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Risk of second primary cancer after treatment for esophageal cancer: a pooled
analysis of nine cancer registries
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SUMMARY. The introduction of new treatments for esophageal cancer including surgery, chemotherapy, radio-
therapy, or a combination of these modalities has not only improved patient survival, but may also increase the risk
of the second primary cancers. The available evidence is conflicting with most risk estimates based on sparse
numbers. Here we estimated standardized incidence ratios (SIRs) of second cancer among 24,557 esophageal
cancer survivors (at least 2 months) in the Surveillance, Epidemiology, and End Results (SEER) Program between
1973 and 2007, who had been followed up for median 6.5 years (range 2 months–29.3 years). Second cancer risk
was statistically significantly elevated (SIR = 1.34, 95% confidence interval [CI] = 1.25–1.42) among the survivors
compared with the general population; the SIRs for cancers of oral and pharynx, stomach, small intestine, larynx,
lung and bronchus, thyroid and prostate cancer were 8.64 (95% CI = 7.36–10.07), 2.87 (95% CI = 2.10–3.82), 3.80
(95% CI = 1.82–7.00), 3.19 (95% CI = 2.12–4.61), 1.68 (95% CI = 1.46–1.93), 2.50 (95% CI = 1.25–4.47), and 0.77
(95% CI = 0.65–0.90), respectively. Radiotherapy raised cancer risk of larynx (SIR = 3.98, 95% CI = 2.43–6.14)
and thyroid (SIR = 3.57, 95% CI = 1.54–7.03) among all esophageal cancer survivors. For patients who had 5–9
years of follow up after radiotherapy, the SIR for lung cancer was 3.46 (95% CI = 2.41–4.82). Patients with
esophageal cancer are at increased risks of second cancers of oral and pharynx, larynx, lung, and thyroid, while at
a decreased risk for prostate cancer. These findings indicate that radiotherapy for esophageal cancer patients may
increase risk of developing second cancers of larynx, lung, and thyroid. Thus, randomized clinical trials to address
the association of radiotherapy and the risk of secondary cancer are warranted.

KEY WORDS: esophageal cancer, radiotherapy, second primary cancer, Surveillance, Epidemiology,
and End Results.

INTRODUCTION

Esophageal cancer is the eighth most common form
of cancer worldwide with an incidence of almost half
a million new cases each year.1 The prognosis of the
cancer is still dismal, and a 5-year survival rate in the
western societies is only 10–16%.2 In clinical practice,
radiotherapy is one of the most important manage-
ment strategies for esophageal cancer.3 However, the
study has found that the risks of second cancers also

increased after radiotherapy,4 mainly because many
approaches used in cancer radiation therapy are car-
cinogens, such as external beam radiation, which
delivers X-radiation and gamma radiation.5,6 To our
knowledge, there have been limited reports in the
literature regarding the incidence of a second primary
cancer in patients with esophageal cancer.7 In order
to explore the epidemiologic risks of second primary
cancers in patients with esophageal cancer, we used
a publicly available database of the Surveillance,
Epidemiology, and End Results (SEER) of the
National Cancer Institute.8 We also compared
the incidence of certain second cancers between
esophageal cancer patients who had and who had
not received radiotherapy.
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MATERIALS AND METHODS

Data source and study sample

The database of National Cancer Institute’s SEER,
which included nine population-based registries from
1973 through 2007, was used in this study to evaluate
the risks of second cancers among esophageal cancer
patients who survived for at least 2 months after diag-
nosis. The SEER Program collects and publishes
cancer incidence and survival data from population-
based cancer registries, covering approximately
26% of the US population. To exclude synchron-
ous cancers, person-years of observation were
accrued starting from 2 months after the time of eso-
phageal cancer diagnosis, consistent with standard
approaches. Each patient was followed up until
death, or diagnosis of a second cancer, or the end of
the study on December 31, 2007, whichever occurred
first.

Statistical analysis

Second primary cancer refers to a new primary cancer
in a person with a history of cancer. Expected numbers
of second cancers were estimated by multiplying sex-,
race-, age-, and calendar year-specific SEER cancer
incidence rates (available at http://seer.cancer.gov)
with the accumulated person-years at risk. Age and
calendar year were divided into 5-year intervals.

