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Previous Infection Positively Correlates to the Tumor
Incidence Rate of Patients with Cancer
Shinako Inaida1 and Shigeo Matsuno2

ABSTRACT

◥

dence intervals (CI) in cases 1 year before cancer detection were
signiﬁcantly higher—for inﬂuenza 1.29 (95% CI, 1.14–1.46), for
gastroenteritis 1.60 (95% CI, 1.41–1.82), for hepatitis 3.38 (95%
CI, 2.12–5.37), for pneumonia 2.36 (95% CI, 1.79–3.13), and for
any of these four diseases 1.55 (95% CI, 1.40–1.70). In inﬂuenza
infections, signiﬁcant ORs were found only in the 2nd and 6th
years before cancer diagnosis. For each cancer site, an increased
rate of infection prior to cancer diagnosis was observed. Here, we
showed that increased infections during the precancerous stage, a
possible surrogate for tumor-induced immune suppression, correlated to eventual cancer development.

Introduction

Materials and Methods

Immunity and inﬂammation status are involved in the
oncogenesis (1–4). Infection with commonly acquired pathogens such
as inﬂuenza, pneumonia, pharyngitis, and sinusitis can cause an
inﬂammation that creates a tumorigenic cellular environment (5–13).
Infection with speciﬁc carcinogen-related microorganisms such as
human papillomavirus (HPV), Helicobacter pylori, and hepatitis may
cause cancer; however, there are potentially immune variations that
correlate with infection and later cancer development (14–18). Cancer
can evolve and be confounded by chronic inﬂammation caused by
carcinogen exposure such as from smoking and air pollution (18, 19).
Cancer development can inhibit the immune system (1, 5, 16), thus in a
precancerous state, the immune system could be suppressed, risking
increased infection. Thus, signs of clinical inﬂammation, infection, and
immunity before cancer development should be investigated as they
may help to identify relevant factors for the early detection and the
prevention of cancer.
We conducted a case–control study to estimate the prevalence of
four major infectious diseases, inﬂuenza, gastroenteritis, hepatitis, and
pneumonia, as possible surrogates for observing the immune status of
patients during the precancer period. The study was based on a
hypothesis that people live in the similar exposure areas to these
community-acquired infections, thus suppressed immunity might
appear in an elevated infection rate. We compared the prevalence
rate of four infectious diseases over a 7-year period between patients
who developed cancer and healthy controls using a large claims-based
database from Japan.

We used the claims-based database from 2005 to 2012 of Japan
Medical Data Center (JMDC; ref. 20), which contains records of all
medical claims of approximately 1.60 million individuals, based on a
corporate social insurance system in Japan. The database comprises
data of a wide range of employees nationwide, working in middle- to
large-sized companies and their families, meaning the data incorporates the individuals who have a similar social economic status. The
records of all inpatient and outpatient medical claims under anonymous individual codes were obtained from the JMDC, and the disease
histories and records were reviewed using the diagnostic codes of the
International Classiﬁcation of Diseases, 10th Revision (ICD-10).
Owing to the retrospective nature of the study, the need for informed
consent was waived.
The study protocol was approved by the ethics committee of Kyoto
University (Kyoto, Japan; registration number, R0133).
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The case–control study
We set the study design to include people ≥30 years of age in a 7-year
case–control study, with 6 years of observation of prevalence rate of
infection, as a possible surrogate for tumor-induced immune suppression, before malignant cancer detection. The study objective was to
investigate the precancer immunity trend of patients ≥30 years of age,
thus the people who were ≥30 years of age as of the 7th year of this
study were included. Then, the infection trend of 6 years onward was
compared between cases and controls.
The case group was people who presented with malignant cancer
detection in the 7th year of the study, between July 2010 and June 2011
(2010–2011). Then, by using ICD-10 codes that were input monthly as
each individual diagnosis record, which was made by the diagnosis of
clinical symptoms in the database, the prevalence rate in inﬂuenza,
gastroenteritis, hepatitis, and pneumonia was calculated by epidemic
seasons (July to June, a summer-to-spring epidemic season including
one winter epidemic season) from 2004–2005 to 2009–2010 (6 years
onward 2010–2011) before the malignant cancer detection.
As this study was intended to consider the correlation between
previous infection and cancer formation, the population with chronic
immune–related diseases (blood and blood-forming organ diseases and
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We conducted a 7-year case–control study of people ≥30 years
of age on the prevalence of inﬂuenza, gastroenteritis, hepatitis, and
pneumonia infections to indirectly examine whether these infections correlated to malignant cancer formation. Data were
extracted from a large medical claims database of a Japanese
social health insurance system; the case group included 2,354
people with their ﬁrst cancer diagnosis in the 7th year of this study,
and the control group included 48,395 people with no cancer
diagnosis by the 7th year. The yearly prevalence rates of inﬂuenza,
gastroenteritis, hepatitis, and pneumonia infections increased
throughout the study period. Age-adjusted ORs and 95% conﬁ-
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Figure 1.
Flowchart for selecting the precancerous (case) and control patient data. The ﬂow of data extraction from the JMDC
database is described. Age was recorded in the 7th year of
this study.  , Male patients with breast cancer (n ¼ 5) were
not included because of the limitation of the number of
patients.

