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Abstract

Goal of work The aim of this study was to assess the impact
of an aging US population on inpatient costs and resource
utilization in cancer patients admitted for infection.
Materials and methods From the Texas inpatient public use
files (Texas Health Care Information Collection), which
include all hospitals except federal institutions, we selected
residents with cancer who also had a principal or admitting
diagnosis of pneumonia, bacteremia/sepsis, or other docu-
mented infection in 2001. Selected admission records were
directly adjusted by projected age-specific cancer preva-
lence totals for years 2006 and 2025 using surveillance
epidemiology end results (SEER) and US census data.
Charges were inflated to 2006 consumer price index for
medical care then converted to costs using Texas Medicare
cost-to-charge ratios.
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Results Over 9% of nearly 200,000 Texans admitted for
infection in 2001 also had cancer. Projecting these results
nationally, 318,000 discharges in cancer patients at a cost of
$3.1 billion (B, 95% CI $2.8B, $3.4B) and 2.3 million (M)
bed days would have been attributed to infections in 2006.
By the year 2025, adjusting only for the aging population,
costs could increase 45% to $4.5B (95% CI $4.1B, $4.9),
with 27% more (3.4 M) hospital bed days occupied.
Conclusions Consequent to an aging population and the
resulting increase in cancer prevalence, the healthcare
burden of managing hospital admissions for infection in
the vulnerable cancer population could be greatly magnified
unless risk-based treatment and preventive strategies such
as appropriate immunizations and infection control meas-
ures are implemented.
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Introduction

Many have speculated that the aging of the “baby boomer”
generation will affect healthcare reimbursement systems
and out-of-pocket health expenditures. These speculations
are fueled by projections that by 2025, the US population
will total nearly 360 million, with 64 million (18% of total)
older than age 65, an increase of 73% in this age group
[15]. Aging poses increased risks for a number of
conditions, including cancer, and an increased susceptibility
to infection. Thus, elders battling malignancy and its effect
on their immune system are doubly disadvantaged with
respect to infection risk [20]. Increasing survival among
elders with cancer will result in corresponding increases in
this cancer population at risk for an infection requiring
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hospital admission [14, 28]. It is quite likely that utilization
of healthcare resources and healthcare costs will escalate as
a result of managing infections among elders with cancer
[7]. Microorganisms’ increasing resistance to existing
therapies and a relative absence of new pharmaceuticals in
the pipeline also will increase both the human and
economic burdens of these infections [26].

The severity of infectious complications in cancer
patients has long been known and explored [2]. Likewise,
the challenges of preventing and treating infections in
cancer patients have been well documented particularly
among those undergoing chemotherapy who become
neutropenic [3, 9—11, 25]. Costs associated with emergency
and inpatient care of the neutropenic cancer patient have
been estimated and infection in that group has been well
documented [9]. Since not all infections in this population
are serious and hospital admission for some is precaution-
ary, the implementation of risk-based treatment in tandem
with appropriate preventive and infection control measures
could reduce infection-related hospitalizations [17]. Savings
realized by this risk-based treatment approach has been
reported for neutropenic patients and, if appropriately
utilized, could likely yield similar savings for the senior
cancer patient population [12]. The literature lacks infor-
mation on the effect that the aging of the population will
have on overall costs of inpatient admissions for infection
in those with cancer. This is an important gap in the
literature because these hospitalizations among the ever-
increasing number of elders with cancer could overwhelm
an already overtaxed government insurance program
(Medicare) and overburdened healthcare system as well as
compromise the financial health of retirees living on a fixed
income.

In this study, we examine the effect of the aging
population on cancer prevalence totals and then focus on
one potential consequence of cancer, hospital admission
principally for infection among this group in the USA. Our
objectives were to: (1) estimate a baseline frequency of
inpatient admissions for infection among those with cancer;
(2) describe resource utilization and costs associated with
those admissions; (3) examine the economic and resource
impact of the aging US population on future hospital
admissions for infection in patients with cancer; (4) provide
global cancer prevalence estimates and projections; and (5)
discuss infection prevention strategies for those with cancer.

