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Abstract

Arsenic is a well-documented human carcinogen.
Previous studies on urinary bladder and skin cancers
have shown that arsenic can cause specific cell types of
malignancy. To evaluate whether this is also true for
lung cancers, we conducted a study on 243 townships in
Taiwan. We identified patients through the National
Cancer Registry Program and compared the proportion
of each major cell type between an endemic area of
arsenic intoxication with exposures through drinking
water, which includes 5 of the townships and the other
238 townships. To control for gender and age, we
analyzed data on men and women separately and
divided patients into four age groups. A total of 37,290
lung cancer patients, including 26,850 men and 10,440
women, was diagnosed between January 1, 1980 and
December 31, 1999 in study townships. Patients from

the endemic area had higher proportions of squamous
cell and small cell carcinomas, but a lower proportion of
adenocarcinomas. These findings were similar across
all age groups in both genders, although the lack of data
on smoking is a limitation of our study. The results
suggested that the carcinogenicity of arsenic on lungs is
also cell type-specific: squamous cell and small cell
carcinomas appeared to be related to arsenic ingestion,
but not adenocarcinoma. Whereas data in the literature
are limited, the association between adenocarcinoma
and arsenic exposures through inhalation appeared to
be stronger than that of squamous cell carcinoma.
Therefore, we speculate that arsenic may give rise to
different mechanisms in the development of lung
cancers through different exposure routes. (Cancer
Epidemiol Biomarkers Prev 2004;13(4):638–643)

Introduction

The association between arsenic ingestion and skin
cancer was first documented more than a century ago
(1). Such an association has also been observed in an area
along the southwest coast of Taiwan since the early 1960s
(2, 3). In addition to skin cancer, the association between
arsenic ingestion and internal cancers, including cancers
of the bladder, kidney, lung, liver, and colon has also
been documented (4–7). Among the internal cancers
found to be associated with arsenic ingestion, bladder
cancer has the highest relative risk (RR) (4 – 7). A
nationwide study in Taiwan has found that associations
between arsenic ingestion and urinary cancers are cell
type-specific; specifically, an association was observed in
transitional cell cancer, but not in renal cell cancer (8).
The association between transitional cell carcinoma and
arsenic ingestion has also been supported by reports
from other countries (9–12) and confirmed by another
study in Taiwan (13). In the skin, the arsenic level in
drinking water is associated with the incidence of

squamous cell and basal cell carcinomas, but not with
the incidence of malignant melanoma (14).

An increased incidence of lung cancer has been noted
among patients of arsenic intoxication since the 1950s
(15). Nonetheless, data on the pathological cell types are
quite limited, and most studies are on exposures through
inhalation. In fact, lung cancer is more common and
more fatal than skin and bladder cancers, and therefore,
it is of greater concern from the point of view of both
clinicians and public health practitioners. In 2001, the
U.S. Environmental Protection Agency (EPA) lowered
the maximum contaminant level (MCL) of arsenic in
drinking water from 0.05 to 0.01 mg/l (16); the
associations between arsenic levels in drinking water
and mortalities of lung and bladder cancers observed
in Taiwan (17) have constituted an important scientific
basis of the revision. The objective of this study was to
evaluate whether lung cancer associated with arsenic
ingestion also had cell type specificity, which might
provide new insights for further studies.

Methods

We identified patients with lung cancer using data
collected through the National Cancer Registration
Program operated by the Taiwanese government. The
analyses covered 243 townships in which data on arsenic
in drinking water from a nationwide survey conducted
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by the government (18) were collected in a previous
study on urinary cancers (8). We included patients who
were diagnosed with lung cancer between January 1,
1980 and December 31, 1999. The year 1999 was the latest
year on which registry data were available for analysis.
The computerized database of the National Cancer
Registration Program contained information on gender,
date of birth, township of residence, date of diagnosis,
and clinical and pathological diagnoses of each patient.
Both clinical and pathological diagnoses were coded with
the International Classification of Diseases for Oncology
codes (19). All pathological classifications were made by
board-certified pathologists. Considering the stability of
estimates, we analyzed data on major pathological cell
types only, which was defined as a cell type having at
least 243 cases (at least 1 per township on average) of
each gender during the 20-year study period.

