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Background

Methods

Results

Conclusions

Consumption of Chinese herbs that contain aristolochic acid (eg, Mu Tong) has been associated with an
increased risk of urinary tract cancer.

We conducted a population-based case-control study in Taiwan to examine the association between pre-
scribed Chinese herbal products that contain aristolochic acid and urinary tract cancer. All patients newly
diagnosed with urinary tract cancer (case subjects) from January 1, 2001, to December 31, 2002, and a
random sample of the entire insured population from January 1, 1997, to December 31, 2002 (control
subjects), were selected from the National Health Insurance reimbursement database. Subjects who were
ever prescribed more than 500 pills of nonsteroidal anti-inflammatory drugs and/or acetaminophen were
excluded, leaving 4594 case patients and 174701 control subjects in the final analysis. Adjusted odds
ratios (ORs) and 95% confidence intervals (Cls) were estimated by using multivariable logistic regression
models for the association between prescribed Chinese herbs containing aristolochic acid and the occur-
rence of urinary tract cancer. Models were adjusted for age, sex, residence in a township where black foot
disease was endemic (an indicator of chronic arsenic exposure from drinking water [a risk factor for uri-
nary tract cancer]), and history of chronic urinary tract infection. Statistical tests were two-sided.

Having been prescribed more than 60 g of Mu Tong and an estimated consumption of more than 150 mg
of aristolochic acid were independently associated with an increased risk for urinary tract cancer in multi-
variable analyses (Mu Tong: at 61-100 g, OR = 1.6, 95% Cl = 1.3 to 2.1, and at >200 g, OR = 2.1, 95% Cl =
1.3 to 3.4; aristolochic acid: at 151-250 mg, OR = 1.4, 95% Cl = 1.1 to 1.8, and at >500 mg, OR = 2.0, 95%
Cl = 1.4 to 2.9). A statistically significant linear dose-response relationship was observed between the
prescribed dose of Mu Tong or the estimated cumulative dose of aristolochic acid and the risk of urinary
tract cancer (P < .001 for both).

Consumption of aristolochic acid—containing Chinese herbal products is associated with an increased risk
of cancer of the urinary tract in a dose-dependent manner that is independent of arsenic exposure.
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Aristolochic acid nephropathy—a progressive form of renal inter-
stitial fibrosis—was first reported in a group of young Belgian
patients with end-stage renal disease in 1993 and was thought to
be caused by the use of Chinese herbal medicines that contained
aristolochic acid (1-3). Aristolochic acid has been shown to be as-
sociated with urothelial cancer in studies of clinical cases around
the world, in animal models, and by the detection of aristolochic
acid-DNA adducts in kidney and ureteral tissues (4-6). In 2002,
the International Agency for Research on Cancer classified herbal
remedies that contain plant species of the genus Aristolochia, which
contain a high level of aristolochic acid, as carcinogenic in humans
(ie, group 1 carcinogens) (7). Consequently, many countries have
since banned the use of herbs containing aristolochic acid, in-
cluding Taiwan, in November of 2003 (8-10). Before this time,
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however, products containing these herbs were widely prescribed
in Taiwan.

In Taiwan, there have been case reports of renal failure associ-
ated with the use of Chinese herbal products (11,12) and herbs that
contain aristolochic acid (13). However, to our knowledge, there
have been no reports of urinary tract cancer associated with the use
of herbs or herbal products containing aristolochic acid. In March
of 1995, Taiwan established the National Health Insurance (NHI)
program, which covers more than 96% of Taiwanese residents
(14). The NHI routinely reimburses enrollees for the cost of pre-
scribed medicines, including Chinese herbal products containing
aristolochic acid, which were widely prescribed before the ban in
2003. We used the NHI reimbursement database to conduct a
population-based case—control study to examine the association
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CONTEXT AND CAVEATS

Prior knowledge
Consumption of Chinese herbs that contain aristolochic acid has
been associated with an increased risk of urinary tract cancer.

Study design

A population-based case—control study in Taiwan to examine the
association between prescribed Chinese herbal products that con-
tain aristolochic acid and urinary tract cancer. The analysis con-
trolled for chronic arsenic exposure in drinking water (a risk factor
for urinary tract cancer).

Contribution

Prescribed aristolochic acid—containing Chinese herbal products
were associated with an increased risk of urinary tract cancer in a
dose-dependent manner that was independent of arsenic
exposure.

Implications

Products that contain any amount of aristolochic acid may carry
substantial risk for urinary tract cancer, and continued surveillance
of herbs or Chinese herbal products that might be adulterated with
aristolochic acid—containing herbs is recommended.

Limitations

Not all of the diagnoses were confirmed by histopathology reports.
Subjects may have taken additional nephrotoxic herbs or agents
that were not prescribed. Actual intakes of the prescribed herbal
products recorded in the database were not validated. Smoking
history was not taken into account.

From the Editors

between having been prescribed Chinese herbal products that
contain substantial amounts of aristolochic acid, including Guan
Mu Tong and Guang Fangchi, and the risk of urinary tract cancer.
In addition to smoking, chronic exposure to arsenic in drinking
water, which causes an endemic peripheral vascular disease called
black foot disease in specific areas of Taiwan, has been docu-
mented to be associated with an increased incidence of bladder
cancer (15-17). We conducted this case—control study in Taiwan
to examine the association between urinary tract cancers and
having been prescribed Chinese herbal products that contain aris-
tolochic acid and a potential dose-response relationship. In partic-
ular, we controlled for the potential confounding effect of arsenic
exposure.

