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Abstract
The commonly used vaccine for adults with a high risk of pneumonia is 23-valent pneumococcal polysaccharide vaccine (PPSV23).
However, its effectiveness in patients with colorectal cancer has not been investigated. This study aimed to investigate the
effectiveness of PPSV23 in reducing the risk of pneumonia among elderly patients with colorectal cancer.
A total of 120,605 newly diagnosed patients with colorectal cancer were identified from the Taiwan National Health Insurance

Research Database between 1996 and 2010. Of these patients, 18,468 were 75 years or older in 2007 to 2010, and 3515 received
PPSV23. People aged 75 years or older have been considered eligible for receiving PPSV23 vaccination in Taiwan since 2007. The
specific “vaccination period” of October 2008 to December 2008 was used to minimize the potential immortal time bias. Therefore,
893 patients who received PPSV23 outside this vaccination period or died before 2009 and 2960 unvaccinated patients who died
before 2009 were excluded. After the propensity score was matched with a 1:3 ratio, 2622 vaccinated patients and 7866
unvaccinated patients were recruited. A multivariate log-linear Poisson regression model was performed and adjusted for potential
confounders, including influenza vaccination, vaccination period, cancer treatment modalities, comorbidities, and sociodemographic
variables.
After 2 years of follow-up, the incidence rate of the pneumonia hospitalization of the vaccinated patients was significantly lower than

that of the unvaccinated patients at 85.53 per 1000 person-years (PYs) of the former and 92.38 per 1000 PYs of the latter. The
proportions of patients who had 2, 3, and >3 pneumonia hospitalizations per year were consistently lower in the vaccinated group
than in the unvaccinated group (1.9% vs 2.0%, 0.5% vs 0.9%, and 0.7% vs 1.1%, respectively). After adjustment for covariates was
made, PPSV23 vaccine was significantly associated with a reduced risk of pneumonia hospitalization, with an adjusted incidence rate
ratio of 0.88 (P= .040). The overall pneumonia-free survival rate was also significantly higher in the vaccinated patients than in the
unvaccinated patients (P= .001).
PPSV23 vaccination was associated with a significantly reduced rate of pneumonia hospitalization in elderly patients with

colorectal cancer.

Abbreviations: CAP = community-acquired pneumonia, CHF = congestive heart failure, CI = confidence interval, CKD = chronic
kidney disease, COPD = chronic obstructive pulmonary disease, CRC = colorectal cancer, DM = diabetes mellitus, IRB = institution
review board, IRR = incidence rate ratio, NHIA = National Health Insurance Administration, NHIRD = National Health Insurance
Research Database, PPSV23 = 23-valent pneumococcal polysaccharide vaccine, PY = person-year.
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1. Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed
malignancy and the fourth leading cause of cancer deaths in the
world; it accounted for about 1.4 million new cases and almost
700,000 deaths in 2012.[1] It is also one of the leading causes of
cancer-related deaths in the USA, Europe, and Asia.[2] Taiwan has
a high human development index, 0.907 in 2018. Similar to many
other developed countries, CRC is a major public health problem
in Taiwan. According to a report of the Bureau of Health
Promotion, Taiwan, CRC has been considered the most common
malignancy in Taiwan since 2006, and its crude incidence rate was
65.84 per 100,000 people in 2015.[3] The standardized incidence
rates of colon cancer and rectal cancer were 26.96 and 15.74 per
100,000 people in 2015 in Taiwan, respectively.[3]

Cancer treatment modalities, such as surgery, radiotherapy,
chemotherapy, and targeted therapies can impair the immune
system and increase susceptibility to pneumonia.[4–6] Pneumonia
is the most frequent type of infection in patients with cancer, and
it is associated with high mortality rates.[7] In a German cohort of
89,007 patients with cancer, the standardized incidence rate of
pneumonia increases by 21-fold (lung cancer), 4.3-fold (hemato-
logical malignancies), and 1.8-fold (gastrointestinal tract malig-
nancies) to 1.7-fold (breast cancer) compared with that of the
matched control cohort.[8] Schmedt et al[8] also reported that
30-daymortality in community-acquired pneumonia (CAP) cases
is the highest in patients with lung cancer (20.0%), and this
parameter ranges from 7.2% to 18.5% in CAP cases compared
with other cancer subtypes. Pneumonia can increase mortality,
number and severity of complications, length of hospitalization,
and hospital-related costs in patients with cancer.[9]