To evaluate the possible cell type specificity of the
carcinogenic effect of arsenic on lung, we compared the
proportion of each major cell type of lung cancer between
an endemic area of arsenic intoxication, generally known
as the ‘‘blackfoot disease (BFD) area,’’ and the other areas
in Taiwan. The BFD area covered 5 of the 243 townships
in our study and is known for its high prevalence of BFD,
a peripheral vascular disease that may lead to gangre-
nous changes of extremities, especially in feet (3). This
area had high arsenic levels in drinking water, and it is
generally believed that BFD is caused by exposure to
arsenic from drinking water. The study that led to the
revision of the MCL (17) was conducted in the BFD area,
so was the study that justified the previous MCL (3).
According to the nationwide survey (18), the 5 townships
in the BFD area had an average arsenic level of 0.22
mg/l in well water, and the other 238 townships had an

average arsenic level of 0.02 mg/l. Data from the
Department of Interior showed that the BFD area had a
population around 145,000, and the rest of the study
areas had around 11 million.

To evaluate the possible cell type specificity of the
carcinogenic effect of ingested arsenic on the lung, a RR
was defined as the ratio of the proportion of a given cell
type of lung cancer in patients from the BFD area to
that proportion in patients from the other areas. Because
it is possible that arsenic leads to increases in the
incidence rates of all cell types (a lack of specificity),
this ratio of the relative frequencies (proportions)
among lung cancer patients in the two study popula-
tions is a more direct indicator of cell type specificity.
Differences in the proportions were evaluated by �2 test
or Fisher’s exact test at the two-tailed significant level of
0.05. We used the SAS package to conduct all statistical
analyses.

Results

Through the national cancer register, we identified 37,290
lung cancer patients, including 26,850 men and 10,440
women, in the 243 townships during the 20-year study
period (Table 1). The BFD area had a higher overall crude
incidence rate in both men (39.8 versus 22.3 per 100,000
person-year, P < 0.01) and women (20.8 versus 9.4 per
100,000 person-year, P < 0.01). In addition, the BFD area
had higher overall incidence rates in all age groups,
except for men under 30 years of age—no case of lung
cancer was observed in this age group in the BFD area.

Overall, 80.7 % of male patients and 74.8% of female
patients had pathological diagnoses, and there were

Table 1. Comparison of distributions of pathological cell types of lung cancer patients between the blackfoot
disease area and the other areas in Taiwan

Cell type Other areas Blackfoot disease area

Cases Incidence [%]a [%]b Cases Incidence [%]a [%]b RR [95% CI]c

(10�5 per year) (10�5 per year)

Mend

Squamous cell 8,124 6.9 [31.0] [38.3] 207 13.4 [33.6] [42.8] 1.1 [1.0, 1.2]*
Adenocarcinoma 7,419 6.3 [28.3] [35.0] 120 7.7 [19.5] [24.8] 0.7 [0.6, 0.8]**
Small cell 2,713 2.3 [10.3] [12.8] 77 5.0 [12.5] [15.9] 1.2 [1.0, 1.5]*
Others 2,936 2.5 [11.2] [13.9] 80 5.2 [13.0] [16.5] 1.2 [1.0, 1.5]
Subtotal, with pathology 21,192 [80.8] [100.0] 484 [78.6] [100.0]
No pathology 5,042 [19.2] 132 [21.4]
Total 26,234 [100.0] 616 [100.0]

Womene

Squamous cell 1,466 1.4 [14.5] [19.4] 90 6.2 [29.9] [36.7] 1.9 [1.6, 2.2]**
Adenocarcinoma 4,692 4.3 [46.3] [62.0] 89 6.2 [29.6] [36.3] 0.6 [0.5, 0.7]**
Small cell 270 0.2 [2.7] [3.6] 20 1.4 [6.6] [8.2] 2.3 [1.5, 3.5]**
Others 1,135 1.0 [11.1] [15.0] 46 3.2 [15.3] [18.8] 1.3 [1.0, 1.6]
Subtotal, with pathology 7,563 [74.6] [100.0] 245 [81.4] [100.0]
No pathology 2,576 [25.4] 56 [18.6]
Total 10,139 [100.0] 301 [100.0]