Materials and Methods

Study Population and Data Collection

This study was initiated after approval by the review board of the
Committee on Chinese Medicine and Pharmacy, Department of
Health, Taiwan. It was designed as a population-based case—
control study to investigate associations between having been
prescribed Chinese herbal products and the occurrence of urinary
tract cancer in Taiwan between January 1, 2001, and December
31, 2002. All data were obtained from the NHI reimbursement
database. The National Health Research Institutes of Taiwan (in
Chunan, Taiwan) anonymized and maintained the NHI reim-
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bursement data as files suitable for research (18). The identifica-
tion numbers of all individuals with reimbursement data in the
NHI database were encrypted to protect the privacy of the individ-
uals. These files provided detailed demographic data (including
birth date and sex) and information regarding health-care services
provided for each patient, including all payments for outpatient
visits, hospitalizations, and prescriptions, as well as where each
patient lived. The data for each outpatient visit or hospitalization
contained up to five diagnoses that were coded according to the
International Classification of Diseases, Ninth Revision (ICD-9)
classification (19), all drugs prescribed and the doses (ie, conven-
tional medicines, including generic and commercial brands of
acetaminophen [paracetamol] and nonsteroidal anti-inflammatory
drugs, as well as Chinese herbal products), and the date of each
prescription. During the study period (ie, from January 1, 1997, to
December 31, 2002), all prescribed medications were covered
under the NHI of Taiwan and no drug could be dispensed at a
pharmacy without a doctor’s prescription.

To select potential case subjects for this study, we first obtained
the NHI catastrophic illness registry files for all patients who were
diagnosed with urinary tract cancer or end-stage renal disease from
January 1, 1997, to December 31, 2002. Because all patients who are
registered as having a catastrophic illness are exempt from all copay-
ments, their data are very comprehensive. A diagnosis of urinary tract
cancer or end-stage renal disease made by doctors and officials of the
NHI is usually accurate: Urinary tract cancer must be proven by
tissue pathology and is classified as cancer of the upper urinary tract,
which includes the renal pelvis and ureter (ICD-9 codes 189.1 and
189.2, respectively) or bladder cancer (ICD-9 code 188). The data-
base contained 20777 prevalent cases of urinary tract cancer that
were diagnosed from January 1, 1997, to December 31, 2002. Within
this population, we identified 5995 patients who were newly diag-
nosed with urinary tract cancer from January 1, 2001, to December
31, 2002, to allow at least 4 years between January 1, 1997, and the
date of diagnosis to give sufficient time for case subjects to accumu-
late sufficient doses of herbal products to induce urinary tract cancer.
The average incidence rate of urinary tract cancer for these newly
diagnosed patients was 105 per million person-years.

The control group consisted of a 200000-person random
sample of the entire insured population in Taiwan (approximately
22.5 million persons) from January 1, 1997, to December 31, 2002,
and was representative of the insured population in terms of sex
and age (18). We excluded control subjects with incomplete data
for age or sex (n = 152) and those with any diagnosis related to
urinary tract cancer (n = 145).

Most epidemiological studies have found the analgesic phenac-
etin to be a risk factor for urinary tract cancer (20), whereas
the available evidence for acetaminophen and nonsteroidal anti-
inflammatory drugs (NSAIDs) as risk factors for urinary tract cancer
are inconclusive and discrepant (21,22). Phenacetin was banned by
the Department of Health of Taiwan in 1986 and has not been
prescribed ever since. Because the use of 600-1000 pills of acet-
aminophen, NSAIDs, or mixed analgesics has been associated with
an increased risk of renal damage or renal cancer in previous studies
(23,24), to prevent confounding of our results by analgesic use, we
excluded subjects who were ever prescribed more than a total of
500 pills of acetaminophen and/or NSAIDs (1401 case subjects and
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25002 control subjects), which left 4594 new urinary tract cancer
case subjects and 174701 control subjects in the final analysis.

Exposure Assessment

According to standard prescriptions recommended by the
Committee on Chinese Medicine and Pharmacy in Taiwan (25),
Chinese herbal products produced before new regulations were
promulgated in November of 2003 might include the following
herbs containing aristolochic acid: Ma Dou Ling (Fructus
Aristolochiae), Tian Xian Teng (Caulis Aristolochiae), Xi Xin (Asarum
beterotropoides), Gaan Mu Tong (Aristolochia manshuriensis), Guang
Fangchi (Aristolochia  fangchi), and Qing Mu Xiang (Radix
Aristolochiae). Of these, Guan Mu Tong and Guang Fangchi were
once sold under the names of Mu Tong (Akebin species) and
Fangchi (Stephania species), respectively. Several studies revealed
that 89.2%-100% of Fangchi preparations contained Guang
Fangchi (26-28), and more than 84% of Mu Tong preparations
contained Guan Mu Tong (29). These herbs were taken as single
products or were components of mixed herbal formulas that are
recommended by ancient Chinese medicine books (eg, Mu Tong
in the Long Dan Xie Gan mixture). Because the prescription data
from the NHI database can be linked directly to the actual drug(s)
prescribed by means of the product number, we were able to iden-
tify all subjects who had taken these Chinese herbal products. In
addition, each pharmaceutical company in Taiwan has published
and submitted the detailed composition of each of its products to
the Committee on Chinese Medicine and Pharmacy to be ap-
proved for registration. By using this information, we determined
the original amounts of herbs, in grams, for each mixture of
Chinese herbal products, and the total dose of each aristolochic
acid—containing herb (eg, Mu Tong, Fangchi, and Xi Xin) during
the exposure period from January 1, 1997, to the date of diagnosis
of urinary tract cancer or December 31, 2002, if censored, was
summed for each subject included in this study. To allow a min-
imal induction time for an exposed subject to develop urinary tract
cancer, we calculated the cumulative dose for each herb prescribed
to an individual up to 1 year before the diagnosis of urinary tract
cancer. We also calculated the estimated cumulative dose of aris-
tolochic acid for each subject using the following estimates
obtained in previous studies: The estimated average doses of aris-
tolochic acid per 1 g of Guan Mu Tong, Guang Fangchi, and Xi
Xin were 2.59, 2.04, and 0.042 mg, respectively (26,28-31).

