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ABSTRACT
Objectives Risk of infections in patients with solid 
cancers and bone metastases (BM) and the subsequent 
impact on prognosis is unclear. We examined the risk of 
infections among patients with cancer diagnosed with BM 
and the subsequent impact of infections on mortality.
Design Population- based cohort study.
Setting Danish medical databases holding information on 
all hospital contacts in Denmark.
Participants Adult patients with solid cancers and BM 
between 1 January 1994 and 30 November 2013.
Outcome measures In the risk analyses, the outcome 
was time to hospitalisation for common severe infections, 
pneumonia, sepsis and urinary tract infections. In the 
mortality analysis, we used Cox regression to compute HRs 
of death, modelling infection as time- varying exposure, 
stratifying for primary cancer type and adjusting for age, 
sex and comorbidities.
Results Among 23 336 patients with cancer and BM, 
cumulative incidences of common severe infections were 
4.6%, 14.0% and 20.0% during 1 month, 1 year and 10 
years follow- up. The highest incidence was observed for 
pneumonia, followed by urinary tract infections and sepsis. 
Infection was a strong predictor of 1 month mortality 
(adjusted HR: 2.1 (95% CI 1.8 to 2.3)) and HRs increased 
after 1 and 10 years: 2.4 (95% CI 2.3 to 2.6) and 2.4 (95% 
CI 2.4 to 2.6). Sepsis and pneumonia were the strongest 
predictors of death. Results were consistent across cancer 
types.
Conclusion Patients with cancer and BM were at high 
risk of infections, which was associated with a more 
than twofold increased risk of death for up to 10 years 
of follow- up. The findings underscore the importance of 
preventing infections in patients with cancer and BM.

INTRODUCTION
Patients with cancer are at increased risk 
of severe infections,1–3 which contribute to 
increased morbidity (ie, pain, general health 
deterioration, increased need for hospi-
talisation and reduced quality of life) and 
mortality.2 3 The increased risk of infection 
stems from general immune suppression 

from disease processes, reduced innate 
immunity, obstruction of normal anatomical 
channels and the disruption of anatomic 
barriers.1 Moreover, infection risk is affected 
by iatrogenic factors, such as surgery, venous 
access, nosocomial infections and antineo-
plastic treatments, including chemotherapy 
and radiation.1 4

The risk of infections among patients with 
cancer varies greatly, due to heterogeneity 
in disease severity, complications and treat-
ment side effects. While the risk of infection 
among patients with haematologic malig-
nancies has been well described,5 the risk of 
infection in patients with solid organ malig-
nancies has been studied less frequently.3 6 7 It 
remains poorly understood whether the risk 
of mortality in patients with cancer following 
an infection might be aggravated by bone 
involvement; that is, bone metastasis (BM). 
BM is reported to be one of the most 

Strengths and limitations of this study

 ► This study provides fundamental insight into the risk 
of infection and subsequent mortality of patients 
with solid tumour bone metastases.

 ► This is a prospective population- based cohort study 
with complete follow up based on Danish nation-
wide health registries and free access to hospital 
services regardless of socioeconomic status and 
geographical location.

 ► The validity of infection diagnoses is high and al-
though the completeness of bone metastases 
diagnosis is low, the positive predictive value of reg-
istered bone metastases is good.

 ► We lacked information on cancer- specific treatment.
 ► Despite adjustment for patient comorbidity, resid-
ual confounding might be introduced because the 
Charlson Comorbidity Index does not contain infor-
mation on disease severity.
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debilitating and costly complications among patients 
with cancer8–12 and is associated with poor prognosis and 
impaired quality of life.13–15

We constructed a nationwide population- based cohort 
of patients with cancer and BM to examine the risk of 
infections requiring hospitalisation and the subsequent 
impact of infection on mortality.

MATERIALS AND METHODS
Study design and setting
We conducted this nationwide population- based cohort 
study based on data from Danish medical databases, 
which encompass the entire Danish population (5 602 628 
inhabitants on 1 January 2013). The Danish National 
Health Service provides tax- supported healthcare for the 
entire population, guaranteeing universal access to all 
hospitals and primary medical care.16

Patient and public involvement
Patients and public were not involved in the development 
or the design of this study.

