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In this retrospective study, we aimed to clarify the risk of developing a second

primary cancer and to determine the periods of high risk of second primary can-

cers. Subjects were all patients who had been diagnosed with a first primary

cancer and registered with the Nagasaki Prefecture Cancer Registry between

1985 and 2007. We calculated the standardized incidence ratio (SIR) of second

primary cancer according to site and years after diagnosis of the first primary

cancer. A second primary cancer developed in 14 167 of 174 477 subjects (8.1%)

during a median follow-up of 1.8 years. The SIR of all cancer was 1.10 (95% con-

fidence interval, 1.08–1.11). Some specific relationships were observed between

sites with risk factors in common, such as smoking, drinking, and hormone sta-

tus. The SIRs were relatively high after approximately 10 years for all sites, and

trends differ among cancer sites. We showed that cancer patients are at higher

risk of a second primary cancer than the general population. In respect of the

risk of a second primary cancer, physicians should be alert for cancers that have

risk factors in common with the first primary cancer.

C ancer is no longer invariably a fatal disease; the survival rate
of cancer patients has been improving.(1) In addition, the

number of cancer patients in Japan is reportedly increasing;(2) thus,
the national burden of cancer has been growing. Therefore, there
is a pressing need to determine the optimal duration of follow-up
of cancer patients and the implications of cancer screening.(3)

Cancer patients face the possibility of multiple primary can-
cers. The occurrence of subsequent cancers in cancer patients
has become more frequent,(4–6) this being related to late effects
of treatment for the first primary cancer or risk factors com-
mon to the first and subsequent primary cancers; these include
environment, lifestyle factors, and inherited genes.(7–10) There-
fore, identifying which second cancers have a high risk of
developing in patients with various first primary cancers and
determining the period of high risk are valuable starting points
for establishing the optimal duration of follow-up.
The objectives of the present study were to clarify the risk

of developing a second primary cancer and to provide informa-
tion about the periods of high risk of second primary cancers.

Material and Methods

Study subjects. Subjects were all patients diagnosed with a
first primary cancer and registered with the Nagasaki Prefec-
ture Cancer Registry (Nagasaki, Japan) between 1985 and
2007. The incidence of second primary cancers was assessed
until the end of 2008. Third or subsequent primary cancers
were not considered in this analysis.
Cancer site was categorized into 16 groups according to the

International Classification of Diseases Tenth Revision as

described in a previous study.(4) These categories are mouth
⁄pharynx (C00–14), esophagus (C15), stomach (C16), colorec-
tum (C18–20), liver (C22), gallbladder (C23, 24), pancreas
(C25), larynx (C32), lung (C33, 34), breast for females (C50),
uterus for females (C53–55), ovary for females (C56), prostate
for males (C61), kidney ⁄urinary tract ⁄ bladder (C64–68), thy-
roid (C73), and blood (C81–85, 88, 90, 91–96).

Statistical analysis and definition of multiple primary can-

cers. The standardized incidence ratio (SIR), which is the ratio of
the observed to the expected number of second primary cancers,
was calculated. In order to obtain the expected number of second
primary cancers, each sex-, age group-, and year of diagnosis-
specific incidence rates in the general population in Nagasaki
Prefecture were calculated using Nagasaki Prefecture Cancer
Registry data. Next, person-years at risk for each sex-, age
group-, and year in patients diagnosed with a first primary cancer
were calculated. They were calculated from the date of diagno-
sis of the first primary cancer to whichever of the following
occurred first: the date of diagnosis of the second primary cancer,
the date of death, or 31 December 2008. Incidence rates in the
general population and person-years in patients were multiplied,
and all sex-, age group-, and year expected incidences were
summed to obtain the expected number of second primary can-
cers. Ninety-five percent confidence intervals (CIs) of SIRs were
calculated assuming a Poisson distribution.(11) The SIRs were
calculated according to sites of first and second primary cancers
and intervals between the first and second primary cancers.
The International Agency for Research on Cancer criteria

were used to define multiple primary cancers.(12) These criteria
do not accept any cancers in the same site as second primary
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cancers unless their histological type differs from that of the
first primary cancer. Therefore, especially for major cancers,
the SIR for all sites will be underestimated. To avoid such
underestimation, both the observed and expected numbers of
second primary cancers in the same site as the first primary
cancer were excluded from the SIR calculations.(4)