The reimbursement database also listed the townships in which
all subjects lived. We identified subjects who lived in the four
townships in Taiwan that have been reported to be areas endemic
for black foot disease—Pu-Tai and Yi-Chu in Chiayi County and
Hsueh-Chia and Pei-Men in Tainan County (16,17)—and con-
trolled for this factor as a surrogate for arsenic exposure. Because
aristolochic acid is also associated with end-stage renal disease
(1,2), we also linked the files of patients with urinary tract cancer
to the catastrophic illness registry for end-stage renal disease to
determine if there were overlapping case subjects with exposures
to aristolochic acid and arsenic.

According to the Committee on Chinese Medicine and
Pharmacy (25), Mu Tong is usually prescribed for the treatment of
hepatitis, urinary tract infection, rhinitis, dysmenorrhea, and ec-
zema. Recurrent or chronic urinary tract infection associated with
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schistosomiasis or prolonged indwelling catheters in patients with
spinal cord injury is associated with an increased risk of bladder
cancer (15,32), whereas urinary tract infection from other causes
has not shown a consistent association with risk of bladder cancer
(15,33). Hence, we defined patients with chronic urinary tract in-
fection as those who had such a diagnosis at least 12 times up to 1
year before the diagnosis of urinary tract cancer, and we controlled
for this potential confounder during the risk-estimate analysis.

Statistical Analyses

We used univariate and multivariable logistic regression models to
assess the independent association of various risk factors with new
occurrences of urinary tract cancer in case patients and control
subjects. Potential risk factors included age, sex, residence in a
township where black foot disease was endemic, history of chronic
urinary tract infection, and cumulative doses of prescribed afore-
mentioned Chinese herbs containing aristolochic acid before the
diagnosis of urinary tract cancer. For each potential risk factor, the
odds ratio (OR) for the occurrence of urinary tract cancer and
the 95% confidence interval (CI) were estimated. We constructed
two logistic regression models for two different types of exposure
assessment: prescribed dosages of Chinese herbs (model 1) and
different estimated dosages of aristolochic acid as risk factors
(model 2). A Mantel extension test for linear trend was conducted
by the Mantel-Haenszel method for the adjusted odds ratios of
developing urinary tract cancer under different prescribed doses of
Mu Tong, Fangchi, and Xi Xin for model 1 and by estimated doses
of aristolochic acid for model 2. On the basis of our previous study
on prescribed Chinese herbal products and chronic kidney disease
(34), we initially classified the doses of Mu Tong, Fangchi, and Xi
Xin by increments of 1, 30, 60, 100, and 200 g. Then, we combined
several categories together to simplify the table according to the
tendency of increased risk. We also tried to directly apply the
number of grams of Mu Tong or milligrams of aristolochic acid as
a continuous variable to fit the model and presented the increased
risks in 30-g increments of doses of Mu Tong or 100-mg incre-
ments of aristolochic acid. x* tests for category variables (sex, having
end-stage renal disease history) and # tests for continuous variables
(age) were used to compare differences in clinical features among
urinary tract cancer patients who consumed more than 60 g of Mu
Tong and among urinary tract cancer patients who lived in a town-
ship where black foot disease was endemic. All the above analyses
were conducted using the SAS statistical software (version 9.2; SAS
Institute Inc, Cary, NC). All statistical tests were two-sided.