Cohort (≥30) who were in the database
between 2005 and 2012 (8 years), without
immune-related sickness record
(N = 63,916)

Excl.
-Benign tumor detecon
-Malignant cancer detecon,
except in the 7th year

Control group:
no cancer detecon
(N = 48,395)

Case group:
ﬁrst malignant cancer detecon in the 7th year
(N = 2,354)*

Prevalence rates for each group by year
We estimated the overall prevalence of infection by the rate of the
number of infected patients for inﬂuenza, gastroenteritis, hepatitis, or
pneumonia, and compared yearly trend of epidemic prevalence curves
for cases and controls. If the patients had the record of the diagnosis
of infection more than one time during the year, the frequency of
infection was recorded as once for each infectious disease for the year

N (men/women)

Control group

2,354 (1,843/511) 48,395
(37,779/10,616)
Average age (95% CI)
45.1 (44.8–45.4) 43.9 (43.8–43.9)
Median age (minimum–maximum) 45 (30–72)
43 (30–74)
SD
8.1
7.9
Note: Age was recorded in the 7th year of this study.
Abbreviation: CI, conﬁdence interval.
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ORs using logistic regression analysis
We estimated the overall yearly age-adjusted ORs before cancer
detection by means of multivariate logistic regression analysis. Sex was
not found to be signiﬁcantly associated in the most of cancer sites (thus
sex was not included in the multivariate regression models in most of
the cancer sites.) The signiﬁcance of age-adjusted ORs was tested for
each year for all cancers, and also in the 6th year (1 year before the
cancer detection) for cancer sites [head and neck, digestive and
gastrointestinal (except stomach), stomach, liver, respiratory and
thoracic, breast (female), germ cell (male/female), genitourinary,
endocrine, hematologic, blood, bone, and bone marrow; unknown
and other cancer (including skin and eye), and the control group].
Breast (female) and germ cell (female) were compared with the female

Table 2. Cancer site information.
n (men/women)
(proportion)

Cancer site
Head and neck
Digestive and gastrointestinal (except stomach)
Stomach
Liver
Breast (female)
Respiratory and thoracic
Germ cell