Among different pathogens causing pneumonia, Streptococcus
pneumoniae is an important pathogen and still a major cause of
morbidity and mortality worldwide.[10] Invasive pneumococcal
disease among healthy adults is effectively prevented by 23-valent
pneumococcal polysaccharide vaccine (PPSV23; 50%–85%),
which was licensed in 1983.[11,12] The effectiveness of PPSV23
has, however, never been studied in patients with CRC.
Anticancer therapies may affect immune responses to vaccina-

tion, and their ability to prevent the development of an adequate
immune response to influenza or pneumococcal pneumonia
vaccine remains controversial. A previous study showed that
serum antibody response to influenza virus vaccine in patients
receiving cancer chemotherapy is weak. Some studies have,
however, demonstrated that pneumococcal vaccine can stimulate
an adequate immune antibody response in patients with
nonspecific cancer.[13–15] Another study also showed that the
seroconversion rate of patients with CRC and receiving chemo-
therapy (36%) is lower than that of healthy volunteers without
CRC (85%; P= .027).[16] For clinical effectiveness, no clinical
follow-up studies on patients with CRC have been performed.
Aging is another factor affecting the immune system. Age-

dependent changes are referred to as immunosenescence, and
they are partially responsible for poor immune responses to
infections and low efficacy of vaccination in elderly persons.[17]

In this study, we investigated the effectiveness of PPSV23 in
elderly patients with CRC and aged 75 years or older.

2. Materials and methods

Our retrospective cohort study involved a specific “vaccination
period” from October 2008 to December 2008. Data, including
comorbidities, were obtained from 1996 to 2010.
2

2.1. Sources of data and ethics statement

Data were obtained from the National Health Insurance
Research Database (NHIRD) and released for research purposes
by the National Health Research Institutes, Taiwan. The NHIRD
contains medical claims data for approximately 99% of
Taiwanese people.[18] This study was done in accordance with
the Helsinki Declaration and approved by the institution review
board (IRB) of our institution, that is, Dalin Tzu Chi Hospital of
Buddhist Tzu Chi Medical Foundation (approval number,
B10404001). The IRB waived the requirement for written
informed consents from the patients involved because the
researchers could not directly contact individual patients from
this de-identified database.
To ensure the accuracy of the claims, the National Health

Insurance Administration (NHIA) performs quarterly expert
reviews on every 50 to 100 ambulatory and inpatient claims filed
by each medical institution.[19] False diagnostic reports are liable
to severe penalties from the NHIA.[20]

All claims data of patients with cancer between 1996 and 2010
were used. The databases contained ambulatory care claims,
inpatient hospitalization claims, national cancer registration
database, registry of catastrophic illness, and registry of
beneficiaries, which recorded an individual’s monthly income
data. In Taiwan, the NHIA issues catastrophic illness certificates
to all patients with pathologically confirmed malignant tumors.

2.2. Patients and study groups

A total of 120,605 patients with CRC were identified from the
national cancer registration database and validated by the
information from the catastrophic illness registry. In Taiwan, the
policy of administering PPSV23 free of charge for people aged 75
years or older started in 2007. In this study, the effectiveness of
vaccine for patients with CRC and receiving vaccine after cancer
diagnosis was explored. Therefore, only patients who had CRC
diagnosed before 2007 were included. Our study subjects were
limited to those aged older than 75 years. The flowchart of the
study subjects’ enrollment is presented in Figure 1.
A total of 18,468 elderly patients with CRC diagnosed before

2007 were included. Among them, 3515 received PPSV23, but
14,953 did not. The number of patients receiving PPSV23
vaccination during specific periods is shown in Table 1. Most
patients (2622 patients, 74.6%) received PPSV23 from October
2008 toDecember 2008. The “vaccination period”was defined as
October 2008 to December 2008 to reduce the potential immortal
time bias associated with the competing risk by death, that is,
patients who survived long tended to be healthier than who died
early, and have a greater chance of receiving vaccination. Only
patients who survived to the end of the vaccination period, that is,
January 1, 2009, were included. As such, 893 patients in the
vaccinated group and2960 in the unvaccinated groupwere further
excluded from the analyses, that is, patients who died before 2009
or received PPSV23 outside the defined vaccination period (Fig. 1).
The follow-up period of the vaccinated and unvaccinated groups
started on January 1, 2009, and ended on the date of withdrawal
from the National Health Insurance (NHI) program, death, or
study termination (December 31, 2010).
Self-selection for vaccination might exist, considering the

relatively low vaccination rate. Each vaccinated patient was
subjected to propensity score matching to 3 unvaccinated
patients to reduce potential confounding by indication that
elderly people who suffered from a frequent pneumonia in the



Table 1

Months distribution of 23-valent pneumococcal polysaccharide
vaccine vaccination in elderly patients with colorectal cancer.