Results

The total number of subjects was 174 477. The proportion of
patients with second primary cancers during the follow-up per-
iod was 8.1% (median, 1.8 years; mean, 4.3 years). The can-
cers were verified histologically in 81.9% of first primary
cancers and 84.4% of second primary cancers.
Table 1 lists the SIRs according to sites of first and second

primary cancers; all sites are included. The SIR and 95% CI
among cancer patients for all sites was 1.10 (1.08–1.11).
According to the first primary cancer site, first esophagus, lar-
ynx, ovary, and mouth ⁄pharynx cancers had the highest SIRs
(>1.5). The SIRs were >1.0 for most sites except for pancreas,
prostate, gallbladder, and lung. According to the second pri-
mary cancer site, second thyroid, followed by esophagus, had
the highest SIRs. The SIRs were >1.0 for most second sites
except for gallbladder, blood, liver, prostate, and pancreas.

Table 2 lists the SIRs according to selected sites of first and
second primary cancers with SIRs that were greater or less
than 1 (P < 0.05). We observed some specific relationships
between sites of first and second primary cancers. In particular,
the SIRs for mouth ⁄pharynx, esophagus, and larynx were high,
namely, 12.67 for the first mouth ⁄pharynx to the second
esophagus, 12.33 for the first esophagus to the second mouth
⁄pharynx, and 6.74 for the first esophagus to the second larynx.
Site relationships between breast, uterus, and ovary were rela-
tively high, as were those between esophagus, stomach, and
colorectum. In addition, we identified high SIRs for second
thyroid cancers. However, we identified low SIRs for first
liver, gallbladder, pancreas, or lung cancers. The SIRs for first
or second prostate cancers were also low.
Figure 1 shows the trends in SIRs after diagnosis of first pri-

mary cancers of all sites. We calculated tentative SIRs after
excluding second primary cancers diagnosed within less than
3 months of the first primary cancer, because these were more
likely to be diagnosed as a result of detection bias. Results
both including and excluding these cancers are shown in
Figure 1. The SIRs were high in the first year, decreased in
the second year, continued to increase after the second year
and were relatively high in approximately 10 years, and then
decreased after 20 years. When we excluded second primary

Table 1. Standardized incidence ratios (SIR) of second primary cancers according to sites of first and second primary cancers