Data sources
We retrieved data from four sources:
1. The Civil Registration System (CRS): a unique civil 

registration (CPR) number, recorded in the CRS, has 
been assigned to every Danish citizen and resident 
since 1968. This identifier allows linkage among multi-
ple databases17 and provides information on vital status 
and migration, ensuring complete follow- up.

2. The Danish National Registry of Patients (DNRP): the 
DNRP contains records of all inpatient admissions to 
Danish hospitals since 1977 and all outpatient clinic 
discharges and emergency room visits since 1995.18 Pa-
tient visits to general practitioners are not registered in 
the DNRP. Each DNRP record is linked to the patient’s 
CPR number and includes information on treatments 
and surgical procedures performed, as well as one pri-
mary and up to nineteen secondary discharge diagno-
ses. The discharge diagnoses are coded according to 
the International Classification of Diseases, Eighth Revision 
(ICD- 8; from 1977 to 1993) and Tenth Revision (ICD- 10; 
starting in 1993).

3. The Danish Cancer Registry (DCR): the DCR has col-
lected information on all incident diagnoses of cancer 
in Denmark since 1943. Diagnoses in the DCR were 
coded according to a Danish version of the International 
Classification of Diseases, Seventh Revision (ICD- 7) from 
1943 to 1977. Subsequently, cancers have been recoded 
or coded according to ICD- 10.19 The DCR’s complete-
ness and validity are estimated to be 95%–98%.20 21

Study cohort
See figure 1 for a study population flow chart including 
the inclusion criteria. The study included all individuals 
aged 18 and older who (1) were registered in the DCR 
with one or more cancer diagnoses (excluding basal cell 

carcinoma and haematological malignancies) between 1 
January 1978 and 30 November 2013, (2) were registered 
in the CRS with a CPR number and (3) were living in 
Denmark and registered in the DNRP with a BM diag-
nosis during 1 January 1994 to 30 November 2013 and 
with a cancer diagnosis prior to or within 6 months after 
the BM diagnosis. This allowed inclusion of patients 
presenting with BM prior to a cancer diagnosis. The study 
population excluded patients with a BM diagnosis but 
no recorded cancer diagnosis (n<90 during the period 
1978–2013). The study inclusion date was the BM diag-
nosis date.

Infections
Infections were identified by means of ICD- 10 codes in 
the DNRP for primary and secondary discharge diagnoses 
among hospitalised patients. We identified the first date 
after study inclusion on which a patient was hospitalised 
with (1) any common severe infections, (2) pneumonia, 
(3) sepsis and (4) urinary tract infections. The common 
severe infections group included the three other groups 
and furthermore infections in the skin and connective 
tissue, circulatory system, central nervous system, bone 
and joints, and also infections with mycobacteria and 
mycoses. See online supplemental table 1 for an extensive 
list of ICD- 10 codes.

Mortality
Date of death due to any cause was obtained from the 
CRS.

Figure 1 Flow chart showing the selection of the study 
population. N is the number of patients. CPR number, civil 
registration number.
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Variables
We collected information on the following variables 
recorded at the time of study inclusion:
1. Patient age and gender (collected from the CRS).
2. Cancer diagnosis and location (obtained from the 

DCR): patients with several cancers registered between 
1 January 1978 and the BM diagnosis date were allo-
cated to the ‘multiple cancers’ group. Information on 
cancer- specific treatments and cancer histology was 
unavailable.

3. Comorbidities (obtained from the DNRP): based on 
ICD- 8 and ICD- 10 codes, we calculated a Charlson 
Comorbidity Index (CCI) score22 adapted for admin-
istrative data23 24 for every patient at the time of BM 
diagnosis. Cancer diagnoses included in the CCI’s 19 
disease categories were excluded from the calcula-
tion of CCI scores. Three levels of comorbidity were 
defined: a CCI score of 0 (low), for patients with no 
previous record of the diseases included in the Index; 
a CCI score of 1–2 (medium); and a CCI score of 3 or 
more (high).23 Additional information on osteoporo-
sis and other metastases was obtained from the DNRP.

All codes used in this study are listed in online supple-
mental table 1.

Statistical analyses
Patient characteristics were described at the time of study 
inclusion (date of BM).

