phenomenon was
supported in several studies.22–24

Among Patients With Empyema (Follow-Up More Than 1 y)

Male Female

d Expected SIR (95% CI) Observed Expected SIR (95% CI)

638.80 1.51 (1.42–1.61) 203 143.23 1.42 (1.23–1.63)

74.03 1.76 (1.47–2.09) 4 3.56 1.12 (0.31–2.88)

279.22 1.70 (1.55–1.86) 99 55.57 1.78 (1.45–2.17)

20.40 2.60 (1.95–3.40) 1 0.73 1.37 (0.03–7.61)

38.33 1.57 (1.19–2.01) 8 7.16 1.12 (0.48–2.20)

100.63 1.21 (1.01–1.45) 33 25.16 1.31 (0.90–1.84)

107.72 2.07 (1.81–2.36) 53 19.17 2.76 (2.07–3.62)

12.14 1.40 (0.82–2.24) 4 3.34 1.20 (0.33–3.07)

99.16 1.62 (1.38–1.89) 27 17.20 1.57 (1.03–2.28)

4.92 2.03 (0.97–3.73) 0 1.00 0.00 (0.00–3.70)

12.72 0.94 (0.49–1.65) 9 4.39 2.05 (0.94–3.89)

0.69 1.45 (0.04–8.07) 12 23.16 0.52 (0.27–0.90)

114.69 0.92 (0.75–1.11) 32 22.99 1.39 (0.95–1.96)

– 8 7.47 1.07 (0.46–2.11)

– 6 3.49 1.72 (0.63–3.74)

– 3 2.94 1.02 (0.21–2.98)

70.05 0.86 (0.65–1.10) – –

28.97 1.00 (0.67–1.44) 9 4.10 2.19 (1.00–4.16)

15.66 1.02 (0.58–1.66) 6 5.00 1.20 (0.44–2.61)

3.93 0.25 (0.01–1.42) 1 3.25 0.31 (0.01–1.71)

27.99 1.21 (0.84–1.70) 12 6.31 1.90 (0.98–3.32)

13.90 1.08 (0.60–1.78) 6 3.30 1.82 (0.67–3.96)

0.54 0.00 (0.00–6.86) 0 0.08 0.00 (0.00–43.75)

4.08 1.22 (0.40–2.86) 5 0.96 5.23 (1.70–12.20)

9.46 1.48 (0.81–2.48) 1 1.97 0.51 (0.01–2.83)

21.45 1.77 (1.25–2.43) 7 5.80 1.21 (0.49–2.49)

025.
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TABLE 4. Risk Factors for Cancer Development in Patients With Empyema (Follow-Up More Than 1 y)

Univariate Analysis Multivariate Analysis
�

Variables HR (95% CI) P Value HR (95% CI) P Value

Age � 60 2.57 (2.28–2.90) < 0.001 2.76 (2.43–3.12) < 0.001
Sex (male) 1.34 (1.15–1.56) < 0.001 1.54 (1.32–1.79) < 0.001
Comorbidities

Diabetes mellitus 1.41 (1.24–1.59) < 0.001 1.27 (1.12–1.44) < 0.001
COPD 1.40 (1.21–1.63) < 0.001 1.01 (0.87–1.18) 0.909
Liver cirrhosis 2.88 (2.42–3.42) < 0.001 3.20 (2.69–3.81) < 0.001
Autoimmune diseases 1.46 (0.88–2.44) 0.143
Dyslipidemia 1.01 (0.79–1.31) 0.923
Chronic kidney disease 1.37 (1.12–1.68) 0.002 1.05 (0.86–1.30) 0.620

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease, HR¼ hazard ratio.
e Co

Medicine � Volume 95, Number 9, March 2016 Cancer Risk in Empyema Patients
In the empyema cohort, age � 60, male sex, having
diabetes mellitus, and having liver cirrhosis were significant
predictors of cancer development. Aging-related alteration in
DNA methylation, histone modifications, chromatin structure,
and epigenetic regulation contribute to tumor susceptibility and
tumorigenesis.25 Men might be more prone than women to
unhealthy behaviors such as high-fat diets, physical inactivity,
tobacco use, and alcohol consumption.26,27 Hormonal stimuli
might also play a role in the sex difference.28 The potential
mechanisms linking diabetes mellitus to tumor growth consist
of oxidative stress, hyperinsulinemia, insulin resistance, chronic
inflammation, and hyperglycemia.29 Cirrhosis-associated
immune dysfunction leads to an increased susceptibility to
bacterial infection, immunodeficiency, and systemic inflam-
mation.30

This study has several limitations. First, we excluded
patients who had antecedent cancer before empyema diagnosis.
Although the exclusion of these patients enabled us to clarify
the relationship between cancer development and newly diag-
nosed empyema, it was difficult to clarify whether empyema is
a kind of initial manifestation of cancer. However, the increased
cancer risk remains significant after excluding the first-year
follow-up. Second, this study has inherent limitations in the use
of administrative data that did not include smoking status, body
mass index, alcohol consumption, socioeconomic status, per-
formance status, severity of empyema, or laboratory data,
including biochemistry and culture results and viral hepatitis
markers. We thus performed analysis focusing on two different
outcomes (i.e., hepatocellular carcinoma and nonliver cancers)
in the analysis of risk factors for secondary malignancy. The
multivariate analysis showed that liver cirrhosis remained as a
significant predictor of both hepatocellular carcinoma and
nonliver cancers (Supplemental Table 2A and B, http://
links.lww.com/MD/A728). Third, this study defined cancer
occurrence as enrollment in the Registry of Catastrophic Illness
Patients. Some critically ill patients with empyema might not
have a chance to get pathological proof. Therefore, this may
have caused an underestimation of cancer risk in empyema
patients, resulting in statistical movement toward the null.
Finally, because of limited information on surgical intervention,

�
All factors with P< 0.1 in univariate analyses were included in th
drug effects, and drug sensitivity, we were unable to assess the
association between empyema management and further cancer
development.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
CONCLUSIONS
Patients with empyema may have greater risk of cancers,

especially neoplasms of the head and neck, esophagus, stomach,
liver and biliary tract, and lung and mediastinum. The associ-
ation between such infection and secondary malignancy may be
elucidated by further study involving patient characteristics,
clinical course and microbiology information, and controlling
for confounders such as smoking, alcoholism, and obesity.
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