First cancer site Second cancer site Observed Expected SIR
95% CI

Lower Upper

All sites All sites 14 167 12 928 1.10 1.08 1.11

Mouth ⁄ pharynx All sites 407 260 1.56 1.42 1.72

Esophagus All sites 401 215 1.86 1.68 2.05

Stomach All sites 3225 2952 1.09 1.06 1.13

Colorectum All sites 2997 2742 1.09 1.05 1.13

Liver All sites 627 626 1.00 0.92 1.08

Gallbladder All sites 251 276 0.91 0.80 1.03

Pancreas All sites 138 168 0.82 0.69 0.97

Larynx All sites 302 177 1.71 1.52 1.91

Lung All sites 1062 1116 0.95 0.90 1.01

Breast (females) All sites 727 625 1.16 1.08 1.25

Uterus All sites 569 429 1.33 1.22 1.44

Ovary All sites 148 94 1.58 1.34 1.86

Prostate All sites 822 932 0.88 0.82 0.94

Kidney ⁄ urinary tract ⁄ bladder All sites 1162 1018 1.14 1.08 1.21

Thyroid All sites 232 204 1.14 0.99 1.29

Blood All sites 663 618 1.07 0.99 1.16

All sites Mouth ⁄ pharynx 322 243 1.33 1.19 1.48

All sites Esophagus 458 300 1.53 1.39 1.67

All sites Stomach 2209 1823 1.21 1.16 1.26

All sites Colorectum 2411 2132 1.13 1.09 1.18

All sites Liver 945 959 0.99 0.92 1.05

All sites Gallbladder 413 482 0.86 0.78 0.94

All sites Pancreas 480 483 0.99 0.91 1.09

All sites Larynx 120 104 1.16 0.96 1.39

All sites Lung 2044 1931 1.06 1.01 1.11

All sites Breast (females) 395 392 1.01 0.91 1.11

All sites Uterus 282 217 1.30 1.15 1.46

All sites Ovary 126 95 1.32 1.10 1.57

All sites Prostate 961 973 0.99 0.93 1.05

All sites Kidney ⁄ urinary tract ⁄ bladder 929 775 1.20 1.12 1.28

All sites Thyroid 251 126 1.98 1.75 2.25

All sites Blood 785 842 0.93 0.87 1.00

CI, confidence interval.
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Table 2. Standardized incidence ratios (SIR) of second primary cancers according to sites of first and second primary cancers arranged by SIRs

> or <1

First cancer site Second cancer site Observed Expected SIR
95% CI

Lower Upper

SIR > 1 (P < 0.05)

Mouth ⁄ pharynx Esophagus 77 6 12.67 10.00 15.84

Mouth ⁄ pharynx Liver 39 19 2.02 1.44 2.76

Mouth ⁄ pharynx Lung 57 38 1.51 1.14 1.95

Mouth ⁄ pharynx Thyroid 9 2 4.40 2.01 8.36

Esophagus Mouth ⁄ pharynx 51 4 12.33 9.18 16.21

Esophagus Stomach 148 39 3.82 3.23 4.49

Esophagus Liver 26 17 1.55 1.01 2.27

Esophagus Larynx 14 2 6.74 3.68 11.31

Esophagus Lung 47 34 1.39 1.02 1.85

Stomach Esophagus 134 79 1.70 1.43 2.02

Stomach Colorectum 891 658 1.35 1.27 1.45

Colorectum Stomach 751 547 1.37 1.28 1.47

Colorectum Pancreas 137 113 1.21 1.02 1.43

Colorectum Ovary 34 19 1.83 1.27 2.56

Colorectum Kidney ⁄ urinary tract ⁄ bladder 235 195 1.20 1.06 1.37

Liver Stomach 170 118 1.44 1.23 1.67

Liver Thyroid 15 5 3.29 1.84 5.43

Pancreas Esophagus 9 4 2.49 1.14 4.74

Pancreas Stomach 42 30 1.41 1.02 1.91

Larynx Mouth ⁄ pharynx 22 3 6.69 4.19 10.13

Larynx Esophagus 22 5 4.67 2.93 7.07

Larynx Stomach 47 32 1.49 1.09 1.98

Larynx Colorectum 49 33 1.49 1.10 1.97

Larynx Lung 75 29 2.60 2.04 3.25

Larynx Thyroid 5 1 6.66 2.15 15.54

Lung Thyroid 39 9 4.55 3.24 6.22

Breast (females) Lung 90 64 1.41 1.13 1.73

Breast (females) Uterus 75 53 1.41 1.11 1.77

Breast (females) Ovary 34 19 1.83 1.27 2.56

Breast (females) Thyroid 36 17 2.07 1.45 2.87

Uterus Lung 77 40 1.91 1.50 2.38

Uterus Kidney ⁄ urinary tract ⁄ bladder 28 16 1.79 1.19 2.59

Ovary Colorectum 32 18 1.79 1.22 2.52

Ovary Uterus 41 8 5.08 3.64 6.89

Prostate Kidney ⁄ urinary tract ⁄ bladder 128 72 1.78 1.49 2.12

Kidney ⁄ urinary tract ⁄ bladder Lung 218 169 1.29 1.12 1.47

Kidney ⁄ urinary tract ⁄ bladder Prostate 187 98 1.91 1.64 2.20

Thyroid Lung 40 22 1.83 1.31 2.49

Blood Thyroid 19 6 3.15 1.89 4.91

SIR < 1 (P < 0.05)