Risk of infection analysis
In the risk analyses, follow- up time was calculated from 
study inclusion until first diagnosis date of the infections 
under consideration, the end of the study period (30 
November 2013), the date of emigration, or the date of 
death, whichever occurred first. We computed the cumu-
lative incidences of infections, starting follow- up at study 
inclusion and treating death as a competing risk.25 Cumu-
lative incidences were calculated for the time periods 
0–1 month, 0–1 year and 0–10 years after study inclusion, 
overall and by the three most common primary cancer 
types (breast, lung and prostate cancer). We estimated 
95% CIs using a log normal- approximation (27).

Mortality analyses
In the mortality analyses, the main exposure was infec-
tion and the outcome was time to death. Mortality was 
estimated in two dynamic risk periods: the risk period 
until potential development of infection (if it occurred) 
and the risk period after infection. The date of diagnosis 
of an infection was treated as a time- varying exposure. 
Follow- up started on the study inclusion date, when 
a patient started contributing time- at- risk to the ‘risk 
period until development of infection’. If an infection 
occurred, the patient would start contributing time- at- risk 
to the ‘risk period after development of infection’. If an 
infection did not occur, the patient would only contribute 
time- at- risk to the first risk period. Patients were followed 
until the end of the study period (30 November 2013), 

the date of emigration or the date of death, whichever 
occurred first.

We used Cox regression analyses to compute HRs 
for death with 95% CIs. We computed HRs for death 
comparing the risk period until development of infec-
tion to the risk period after infection, overall and by the 
three most common primary cancer types (breast, lung 
and prostate cancer). The analysis was adjusted for age, 
gender and CCI score. Cancer stage and chemotherapy 
treatment was not adjusted for. The HRs generated from 
mortality analyses were interpreted as the overall impact 
of specific infections on all- cause mortality. The content 
of this paper follows the Strengthening the Reporting of 
Observational Studies in Epidemiology guidelines26 and 
the REporting of studies Conducted using Observational 
Routinely- collected Data guidelines.27 Analyses were 
performed using SAS V.9.4 (SAS Institute) and R V.3.6.1 
(R Foundation for Statistical Computing).

RESULTS
Study cohort
The study cohort included 23 336 patients. The three most 
common primary cancers were prostate cancer (30.5%), 
breast cancer (22.8%) and lung cancer (17.3%). Overall, 
57.3% of patients were men and 67.9% were aged ≥60 
years at the time of BM diagnosis (table 1). The median 
time (IQR) from the primary cancer diagnosis to the 
BM diagnosis was 1.5 years (IQR 0.2–4.7 years). At the 
time of the BM diagnosis, 36.1% of patients presented 
with comorbidity (CCI score ≥1) and 41% (n=9633) of 
the overall population had metastases other than BM. To 
further describe the study population, details on types of 
comorbidities are provided in online supplemental table 
2.

Common severe infections
The cumulative incidences of common severe infections 
were 4.6% within 30 days after BM, 14.0% within 1 year 
and 20.0% within 10 years (figure 2). Within 30 days of 
study inclusion, the cumulative incidence was highest 
among patients with primary lung cancer. Within 1 and 
10 years of study inclusion, the highest cumulative inci-
dence of common severe infections was observed in 
patients with primary prostate cancer (table 2).

Infection was a predictor of death, with an adjusted HR 
for death of 2.1 (95% CI 1.8 to 2.3) during the first month 
of follow- up. Adjusted HRs for death increased slightly 
during longer follow- up periods (table 3). Infection was 
a stronger predictor for death in patients with BM and 
primary prostate cancer than in patients with primary 
breast or lung cancer (table 3).

Pneumonia
The cumulative incidences of pneumonia were 2.2% 
within 30 days, 6.9% within 1 year and 10.5% within 10 
years of study inclusion (figure 2). Cumulative incidences 
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of pneumonia by primary cancer type are presented in 
table 2.

Pneumonia also predicted death with an adjusted HR 
during the first month of follow- up of 2.8 (95% CI 2.4 to 
3.2), and the HR remained at a similarly high level for up 
to 10 years of follow- up (table 3). The HRs for death were 
slightly higher in patients with BM and primary prostate 
cancer than in patients with primary breast or lung cancer 
(table 3).