Materials and methods
Data sources

Hospital admissions for infection among cancer patients
were selected from the Texas inpatient public use file for
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2001, which consists of information reported from every
non-federal hospital and includes the number of days and
the total amount charged for each hospital stay. This
database is one component of the Texas Health Care
Information Collection and is compiled and maintained by
the Center for Health Statistics, Texas Department of State
Health Services [29]. Hospital discharge records with a
principal or admitting ICD-9-CM diagnosis of bacteremia,
pneumonia, fever of unknown origin (FUO) or other
documented infection (ODI) among Texas residents with
any cancer were selected. The ICD-9-CM codes for
infections and cancer are listed in Table 1. Age-specific
future cancer prevalence was estimated for 2006 and 2025
using US Census Bureau population projection totals for
the US and Texas (based on the 2000 US census) for those
years [15] and limited duration 28-year cancer prevalence
totals for 2003 from the US National Cancer Institute’s
surveillance epidemiology and end results (SEER) program
SEER*Stat 6.2 [28].

Global cancer prevalence and population estimates for
developed and developing areas of the world were retrieved
from the International Agency for Research on Cancer’s
Globocan 2002 database and used to project cancer
prevalence for the year 2025 [14].

Statistical analysis

To estimate the impact of the aging population on medical
admissions for infection among cancer patients in the USA,
we first established a baseline of age-specific frequencies
and associated mean total charges and days stayed by 5-
year age group from the identified medical admissions for
infection among cancer patients in Texas. To reflect the
perspective of the provider, reported charges were inflated
to 2006 US dollars according to the consumer price index
for medical care [8] and reported as a surrogate measure of
cost [4] by converting charges using the 2006 Medicare
cost-to-charge ratio for Texas [13]. Cancer prevalence totals
from the most recently compiled national cancer data

Table 1 ICD-9-CM diagnosis codes

Diagnosis  ICD-9-CM Code
Infection
B/S 038, 790.7
PN 486, 480.xx, 481, 484.xx, 482.xx, 483.xx, 485, 487.0
FUO 780.6
ODI 0001-037, 039-135, 487.1, 487.8, 490, 465.xx., 466.xX,
595.0, 595.9, 595.89, 681.xx—682.xx
Cancer 140.x-208.xx, 230.x-239.x, V10.xx

B/S bacteremia/sepsis, PN pneumonia, FUO fever of unknown origin,
ODI other documented infection
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Fig. 1 Distribution of infection type by site of cancer in Texas
inpatients in 2001

(SEER) at study time was directly adjusted by 5-year age
groups to the 2006 and 2025 projected census populations
for Texas and the USA.

To estimate numbers of inpatient admissions for infec-
tion among cancer patients in the USA, we directly adjusted
the Texas baseline data to the projected cancer prevalence
totals for the USA by 5-year age groups for the years 2006
and 2025. The baseline mean cost and length of stay data
was then multiplied by the estimated number of age-
specific US cancer patients with a medical admission for
infection for each of the years, 2006 and 2025. Since many
coexisting medical conditions contribute to infection risk,
comorbidity was assessed using the Romano method of
adapting the Charlson score to administrative data [24] and
reported as a patient characteristic.

Similar to the method described above for the USA, we
estimated global cancer prevalence for the group aged 65
and over for 2002 (the most recent year available at study
time) and projected for 2025. All analyses were performed
using SPSS 12.0 [27].

Results

In 2001, of the 18,012 hospitalizations for serious infec-
tions that occurred among Texas residents with cancer,
more than half were for pneumonia (51%), while FUO and
bacteremia/sepsis were responsible for 23% and 2% of the
admissions, respectively. The remaining 24% included any
other documented infection, of which 11% were wound
infections (ICD-9-CM=681.xx—-682.xx). Using the 2001
estimated average cost per stay of $9,561 for elderly Texas
patients estimated nationally for that year, the total bill for
172,246 senior infection-related hospitalizations would
have been over $1.5 billion.

The distribution of cancer site and type of infection
within each site is depicted in Fig. 1. Of the major cancer
sites, infection-related admissions were predominately
among those with hematologic malignancy (27%). The
primary site of cancer in those with a solid tumor was lung
or respiratory tract for 18%, breast for 10%, colon/rectum
for 6%, and prostate for 6%. The group categorized as
“other” included 32% of the admissions in patients with
cancer and comprised solid tumors of the digestive system
(34%), urinary tract (15%), and female genital sites (11%),
while 9% were sarcomas of various sites.