Stomach Prostate 246 284 0.87 0.76 0.98

Liver Lung 64 99 0.65 0.50 0.82

Liver Prostate 36 52 0.69 0.48 0.96

Liver Kidney ⁄ urinary tract ⁄ bladder 24 39 0.61 0.39 0.91

Gallbladder Lung 22 40 0.55 0.34 0.83

Gallbladder Prostate 8 17 0.48 0.21 0.95

Pancreas Blood 2 10 0.19 0.02 0.70

Lung Liver 70 92 0.76 0.59 0.96

Lung Gallbladder 26 43 0.60 0.39 0.88

Lung Prostate 79 109 0.72 0.57 0.90

Prostate Esophagus 9 25 0.36 0.17 0.69

Prostate Stomach 150 178 0.84 0.71 0.99

Prostate Liver 48 69 0.70 0.52 0.93

Prostate Lung 152 180 0.85 0.72 0.99

Prostate Blood 38 60 0.63 0.45 0.87

Thyroid Gallbladder 1 8 0.13 0.00 0.74

CI, confidence interval.
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cancers within less than 3 months of the first primary cancer,
the SIR for the first year was low.
Figure 2 shows the trends in SIRs after diagnosis of first pri-

mary cancers according to cancer sites. The SIRs in the first
year were high for all sites of cancer, decreasing when we

excluded second primary cancers diagnosed within less than
3 months of the first primary cancer. The trends differed
among cancer sites. The SIRs for stomach showed the same
tendency as all sites combined; namely, decreasing in the sec-
ond year, continued to increase after the second year, relatively
high in approximately 10 years, and decreasing after 20 years.
Those for liver, pancreas, lung, or prostate were consistently
lower than 1. In some sites, including larynx, breast in female
subjects, uterus, or blood, the SIRs were relatively high a few
years after diagnosis of the first primary cancer, and even after
10 years.

Discussion

A previous study from data of European cancer registries
reported an overall incidence of multiple primary cancers of
6.3% (range, 0.4–12.9%); cancer registries with registration
periods of 10 years or less are reporting smaller percentages of
multiple primary cancers, depending on the length of the regis-
tration.(13) Another study reported fluctuation of the propor-
tions of multiple primary cancers between 6.1% and 10.5%,
the percentage apparently stabilizing approximately 10 years

Fig. 2. Trends in standardized incidence ratio (SIR) after diagnosis of first primary cancers by sites, according to inclusion (filled circles) or
exclusion (hollow circles) of second primary cancers diagnosed within less than 3 months of the first.

Fig. 1. Trends in standardized incidence ratio (SIR) after diagnosis of
first primary cancers of all sites according to inclusion (filled circles) or
exclusion (hollow circles) of second primary cancers diagnosed within
3 months of diagnosis of the first.
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after registration.(14) Because the Nagasaki Prefecture Cancer
Registry has records dating back to 1985, and the data is of
high quality, we consider our finding of 8.1% multiple primary
cancers as realistic.
The risk of second primary cancer among cancer patients

was higher than the risk of cancer among general population.
This finding is consistent with those of previous studies.(4,5,7,15)

Esophagus, larynx, ovary, and mouth ⁄pharynx were the most
frequent sites for developing second primary cancers in a pre-
vious study in Osaka, Japan.(4) However, our findings differ
from those of a previous study in Queensland, Australia from
1997 to 2001, in which second primary cancers of esophagus
and ovary were not so common, whereas those of head and
neck were frequent (P < 0.05).(5) Possible explanations include
differences in risk factors for cancer, such as smoking and
drinking alcohol; other possibilities include genetic factors and
treatment for the first primary cancer.(7–9)

Conversely, we found low SIRs for first liver, gallbladder,
pancreas, and lung cancers. It is unlikely that factors related to
these first primary cancers protect the patients from developing
second primary cancers. One possible explanation for these
low SIRs is the short durations of follow-up of patients with
these sites of cancer. These four sites of cancer have the low-
est survival rates and the shortest duration of follow-up; the
median durations of follow-up were 3 months for pancreas,
5 months for gallbladder, and 8 months for liver and lung.
Therefore, with these sites of cancer, there were only very
short periods of time during which treatment-related second
primary cancers could develop.(16) Moreover, the SIRs of these
sites remained low, as shown in the results of trends in SIRs.
This implies that, in regard to multiple primary cancers, these
patients require less follow-up than patients with primary can-
cers in other sites. Follow-up for these patients is not so
important on the issue of the diagnosis of second primary can-
cer.
The SIRs for first and second prostate cancers were both