Sepsis
The cumulative incidences of sepsis were 0.9% within 30 
days, 3.0% within 1 year and 4.6% within 10 years of study 
inclusion (figure 2). Within the first 30 days following 
study inclusion, the cumulative incidence of sepsis did 
not differ substantially between cancer types, but was 
slightly higher during 1 and 10 years of follow- up for 
patients with primary prostate cancer than for patients 
with primary breast or lung cancer (table 2).

Sepsis was likewise an even stronger predictor of death, 
with an adjusted HR of 3.5 (95% CI 2.8 to 4.3) during 
the first month of follow- up. The adjusted HR of death 
declined to 2.6 within 1 year of follow- up and stayed at 
this level during 10 years of follow- up (table 3). Sepsis 
was a slightly stronger predictor for death in patients with 
primary breast cancer within the first 30 days of follow- up. 
In contrast, patients with primary prostate cancer had 
higher HRs during 1 and 10 years of follow- up (table 3).

Urinary tract infection
Within the first 30 days of study inclusion, the cumula-
tive incidence of urinary tract infections was 1.3%. This 
increased to 4.5% within 1 year (figure 2) and to 6.8% 
within 10 years.

Urinary tract infection was associated with an adjusted 
HR of death of 0.6 (95% CI 0.4 to 0.9) within the first 
month of follow- up. However, the adjusted HR of death 
rose to 1.6 (95% CI 1.5 to 1.7) within 1 year and to 1.7 
(95% CI 1.6 to 1.8) within 10 years of follow- up (table 3). 
Stratified by cancer type, an association between urinary 
tract infection and mortality was not observed within the 
first 30 days of follow- up. However, during 1 year and 10 
years of follow- up, urinary tract infection was associated 
with increased mortality among patients with all three 
primary cancer types (table 3).

DISCUSSION
This large cohort study examined the risk of common 
severe infections and associated mortality in patients 
diagnosed with cancer and BM. We found that the risk of 

Table 1 Characteristics of patients with bone metastasis 
(BM)

Characteristic

All patients

N (%)

Number of patients 23 336

Age at BM diagnosis

  <60 years 5361 (23.0)

  60–69 years 6980 (29.9)

  +70 years 10 995 (47.1)

Age at primary cancer diagnosis

  <60 years 7483 (32.1)

  60–69 years 7362 (31.5)

  +70 years 8491 (36.4)

Gender

  Male 13 378 (57.3)

  Female 9958 (42.7)

Year of BM diagnosis

  1994–2000 4942 (21.2)

  2001–2005 6984 (29.9)

  2006–2010 6685 (28.6)

  2011–2013 4725 (20.2)

Year of primary cancer diagnosis

  1978–2000 9395 (40.3)

  2001–2005 6545 (28.0)

  2006–2010 5308 (22.7)

  2011–2013 2088 (8.9)

Primary cancer site

  Prostate 7113 (30.5)

  Breast 5328 (22.8)

  Lung 4044 (17.3)

  Intestine, including the colon, rectosigmoid, 
and rectum

963 (4.1)

  Urinary tract cancers including the kidneys 1493 (6.4)

  Metastases and non- specified cancer in 
lymph nodes

328 (1.4)

  Other 2233 (9.6)

  Multiple cancers 1834 (7.9)

Charlson Comorbidity Index score (excluding 
cancer)

  0 14 911 (63.9)

  1–2 7010 (30.0)

  +3 1415 (6.1)

Figure 2 Cumulative incidences of common severe 
infections ten years after a bone metastasis diagnosis, with 
death as competing risk. BM, bone metastasis.
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infections was higher in the first month following the BM 
diagnosis than later during follow- up. The hospitalisation 
for infection, particularly sepsis and pneumonia, was asso-
ciated with a more than twofold increased risk of dying 
during up to 10 years of follow- up.