Overall and site-specific relative risks of second
cancers were expressed as the standardized incidence
ratios (SIRs) with 95% confidence intervals (CIs),
assuming a Poisson distribution for the occurrence
of second primary cancer.9 Specifically, a SIR is
the ratio of the observed number of cancer cases
to the expected number of cases multiplied by 100. The
absolute excess risk of second cancers per 10,000
person-years was calculated as the difference between
the observed and expected numbers divided by the
person-years of follow-up and multiplied by 10,000.
Second cancer risk was evaluated according to sex,
age at esophageal cancer diagnosis (<40, 40–59, or
�60 years), race (white, black, or other/unknown),
follow-up interval (2–11 months, 1–4 years, 5–9 years,
or 10 years or longer), period of diagnosis (1973–1989,
1990–2007), and radiotherapy (yes or no).

RESULTS

A total of 24,557 esophageal cancer patients were
recorded in this version of SEER. Among them, the
number of 5-year survivors was 10,208, and 10-year
ones were 763 (Table 1). The median of follow-up
was 6.5 years with the range from 2 months to 29.3
years. The age at diagnosis of esophageal cancer aver-
aged 69.5 years. Second cancers were diagnosed in
990 patients; the SIR was 1.34 (95% CI = 1.25 to

Table 1 Characteristics of 24,557 2-month survivors of esophageal cancer reported to the Surveillance, Epidemiology, and End Results
Program (1973–2007)

Patient characteristics
No. of
patients

No. of second
cancers SIR 95%CI

Total 24,557 985† 1.58 1.39–1.79
Sex

Males 18,304 742 1.27 1.18–1.37
Females 6253 243 1.57 1.38–1.78

Age at EC diagnosis (years)
<40 297 4 1.5 0.41–3.83
40–59 7259 291 2.03 1.80–2.27
�60 17,001 690 1.17 1.08–1.26

Race
White 18,928 759 1.24 1.15–1.33
Black 4197 179 1.81 1.55–2.09
Other/unknown 1432 47 1.74 1.28–2.32

Calendar year of EC diagnosis‡
1973–1989 9934 389 1.43 1.29–1.58
1990–2007 14,623 596 1.28 1.18–1.38

Follow-up interval
2–11 months 24,557 268 1.19 1.05–1.34
1–4 years 10,208 427 1.42 1.29–1.56
5–9 years 2080 189 1.45 1.25–1.68
�10 years 763 101 1.23 1.00–1.49

Radiotherapy
Yes 15,635 615 1.48 1.36–1.60
None 8922 370 1.15 1.03–1.27

†Total number of second primary cancers included all sites excluding nonmelanoma skin cancers. More than 96% of diagnoses were
histologically confirmed. ‡Calendar year periods represent pre- and postnucleoside analog treatment eras. Includes patients who received
radiotherapy alone and those who received radiotherapy in combination with surgery. CI, confidence interval; EC, esophageal cancer;
SIR, standardized incidence ratio.

506 Diseases of the Esophagus

© 2011 Copyright the Authors
Journal compilation © 2011, Wiley Periodicals, Inc. and the International Society for Diseases of the Esophagus

D
ow

nloaded from
 https://academ

ic.oup.com
/dote/article/25/6/505/2328541 by guest on 11 April 2024



1.42). The risk of secondary cancers in esophageal
cancer patients appeared greater in men (SIR = 1.27,
95% CI = 1.18 to 1.37) than women (SIR = 1.57, 95%
CI = 1.38 to 1.78) (P = 0.05). SIRs of second cancers
in the 2- to 11-month, 1- to 4-year, 5- to 9-year, and
10- or more year intervals after esophageal cancer
diagnosis were 1.19, 1.42, 1.45, and 1.23, respectively
(P for trend = 0.05). The difference in risk for patients
diagnosed with esophageal cancer between 1973–
1989 (SIR = 1.43, 95% CI = 1.29 to 1.58) and 1990–
2007 (SIR = 1.28, 95% CI = 1.18 to 1.38) was not
statistically significant. Risks were elevated among
both the 15,635 esophageal cancer patients who ini-
tially received radiotherapy (SIR = 1.48, 95% CI =
1.36 to 1.60) and the 8922 who did not (SIR = 1.15,
95% CI = 1.03 to 1.27). So the real risk of second
cancers among patients who initially received radio-
therapy is 1.12 (P = 0.05).