The majority of pneumonia admissions (29%) were
observed in lung/respiratory cancer patients, while hemato-
logic patients were the primary group admitted for fever of
FUO or bacteremia/sepsis with (42%) and (38%), respec-
tively. Of the 2,011 wound infections, the majority occurred
in breast and hematologic cancer patients with 23% and
20%.

Table 2 describes the distribution of patient character-
istics of age and coexisting medical conditions along with
resource utilization in terms of costs and length of stay for
these Texas cancer patients. Pneumonia contributed to over
half of the total costs for and total bed days utilized by
these patients with 70% older than age 65 at admission.
Collectively, nearly 60% of medical admissions for infec-
tion were among those older than 65.

Derived from the Texas inpatient data and projected to
the years 2006 and 2025, national estimates of hospital-
izations for infections among cancer patients are illustrated

Table 2 Distribution of Texas inpatient characteristics, costs, and bed days by infection for those with cancer admitted for infection in 2001

Condition N (%) Age >65 (%) Comorbidity >1 (%) Male (%) Total cost SUS2006 Total bed days
B/S 302 (2%) 118 (39%) 74 (25%) 141 (53%) $2,962,929 2,352
PN 9,256 (51%) 6,603 (71%) 5,372 (58%) 4,154 (55%) $95,037,470 69,415
FUO 4,167 (23%) 1,485 (36%) 939 (23%) 1,944 (53%) $43,143,967 27,533
ODI 4,287 (24%) 2,147 (50%) 1,876 (44%) 2,221 (48%) $39,124,127 30,263
Total 18, 012 (100%) 10,353 (58%) 8,261 (46%) 8,460 (53%) $180,268,493 129,563

B/S bacteremia/sepsis, PN pneumonia, FUO fever of unknown origin, ODI other documented infection
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Fig. 2 Projected estimates of age-adjusted infection admissions for
US cancer patients: 2006 vs. 2025

in Fig. 2. Projecting the results nationally for 2006, 318,000
discharges in cancer patients at a cost of $3.1 billion (B)
(95% CI $2.8B, $3.4B) and 2.3 million (M) bed days
would have been attributed to serious infections. By the
year 2025, adjusting only for the aging population, costs
could increase 45% to $4.5B (95% CI $4.1B, $4.9B) with
27% more (3.4M) hospital bed days occupied. The most
notable increases are in the 65 and older age groups. By the
year 2025, medical admissions for infection-related con-
ditions in people aged 65 and older adjusted only for
population aging are projected to increase by 70% over
2006 totals and will exceed 300,000. Figure 3 depicts the
projected and estimated resource utilization in bed days
with corresponding costs for 2006 and 2025. Again,
adjusted only for the aging of the population, the most
notable increases in costs and resource utilization are
observed in the group aged 65 to 84. For only those aged
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tion will increase by 60% with over two million days used
for these patients.

Globally, relative to the US aging population, Fig. 4
illustrates estimated cancer prevalence totals for those aged
65 and older for developing and developed areas of the
world as reported by the IARC [14] for 2002 and projected
to 2025. Trend lines indicate the proportion of elders in the
total population for each of the 2 years by world location.
The developing countries indicate a potential increase of
68% in the portion older than 65, compared to a 55% and
57% increase for the developed countries and the USA
alone. The corresponding cancer prevalence in these elders
is estimated to more than double in the developing
countries, with percent increases of 49% and 77% in
developed countries and the USA alone, respectively.

Discussion

We hypothesized that aging of the population could burden
the healthcare and government reimbursement programs as
a result of substantial increases in inpatient admissions due
to infections among elders with cancer. To examine this
issue, we projected annual costs of hospitalizations among
elderly cancer patients for 2025, adjusting for the aging of
the population. Our projected estimate of costs of hospital-
ization in this group for the year 2025 reflect the amount
Medicare is projected to pay in 2025 based on the Medicare
reimbursement rate in Texas in 2006, which would have
equaled approximately $8,887 per person. Our method of
limiting our study group to those admitted specifically for
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infection assumes that the total reported charges are related
to the infection at admission.

While utilized as a fairly accurate measure of the direct
cost of providing care [4], using the Medicare reimburse-
ment model captures only part of the financial burden of
inpatient care. This method of reporting costs does not
account for patient deductibles and other non-covered
expenses [21]. This model is also dependent on the Medicare
reimbursement level set for each year. The importance of
this is reflected in the decreased Medicare reimbursement
rate in 2006 compared to that for 2001, which resulted in
the appearance of a lower 2006 mean cost of $8,887
compared to $9,561 calculated for 2001 [13]. The signif-
icance of this finding to both health care providers and
seniors is that this reduction does not represent a decrease
in the cost of providing care, but rather a decrease in the
amount that will be paid by Medicare and an increase in the
amount that will have to be paid through other means or
claimed as a loss by the health provider. The portion of the
bill the patient is responsible for will place an additional
strain on the nation’s elderly who live on a fixed income.