Results

In logistic regression model 1, factors that were independently
associated with an increased risk for a new occurrence of urinary
tract cancer after adjustment for other risk factors were being male
(OR=1.7,95% CI = 1.6 to 1.8), older age, residence in a township
where black foot disease was endemic (OR = 4.4, 95% CI = 3.4 to
5.8), having history of chronic urinary tract infection (OR = 1.6,
95% CI = 1.3 to 2.1), and having been prescribed more than 60 g
of Mu Tong (for 61-100 g, OR = 1.6, 95% CI = 1.3 to 2.1; for
101-200 g, OR = 2.0, 95% CI = 1.4 to 2.7; for >200 g, OR = 2.1,
95% CI = 1.3 to 3.4) (Table 1). In logistic regression model 2, we
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replaced the variables of prescribed Chinese herbs with estimated
doses of aristolochic acid and found that estimated aristolochic acid
doses greater than 150 mg were independently associated with an
increased risk for occurrence of urinary tract cancer after adjustment
for all other risk factors (for 151-250 mg, OR = 1.4,95% CI = 1.1
to 1.8; for 251-500 mg, OR = 1.6, 95% CI = 1.2 to 2.1; for >500 mg,
OR =2.0,95% CI = 1.4 to 2.9). A statistically significant (P < .001)
linear dose-response relationship was present between the risk of
developing urinary tract cancer and the prescribed dose of Mu Tong
and the estimated intake of aristolochic acid. There was also a linear
dose-response trend when we applied the exposure variable as a
continuous variable for every 30-g increment of prescribed Mu
Tong or 100-mg increment of estimated aristolochic acid (Table 1),
and there was no statistically significant interaction between resi-
dence in a township where black foot disease was endemic and
having been prescribed aristolochic acid—containing herbs. More
than 100 g of Fangchi (OR = 3.1, 95% CI = 2.1 to 4.5) or more than
300 g of Xi Xin (OR =24, 95% CI = 1.6 to 3.8) was statistically
significantly associated with an increased crude odds ratio for uri-
nary tract cancer. However, the adjusted odds ratios were not statis-
tically significant for subjects who were prescribed high cumulative
doses of Fangchi or Xi Xin. The numbers of prescriptions for Ma
Dou Ling, Tian Xian Teng, or Qing Mu Xiang were very small, and
none of these herbs was statistically significantly associated with the
risk of urinary tract cancer (data not shown).

The case patients were further stratified into two subgroups:
those diagnosed with cancer of the upper urinary tract (43%; n =
1985) and those diagnosed with bladder cancer (57%; n = 2609). In
a multivariable logistic regression model adjusted for age and sex,
there was a statistically significant association between residing in
a township where black foot disease was endemic or having been
prescribed more than 60 g of Mu Tong and an increased risk for
the occurrence of bladder cancer (Table 2). There was a statisti-
cally significant (P < .001) linear dose-response relationship
between having been prescribed more than 60 g of Mu Tong or
estimated consumption of more than 150 g of aristolochic acid and
risk of occurrence of bladder cancer.

We next examined the clinical features of urinary tract cancer
case subjects who were prescribed more than 60 g of Mu Tong
(n = 118) or who lived in a township where black foot disease was
endemic (n = 88) (Table 3). In general, urinary tract cancer case sub-
jects who were prescribed more than 60 g of Mu Tong were younger,
had a higher male to female ratio, and more often experienced end-
stage renal disease before the occurrence of urinary tract cancer than
those who lived in a township where black foot disease was endemic.
In fact, none of the case subjects who lived in a township where black
foot disease was endemic had end-stage renal disease before the
occurrence of urinary tract cancer. The fact that only two case
subjects with urinary tract cancer (one with upper urinary tract
cancer and one with bladder cancer) lived in a township endemic
for black foot disease and were ever prescribed more than 60 g of
Mu Tong indicates that these two risk factors are independent.

Discussion

"This population-based study is the first study to our knowledge to
document a linear dose-response relationship between prescribed
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Chinese herbal products containing aristolochic acid and the risk
of urinary tract cancer after controlling for confounding by age,
sex, living in a township endemic for black foot disease (a surrogate
of arsenic contamination in the water supply), and history of
chronic urinary tract infection. This study has a number of
strengths that deserve attention. Because the NHI reimbursement
database collects all prescription information prospectively, we can
rule out the possibility of recall bias for the intake doses of various
Chinese herbal products. Because we included all patients newly
diagnosed with urinary tract cancer in Taiwan from 1997 to 2002,
and because the control subjects in this study were selected from a
simple random sampling of the insured general population, we can
also rule out the possibility of selection bias. In fact, our estimate
of 105 new urinary tract cancer cases per million person-years in
this study is practically the same as the 106 cases per million person-
years calculated from 2001 data of the Taiwanese National Cancer
Registry (35). Because the Belgian patients who were diagnosed
with urinary tract cancer after using aristolochic acid—containing
Fangchi for an average of 15 months and 9 months after stopping
the use of Fangchi (4,5), we allowed a minimum induction time of
1 year and calculated the cumulative dose up to 1 year before diag-
nosis. Thus, this study design allowed us to detect most, if not all,
cases of aristolochic acid-associated urinary tract cancer. Moreover,
to prevent potential confounding of our results by analgesic
nephropathy, we excluded case and control subjects with more than
a moderate consumption (ie, 500 pills) of analgesics. Finally, we
categorized subjects according to their residence in townships en-
demic for black foot disease (a surrogate of high arsenic exposure),
and, by controlling for the potential confounding effects of this risk
factor in multivariable logistic regression models, we were able to
clearly separate the carcinogenic effect of arsenic exposure from
that of exposure to Chinese herbal products. We further demon-
strated that distinctive clinical features are associated with exposure
to arsenic and Chinese herbal products, indicating no confounding
effect of each on the other. Thus, we concluded that a dose—
response relationship exists between aristolochic acid-associated
Chinese herbal products and urinary tract cancer.

Black foot disease is a peripheral vascular disease that has been
endemic to the coastal region of Taiwan for the past 60 years, is
related to the water derived from artesian wells containing arsenic,
and has been documented to be associated with an increased inci-
dence of bladder cancer (16,17). Our multivariable logistic regres-
sion models corroborated the fact that living in a township where
black foot disease was endemic was independently associated with
an increased risk of cancer of the bladder and upper urinary tract.
In addition, comparison of clinical features of patients with these
cancers indicated that no patients with urinary tract cancer associ-
ated with black foot disease (or arsenic exposure) developed end-
stage renal disease before the occurrence of cancer. In fact, there
were only two cases of urinary tract cancer who were simulta-
neously associated with having been prescribed more than 60 g of
Mu Tong and with living in a township endemic for black foot
disease. Hence, these findings indicate that exposure to more than
60 g of Mu Tong and to arsenic are two independent risk factors
for urinary tract cancer.