Table 1. Basic population characteristics.
Case group

to avoid counting a series of diagnoses. x2 analysis was used to compare
the prevalence rate between the case and control groups. Because the
single control group was compared repeatedly to each infection group
at many time points, a Benjamini–Hochberg correction was applied to
address multiplicity and adjust the P values. P values with adjusted
signiﬁcance <0.05 were considered statistically signiﬁcant. Statistical
analysis was performed using SPSS v21 (IBM Corporation).
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certain disorders involving the immune mechanism, congenital malformations, deformations and chromosomal abnormalities, renal failure, chronic hepatitis, rheumatoid arthritis, systemic lupus erythematosus, diseases of the spleen, and human immunodeﬁciency virus) were
excluded from the case–control sample data (as this could exacerbate
infections). Patients who had benign tumors were also excluded.
The control group was determined by people who presented with no
cancer diagnosis between January 2005 and December 2012 (8 years),
which contained data from the 7-year period of the case group plus
another 1 year with no cancer status. The July-to-June epidemiologic
period was set to monitor the winter-based infection trend of those
infectious diseases (21). The study period for the case and control
groups was matched as the prevalence of infectious diseases can be
inﬂuenced by the year and season.
Gastroenteritis data included both bacterial and viral gastroenteritis, but not Helicobacter pylori for which a different ICD-10 code from
the common infectious gastroenteritis was input. The major cause of
infection of gastroenteritis is known to be norovirus, which also has an
epidemic peak in the winter season, similarly for inﬂuenza and pneumonia (21). Hepatitis data, the majority of which was type A, included
any viral hepatitis (22). Pneumonia data included any viral and bacterial
pneumonia, including inﬂuenza-induced pneumonia. Because of the
data limitations, the 2004–2005 season included only data between
January and June (winter to spring) of 2005, including an inﬂuenza
season (January–March) and only part of the infections of the other
three diseases for that year. For inﬂuenza, the 2009–2010 season was
accompanied by the emergence of Pandemic A (H1N1) virus, and for
gastroenteritis, the 2006–2007 season included the largest norovirus
epidemic brought by the new genotype GII.4 variant (21).

Genitourinary
Endocrine
Hematologic, blood, bone, and bone marrow
Unknown and othera

399 (330/69)
(0.169)
583 (473/110)
(0.248)
346 (295/51)
(0.147)
99 (85/14)
(0.042)
60
(0.025)
288 (253/35)
(0.122)
271 (169/102)
(0.115)
182 (142/40)
(0.077)
30 (20/10)
(0.013)
41 (31/10)
(0.017)
55 (45/10)
(0.023)

a

Unknown and other, including eye and skin cancers.
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Figure 2.
Prevalence rate of infections over the 6 years prior to
cancer detection. The yearly epidemic curves for the
case and control groups depicted by the prevalence
rates (calculated by the number of infected patients
within each group) for inﬂuenza (A), gastroenteritis (B),
hepatitis (C), and pneumonia (D). P values from x2 tests
were adjusted for multiple comparisons using the Benjamini–Hochberg FDR correction. P < 0.05 was considered statistically signiﬁcant (indicated in italic). The
2004 to 2005 season was from January to June
2005 due to the data availability that included an
inﬂuenza season (January to March) and part of infections of the other three diseases for the year.
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control, and germ cell (male) was compared with the male control.
Statistical analysis was performed using SPSS v21 (IBM Corporation).
The level of signiﬁcance was set at 5%.

Results

Differences in the infection rate between the case and control
groups
In 6 years before cancer detection, the yearly prevalence rates of
inﬂuenza, gastroenteritis, hepatitis, and pneumonia infections in the
case group were relatively higher than that of the control group
(Fig. 2). The prevalence rate of the control group in hepatitis and
pneumonia infections were similar in the study period, which suggested susceptible rates for these infections in a healthy cohort were
similar over year.
The difference in the yearly prevalence rate between the case and
control groups was largest in the 6th year, 1 year before cancer
detection, suggesting that the largest change in immunity may occur
just before cancer detection (Fig. 2). In the 6th year, the control
group recorded a prevalence rate of 0.11 [95% conﬁdence interval (CI),
0.11–0.12] for inﬂuenza, 0.09 (95% CI, 0.08–0.09) for gastroenteritis,
0.003 (95% CI, 0.002–0.003) for hepatitis, and 0.010 (95% CI,
0.009–0.011) for pneumonia infections. The case group recorded a
prevalence rate of inﬂuenza infections in the 6th year, as 0.13 (95% CI,
0.12–0.15), with an absolute increase of 0.02 (18.0%) to that of the
control group. In gastroenteritis infections, the prevalence rate in the
6th year was 0.13 (95% CI, 0.11–0.14) with an increase of 0.04 (46.1%)
compared with the control group. The prevalence rate of hepatitis
infections was 0.009 (95% CI, 0.005–0.013; 232.1% of the control rate)
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Basic characteristics of the case and control groups
The case group included 2,354 (men/women: 1,843/511) and the
control group included 48,395 (men/women: 37,779/10,616) subjects
(Fig. 1; Table 1). The population characteristics showed that the age of
each group was similar, although patients were slightly younger in the
control group than in the case group.
In the case group, the three largest cancer sites were digestive and
gastrointestinal (except the stomach; n ¼ 583); head and neck (n ¼
399); and stomach (n ¼ 346; Table 2). This was followed by respiratory
and thoracic (n ¼ 288); germ cell (n ¼ 271, male/female: 169/102),
genitourinary (n ¼ 182); liver (n ¼ 99); breast (female; n ¼ 60);
hematologic, blood, bone, and bone marrow (n ¼ 41); endocrine (n ¼
30); and unknown/other (including eye and skin; n ¼ 55).