Numbers Percentage

October 2007–December 2007 540 15.4
October 2008–December 2008 2622 74.6
October 2009–December 2009 221 6.3
October 2010–December 2010 114 3.2
Other 18 0.5
Total 3515 100

PPSV23=23-valent pneumococcal polysaccharide vaccine.

Figure 1. Study design flowchart for elderly colorectal cancer patients with and without 23-valent pneumococcal polysaccharide vaccine (PPSV23). # The
“vaccination period,” October 2008 to December 2008, is set to reduce immortal time bias.
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past tended to have a greater willingness to receive vaccination
than the general elderly population. The propensity score was
calculated from the patients’ age on January 1, 2009, sex, and
number of pneumonia hospitalizations over the past 3 years. A
total of 2622 vaccinated patients and 7866 unvaccinated patients
were recruited (Fig. 1).
2.3. Measurements of endpoints and potential
confounders

The primary outcome in the study was all-cause bacterial
pneumonia hospitalization (International Classification of Dis-
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ease, Ninth Revision, Clinical Modification codes for inpatient
services: 481–482 and 485–486). In this study, all-cause bacterial
pneumonia included invasive and noninvasive pneumonia and
excluded viral pneumonia and influenza. The primary outcome
was all-cause bacterial pneumonia rather than specific pneumo-
coccal pneumonia because a definite pathogen culture result is
unnecessary during pneumonia treatment. Therefore, the
frequency of pneumococcal pneumonia is highly underestimated
in clinical practice and in our Health Insurance Research
Database (NHIRD), possibly resulting in a wrong conclusion.
The potential confounders considered in this study were age,
sex, influenza vaccination, vaccination period, cancer treatment
modalities, comorbidity, and sociodemographic variables
(Table 2). Cancer treatment modalities, including surgery,
radiotherapy, chemotherapy, and targeted therapy, were also
adjusted.[4–6] The influenza vaccination status was also consid-
ered a potential confounder and adjusted in the analysis because
most patients received PPSV23 and influenza vaccines.
A number of major illnesses, such as coronary heart disease,

congestive heart failure (CHF), asthma, interstitial lung disease,
chronic obstructive pulmonary disease (COPD), liver cirrhosis,
diabetes mellitus (DM), chronic kidney disease (CKD), stroke,
and dementia, which could affect susceptibility to pneumonia,
were included in our analysis.[21] These comorbidity data were
obtained from ambulatory care and inpatient hospitalization
claims in 1996 to 2008.
People with higher health awareness would bemore likely to be

vaccinated than the general population, so several socioeconomic
variables, including urbanization level, geographic region, and
monthly income-based insurance premium, were also adjusted.
Patients were grouped on the basis of urbanization level (i.e.,
urban, suburban, and rural) in accordance with the proposed
classification scheme of Liu et al.[22] The urbanization level was
adjusted because of the distinct urban-rural difference in medical
care accessibility in Taiwan.[23]
2.4. Statistical analysis

The propensity score method was used for matching. The
characteristics between the 2 study groups were compared. The
incidence rate of pneumonia hospitalization was calculated as the
ratio of the number of pneumonia hospitalizations to the number
of person-years (PYs) of follow-up. The follow-up period of both
study groups started on January 1, 2009, and ended on the date of
withdrawal from the NHI program, death, or study termination
(December 31, 2010). The incidence rate followed a Poisson
distribution, so a multivariate log-linear Poisson regression model
was used to calculate the incidence rate ratios (IRRs) with all
covariates included. The Kaplan-Meier method was used to
estimate the overall survival time. Two statistical packages [SAS
(version 9.4; SAS Institute Inc, Cary, NC) and SPSS (version 12,
SPSS Inc, Chicago, IL)] were used to analyze the data. A 2-sided P
value of <.05 was considered statistically significant.
3. Results

The distribution of the demographic characteristics and
comorbidities, including pneumonia hospitalization history, of
the 2 groups is shown in Table 2. The PPSV23-vaccinated and
unvaccinated elderly patients with CRC had similar mean ±
standard deviation age of 79.7 ± 3.9 and 79.8±4.2 years,
respectively.
4