In this study, the association between the cumulative doses
of aristolochic acid-containing herbs and the risk of occurrence
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Table 2. Adjusted odds ratios (OR) for the development of upper urinary tract cancer and bladder cancer by multivariable logistic

regression models*

Upper UTC Bladder cancer
Adjusted OR Adjusted OR
Variable n = 1985 (95% Cl) P n = 2609 (95% ClI) P
Residence in township endemic for
black foot disease

No 1953 1.0 (Referent) 2553 1.0 (Referent)

Yes 32 3.8 (2.6 t0 5.6) <.001 56 5.0(3.61t06.9) <.001
Chronic UTI

No 1965 1.0 (Referent) 2546 1.0 (Referent)

Yes 20 0.9 (0.6 to 1.4) .585 63 2.3 (1.7 t0 3.0) <.001
Mu-Tong, total amount prescribed, g

0 1698 1.0 (Referent) 2289 1.0 (Referent)

1-60 239 1.1(0.91t01.3) 244 250 1.0(0.8to0 1.2) .762

61-100 22 1.5(0.91t02.3) .084 28 1.7 (1.1 to 2.6) .011

101-200 19 1.8(1.1t02.9) .026 27 2.2 (1.4 1t03.4) <.001

> 200 7 1.3 (0.6 t0 3.0) .530 15 2.8(1.61t05.1) <.001
Fangchi, total amount prescribed, g

0 1684 1.0 (Referent) 2243 1.0 (Referent)

1-60 282 0.9 (0.8 to 1.0) .093 341 1.0(0.8t0 1.1) .610

61-100 6 0.6 (0.3 to 1.4) .250 9 0.7 (0.4 to 1.5) .394

>100 13 1.3(0.71t02.4) .350 16 1.3(0.8t02.3) .306
Xi-Xin, total amount prescribed, g

0 1556 1.0 (Referent) 2124 1.0 (Referent)

1-100 391 1.1(1.0t0 1.3) .087 448 1.1 (0.96 to 1.2) 211

101-300 27 1.0(0.61to0 1.5) .859 27 0.7(0.5t0 1.1) 173

>300 11 1.8 (0.9 to 3.5) .099 10 0.9 (0.4 t0 1.8) .706

* ORs adjusted for age, sex, residence in a township where black foot disease was endemic, and history of chronic UTI. Cl = confidence interval; UTC = urinary

tract cancer; UTI = urinary tract infection.

of urinary tract cancer seemed to be dose-dependent. According
to the annual reports of National Laboratory of Food and Drug in
Taiwan, 1 g of Guan Mu Tong and Guang Fangchi was estimated
to contain 2.59 and 2.04 mg of aristolochic acid, respectively
(26,28,29). Thus, a cumulative dose of 60 g of Mu Tong and of
100 g of Fangchi in Chinese herbal products contains approxi-
mately 155 and 204 mg, respectively, of aristolochic acid, which is
slightly higher than the 147-mg aristolochic acid dose reported in
the Belgian reports (2,4). In this study, we observed a consistent
dose-response relationship between the estimated intake of aristo-
lochic acid (or prescribed dose of aristolochic acid—containing Mu
Tong) and urinary tract cancer, which suggests that aristolochic

acid may be the agent responsible for carcinogenicity. In this
study, more than 100 g of Fangchi was statistically significantly
associated with an increased crude odds ratio for urinary tract
cancer; however, the association did not reach statistical signifi-
cance after adjustment for other risk factors, probably because of
the small number of case subjects. By contrast, Xi Xin contains
only minute amounts of aristolochic acid, or approximately
0.009-0.042 mg aristolochic acid per g, which is approximately
1:50 to 1:200 of the amount in Aristolochia fangchi (30,31). At
the prescribed median daily dose of 0.9 g for Xi Xin in this study
(34), exposure to more than 155 mg of aristolochic acid would
take longer than 10 years. Thus, we were unable to detect any

Table 3. Clinical features of patients with urinary tract cancer who were prescribed more than 60 g of Mu Tong or lived in an area

endemic for black foot disease*

Upper UTC

Bladder cancer

Resident of black
Prescribed >60 g of foot disease-endemic

Resident of black
Prescribed >60 g of foot disease-endemic

Feature Mu Tong (n = 48) area (n = 32) P Mu Tong (n = 70) area (n = 56) P

Mean age, y (SD) 60.6 (12.3) 66.2 (10.3) 303t 63.4 (11.9) 69.5 (9.5) .098t

Male to female ratio 1.1 0.8 430% 1.5 1.4 .889%

ESRD before UTC occurrence, % 6.3 0 213% 17.1 0 .001%

Resident of black foot 2.1 100 NA 1.4 100 NA
disease—endemic area, %

Prescribed >60 g of Mu Tong, % 100 3.1 NA 100 1.8 NA

* ESRD = end-stage renal disease; NA = not applicable; UTC = urinary tract cancer.