Table 2 showed that there were altogether seven
kinds of second cancers with statistically significant
risk in patients with first primary esophageal cancer.
Increased risks were found for the patients who had
the first primary esophageal cancer had second
cancers including oral and pharynx (SIR = 8.64, 95%

CI = 7.36 to 10.07), stomach (SIR = 2.87, 95% CI =
2.10–3.82), small intestine (SIR = 3.80, 95% CI = 1.82
to 7.00), larynx (SIR = 3.19, 95% CI = 2.12 to 4.61)
lung and bronchus (SIR = 1.68, 95% CI = 1.46 to
1.93), and thyroid cancer (SIR = 2.50, 95% CI = 1.25
to 4.47) (Table 2). Increased risks of oral and
pharynx cancer were shown among all period survi-
vors of esophageal cancer, whereas the increased risk
of lung cancer was confined to the 5–10 years follow-
ing esophageal cancer, and of second thyroid cancer
was within the first 6 months after diagnosis of the
first primary esophageal cancer. A statistically signifi-
cant decrease in incidence of prostate cancer in
esophageal cancer patients was also observed (SIR =
0.77, 95% CI = 0.65 to 0.90).

Table 3 showed an excess incidence of the cases
of these seven kinds of second cancers among the
patients receiving or not radiation therapy. For
patients exposed to radiotherapy, increased risks of
larynx cancer (SIR = 3.98, 95% CI = 2.43–6.14) and
thyroid cancer (SIR = 3.57, 95% CI = 1.54–7.03) were
observed among all periods of survivors of esoph-
ageal cancer. The SIR for lung cancer was 3.46 (95%
CI = 2.41–4.82) after 5–9 years of follow up.

Table 2 Standardized incidence ratios for second primary cancers among 24,557 2-month survivors of esophageal cancer reported to
National Cancer Institute’s Surveillance, Epidemiology, and End Results Program (1973–2007)

Cancer type or site <1 year 1–4 years 5–9 years �10 years All periods

Obs SIR Obs SIR Obs SIR Obs SIR Obs SIR

Standardized incidence ratios
All cancers† 269 1.19* 429 1.42* 191 1.46* 101 1.22 990 1.34*
All solid tumors 252 1.24* 403 1.49* 179 1.53* 89 1.21 923 1.39*
Oral cavity and pharynx 48 7.75* 59 7.62* 36 11.80* 19 10.75* 162 8.64*
Esphageal 1 0.31 11 2.70* 2 1.18 3 2.88 17 1.7
Stomach 19 3.63* 19 2.95* 4 1.5 4 2.34 46 2.87*
Small intestine 5 6.47* 4 3.75* 0 0 1 3.18 10 3.80*
Colon 30 1.46 34 1.28 7 0.6 8 1.04 79 1.19
Rectum/anus 6 0.71 12 1.11 4 0.9 3 1.09 25 0.94
Pancreas 6 0.99 9 1.14 3 0.87 5 2.17 23 1.17
Other digestive organs 2 0.46 8 1.37 4 1.55 1 0.59 15 1.04
Larynx 9 3.07* 12 3.31* 4 2.84 3 3.74 28 3.19*
Lung and bronchus 42 1.12 99 2.02* 48 2.32* 13 1 202 1.68*
Nose, nasal cavity, middle ear, and trachea 0 0 2 4.4 1 5.32 1 8.64 4 3.58
Soft tissue including heart 0 0 1 0.8 0 0 0 0 1 0.32
Skin excluding basal and squamous 4 0.64 13 1.41 9 2.16 1 0.37 27 1.21
Female breast 9 0.75 17 1.02 7 0.92 6 1.19 39 0.94
Female genital organs 3 0.57 4 0.56 4 1.28 1 0.5 12 0.69
Prostate 36 0.63* 63 0.8 32 0.93 16 0.76 147 0.77*
Other male genital organs 0 0 2 2.84 1 3.63 0 0 3 1.77
Bladder 15 1.11 19 1.04 9 1.12 2 0.38 45 1
Kidney, renal pelvis, and ureter 10 1.61 8 0.94 4 1.08 2 0.85 24 1.16
Brain and other nervous system 1 0.46 5 1.73 1 0.83 0 0 7 1
Thyroid and other endocrine organs 7 5.29* 3 1.63 1 1.29 0 0 11 2.50*
Lymphoma 4 0.49 9 0.8 1 0.2 4 1.22 18 0.65
Myeloma 2 0.65 1 0.24 1 0.55 3 2.51 7 0.69
Leukemia 4 0.68 5 0.64 4 1.17 2 0.88 15 0.77
Mesothelioma 0 0 1 1.06 0 0 0 0 1 0.43
Kaposi sarcoma 0 0 0 0 0 0 0 0 0 0
Miscellaneous 6 1.05 9 1.25 4 1.3 3 1.47 22 1.22