A total of 1786 episodes of pneumonia hospitalization
occurred in an observation period of 19,703.37 PYs in 1168
patients. The pneumonia incidence rate was lower in the
vaccinated patients [85.53 per 1000 PYs; 95% confidence
interval (CI): 77.41–93.65] than in the unvaccinated patients
(92.38 per 1000 PYs; 95% CI: 87.47–97.28; Table 3). The
proportion of the vaccinated patients with no and 1 pneumonia
hospitalization per year was higher than that of the unvaccinated
patients (89.1% vs 88.8%, 7.9% vs 7.2%; Table 4). The
proportions of patients who had 2, 3, and >3 pneumonia
hospitalizations per year were consistently lower in the
vaccinated group than in the unvaccinated group (1.9% vs
2.0%, 0.5% vs 0.9%, and 0.7% vs 1.1%, respectively).
After adjustment for confounders was made, our analysis

showed that PPSV23 vaccination significantly reduced the
pneumonia hospitalization risk, with an IRR of 0.880 (P= .04;
Table 5). An adjusted IRR of sex significantly <1 (0.643,
P< .001) indicated that men were more at risk of pneumonia
hospitalization than women. The incidence rate of pneumonia
hospitalization was increased by certain cancer treatment
modalities, such as radiotherapy (adjusted IRR=1.439, P< .001)
and surgery (adjusted IRR=1.158, P= .003), but this rate was
not affected by other modalities, such as target therapy and
chemotherapy.
PPSV23 and influenza vaccinations are administered from

October to December every year in Taiwan (Table 2). PPSV23-
vaccinated patients are much more likely to receive influenza
vaccination than unvaccinated patients (92.1% vs 30.8% with
P< .001; Table 2). In univariate and multivariate analyses, all
covariates were, however, adjusted, and influenza vaccination
had no significant effect on pneumonia hospitalization (IRR=
1.056, P= .247; adjusted IRR=1.012, P= .83; Table 5).
The comorbidities affecting the pneumonia-hospitalization

incidence rate were CHF (adjusted IRR=1.815, P< .001),
asthma (adjusted IRR=1.249, P< .001), interstitial pulmonary
disease (adjusted IRR=2.612, P< .001), COPD (adjusted IRR=
2.173, P< .001), DM (adjusted IRR=1.161, P= .003), CKD
(adjusted IRR=1.239, P< .001), stroke (adjusted IRR=1.719,
P< .001), and dementia (adjusted IRR=2.284 P< .001). Socio-
demographic variables, urbanization, and socioeconomic status
wages did not show any significant effect on the IRR of
pneumonia hospitalization. The risk of hospitalized pneumonia
in the central region was higher (adjusted IRR=1.162, P= .02)
than that in the northern region, whereas the risk of hospitalized
pneumonia in the eastern region was lower (adjusted IRR=0.64,
P= .01) than that in the northern region.
The overall survival was significantly better in the PPSV23-

vaccinated group than in the unvaccinated group (Fig. 2,
P= .001).

4. Discussion

Our study indicated that pneumonia is a critical disease affecting
elderly patients with CRC and aged 75 years or older. The clinical
effectiveness of PPSV23 has never been studied in patients with
CRC. In this population-based propensity score–matched cohort
study, pneumonia hospitalization risk was decreased 12% in the
vaccinated cohort. Our resulted also showed there were fewer
patients in the vaccinated group with pneumonia hospitalizations
≥2 times per year, than in the unvaccinated group. In addition,
vaccinated patients with CRC had higher survival rate
than patients unvaccinated with PPSV23. Although anticancer



Table 2

Demographic characteristics and comorbidities of elderly patients with colorectal cancer vaccinated and unvaccinated with 23-valent
pneumococcal polysaccharide vaccine.