aPercentage in all patients, including 92 without data on age, rounded off to the first decimal digit.
bPercentage among those with pathological diagnoses, rounded off to the first decimal digit.
cRR: relative risk defined as the ratio of the proportion of a given cell type of lung cancer in patients from the BFD area to that proportion in patients from
the other areas; CI: confidence interval.
dP < 0.001 for �2 tests of differences in distributions of all cell types between male patients from the blackfoot disease area and those from other areas.
eP < 0.001 for �2 tests of differences in distributions of all cell types between female patients from the blackfoot disease area and those from other areas.
*P < 0.05.
**P < 0.01.
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three major pathological cell types: squamous cell
carcinoma, adenocarcinoma, and small cell carcinoma.
In general, the BFD area also had higher crude and age-
specific incidence rates for all three major cell types of
lung cancer in both genders (Tables 1 – 3 ).

Both male and female patients from the BFD area had
higher proportions of squamous cell carcinoma (RR =
1.1, 95% confidence interval [CI]: 1.0–1.2 in men, and
RR = 1.9, 95% CI: 1.6–2.2 in women) and small cell
carcinoma (RR = 1.2, 95% CI: 1.0–1.5 in men, and RR =
2.3, 95% CI: 1.5–3.5 in women) but had a lower pro-
portion of adenocarcinoma (RR = 0.7, 95% CI: 0.6–0.8
in men, and RR = 0.6, 95% CI: 0.5–0.7 in women). These
findings generally held when the patients were broken
down by gender and age (Tables 2 and 3). The ex-
ceptions were the groups with no patient observed in
the BFD area, including all three cell types in men
under 30 years of age (Table 2) and adenocarcinoma
and small cell carcinoma in women under 30 years of
age (Table 3). Although the differences were not sta-
tistically significant in some gender-age groups for
squamous cell carcinoma and small cell carcinoma, the
proportions were higher in the BFD area in all these
groups, which was consistent with the overall findings
(Tables 2 and 3). In addition, when we stratified the
data by 10-year intervals to compare the data from the
first half of the study period to those from the second
half, we also found that in the BFD area, the relative
proportions of squamous cell and small cell carcinomas
were higher and that adenocarcinomas were lower in
different time periods, which is consistent with results
from pooling all the data together.

Discussion

Since the 1950s, an increased incidence of lung cancers
has been noted among arsenic-intoxicated patients (15).
Whereas lung cancers associated with inhalation of
arsenic have been frequently reported, very limited data
on the association between ingested arsenic and lung
cancer are available (20), and most of these data are from
Taiwan (4–6). A review of studies in Taiwan revealed a
consistent association between exposure to arsenic in
drinking water and lung cancer (7). A study on users of
Fowler’s solution (containing potassium arsenite) has
found an increased risk of bladder cancer, but not
cancers of respiratory system (21). Nonetheless, Moselle
wine growers with exposure to arsenical pesticides
through drinking alcoholic beverages and spraying
pesticides were found to have an excess risk of lung
cancer (22). In addition, studies in Japan (12, 23), Chile
(24), Argentina (25), and China (26) on populations
exposed to arsenic through drinking water have also
found an association between exposure to arsenic in
drinking water and lung cancer. Overall, there is
adequate evidence to argue that arsenic ingestion may
cause lung cancer.

However, most reports on arsenic in drinking water
and lung cancer do not provide information on patho-
logical cell types. In fact, none of the previous studies in
Taiwan presents such data. A Japanese study (12) on a
population exposed to drinking water contaminated by
king’s yellow (arsenic trisulfide) observed nine lung
cancer patients and obtained pathological diagnoses on
seven, including three small cell carcinomas, two

Table 2. Pathological cell types of male lung cancer patients by age; comparisons between the blackfoot disease
area and the other areas in Taiwan

Cell type Other areas Blackfoot disease area

Cases Incidence [%]a Cases Incidence [%]a RR [95% CI]b

(10�5 per year) (10�5 per year)

<30 years old
Squamous cell 16 0.03 [13.3] 0 0 [0.0] NA
Adenocarcinoma 55 0.09 [45.8] 0 0 [0.0] NA
Small cell 9 0.01 [7.5] 0 0 [0.0] NA
Others 40 0.07 [33.3] 0 0 [0.0] NA