and of pneumonia infections was 0.024 (95% CI: 0.018–0.030; 135.9%
of the control rate), which were also increased compared with the
control group.
Logistic regression analysis revealed that the age-adjusted ORs
in all cancers increased each year (Table 3). ORs for infection to
any of the four infectious diseases were similar between the 2nd
and 5th years and then increased in the 6th year (age-adjusted OR,
1.55; 95% CI, 1.40–1.70). In the 6th year, OR was signiﬁcantly
higher for infection to each of the four infectious diseases, with the
highest OR for hepatitis infections (age-adjusted OR, 3.38; 95% CI,
2.12–5.37). In inﬂuenza infections, signiﬁcances of ORs in cases
were found in only the 2nd and the 6th years before cancer
detection (Table 3).
In Fig. 3, the ORs of infection between the case and the control
groups for each cancer site during the period 1 year before cancer
detection are shown. In inﬂuenza infections, the OR was higher in
germ cell (male) cancer (OR, 2.01; 95% CI, 1.31–3.09), compared
with the ORs in the other cancer cites (Fig. 3). In gastroenteritis
infections, the OR was relatively high for the most of cancer sites
[OR: 2.03, 95% CI: 1.13–3.64 for germ cell (female); OR: 2.01, 95%
CI: 1.54–2.62 for head and neck; and OR: 2.00, 95% CI: 1.59–2.52
for digestive and gastrointestinal (except stomach)]. Stomach cancer had a larger OR in pneumonia (OR, 3.59; 95% CI, 2.04–6.30)
compared with other infectious diseases. In hepatitis infections,
hematologic, blood, bone, and bone marrow cancers had the highest
OR (OR, 19.04; 95% CI, 4.55–79.67), followed by liver, breast
(female), and genitourinary (OR, 11.60; 10.57; and 6.32; respectively) in the subject period.

Discussion
This study considered the link between increases in infection prevalence and the formation of malignant cancer. Our study indicated a
greater rate of infection for inﬂuenza, gastroenteritis, hepatitis, and
pneumonia before malignant cancer detection. The four studied diseases
showed increased rate of infections in eventual cancer patients occur
from 6 to 7 years onwards. These ﬁndings suggested that the annual
assessment of these four infectious diseases could potentially be useful in
examining the precancerous status for adults. Likewise, an increase of
infection could be a sign of cancer development and inclusion of clinical
immune suppression assays may further help early cancer detection.
ORs of any infection in the eventual cancer patients were similar between
the 2nd and 5th years. These results suggested that better infection-based

Table 3. Yearly age-adjusted ORs for infection in all cancers over the 6 years prior to cancer detection.
Yearly OR (95% CI)
Any disease
Inﬂuenza
Gastroenteritis
Hepatitis
Pneumonia

1st
a

1.16
(1.04–1.29)
1.13
(1.00–1.28)
1.16
(0.97–1.38)
0.95
(0.23–3.91)
1.25
(0.73–2.15)

2nd
a

1.31
(1.18–1.45)
1.20b
(1.05–1.39)
1.29a
(1.13–1.47)
1.93b
(1.07–3.50)
1.67a
(1.21–2.30)

3rd
a

1.31
(1.18–1.45)
1.08
(0.91–1.27)
1.26a
(1.11–1.42)
2.79a
(1.63–4.79)
1.89a
(1.43–2.51)