Without PPSV23 vaccination N=7866 With PPSV23 vaccination N=2622
N % n % P

Age, y >.99
75–80 5176 65.8 1725 65.8
81-85 1961 24.9 654 24.9
≥86 729 9.3 243 9.3

Gender .99
Male 4646 59.1 1549 59.1
Female 3220 40.9 1073 40.9

Frequency of pneumonia in the past 3 years 0.99
0 7479 95.1 2493 95.1
1 327 4.2 109 4.2
2 51 0.6 17 0.6
≥3 9 0.1 3 0.1

Influenza vaccination <.001
Yes

∗
2422 30.8 2414 92.1

No 5444 69.2 208 7.9
Months of influenza vaccination

∗
0.08

Jan, Feb, Mar 18 0.7 7 0.3
Apr, May, Jun 2 0.1 0 0.0
Jul, Aug, Sep 1 0.04 1 0.04
Oct, Nov, Dec 2401 99.1 2406 99.7

Chemotherapy <.001
Yes 1694 21.5 471 18.0
No 6172 78.5 2151 82.0

Radiotherapy <.001
Yes 855 10.9 210 8.0
No 7011 89.1 2412 92.0

Surgery .15
Yes 4725 60.1 1617 61.7
No 3141 39.9 1005 38.3

Target therapy .74
Yes 87 1.1 27 1.0
No 7779 98.9 2595 99.0

Coronary heart disease <.001
Yes 4630 58.9 1679 64.0
No 3236 41.1 943 36.0

Congestive heart failure .37
Yes 1748 22.2 605 23.1
No 6118 77.8 2017 76.9

Asthma <.001
Yes 2335 29.7 896 34.2
No 5531 70.3 1726 65.8

Interstitial lung disease .45
Yes 96 1.2 37 1.4
No 7770 98.8 2585 98.6

COPD <.001
Yes 4347 55.3 1587 60.5
No 3519 44.7 1035 39.5

Liver cirrhosis .06
Yes 416 5.3 164 6.3
No 7450 94.7 2458 93.7

Diabetes Mellitus .04
Yes 3631 46.2 1270 48.4
No 4235 53.8 1352 51.6

Chronic kidney disease .67
Yes 1188 15.1 405 15.4
No 6678 84.9 2217 84.6

Stroke .99
Yes 3886 49.4 1295 49.4
No 3980 50.6 1327 50.6

Dementia .23
Yes 873 11.1 269 10.3
No 6993 88.9 2353 89.7

Urbanization level <.001
Metropolis 2119 26.9 602 23.0
Satellite cities 3223 41.0 1195 45.6
Rural areas 2524 32.1 825 31.5

Geographic region .06
North 3679 46.8 1230 46.9
Central 1735 22.1 618 23.6
South 2282 29.0 704 26.8
East and remote islands 170 2.2 70 2.7

Socioeconomic status .02
Highest 2233 28.4 662 25.2
High 93 1.2 29 1.1
Low 3133 39.8 1088 41.5
Lowest 2407 30.6 843 32.2

COPD= chronic obstructive pulmonary disease, PPSV23=23-valent pneumococcal polysaccharide vaccine.
∗
For patients who ever received influenza vaccination during study period, 2007 to 2010.
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Table 3

Incidence density of pneumonia hospitalization in elderly patients with colorectal cancer vaccinated and unvaccinated with 23-valent
pneumococcal polysaccharide vaccine.

PYs No. subjects with pneumonia hospitalization No. episodes of pneumonia hospitalization ID
∗
(per 1000 PYs) 95% CI

With PPSV23 4980.78 286 426 85.53 77.41 93.65
Without PPSV23 14,722.60 882 1360 92.38 87.47 97.28
Total 19,703.37 1168 1786 90.64 86.44 94.85

CI= confidence interval, ID= incidence density, PPSV23=23-valent pneumococcal polysaccharide vaccine, PY=person-year.
∗
Incidence density (per 1000 person-years), calculated as the ratio of the number of episodes of pneumonia hospitalization to person-years observed.

Table 4

Frequency distribution of pneumonia hospitalization episodes per year in elderly patients with colorectal cancer with and without 23-
valent pneumococcal polysaccharide vaccine.

No. pneumonia hospitalizations per year

0 1 2 3 >3

With PPSV23 2336 207 49 12 18
% 89.1 7.9 1.9 0.5 0.7

Without PPSV23 6984 568 155 73 86
% 88.8 7.2 2.0 0.9 1.1

Total 9320 775 204 85 104
% 88.9 7.4 1.9 0.8 1.0

PPSV23=23-valent pneumococcal polysaccharide vaccine.
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therapies and aging might affect immune responses to vaccina-
tion, this study showed that elderly patients with CRC and aged
75 years or older, could benefit from PPSV23.
For the clinical benefit of PPSV23, we found that PPSV23 can