Interpretation
Among patients with cancer, those with BM represent 
one of the most severely ill groups, with a high risk of 
infection. Williams et al6 reported that the incidence of 
sepsis was 1.6 per 100 person years (PYs) among 606 176 
patients with cancer (any type) in the USA. Similarly, 
Pelton et al28 reported an incidence rate of pneumonia 
of 4.96 per 100 PYs among adult German patients over 
age 60 years with cancer (observed over 379 086 PYs). 
Although not directly comparable to the incidences in 
this study, the occurrence of infection was substantially 
higher among the patients with BM reported here. This 
discrepancy was most likely due to the advanced cancers 
experienced by our patients, which increased the likeli-
hood that they harboured known risk factors for infec-
tion, such as immobilisation, general deterioration and 
malnutrition. Patients with cancer and BM may also more 
likely be exposed to iatrogenic risk factors for infection, 
such as surgery, venous access, nosocomial infections and 
chemotherapy.1 4 Furthermore, because our study patients 
had disseminated cancer by definition, they might have 
harboured metastases at other sites, in addition to the 
BM. Finally, we found that one- third of our patients had 
a moderate or high level of non- malignant comorbidities, 
many of which are also known risk factors for infection.

Although preventing infections in patients with 
advanced cancers is of great importance, it has proven 
difficult, possibly due to several unmodifiable risk factors.1 
Antibiotic prophylaxis in patients with neutropenia has 
been shown to decrease infection rates but not mortality.4 
Still, a review indicated that such prophylactic treatment 
showed promise for improving overall survival.29 Surpris-
ingly, few patients with cancer have been vaccinated 
against Streptococcus pneumoniae, which is the etiologic 
agent in 6.5% of all bacteraemia diagnoses in this patient 
group.30

In our study, common severe infections, particularly 
pneumonia and sepsis, led to a higher rate of death 
among patients with cancer. This result was expected, due 
to the general mortality associated with these complica-
tions.2 Additionally, infection is likely a marker for height-
ened immune dysfunction and disruption of anatomic 
barriers. Furthermore, infections can cause clinical chal-
lenges, such as the need to postpone chemotherapy and 
other treatments. In addition, it can be difficult to clear 
the infection or even recognise its presence in the midst 
of coping with cancer. Finally, patients with cancer might 
develop opportunistic infections with otherwise non- 
pathogenic bacteria or viruses, and they are at increased 
risk of multidrug- resistant bacterial infections.1

We found, unexpectedly, that urinary tract infections 
were associated with a reduced rate of death during 

Table 2 Cumulative incidences with 95% CIs of common 
severe infections after a bone metastasis diagnosis, with 
death as a competing risk.

Population Follow- up Outcome
Cumulative incidence 
with 95% CI (%)

All patients 1 month Any infection 4.59 (4.32 to 4.86)

Pneumonia 2.23 (2.04 to 2.42)

Sepsis 0.88 (0.77 to 1.01)

Urinary tract infection 1.31 (1.17 to 1.47)

1 year Any infection 13.98 (13.54 to 14.44)

Pneumonia 6.93 (6.61 to 7.27)

Sepsis 2.99 (2.77 to 3.21)

Urinary tract infection 4.50 (4.24 to 4.78)

10 years Any infection 19.99 (19.46 to 20.53)

Pneumonia 10.45 (10.04 to 10.87)

Sepsis 4.60 (4.32 to 4.89)

Urinary tract infection 6.80 (6.46 to 7.15)

Breast 
cancer

1 month Any infection 3.65 (3.17 to 4.17)

Pneumonia 1.41 (1.12 to 1.75)

Sepsis 0.88 (0.66 to 1.16)

Urinary tract infection 1.05 (0.80 to 1.36)

1 year Any infection 12.05 (11.18 to 12.94)

Pneumonia 5.22 (4.64 to 5.84)

Sepsis 2.75 (2.33 to 3.22)

Urinary tract infection 3.50 (3.03 to 4.02)

10 years Any infection 20.75 (19.61 to 21.92)

Pneumonia 9.68 (8.85 to 10.55)

Sepsis 4.61 (4.04 to 5.23)

Urinary tract infection 6.88 (6.18 to 7.63)

Lung cancer 1 month Any infection 5.90 (5.20 to 6.65)

Pneumonia 3.72 (3.16 to 4.33)

Sepsis 0.99 (0.72 to 1.33)

Urinary tract infection 0.87 (0.62 to 1.19)

1 year Any infection 14.98 (13.89 to 16.10)

Pneumonia 9.75 (8.86 to 10.70)

Sepsis 2.69 (2.22 to 3.23)

Urinary tract infection 2.39 (1.95 to 2.90)

10 years Any infection 16.96 (15.80 to 18.16)