4th

5th

a

a

1.27
(1.14–1.41)
1.15
(0.98–1.36)
1.30a
(1.15–1.48)
1.96b
(1.11–3.46)
1.51a
(1.11–2.07)

1.34
(1.20–1.49)
1.01
(086–1.17)
1.52a
(1.33–1.73)
2.82a
(1.70–4.69)
1.80a
(1.33–2.44)

6th
1.55a
(1.40–1.70)
1.29a
(1.14–1.46)
1.60a
(1.41–1.82)
3.38a
(2.12–5.37)
2.36a
(1.79–3.13)

P < 0.01.
P < 0.05.

a

b
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C

D

Figure 3.
ORs of infection by cancer site 1 year before cancer detection. ORs for the prevalence rate between the case (by each cancer site) and the control groups 1 year
before cancer detection for inﬂuenza (A), gastroenteritis (B), hepatitis (C), and pneumonia (D) are shown. Breast (female) and germ cell (female) were
compared with the female control group, and germ cell (male) was compared with the male control. ORs were adjusted by age, sex, or age and sex (or none of
these) after checking the signiﬁcance of each of these variables through univariate logistic regression analysis, that is, sex was included in the multivariate
regression model for inﬂuenza and gastroenteritis infections for stomach, digestive, and gastrointestinal and respiratory and thoracic cancer sites. P < 0.05
was considered signiﬁcant and indicated with  . There was no infection history of hepatitis for patients of endocrine, unknown and other, or germ cell (male)
cancers in the 6th year. Similarly, for pneumonia infections, no infection history was found for patients of endocrine, hematologic, blood, bone, and bone
marrow, unknown and other, or genitourinary cancers.