significantly reduce the hospitalization frequency and mortality
of patients with lung cancer during active anticancer treat-
ment.[24] Another study also showed that PPSV23 vaccination is
associated with a significantly reduced rate of pneumonia
hospitalization in survivors of long-term cancer.[25] In our study,
PPSV23 was also effective in elderly patients with CRC. It could
also be considered a feasible strategy for coping with the high risk
of pneumonia in elderly patients with CRC because the cost of
PPSV23 is low. Our results could encourage doctors to
recommend pneumococcal vaccine for patients with cancer
because we approved the effectiveness of PPSV inoculation after
cancer diagnosis. In clinical practice, oncologists often focus on
cancer treatment and disregard the importance of pneumococcal
vaccine for elderly people and patients with cancer.
The optimal timing for vaccination is an interesting question.

The effectiveness of pneumococcal vaccine inoculated before
cancer diagnosis is still unknown. Our PPSV-related studies on
patients with lung cancer, survivors of long-term cancer, and
patients with CRC have included patients who received PPSV23
after cancer diagnosis.[24,25] Time interval between vaccine
administration and chemotherapy initiation has, however, been
rarely studied in adult patients with cancer. Choi et al[26]

investigated optimal vaccination timing by vaccinating patients
2 weeks before or on the day of chemotherapy initiation to
determine the antibody response of patients with CRC to
pneumococcal conjugate vaccine 13. They found no significant
differences. Therefore, the clinical effectiveness of vaccines
between different vaccine periods should be further investigated.
For the vaccinated patients, the pneumonia incidence in our

study was still high possibly because of several reasons. The most
important reason was that the endpoint of this study was all-
cause bacterial pneumonia rather than specific pneumococcal
pneumonia. The second reason was that patients were very old,
6

that is, they were 75 years or older. The third reason was that
their cancer status or cancer treatments, such as chemotherapy/
radiotherapy, resulted in their relative immunosuppression
status.
Influenza infection may predispose some patients to bacterial

pneumonia, but influenza vaccination did not decrease the
number of bacterial pneumonia hospitalizations in this study
possibly because of the following: our endpoint outcome was
strictly bacterial pneumonia, not viral pneumonia, and influenza;
some circulating virus strains were covered by the influenza
vaccine in that year; and our endpoint was hospitalized
pneumonia, which is more severe than CAP.
In our study, surgery included laparoscopic and open

surgery. Surgery and radiotherapy were associated with a
high risk of pneumonia hospitalization in elderly patients with
CRC. Many certain comorbidities, such as CHF, asthma,
interstitial pulmonary disease, COPD, DM, CKD, stroke, and
dementia, increased the risk of pneumonia hospitalization in
this study. Jackson et al[27] identified CHF, asthma, COPD,
DM, stroke, dementia, and lung cancer as risk factors of
pneumonia in general people aged 65 years or older; they also
identified CHF, asthma, COPD, and dementia as risk factors in
elderly patients with cancer. In a multicenter and retrospective
cohort study in South Korea, old age, more comorbidities, ulcer
disease, history of pneumonia, and smoking are associated
with an increased incidence of pneumonia within 1 year after
cancer surgery.[28]
4.1. Study strengths

This study had several strengths. First, it was a nationwide
population-based study that included all patients with CRC and
all hospitals in Taiwan, leaving a low chance of selection bias
and attrition bias (loss to follow-up) and having a relatively
large sample size. Second, the utilization of propensity score
matching strategy, with age, sex, and previous personal
pneumonia history, to select unvaccinated patients also helped



Table 5

Crude and adjusted incidence rate ratio of pneumonia hospitalization in elderly patients with colorectal cancer.

Crude estimate Adjusted Estimate

IRR 95% CI P IRR 95% CI P

PPSV23 (without, ref) 1 1
With 0.926 0.830 1.032 .166 0.880 0.776 0.997 .04

Age (75–80, ref) 1 1
80–85 1.4229 1.283 1.578 <.001 1.267 1.141 1.407 <.001
90+ 1.386 1.190 1.613 <.001 1.176 1.006 1.374 .04

Sex (male, ref) 1 1
Female 0.604 0.546 0.668 <.001 0.643 0.579 0.715 <.001

Influenza vaccination (No, ref) 1 1
Yes 1.056 0.963 1.159 .247 1.012 0.909 1.127 .83