Pneumonia 11.34 (10.36 to 12.38)

Sepsis 2.92 (2.42 to 3.48)

Urinary tract infection 2.75 (2.27 to 3.30)

Prostate 
cancer

1 month Any infection 4.57 (4.10 to 5.07)

Pneumonia 2.07 (1.76 to 2.42)

Sepsis 0.82 (0.63 to 1.05)

Urinary tract infection 1.69 (1.41 to 2.01)

1 year Any infection 15.97 (15.12 to 16.84)

Pneumonia 7.22 (6.63 to 7.85)

Sepsis 3.52 (3.11 to 3.97)

Urinary tract infection 6.72 (6.15 to 7.32)

10 years Any infection 24.20 (23.17 to 25.25)

Pneumonia 12.19 (11.41 to 13.01)

Sepsis 6.04 (5.48 to 6.65)

Urinary tract infection 10.08 (9.36 to 10.82)
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Table 3 Adjusted HRs with 95% CIs for death, comparing mortality in the risk period until development of infection versus the 
risk period after infection within 1 month, 1 year and 10 years after diagnosis of bone metastasis

Population
Follow- up 
period Infection type

Risk period until 
development of infection

Risk period after 
infection Adjusted HR

Deaths (N) Deaths (N) 95% CI

All patients
  
  
  
  
  
  
  
  
  
  
  

1 month Any infection 5926 276 2.05 (1.82 to 2.30)

Pneumonia 6029 173 2.76 (2.38 to 3.19)

Sepsis 6128 74 3.45 (2.78 to 4.30)

Urinary tract infection 6172 30 0.62 (0.43 to 0.89)

1 year Any infection 14 371 2321 2.40 (2.29 to 2.51)

Pneumonia 15 460 1232 3.01 (2.84 to 3.19)

Sepsis 16 205 487 2.63 (2.40 to 2.87)

Urinary tract infection 16 001 691 1.60 (1.48 to 1.73)

10 years Any infection 17 571 3925 2.43 (2.35 to 2.52)

Pneumonia 19 460 2036 2.85 (2.72 to 2.99)

Sepsis 20 631 865 2.55 (2.38 to 2.73)

Urinary tract infection 20 182 1314 1.73 (1.63 to 1.83)

Breast 
cancer
  
  
  
  
  
  
  
  
  
  
  

1 month Any infection 998 32 2.07 (1.48 to 2.89)

Pneumonia 1016 14 2.38 (1.45 to 3.91)

Sepsis 1018 12 4.08 (2.44 to 6.81)

Urinary tract infection 1027 NA 0.49 (0.16 to 1.53)

1 year Any infection 2586 332 2.20 (1.96 to 2.47)

Pneumonia 2764 154 2.49 (2.12 to 2.93)

Sepsis 2842 76 2.64 (2.11 to 3.31)

Urinary tract infection 2833 85 1.43 (1.15 to 1.78)

10 years Any infection 3825 879 2.17 (2.01 to 2.34)

Pneumonia 4299 405 2.20 (1.98 to 2.44)

Sepsis 4511 193 2.36 (2.04 to 2.72)

Urinary tract infection 4420 284 1.63 (1.44 to 1.84)

Lung cancer
  
  
  
  
  
  
  
  
  
  
  

1 month Any infection 1513 98 2.08 (1.70 to 2.55)

Pneumonia 1543 68 2.45 (1.93 to 3.11)

Sepsis 1587 24 3.04 (2.05 to 4.51)

Urinary tract infection 1603 8 1.00 (0.50 to 2.01)

1 year Any infection 3119 520 2.22 (2.02 to 2.44)

Pneumonia 3298 341 2.45 (2.18 to 2.74)

Sepsis 3547 92 2.42 (1.97 to 2.97)

Urinary tract infection 3559 80 1.44 (1.15 to 1.80)

10 years Any infection 3289 612 2.28 (2.09 to 2.49)

Pneumonia 3495 406 2.48 (2.24 to 2.76)

Sepsis 3798 103 2.42 (1.99 to 2.94)

Urinary tract infection 3802 99 1.44 (1.17 to 1.76)

Prostate 
cancer

1 month Any infection 1326 67 2.31 (1.82 to 2.93)