Furthermore, our estimates are computed using mean
Texas costs, and when the 2006 Texas estimate of $8,887
per person is compared to $13,110 from cost estimates for
2005 reported by the Healthcare Cost and Ultilization
Project [30], our overall estimated $3 billion is low and
would likely be in excess of $4 billion.

If national admissions for infection-related conditions
among elderly cancer patients mirror those in Texas, most
will be due to pneumonia for which the longest hospital
stays and highest costs are observed both in this study and
previously [7]. To reduce costs and resource utilization
associated with pneumonia and other infection-related
hospitalizations in cancer patients, we suggest a two-tier
approach. First, adopt a standard policy of application of
prevention measures. Secondly, if infection results in spite

of such efforts, employ risk assessment procedures to
identify those at lower risk for complication who could be
treated with less expensive treatment modalities.

Preventive measures A strategy combining measures from
published reports is presented in Table 3. Incorporated are
provisions whereby healthcare providers are guided to
ensure that their patients with cancer have received
appropriate immunizations, are screened for exposure to
or early signs of infection during office visits, and are
offered prophylaxis if warranted and/or prompt pre-emptive
treatment [10, 19, 22]. Cancer patients, their family
members, caregivers, and close contacts should be advised
on signs and symptoms of common infections to be vigilant
of and offered specific instructions on how to proceed if
infections are detected. Close contacts should be educated
about the cancer patient’s increased susceptibility to
infection and measures they can take to decrease likelihood
of infection, including receiving appropriate immuniza-
tions, avoiding contact when ill, or employing infection
control precautions such as masks and gloves as appropriate
[1, 5,9, 25].

Risk-based care Despite conscientious efforts, experience
in cancer patients undergoing treatment reveals that some
infections evade preventive efforts [23]. In such instances,
risk assessment of potential complications based upon the
Multinational Association for Supportive Care in Cancer
(MASCC) risk index will allow individualized treatment
regimens that could offer safe and cost-effective alterna-
tives to conventional management of these infections [18].
Among the factors to consider when determining a
treatment program are: the type of suspected infection, the
type of cancer, and patient compliance. Even if neutropenic,
many infections such as FUO, urinary tract infections
(UTIs), and wound infections particularly in solid tumor
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Table 3 Infection prevention and risk-based treatment strategy for cancer patients

Physician Office infection intervention plan (Chehata, Hogg, Li [3, 14, 16])

Incorporate best practices for respiratory and contact precautions in the reception area:

Provide masks to any patient with a cough and/or a fever and to any patient undergoing cancer therapy

Provide alcohol-based hand gel in the reception/waiting room for patients

Place adequate signage in the waiting areas to instruct on proper hand sanitation and use of masks

Instruct patients with a cough or fever to sit at least 1 meter from others

In the treatment area:

Provide adequate hand washing areas and alcohol-based hand gel, protective equipment including gloves, and adequate instructional signage for
staff

Review patient and employee immunization history and provide appropriate vaccination

Patient and close contact education (ACS, Courtney, Li [1, 7, 16])

Instruct the patient and caregiver on:

The importance of taking his/her temperature along with correct methods and frequency

Looking for signs of infection in the mouth on skin and vascular access device (VAD) sites and provide instruction on proper VAD care

Specific procedures to follow if any of the following are observed: oral body temperature of more than 100.5°F, sore throat, cough or shortness of
breath, nasal congestion, burning during urination, shaking chills, redness, swelling, or warmth at the site of an injury, surgical wound, or (VAD)

Necessity for all to be appropriately immunized, but to inquire before receiving any immunizations outside the office and before close contact
with children or adults who have recently been immunized.