30– 49 years old
Squamous cell 384 0.8 [23.5] 23 3.4 [52.3] 2.2 [1.7, 3.0]**
Adenocarcinoma 838 1.7 [51.4] 13 1.9 [29.6] 0.6 [0.4, 0.9]**
Small cell 129 0.3 [7.9] 5 0.7 [11.4] 1.4 [0.6, 3.3]
Others 280 0.6 [17.2] 3 0.4 [6.8] 0.4 [0.1, 1.2]

50– 69 years old
Squamous cell 4829 27.9 [38.9] 132 60.1 [39.2] 1.0 [0.9, 1.2]
Adenocarcinoma 4275 24.7 [34.5] 93 42.3 [27.6] 0.8 [0.7, 1.0]**
Small cell 1686 9.7 [13.6] 54 24.6 [16.0] 1.2 [0.9, 1.5]
Others 1614 9.3 [13.0] 58 26.4 [17.2] 1.3 [1.0, 1.7]*

>69 years old
Squamous cell 2883 96.9 [41.2] 52 113.4 [52.0] 1.3 [1.0, 1.5]*
Adenocarcinoma 2241 75.3 [32.0] 12 26.2 [12.0] 0.4 [0.2, 0.6]**
Small cell 883 29.7 [12.6] 18 39.3 [18.0] 1.4 [0.9, 2.2]
Others 991 33.3 [14.2] 18 39.3 [18.0] 1.3 [0.8, 1.9]

aPercentage among those with pathological diagnoses, rounded off to the first decimal digit.
bRR: relative risk defined as the ratio of the proportion of a given cell type of lung cancer in patients from the BFD area to that proportion in patients from
the other areas; CI: confidence interval. NA: not applicable.
*P < 0.01.
**P < 0.05.
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squamous cell carcinomas, one large cell carcinomas, and
one with both small cell and squamous cell carcinomas.
In another study in Japan (27) on a population with both
environmental and occupational arsenic exposures
(through both ingestion and inhalation), 9 of the 11 cases
of lung cancer had pathological diagnoses, including 7
squamous cell carcinomas and 2 adenocarcinomas. No
data on a nonexposed population was provided in this
study for comparison. A review of pathological cell types
of lung cancer in autopsy cases in Japan from 1958 to
1997, however, shows that in both genders, the predom-
inant cell type is adenocarcinoma, followed by squamous
cell carcinoma (28).

The major exposure route of arsenic among Moselle
wine growers is by drinking ‘‘Haustrunk,’’ a wine
substitute made from pressed grapes, although inhala-
tion exposure through spraying insecticides containing
arsenic is also suspected (22). A post-mortem study
found that 37.6% of lung cancers among Moselle wine
growers were squamous cell carcinomas, a proportion
higher than those observed in three of the four reference
populations. Moreover, the proportion of adenocarcino-
ma (3.5%) was lower than those observed in all four
reference populations (22). These findings were also
comparable with those in our study.

Some of the previous studies on lung cancers related
to arsenic exposure through inhalation have included
their pathological cell types (Table 4). Because the
classification of small cell cancers varies among the
published reports (some include oat cell cancers and
some do not), we focus our subsequent discussion on
squamous cell carcinoma and adenocarcinoma. In a
study on U.S. copper smelter workers with occupational
exposures to arsenic, two comparison groups are used:

the copper miners with low level of occupational
exposure and the general population (29). As a result,
the proportion of adenocarcinoma increases as the
arsenic exposure level increases, but the three groups
show similar proportions of squamous cell carcinoma.
On the other hand, a study on Swedish copper smelter
workers observed 8 squamous cell carcinomas (44.4%)
and 2 adenocarcinomas (11.1%) among the 18 cases of
lung cancer in exposed workers, but 3 adenocarcinomas
(50%) and no squamous cell carcinoma among the 6
cases in unexposed workers (30). Whereas the findings
of those two U.S. and Swedish studies may appear
contradictory, the number of cases is too small to yield
stable estimates, especially for unexposed workers.
Neither of these two studies, however, controlled for
the effects of smoking.