immune responses are linked to the prevention of cancer. Further study
is needed to clarify these trends.
We used the infection status of patients as a surrogate for immune
suppression. The patients here likely had equal exposure to common
infectious agents; we hypothesized that becoming symptomatic after
infection was dependent on an individual's immune status. The lack of
change in the infection rate in the control group, for example, in
hepatitis and pneumonia, suggested that the number of symptomatic
people to each infection was consistent and the increase in the infection
rate in eventual cancer patients was due to immune suppression
compared with the healthy cohort.
In the 6th year of our study, there were higher ORs for all four
infectious diseases in most of cancer sites, suggesting immune sup-
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pression during premalignancy for various cancer types. As the
number of cases for each cancer site was limited, it was difﬁcult to
correlate the occurrence of cancer in a speciﬁc area to a speciﬁc
infection. Infection to hepatitis B and C viruses may cause liver
cancer (15); however our limited dataset could not reveal relationships
between these infections and cancer at a speciﬁc site. For cancers that
are relatively rare, such as endocrinal and hematologic, blood, bone,
and bone marrow cancers, the calculation of prevalence rate of
infection may have been less reliable for making a comparison; thus,
further analysis is needed. However, the results suggest that cancer
occurrence may be linked to immune suppression.
Larger increases and greater ORs were found in cases with
gastroenteritis, hepatitis, and pneumonia infections compared with
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Toll-like receptor, and B cells (2, 23–26). In this precancer period,
overall infection generally increases as a consequence of immune
suppression (4, 5). In addition, aging is also a factor that causes
immune suppression (4), which suggests the younger patients that
eventually get cancer may potentially have differing levels of immune
suppression compared with the healthy cohort.
One limitation of this study is that the disease trends were
recorded using ICD-10 codes, thus these characteristics may have
been dependent on the clinician's diagnosis for each cause (e.g., the
differentiation between hepatitis A and C). We also only extracted
the ﬁrst cancer diagnosis for each patient, and as the observation
period was limited to 8 years, we may have missed further cancer
diagnoses. In this study, the precancer period was set before diagnosis of cancer; however, if there has been a delay in diagnosis, the
precancer and cancer periods may have overlapped. The data also
did not include information on the grade or stage of tumors, which
might be potentially important to estimate each precancerous
period. The study design was set to monitor the June-to-July infection trend to observe the winter-based infections; however, whether
there had been any seasonal trend of each cancer formation or other
setting of epidemiologic period is unknown. A series of diagnoses of
infection over the years may have increased the prevalence rate of
infection. Moreover, patients with infection who did not visit the
hospital might have been overlooked. Inﬂuenza vaccination status
may prevent infection, although a patient's inﬂuenza vaccination
record was not available in our dataset. Patients who feel unwell,
potentially because of cancerous status, tend to see doctors more
often. Although our study considered four major infections, analysis
of other infections and the timing of infection before malignant
cancer detection, which can potentially be a factor for later cancer
development, remains to be studied. Cancer can occur through a
lifespan, thus a longer study is necessary to clarify the relationship
between infections, immune suppression, and cancer formation. Our
data suggest that immune suppression and increased infection could
occur during the precancer period. Further studies are needed to
clarify these precancer trends.
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those with inﬂuenza. This may have been because of the difference of
infectivity between inﬂuenza and these three infectious diseases.
Inﬂuenza is a common respiratory infection with a high rate of
infection within only a few months, thus inﬂuenza generally has much
larger sensitivity than gastroenteritis, hepatitis, and pneumonia. Thus,
subjects tend to be more susceptible to inﬂuenza, even in the control
group. Likewise, increased infection or increased sensitivity in eventual
cancer patients might have been more obvious in gastroenteritis,
hepatitis, and pneumonia infections compared with inﬂuenza infections. Similarly, less differences in the infection rate of inﬂuenza
between the eventual cancer patients and healthy patients may appear
during low epidemic seasons, for example, the 3rd to the 5th year in this
study, when the prevalence of inﬂuenza in cases was lower than 0.10. In
the 6th year (2009–2010 season), the epidemic of the new swine
inﬂuenza virus [Pandemic A (H1N1)] occurred, thus the increase of
infection might have been more visible than other inﬂuenza seasons.
As pneumonia case could have been caused by inﬂuenza virus, the
increased prevalence of pneumonia in cases may have indicated an
increase of intensive inﬂuenza infections.
Few studies have addressed infection in the precancer period (5–13).
Most consider infection in the precancer period of nonsolid tumors
such as lymphoma, chronic lymphocytic leukemia (CLL), and myeloma; these studies discuss infection itself as the oncogenic
trigger (3, 6–13). One study observed monoclonal (M-) protein, and
changes in free and light chains (FLC) and g-globulin, which are
the immune-related compositions of blood and thought to be a
byproduct of CLL, for 9.8 years before CLL diagnosis; up to 44% of
109 patients with CLL had M-proteins and different FLC ratios, and
3 years before the CLL diagnosis hypogammaglobulinemia was
detected. Infection was suspected as a potential cause of this inﬂammatory response and associated with CLL formation (1). Respiratory
infections, such as inﬂuenza and pneumonia, may be linked to oncogenic inﬂammation (9, 10). CLL was also diagnosed after pneumonia
infection (OR, 1.4), and the OR increased to 1.6 during the 4 years
before CLL diagnosis. Sinusitis, pharyngitis, bronchitis, cellulitis, tuberculosis, herpes zoster, and other community acquired infection induce
tumorigenic inﬂammation (6, 7, 11–13); increased ORs were found
prior to blood, bone, and lymphoma-related cancers. Therefore, further
studies are needed for solid tumors to clarify our results.
Owing to the limitations of our data and the absence of any
deﬁnitive index that could have been used in hematologic experiments
and testing, whether infection or immunity is the most likely inﬂammatory cause for later tumorigenicity remains unclear. Cancer could
occur when inﬂammation becomes chronic. For instance, although
people can have HPV infection, the development of cervical cancer
through inﬂammation post-HPV infection is thought to be dependent
on immunity (18). Chronic infection only accounts for 20% of cancer
causes, and overall, cell-mediated cancer development is still
unclear (4). Any innate immunity disruption brought about by
exposure to chemocarcinogens such as smoking, drug use, environmental pollution, and chronic or genetic conditions could be a factor
that may induce cancerous inﬂammation (16–18). Our data provided
limited information on other comorbidities, that is, exposure, genetics,
or lifestyle. There are other possible precancerous indicators that
might lead to oncogenesis, such as immune suppression which can
be monitored by the composition of immunity-related cells such as Th,
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