Pneumonia 1347 46 3.81 (2.88 to 5.04)

Sepsis 1379 14 3.47 (2.12 to 5.69)

Urinary tract infection 1384 9 0.66 (0.34 to 1.27)

Continued
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the first 30 days after a diagnosis of BM. We believe this 
was due to under- registration of urinary tract infections 
during hospital contacts in the most diseased patients. 
Patients who die from cancer within 1 month of a BM 
diagnosis often suffer from several concurrent diseases 
and complications, among which a urinary tract infection 
is considered a minor problem that may not be reported 
to the national hospital databases. Hospitals also are 
not reimbursed for registering urinary tract infections, 
even when treatment is provided. In addition, cancer in 
many patients, particularly patients with prostate cancer, 
is detected initially due to urinary tract infections. Asso-
ciated use of urinary catheters reduces the incentive to 
register this type of infection.

Strengths and limitations
This study was based on routinely collected healthcare 
data for patients who received care in a system that 
provides equal access to hospital services, regardless of 
socioeconomic status or geographical location.16 Nearly 
all patients with cancer in Denmark are cared for in 
government- funded hospitals, because no private hospi-
tals offer inpatient cancer care.

A previous validation study of the DNRP found that 
only 32%–44% of patients with BM were registered in 
the DNRP, but the 86%–100% of registered patients 
had ‘true’ BM diagnosis.31 The study found that under- 
registration was related to a high comorbidity burden. 
Consequently, patients who were severely ill with many 
comorbid conditions were less likely to be included in our 
study population, leading to a potential underestimation 
of our absolute risk estimates. In contrast, the diagnoses 
used to define infections in patients with cancer showed 
high validity. A validation study of those data in the DNRP 
reported a positive predictive value of 98% for infec-
tions overall, 93% for pneumonia and 84% for sepsis.32 
However, the incidence of infections in patients who did 
not receive hospital treatment remains unknown.

The validity of DNRP data on recorded comorbid-
ities among hospitalised patients is generally good.33 
However, the paucity of data on the severity of some 
diseases included in the CCI and the lack of data from 
general practitioners and psychiatric departments intro-
duced the risk of residual and unmeasured confounding 
in the adjusted HRs. Furthermore, CCI scores are not as 
comprehensive as clinical data for measuring the degree 
of comorbidity34 and also, the adjustment for CCI was 
based on the baseline score only. This could potentially 
increase residual confounding slightly. Another study 
limitation was lack of cancer- specific treatment informa-
tion. Certain types of cancer therapies are more likely 
than other types to increase the risk of infections. Anti-
cancer therapy has also changed over the study period; 
however, calendar year of diagnosis is not accounted for 
in the analyses. Also, cancer stage was not adjusted for in 
the analyses, but considering the study population only 
included patients with bone metastases, all had advanced 
cancers. Finally, when a patient was diagnosed with several 
different types of cancer, we were unable to link a given 
BM diagnosis to any specific primary cancer.13 14

CONCLUSION
In this national cohort study of 23 336 patients with 
BM arising from a solid cancer, we found a high risk of 
common severe infections requiring hospital admis-
sion. Infection is associated with a high mortality rate. 
Taking steps to minimise or prevent infection in patients 
with cancer has always been a part of standard oncolog-
ical treatment. However, prevention of infection, which 
is crucial to reducing cancer mortality, is not always 
successful in high- risk patients, such as those with cancer 
and BM.
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Follow- up 
period Infection type

Risk period until 
development of infection

Risk period after 
infection Adjusted HR

Deaths (N) Deaths (N) 95% CI

1 year Any infection 3888 800 2.80 (2.59 to 3.03)

Pneumonia 4300 388 3.54 (3.19 to 3.93)

Sepsis 4511 177 3.24 (2.79 to 3.77)

Urinary tract infection 4369 319 1.94 (1.73 to 2.18)

10 years Any infection 5108 1479 2.78 (2.62 to 2.95)

Pneumonia 5854 733 3.30 (3.05 to 3.57)

Sepsis 6234 353 3.01 (2.70 to 3.35)

Urinary tract infection 5969 618 1.92 (1.77 to 2.10)

Infections were included in the model as a time- dependent exposure. HRs adjusted for age, gender and Charlson 
Comorbidity Index score.
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