*P < 0.05, chi-square test. †Includes nonmelanoma skin cancer. SEER, Surveillance, Epidemiology, and End Results; Obs, observed; SIR,
standardized incidence ratio. The table includes overall results and those sites or categories for which five or more second cancers (SIR) or
five or more deaths (SMR) were observed. More than 96% of diagnoses were histologically confirmed.
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DISCUSSION

To our knowledge, this is the first report using SEER
to study the risks of second cancers and radiotherapy
among patients with esophageal cancer. Included in
this population-based study were 24,557 esophageal
cancer survivors, which is the largest number of sub-
jects surveyed to date. Based on the database, we
found a statistically significant 1.34-fold (95% CI =
1.25 to 1.42) increase in cancer risk in all survivors
relative to incidence rates in the general population.
However, no statistically significant difference in the
risk of all cancers combined was found for patients
diagnosed with esophageal cancer between the period
of 1973–1989 (SIR = 1.44, 95% CI = 1.30 to 1.59) and
the period of 1990–2007 (SIR = 1.28, 95% CI = 1.18 to
1.39). The reason that the risk of second cancers was
slightly lower for cancers treated after 1990 than the
previous period is most likely because of several
factors, one of which is the introduction of computed
tomography planning10 in the management to more
localized irradiation area, reducing volume of irradi-
ated tissues such as the lung; another possibility is
because of follow-up time that is too shorter.

Our results indicate that the standardized incidence
ratio of second cancers in esophageal cancer patients
was higher in men than in women. This finding is
similar to results from a prior study of esophageal
cancer patients,11 which reported a higher incidence
for both the first and second primary esophageal
cancers in males. The 3 : 1 male preponderance in the
incidence of esophageal cancer may be caused by the
higher prevalence of tobacco smoking and alcohol
drinking among males.12 However, the reasons why
men have higher incidence are not completely under-
stood yet, but some existing evidence implies that
androgens play important roles in the etiology of
esophageal cancer.13 A recent study suggested that the
aberrant expression of androgen-induced prolifera-
tion shutoff gene (AS3) was involved in the tumori-
genesis of esophagus, and was responsible for the male
predominance of esophageal cancer.14

It has been reported that the most common sites
for second primary cancers associated with esoph-
ageal cancer are the aerodigestive tract organs, which
include the oral cavity, pharynx, larynx, and
lung.7,15–17 In our study, first primary esophageal
tumors were also positively associated with second
primaries of the aerodigestive tract. However, in
another study, the inverse association between first
primary aerodigestive tract tumors and second
primary esophageal tumors was observed,18 which is
not consistent with ours. A possible explanation for
the discrepancy is that the included subjects are dif-
ferent: the study reported by Das and colleagues who
only analyzed adenocarcinoma, which has a differ-
ent etiology from squamous cell carcinoma, whereas
our study included all. The association of the first

with second primary cancers, particularly with head
and neck cancers, has been described within the
context of a ‘field cancerization’ effect,19 in which
carcinogenic effects from tobacco and alcohol on the
aerodigestive tract may simultaneously act on other
parts, thus triggering the development of multiple
independent primary cancers. Although studies of
second primary cancers have reported associations
with cancers of colon, rectum, and endocrine glands
as well as skin melanoma,20–24 thus far, there have
been no reports showing how primary esophageal
cancer affects the second primary ones. To our
knowledge, this is the first study reporting statistically
significant association between second primary small
intestine cancer and the first primary esophageal
cancer.