Chemotherapy (No, ref) 1 1
Yes 1.027 0.916 1.153 .645 1.037 0.914 1.176 .57

Radiotherapy (No, ref) 1 1
Yes 1.424 1.241 1.633 <.001 1.439 1.244 1.664 <.001

Surgery (No, ref) 1 1
Yes 1.157 1.051 1.274 .003 1.158 1.050 1.278 .003

Target therapy (No, ref) 1 1
Yes 1.510 1.365 1.669 <.001 0.973 0.874 1.084 .621

Coronary heart disease (No, ref) 1 1
Yes 1.649 1.466 1.855 <.001 0.999 0.881 1.132 .99

Congestive heart failure (No, ref) 1 1
Yes 2.344 2.132 2.577 <.001 1.815 1.640 2.009 <.001

Asthma (No, ref) 1 1
Yes 1.877 1.710 2.060 <.001 1.249 1.131 1.379 <.001

Interstitial pulmonary disease (No, ref) 1 1
Yes 3.523 2.800 4.433 <.001 2.612 2.071 3.294 <.001

Chronic obstructive pulmonary disease (No, ref) 1 1
Yes 3.192 2.841 3.587 <.001 2.173 1.917 2.464 <.001

Liver cirrhosis (No, ref) 1 1
Yes 1.303 1.083 1.568 .01 1.199 0.995 1.445 .06

Diabetes mellitus (No, ref) 1 1
Yes 1.453 1.323 1.595 <.001 1.161 1.054 1.279 .003

Chronic kidney disease (No, ref) 1 1
Yes 1.658 1.483 1.853 <.001 1.239 1.105 1.390 <.001

Stroke (No, ref) 1 1
Yes 2.285 2.068 2.525 <.001 1.719 1.549 1.908 <.001

Dementia (No, ref) 1 1
Yes 2.861 2.572 3.183 <.001 2.284 2.045 2.552 <.001

Urbanization (Urban, ref) 1 1
Suburban 1.035 0.919 1.165 .57 0.985 0.869 1.116 .81
Rural 1.160 1.026 1.311 .02 1.082 0.929 1.261 .31

Region (Northern, ref) 1 1
Central 1.178 1.049 1.323 .01 1.162 1.021 1.323 .02
Southern 1.031 0.922 1.153 .59 1.091 0.969 1.230 .15
Eastern 0.855 0.607 1.206 .37 0.640 0.451 0.909 .01

Socioeconomic status (Highest, ref) 1
High 1.040 0.664 1.627 .86 1.174 0.749 1.839 .48
Low 1.088 0.968 1.222 .16 1.023 0.893 1.172 .74
Lowest 1.116 0.988 1.262 .08 0.912 0.804 1.034 .15

CI= confidence interval, IRR= incidence rate ratio, PPSV23=23-valent pneumococcal polysaccharide vaccine, ref.= reference.
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reduce confounding by indication, that is, elderly people who
suffered from frequent pneumonia would have a greater
willingness to receive vaccination than the general elderly
population. Lastly, a PYs approach was used to determine the
occurrence of multiple pneumonia incidence, thereby reducing
the potential bias due to different lengths of follow-up between
vaccinated and unvaccinated groups. This finding was important
because of the relatively short life expectancy of elderly patients
with CRC (age older than 75 years).
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4.2. Study limitations

Our study also had several limitations. First, we conducted an
observational nationwide population-based matched cohort
study rather than a randomized trial, so our study was still
exposed to certain unmeasured confounders, even though our
patients were matched with propensity score and analyzed
through multivariate analysis. Second, this study did not collect
cancer stage information. Cancer treatment modalities, such as
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Figure 2. Kaplan-Meier survival curves for elderly colorectal cancer patients with and without PPSV23 vaccination (P= .001). Green line = with PPSV23
vaccination, blue line = without PPSV23 vaccination. PPSV23 = 23-valent pneumococcal polysaccharide vaccine.
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surgery, chemotherapy, radiotherapy, and target therapy, which
are, however, relevant to individual cancer stage, were included
in our analysis. The PYs approach eliminated the effect of
different lengths of follow-up due to different cancer stages.
Third, the database used was limited to routinely collected data
for the National Health Insurance system, that is, it does not
include nonroutinely collected data, such as smoking personal
history, although COPD was included in the adjustment in this
study. Fourth, the conclusion of this population-based cohort
study was limited to the patients with CRC of this age group
because the “free vaccine” policy applies only to those older than
75 years.
5. Conclusion

PPSV23 vaccination was associated with a significantly reduced
rate of pneumonia hospitalization in elderly patients with CRC.
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