Provide other infection control information and emphasize the need for:

Good hand hygiene for the patient and everyone they come in contact with

Good hygiene practices of stringent oral care and toilet care such as cleansing perineum well after each stool and urination

Avoiding crowds and people with illnesses when at risk for infection

Avoiding contact with animal droppings, fresh flowers and sources of high levels of bacteria and fungi such as stagnant water in vases, denture
cups, soap dishes

Taking medications as prescribed and being sure your doctor is aware of all medications you are taking (prescription or over-the-counter)

Preventing dryness of the skin and mucous membranes by using lotion and a vaporizer
Getting enough sleep and exercise and maintaining good nutrition but avoiding undercooked seafood or meat

Patient treatment guidelines (Cullen, Rolston, Vispas [8, 18, 20])

Offer appropriate prophylactic treatment if patient or close contact reports exposure to communicable disease or if patient meets criteria for

prophylaxis during cancer therapy

Treat detected infections promptly and appropriately with empiric therapy, changing to pathogen-specific therapy if warranted

patients may not require hospitalized care, but could be
treated with oral antibiotics in an outpatient setting [12, 18,
22, 23]. Further, Cherif et al. [6] has demonstrated that
neutropenic patients with hematologic cancer, who are
assessed to be at low risk for complication, fare well and
enjoy savings after early inpatient discharge resulting from
oral versus intravenous antibiotic therapy. Elting et al. [12]
concluded that outpatient versus inpatient treatment in those
at lower risk of complications proved to be effective and
fiscally advantageous. Avoiding hospitalization has other
benefits to the patient, including evading potential nosoco-
mial infection. Our current study reports that during a
single year in Texas, 31% (5,584) of the admissions were in
solid tumor patients with a less severe documented
infection (UTI, wound infection, etc.) or FUO. Such
patients would be prime candidates for risk-based care.
Although the savings potential is impressive, our results
should be interpreted keeping the following limitations in
mind. We used claims data for our study and there are
inherent limitations in these data stemming from coding
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errors. Potentially, another diagnosis could be coded
principally instead of infection, which would lead to an
underestimate in the number of admissions for infections
among cancer patients. The inverse is equally as likely and
the effect of this bias on our estimates would be minimal,
resulting in estimates that reliably reflect the numbers of
admissions among cancer patients that are due to infection.
Further, since coding rules are uniform, the results we
report could be easily reproduced and the method of
identifying cases employed in our study could be applied
to other administrative databases and the same limitations
would apply. Our intent was to identify those whose
principal reason for being hospitalized was infection and
group into type of infection. The low number of cancer
patients in the bacteremia/sepsis group is likely due to the
fact that it is typically diagnosed after admission, often
following admission for pneumonia or another infection,
and as such would be less apt to be coded as a principal or
admitting diagnosis. As well, ours was a conservative
estimation of costs, including only select infectious con-
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ditions more common among cancer patients. Costs
associated with hospitalization for the year 2025 are
extremely likely to be underestimated if medical costs
continue to rise as sharply as they have in the past decade.
Projected estimates are solely based on the effect the
changing dynamic of aging will have on the prevalent
cancer population at risk for being admitted for infection.
As such, corresponding increases in comorbid conditions
related to aging have not been accounted for in our cost and
resource use estimates. As seen in Table 2, more than half
of the Texas cancer patients admitted for the most common
infection, pneumonia, had more than one comorbid condi-
tion when admitted. Should escalation of coexisting
conditions play a role in increased susceptibility to
infection, additional admissions could be realized, which
would further contribute to an underestimate in our reported
costs and resources.

As well, patterns of costs and bed days utilized reflect
those observed in Texas in 2001. No adjustments were
made for variation by geographic region or for variation in
effectiveness of therapy provided. Should increases in
antibiotic-resistant strains of bacteria and limited addition
of effective pharmaceuticals be realized, our estimates
would be considered conservative. Conversely, addition of
more efficient or effective infection treatment could
decrease length of stay and potentially render our reported
estimates as overstated.

This study describes the impact of increases in inpatient
admissions for infection in the cancer population in the
USA that could be realized as our population ages. Clearly,
the portion of elders worldwide is expected to increase, as
those in even the developing countries are living longer.
The staggering potential healthcare resources and expendi-
tures due to the aging of the population estimated for the
USA in this study could potentially be realized globally.
This should be of particular concern to developing
countries where healthcare resources are particularly scarce.
In the USA, the economic burden could amount to $3—4
billion in costs charged to Medicare and an added resource
load of millions of hospital bed days to healthcare facilities.
Initiating preventive and risk-based measures will liberate
scarce medical resources for use elsewhere.
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