T Two-sided t test.
¥ Two-sided x? test.
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association between prescription of Chinese herbal products con-
taining Xi Xin (Asarum heterotropoides) and urinary tract cancer.
However, careful attention should still be paid regarding the use
of Chinese herbal products containing Xi Xin, and long-term
follow-up should be provided for subjects who regularly consume
these products.

In this study, 43% of urinary tract cancer cases were upper
urinary tract cancer, which is similar to rates reported by the
National Cancer Registry (35) and in a previous clinical report of
pathology-confirmed urinary tract cancer cases in Taiwan (36).
These rates are much higher than those in other countries, in
which less than 10% of all urinary tract cancer cases are upper
urinary tract cancer (37). In this study, prescription of Chinese
herbal products was associated with urothelial cancers that oc-
curred in all parts of the urinary tract, similar to what was reported
in a recent case series of Belgian women who received kidney trans-
plants for end-stage aristolochic acid nephropathy in which 44.7%
had upper urinary tract cancer and 39.5% had bladder cancer (38).
Thus, we suggest that aristolochic acid induces urothelial cancers
in the upper urinary tract and bladder with approximately equal
tendency.

There are some limitations to this study. First, because patient
identities were not available from the NHI reimbursement data-
base, we were unable to obtain any histopathology reports to
confirm the diagnoses. However, because the approval for regis-
tering urinary tract cancer as a catastrophic illness is based on pa-
thology and/or cytology evidence and is followed by a full waiver
of copayment, such a diagnosis is made only after very serious
consideration and is always accurate. The accuracy of diagnosis of
urinary tract cancer from the NHI data is corroborated by the high
agreement between the calculated incidence rate from this study
and that from the National Cancer Registry of Taiwan, in which
95% of bladder cancers and 91%-92% of upper urinary tract
cancers have histopathologic proof (35). Second, we were unable
to contact the patients directly about their use of herbs because of
anonymization of their identification numbers; therefore, we could
not rule out that subjects might have taken additional nephrotoxic
herbs or agents that were not prescribed. However, because the
NHI system has comprehensive coverage and the copayment for
prescriptions is universally 50 NT$ (new Taiwan) (approximately
equal to US $1.5), which is generally less than the cost of herbs
sold in Taiwan’s markets, the likelihood that subjects purchased
other aristolochic acid—containing herbs, nephrotoxic drugs, or
alternative medicines without a prescription is low. Third, we were
unable to validate the actual intake of the prescribed herbal prod-
ucts recorded in the database. Because 95% of the dosing
frequencies for Chinese herbal products were only for 1 week (39),
a large cumulative dose indicates that the patient continued re-
ceiving the same prescription for a long period of time and implies
that the patient actually consumed the prescribed medication.
Even if the patient did not take all of the prescribed medications,
our findings would underestimate the effect of aristolochic acid—
related Chinese herbal products. Fourth, because the reimburse-
ment data did not include smoking history, we were unable to
control for this factor in the model construction. Because the
smoking rates for men and women in Taiwan in the last two
decades ranged from 47% to 62% and from 2.3% to 5.3%, respec-

jnci.oxfordjournals.org

tively, (40), we assumed that sex was, in part, a surrogate variable
for smoking.

In conclusion, having been prescribed more than 60 g of Mu
Tong or more than 150 mg aristolochic acid from Chinese
herbal products was associated with an increased risk of devel-
oping urinary tract cancer. The linear dose-response relation-
ship between the estimated level of aristolochic acid and urinary
tract cancer might be useful for considering a complete ban, or
for establishing limits, on the consumption of herbal products
and/or herbs that contain low amounts of aristolochic acid (41).
Care must still be taken for prescribing doses less than 60 g of
Mu Tong or 150 mg of aristolochic acid because there might be
no threshold dose under a linear dose-response relationship and
given recent evidence for an increased risk of chronic kidney
disease associated with a prescribed dose of 30-60 g of Mu Tong
(34). In this study, from 2001 to 2002, there were 118 new cases
of urinary tract cancer in Taiwan associated with the ingestion
of more than 60 g of the Chinese herb Mu Tong, which repre-
sents 3% of all new patients with urinary tract cancer. In addi-
tion to a ban on products that contain any amount of aristolochic
acid, we also recommend continued surveillance of herbs or
Chinese herbal products that might be adulterated with aristo-
lochic acid-containing herbs. Finally, patients with a history of
aristolochic acid nephropathy or consumption of Mu Tong or
Fangchi before they were banned should be monitored regularly
for urinary cancer.

References
1. Vanherweghem JL, Depierreux M, Tielemans C, et al. Rapidly progres-

sive interstitial renal fibrosis in young women: association with slimming
regimen including Chinese herbs. Lancer. 1993;341(8842):387-391.

2. Vanhaelen M, Vanhaelen-Fastre R, But P, Vanherweghem JL.
Identification of aristolochic acid in Chinese herbs [letter]. Lancet. 1994;
343(8890):174.

3. Cosyns JP. Aristolochic acid and “Chinese herbs nephropathy”: a review
of the evidence to date. Drug Saf. 2003;26(1):33-48.

4. Nortier JL, Martinez M-CM, Schmeiser HH, et al. Urothelial carcinoma
associated with the use of a Chinese herb (Aristolochia fangehi). N Engl 7
Med. 2000;342(23):1686-1692.