Interestingly, there was a negative trend of the
association between prostate cancers and esophageal
cancers. No clear clinical and biologic mechanisms
are postulated underlying the association. Lower risk
of prostate cancer may be because of the lack of
prostate-specific antigen screening before 1986 when
prostate-specific antigen screening was introduced
into clinical practice.25 It is important to note that
prostate cancers have been strongly related to obe-
sity26 and androgen.27 The decreases in prostate
cancer incidence may reflect an inverse association of
obesity and androgen with esophageal cancer.27

Since cancer patients can survive longer because of
varieties of improved treatment approaches, the
second cancers have become of increasing concern.28

The study has found that radiotherapy for primary
cancers was associated with an increased risk of
developing second cancer in nearby organs. The
development of second primary cancers in the irradi-
ated head and neck area is biologically plausible with
potential mechanisms such as DNA damage caused
by radiotherapy.29 An excess incidence of lung cancer
was observed at 10 years after radiotherapy. A pre-
vious study has found smoking is the main cause of
lung cancer.30 It has also shown that smoking and
radiotherapy were associated with increased risk for
all histologic types of second primary lung cancer
in primary breast cancer.31 There may be a joint
effect between cigarette smoking and radiotherapy
on second primary lung cancer risk of esophageal
cancer. Excesses of thyroid cancer in esophageal
cancer patients were almost limited to the first 5 years
following esophageal cancer. Although it is not
entirely clear how much radiation is contributing to
the increasing incidence of thyroid cancer, studies
have shown that the thyroid gland at young ages
is more sensitive to radiation.32 These findings are
in agreement with our results that radiotherapy
on esophageal cancer increased the risk of second
thyroid cancer. However, a previous study reported
that radiation therapy on the first primary thyroid
cancer reduced the risk of second thyroid cancer.33
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The discrepancy could be because that the irradiation
doses on the thyroid in both studies were probably
largely different.

Limitations of our study include those inherent to
registry based investigations. First, we are unable to
explore whether therapy or shared risk factors such as
chemotherapy and smoking habits were responsible
for some of the observed associations because we
had no detailed information on therapy or lifestyle
factors. Second, it is possible that some associations
were because of chance, especially for those cancers
with small numbers. On the other hand, the small
sample size may also contribute to a lack of associa-
tion. Third, some clinical and pathological data
known to be of prognostic significance are not avail-
able in the SEER database. Specifically lacking is
information regarding details about dose and number
of courses of radioiodine administration making the
investigation of a dose-effect relationship impossible.
Finally, our standardized incidence ratios estimates
may represent an underestimate of risk because
underreporting of second cancers may result from
patient emigration from registry catchment areas.

In conclusion, we found that esophageal cancer
patients had statistically significant increases in risks
of cancer of oral and pharynx, stomach, small intes-
tine, larynx, lung, and thyroid, and there is a decrease
in risk of prostate cancer. This study suggests that
radiotherapy for esophageal cancer patients might be
associated with a small increased risk of developing
second cancer at some sites, included cancers of
larynx, lung, and thyroid. Thus, the radiotherapy in
the management of esophageal cancer for cure still
remains controversial, the risk of a second malig-
nancy increases in light of potential cure from esoph-
ageal cancer. Furthermore, factors such as lifestyle
habits, environmental factors, host susceptibility, and
the interaction between the second cancers, other
than radiotherapy, may also be associated with
increased risks of second cancers. It may be interest-
ing to focus on potential interactions between radio-
therapy and those other risk factors.
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