Some studies on inhalation arsenic exposures have
controlled for smoking (Table 4). A study on U.S. copper
smelter workers found a significant increase in the
proportion of adenocarcinoma among exposed workers
(38.1% versus 11.9%, P < 0.05) but a lower proportion of
squamous cell carcinoma in controls matched for
smoking status and dates of birth and death (31).
Another study on Swedish copper smelter workers
controlled smoking through stratification and observed
an increased proportion of adenocarcinoma and a
decreased proportion of squamous cell carcinoma among
exposed workers in the smoker group (32). In non-
smokers, a lower proportion of adenocarcinoma and a
higher proportion of squamous cell carcinoma were
observed among exposed workers, but the number of
cases was small. Overall, previous studies on lung
cancer-associated arsenic inhalation have suggested a
higher proportion of adenocarcinoma and a lower

Table 3. Pathological cell types of female lung cancer patients by age; comparisons between the blackfoot
disease area and the other areas in Taiwan

Cell type Other areas Blackfoot disease area

Cases Incidence [%]a Cases Incidence [%]a RR [95% CI]b

(10�5 per year) (10�5 per year)

<30 years old
Squamous cell 11 0.02 [11.6] 3 0.4 [75.0] 6.5 [2.9, 14.3]**
Adenocarcinoma 49 0.09 [51.6] 0 0 [0.0] NA
Small cell 5 0.01 [5.3] 0 0 [0.0] NA
Others 30 0.05 [31.6] 1 0.1 [25.0] 0.8 [0.1, 4.4]

30– 49 years old
Squamous cell 272 0.6 [20.6] 9 1.5 [36.0] 1.7 [1.0, 3.0]
Adenocarcinoma 815 1.8 [61.8] 7 1.2 [28.0] 0.5 [0.2, 0.9]**
Small cell 47 0.1 [3.6] 1 0.2 [4.0] 1.1 [0.2, 7.8]
Others 185 0.4 [14.0] 8 1.4 [32.0] 2.3 [1.3, 4.1]*

50– 69 years old
Squamous cell 822 6.4 [20.4] 60 25.9 [36.6] 1.8 [1.5, 2.2]**
Adenocarcinoma 2461 19.3 [61.1] 58 25.0 [35.4] 0.6 [0.5, 0.7]**
Small cell 146 1.1 [3.6] 16 6.9 [9.8] 2.7 [1.6, 4.4]**
Others 601 4.7 [14.9] 30 12.9 [18.3] 1.2 [0.9, 1.7]

>69 years old
Squamous cell 359 10.9 [17.1] 18 31.6 [34.6] 2.0 [1.4, 3.0]**
Adenocarcinoma 1352 40.9 [64.4] 24 42.2 [46.2] 0.7 [0.5, 1.0]**
Small cell 71 2.2 [3.4] 3 5.3 [5.8] 1.7 [0.6, 5.2]
Others 317 9.6 [15.1] 7 12.3 [13.5] 0.9 [0.4, 1.8]

aPercentage among those with pathological diagnoses, rounded off to the first decimal digit.
bRR: relative risk defined as the ratio of the proportion of a given cell type of lung cancer in patients from the BFD area to that proportion in patients from
the other areas; CI: confidence interval; NA: not applicable.
*P < 0.01.
**P < 0.05.
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proportion of squamous cell carcinoma. Because more
than three fourths of participants in the matched U.S.
study are smokers, the suspected cell type specificity is
very likely to be also true among smokers.

A study in Taiwan observed associations between
smoking and lung cancer in a population with exposure
to arsenic in drinking water (33), but we were unable to
adjust for effects of cigarette smoking directly in the
current study. The lack of data on smoking is a limitation
of our study. Nevertheless, until recently, only a very
small proportion of Taiwanese women were smokers,
and therefore the association between arsenic exposure
in drinking water and lung cancer observed in women
in our study is unlikely to be affected remarkably by
smoking as a confounder. Because the associations we
observed in men are similar to those in women, the
confounding effect of smoking on the association in men
should be small, if existed. Furthermore, a previous
study found the consumption of cigarettes in BFD
endemic townships was similar to that in the rest of
Taiwan (34), which supports that cigarette smoking is not
likely to be a significant confounder in our study.

Because reporting of cancer cases to the cancer registry
is not mandated in Taiwan, results of this study might
be affected by possible incomplete case ascertainment.
Nonetheless, such effects, if existed, were unlikely to be
limited to certain cell types and thus were unlikely to
account for the associations we observed. This argument
could also be applied to other risk factors that were not
controlled in our analyses. In addition, comparisons
between studies based on cancer registry and studies
based on death registry, to which case reporting is man-
dated by law in Taiwan, found the results were in fact
quite compatible for skin and urinary cancers (35–37).
Furthermore, in a study on urinary cancers in Taiwan, all
cases identified through reviewing death certificates are
also found in the tumor registry (13). For lung cancer, a
higher mortality has been reported in the BFD area in
both genders by previous studies on the basis of death
registry (4–6), which is compatible to our observations.