low. The low SIR for first prostate cancers is consistent with
findings of previous studies.(5,7) One possible explanation is
that they have no known risk factors in common with other
cancers. Prostate cancer has a large genetic risk factor;(17) risk
factors shared with other cancers have not yet been identi-
fied.(18) In addition, smoking, which is an important risk factor
for many cancers, is reportedly associated with a decreased
risk of prostate cancer.(19,20) We have to also consider socio-
economic status (SES) such as educational attainment and
income, which is correlated with cancer risk. Persons with
lower SES have generally higher cancer incidence rates than
those with higher SES, whereas prostate cancer incidence
increases with higher education and income.(21) Therefore, it is
possible that some factors that increase the risk of other can-
cers actually decrease the risk of developing prostate cancer,
and other factors which increase prostate cancer risk protect
from developing other cancers. More detailed investigation
about risk and protective factors is needed.
We found strong site relationships between first and second

primary cancers within the mouth ⁄pharynx, esophagus, and lar-
ynx. This finding is consistent with those of previous stud-
ies.(4,22,23) The major risk factor for these sites is smoking;(22)

a synergetic effect between smoking and drinking may also
contribute to the strong relationship between these sites.(17)

Breast, uterus, and ovary also showed strong site relationships,
as found in previous studies.(4,7) Female-specific causes, such
as the hormonal environment, including estrogen concentra-
tions, and dietary factors may affect these relationships.(17)

Stomach, esophagus, and colorectum also showed strong site
relationships. Drinking of alcohol and smoking may contribute
to the development of multiple primary cancers at these
sites.(18,24) In addition, diagnosis of esophagus and stomach
cancer is mostly confrimed with biopsy by upper endoscopy.
Therefore, it is possible that these cancers are more likely to
be diagnosed at the same time. Moreover, mouth ⁄pharynx,
esophagus, and larynx, breast, uterus, and ovary, and stomach,
esophagus, and colorectum are diagnosed in the same medical
department. These detection biases would affect the high SIRs
in the first year.
The high SIRs of second thyroid cancers may be partly

attributable to medical surveillance of cancer patients.(22,25)

When a first primary cancer is diagnosed, extensive surveil-
lance is carried out to locate possible metastases. In addition,
follow-up surveillance is carried out to locate possible recur-
rence and metastasis in cancer patients. In Korea, cancer
screening is considered to have played a major role in the
rapid increase in incidence of thyroid cancer since 2000.(26)

Therefore, particularly for thyroid cancer, the effect of surveil-
lance of cancer patients should be considered.
Some previous studies have investigated the SIRs for all

sites according to defined intervals after diagnosis of the first
primary cancer (i.e., 3 months–1 year, 1–5 years, and 5–
10 years), and found no clear trends toward either increasing
or decreasing.(4,5,15) In the present study, for first primary can-
cers of all sites, second primary cancers occurred more fre-
quently in the first year, decreased in the second year, and
then showed a late increase after approximately 10 years.
Detection bias probably accounts for the high SIRs in the first
year. Cancer patients are under close scrutiny, especially
shortly after the diagnosis of their first primary cancer.(22) Of
second primary cancers, 19.0% were diagnosed within less
than 3 months of diagnosis of the first primary cancer. When
these second primary cancers are excluded, the SIR of devel-
oping a second primary cancer in the first year is 0.89 (0.88–
0.91).
A possible explanation for the decreasing SIR after 20 years

is lifestyle modification, including smoking, drinking, and die-
tary habit. The risk of developing most sites of cancer returns
to that of never smokers after more than 10 years’ cessation of
smoking.(27) In particular, in Japan, the risk of developing lung
cancer returns to that of never smokers after more than
20 years’ cessation of smoking.(28) If cancer patients modify
their lifestyles, it is possible that the risk of developing cancer
decreases to equal to or lower than the general population.
A previous study reported a significant risk peak for second