5. Cosyns JP, Jadoul M, Squifflet JP, Wese FX, van Ypersele de Strihou C.
Urothelial lesions in Chinese-herb nephropathy. Am 7 Kidney Dis. 1999;
33(6):1011-1017.

6. Arlt VM, Stilborova M, Schmeiser HH. Aristolochic acid as a probable
human cancer hazard in herbal remedies: a review. Muragenesis. 2002;
17(4):265-277.

7. International Agency for Research on Cancer. Some traditional herbal
medicines, some mycotoxins, naphthalene and styrene. IARC Monogr Eval
Cuarcinog Risks Hum. 2002;82(February):551.

8. Kessler DA. Cancer and herbs. N Eng/ 7 Med. 2000;342(23):1742-1743.

9. U.S. Food and Drug Administration. Dietary supplements, Alert: Dietary
Supplements: Aristolochic Acid, FDA Concerned About Botanical
Products, Including Dietary Supplements, Containing Aristolochic Acid.
http://www.fda.gov/Food/DietarySupplements/Alerts/ucm095272 . htm.
Accessed Nov. 27, 2009.

10. Committee on Chinese Medicine and Pharmacy, Department of Health.
Regulation of drugs [in Chinese]. http://www.ccmp.gov.tw/public/public.
asprselno=816&relno=816&level=C. 2003. Accessed January 10, 2008.

11. Yang CS, Lin CH, Chang SH, Hsu HC. Rapidly progressive interstitial
renal fibrosis associated Chinese herbal drug. Am 7 Kidney Dis. 2000;
35(2):313-318.

12. Chang CH, Wang YM, Yang AH, Chiang SS. Rapidly progressive inter-
stitial fibrosis associated with Chinese herbal medications. Am 7 Nephrol.
2001;21(6):441-448.

JNCI | Articles 185


http://www.fda.gov/Food/DietarySupplements/Alerts/ucm095272.htm
http://www.ccmp.gov.tw/public/public.asp?selno=816&relno=816&level=C.2003
http://www.ccmp.gov.tw/public/public.asp?selno=816&relno=816&level=C.2003

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

3L

186

Yang HY, Lin JL, Chen KH, et al. Aristolochic acid-related nephropathy
associated with the popular Chinese herb Xi Xin. 7 Nephrol. 2006;
19(1):111-114.

Taiwan Yearbook 2004, Public Health. Health Insurance. Taipei, Taiwan.
http://www.gio.gov.tw/taiwan-website/5-gp/yearbook/2004/P243 .htm#2.
2004. Accessed June 27, 2009.

. Johansson SL, Cohen SM. Epidemiology and etiology of bladder cancer.

Semin Surg Oncol. 1997;13(5):291-298.

Chen CJ, Chuang YC, Lin TM, Wu HY. Malignant neoplasms among
residents of a blackfoot disease-endemic area in Taiwan: high-arsenic
artesian well water and cancers. Cancer Res. 1985;45(11, pt 2):5895-5899.
Chen CJ, Chuang YC, You SL, Lin TM, Wu HY. A retrospective study
on malignant neoplasms of bladder, lung and liver in blackfoot disease
endemic area in Taiwan. Br 7 Cancer. 1986;53(3):399-405.

National Health Research Institutes. National Health Insurance Re-
search database. http://www.nhri.org.tw/nhird/date_01.html#_ednl. 2003.
Accessed January 3, 2009.

Centers for Disease Control and Prevention, Atlanta, Georgia, 1979.
International Classification of Diseases, Ninth Revision (ICD-9). http://www
.cde.gov/nchs/icd/icd9.htm. Accessed October 21, 2009.

Pommer W, Bronder E, Klimpel A, Helmert U, Greiser E, Molzahn M.
Urothelial cancer at different tumour sites: role of smoking and habitual
intake of analgesics and laxatives. Results of the Berlin Urothelial Cancer
Study. Nephrol Dial Transplant. 1999;14(12):2892-2897.

Kaye JA, Myers MW, Jick H. Acetaminophen and the risk of renal and
bladder cancer in the general practice research database. Epidemiology.
2001;12(6):690-694.

Castelao JE, Yuan J-M, Gago-Dominguez M, et al. Non-steroidal anti-
inflammatory drugs and bladder cancer prevention. Br 7 Cancer. 2000;
82(7):1364-1369.

Perneger TV, Whelton PK, Klag M]. Risk of kidney failure associated
with the use of acetaminophen, aspirin, and nonsteroidal antiinflammatory
drugs. N Engl 7 Med. 1994;331(25):1675-1679.

Gago-Dominguez M, Yuan JM, Castelao JE, Ross RK, Yu MC. Regular
use of analgesics is a risk factor for renal cell carcinoma. Br 7 Cancer.
1999;81(3):542-548.

Committee on Chinese Medicine and Pharmacy, Department of Health.
Unified formulas, 2002 [in Chinese]. http://www.ccmp.gov.tw/public/public
.asp?selno=492&relno=492&level=C. Accessed October 22, 2009.

Hsu YH, Tseng HH, Wen KC. Determination of aristolochic acid in Fangchi
radix [in Chinese]. Ann Rept NLFD Taiwan R O C. 1997;15:136-142.

Tung CF, Ho YL, Tsai HY, Chong YS. Studies on the commonly misused
and adulterated Chinese crude drug species in Taiwan [in Chinese]. Chin
Med Coll §. 1999;8(1):35-46.