In Taiwan, a substantial proportion of lung cancer
patients did not have pathological diagnoses, which

might have affected the results of our study. However,
this did not seem to be a problem in men because the
proportions of patients without pathological diagnoses
were similar between the BFD area and the other areas
(Table 1). Even though women in the BFD area had
a lower proportion of patients without pathological
diagnoses, there was no reason to expect that the un-
diagnosed rate might have occurred differentially by
cell type, and therefore this factor was not likely to have
had a significant effect on the study results. The fact
that our analyses of data on women led to the same
conclusions as those on men further supports this ar-
gument. Overall, patients from the BFD area had a
slightly higher proportion in the ‘‘other’’ group, but the
differences were not statistically significant (Table 1).
Because this group included all the pathological di-
agnoses except the three major ones, it was not a
homogenous group. Further studies are needed to
determine whether there are other relatively rare cell
types of lung cancer that are also related to arsenic
ingestion.

In the current study, we made comparisons between
an area with high levels of arsenic in well water (aver-
age = 0.22 mg/l) and the other 238 townships with low
levels of arsenic (average = 0.02 mg/l). We were unable
to obtain the exposure level for each individual and
therefore could not assess the dose-response relationship,
which is a limitation of this group-level exposure
assessment approach. Furthermore, there were variations
in the exposure levels within each of the two popula-
tions, which might lead to misclassifications—some
people in the BFD area had relatively low exposure
levels, and some people in the other areas had relatively
high exposure levels. However, such misclassifications
generally lead to a result closes to the null value (no
difference), and because significant differences were
observed in most comparisons and the results were
similar across different age groups, the cell type
specificity in the current study was not likely to be a
result of misclassifications. In other words, our conclu-
sions were not likely to be changed by such misclassi-
fications.

Table 4. Pathological diagnoses in the literature on lung cancer patients associated with arsenic exposures
through inhalation

Study Reference Squamous cell (epidermoid) Adenocarcinoma

Cases [%] Cases [%]

Newman et al ., 1976 29
Copper smelter workers (exposed) 14 [56.0] 3 [12.0]
Copper miners (occupational controls) 33 [61.1] 5 [9.3]
Reference population 27 [60.0] 3 [6.7]

Axelson et al ., 1981 30
Exposed copper smelter workers 8 [44.4] 2 [11.1]
Unexposed workers 0 [0.0] 3 [50.0]

Wicks et al ., 1981 31
Exposed copper smelter workers 13 [31.0] 16 [38.1]
Unexposed matched controls 20 [46.7] 5 [11.9]

Pershagen et al ., 1981 32
Nonsmokers

Copper smelter workers 6 [60.0] 1 [10.0]
Reference population 5 [27.8] 6 [33.3]

Smokers
Copper smelter workers 34 [41.0] 12 [14.5]
Reference population 58 [49.1] 11 [9.3]
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Although arsenic is a well-documented human car-
cinogen, animal models have not been well established,
probably because susceptibility to the carcinogenic effect
of arsenic is different in experimental animals in
comparison with human beings. Therefore, the advance-
ment of knowledge on the carcinogenicity of arsenic
mainly relies on epidemiological studies and studies on
human cell lines. The possibility that different cell types
of lung cancer can be induced through different routes of
exposure to arsenic is, therefore, intriguing and suggests
that different mechanisms of carcinogenicity may be
involved. If this is true, further studies on those differ-
ences may lead to a better understanding of the carci-
nogenicity of arsenic.

Whereas bladder cancer has the highest RR associated
with arsenic ingestion among all internal cancers (7), lung
cancer is more common and more fatal than bladder
cancer. Even a small increase in the incidence of lung
cancer may lead to a substantial number of excess deaths.
Because arsenic is widely distributed in the ground, water,
and soil, lung cancer associated with arsenic ingestion is
an important issue that calls for more research and
prevention efforts. Findings in the current study, partic-
ularly the cell type specificity, may cast some light on the
direction for further studies.
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