cancers between the eighth and ninth year after diagnosis of
breast cancer; the authors considered this was probably attrib-
utable to a late effect of local radiotherapy for the first breast
cancer.(29) In the present study, the SIRs for first breast cancers
were relatively high after approximately 10 years; however,
this increase was not statistically significant (P < 0.05). We
observed similar increases for larynx, uterus, and blood can-
cers. The proportions of subjects in the present study with
these cancers who had received radiotherapy were relatively
high except for blood cancers; namely, 6.2% for all sites,
54.3% for larynx, 17.8% for uterus, 11.8% for breast, and
6.1% for blood. To confirm a late effect of radiotherapy, we
carried out a stratified analysis by treatment history of radio-
therapy. The Nagasaki Prefecture Cancer Registry collects
information on the first course of treatment. Subjects were
classified according to whether or not they had received radio-
therapy as part of their initial cancer treatment. Figure 3 shows
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the trends in SIRs after diagnosis of first primary cancers of
all sites and these sites. The SIRs of patients treated without
radiotherapy were consistently around 1.00 except for the first
year, whereas those of patients treated with radiotherapy
increased after the second year and were relatively high in
approximately 7 and 12 years. Therefore, a late effect of radio-
therapy could partly explain the increased risk. The SIRs
according to cancer sites were not stable due to the small num-
ber of patients, and the clear differences between the SIRs of
patients treated with radiotherapy and those of patients treated
without radiotherapy were not observed. Our results, however,
implied that follow-up for at least 10 years after diagnosis of
the first primary cancer is needed for patients with these can-
cers, especially those who have received radiotherapy. We
have to consider radiation dose, age at exposure to radiation,
and subsequent treatment to clarify the effect of radiotherapy.
Further investigation in consideration of recurrence and

metastasis is needed to discuss patient’s life after diagnosis
and determine the optimal duration of follow-up period. We
have no information on recurrence and metastasis, but recur-
rence and metastasis rates are known to differ according to
cancer sites and stages. For example, female breast cancer has
comparatively favorable prognosis (5-year survival rate of
study subjects was 82.8%), but has a high risk of recurrence
even 5 years after prognosis. We focused on multiple primary
cancers in the present study, and clarified that 47.0% of cancer
patients live more than 5 years after diagnosis but they are at
equal or higher risk of a second primary cancer than the gen-
eral population’s risk of cancer. However, we have to pay
attention to the possibility of detection bias because cancer
patients continued to be followed-up to detect possible recur-
rence and metastasis. More detailed analysis can offer new
insight into patients’ prognosis.
The present study has some limitations. First, we have no

data on patients who moved out of Nagasaki Prefecture and
developed second primary cancers while living elsewhere.
Therefore, underestimation of our SIRs can result from under-
ascertainment of second primary cancers in patients who
moved out of Nagasaki Prefecture to an indeterminable degree.

Second, we had no data concerning risk factors. Cancer
patients could differ from the general population in regard to
smoking, drinking of alcohol, and other potential risk factors.
Further studies that assessed these risk factors would allow
clearer interpretation of the factors contributing to develop-
ment of multiple primary cancers. Third, some misclassifica-
tion of cancers may have occurred. The International Agency
for Research on Cancer guidelines are conservative compared
with those used in clinical trials; we may have underestimated
the risk of second primary cancers.(4)

Our study also has some strengths. The Nagasaki Prefecture
Cancer Registry has long-term high quality data with follow-
up from 1985. The proportion of death certificate only (DCO
%) was 8.8% during the period 1985–2008, thereby fulfilling
the international criterion (DCO% <10%). A high proportion
of cancers have been verified histologically, which is important
for distinguishing between second primary cancers and metas-
tases from first primary cancers. Thus, we had the data to carry
out detailed analyses and evaluate long-term trends after diag-
nosis of first primary cancers. In addition, we were able to
derive observed and expected numbers of second primary can-
cers from the same population (in Nagasaki Prefecture). Thus,
the population-based nature of the registry from which we
obtained our data allowed us to bypass the problems of selec-
tion or referral bias that confound some clinical series.(9)

In conclusion, we have shown that cancer patients are at
higher risk of second primary cancers than the general popula-
tion’s risk of cancer. Medical scrutiny for second primary can-
cers that have risk factors in common with the first primary
cancer is important. The risk of developing second primary
cancer is relatively high after approximately 10 years for all
sites, and the trends differ among cancer sites. For patients and
clinicians, the identification of strong site relationships and the
periods of high risk of second primary cancers may be useful
for screening, prevention strategies, and counseling.
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