Deng JS. Quality Evaluation of Fang-Fi and Analysis of Marker Constituents
[dissertation] Taichung, Taiwan: Institute of Chinese Pharmaceutical
Sciences, China Medical University; 2002:75-77.

Chuang MS, Hsu YH, Chang HC, Lin JH, Liao CH. Studies on adulter-
ation and misusage of marketed Akebiae caulisn [in Chinese]. Ann Rept
NLFD Taiwan R O C. 2002;20:104-119.

. Jong TT, Lee MR, Hsiao SS, et al. Analysis of aristolochic acid in nine

sources of Xixin, a traditional Chinese medicine, by liquid chromatography/
atmospheric pressure chemical ionization/tandem mass spectrometry.
7 Pharm Biomed Anal. 2003;33(4):831-837.

Hsu YH, Lo CF, Chang HC, Lin JH. Studies on adulteration and
misusage of Asari radi in the market [in Chinese]. Ann Rept NLFD Taiwan
R O C.2003;21:153-167.

Articles | JNCI

32. Groah SL, Weitzenkamp DA, Lammertse DP, Whiteneck GG, Lezotte DC,
Hamman RF. Excess risk of bladder cancer in spinal cord injury: evidence
for an association between indwelling catheter use and bladder cancer.
Arch Phys Med Rebabil. 2002;83(3):346-351.

33. Jiang X, Castelao JE, Groshen S, et al. Urinary tract infections and
reduced risk of bladder cancer in Los Angeles. Br 7 Cancer. 2009;100(5):
834-839.

34. Lai MN, Lai JN, Chen PC, et al. Increased risks of chronic kidney disease
associated with prescribed Chinese herbal products suspected to contain
aristolochic acid. Nephrology. 2009;14(2):227-234.

35. Taiwan Cancer Registry. Cancer incidence rate in Taiwan, 1998-2002 [in
Chinese] 2009, http://crs.cph.ntu.edu.tw/main.php?Page=AS. Accessed
October 22, 2009.

36. Chou YH, Huang CH. Unusual clinical presentation of upper urothelial
carcinoma in Taiwan. Cancer. 1999;85(6):1342-1344.

37. Carroll PR. Urothelial carcinoma: cancers of the bladder, ureter and renal
pelvis. In: Tanagho EA, McAninch JW, eds. General Urology. 14th ed.
Philadelphia, PA: Prentice-Hall Int; 1995:353-371.

38. Lemy A, Rorive S, Zlotta A, et al. Late onset of bladder urothelial carcinoma
after kidney transplantation for end-stage aristolochic acid nephropathy: a
case series with 15-year follow-up. Am 7 Kidney Dis. 2008;51(3):471-477.

39. Hsieh SC, Lai JN, Lee CF, Hu FC, Tseng WL, Wang JD. The

prescribing of Chinese herbal products in Taiwan: a cross-sectional

analysis of the national health insurance reimbursement database.

Pharmacoepidemiol Drug Saf. 2008;17(6):609-619.

Bureau of Health Promotion, Department of Health, Taiwan. Annual

report 2007 [in Chinese]. http://health99.doh.gov.tw/educzone/edu_detail.

aspx?catid=21592. 2007. Accessed July 20, 2009.

41. Debelle FD, Vanherweghem JL, Nortier JL. Aristolochic acid nephrop-
athy: a worldwide problem. Kidney Int. 2008;74(2):158-169.

40.

Funding

Committee on Chinese Medicine and Pharmacy, Department of Health,

Taiwan (CCMP95-TP-016).

Notes

J-D. Wang had full access to all the data in the study and had final responsibility
for the decision to submit for publication. The study sponsor had no involve-
ment in the design of the study; the collection, analysis, or interpretation of the
data; or the writing of the manuscript.

None of the authors had any conflicts of interest with other people or orga-
nizations that may have inappropriately influenced this work.

We are indebted to the Bureau of National Health Insurance, the
Department of Health, and the National Health Research Institutes for kindly
providing the data for analysis. The interpretation and conclusions contained
herein do not represent those of the Bureau of National Health Insurance, the
Department of Health, or the National Health Research Institutes.

Affiliations of authors: Institute of Occupational Medicine and Industrial
Hygiene, College of Public Health, National Taiwan University, Taipei,
Taiwan (M-NL, P-CC, J-DW); Department of Urology, National Taiwan
University Hospital, Taipei, Taiwan (S-MW); School of Chinese Medicine,
China Medical University, Taichung, Taiwan (Y-YC); Department of Internal
Medicine and Department of Environmental and Occupational Medicine,
National Taiwan University Hospital, Taipei, Taiwan (J-DW).

Vol. 102, Issue 3 | February 3, 2010


http://www.gio.gov.tw/taiwan-website/5-gp/yearbook/2004/P243.htm#2
http://www.nhri.org.tw/nhird/date_01.html#_edn1
http://www.cdc.gov/nchs/icd/icd9.htm
http://www.cdc.gov/nchs/icd/icd9.htm
http://www.ccmp.gov.tw/public/public.asp?selno=492&relno=492&level=C
http://www.ccmp.gov.tw/public/public.asp?selno=492&relno=492&level=C
http://crs.cph.ntu.edu.tw/main.php?Page=A5
http://health99.doh.gov.tw/educzone/edu_detail.aspx?catid=21592.2007
http://health99.doh.gov.tw/educzone/edu_detail.aspx?catid=21592.2007

