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ABSTRACT

Background Chinese-herb nephropathy is a pro-
gressive form of renal fibrosis that develops in some
patients who take weight-reducing pills containing
Chinese herbs. Because of a manufacturing error,
one of the herbs in these pills (Stephania tetrandra)
was inadvertently replaced by Aristolochia fangchi,
which is nephrotoxic and carcinogenic.

Methods The diagnosis of a neoplastic lesion in
the native urinary tract of a renal-transplant recipient
who had Chinese-herb nephropathy prompted us to
propose regular cystoscopic examinations and the
prophylactic removal of the native kidneys and ure-
ters in all our patients with end-stage Chinese-herb
nephropathy who were being treated with either trans-
plantation or dialysis. Surgical specimens were ex-
amined histologically and analyzed for the presence
of DNA adducts formed by aristolochic acid. All pre-
scriptions written for weight-reducing compounds
during the period of exposure (1990 to 1992) in these
patients were obtained, and the cumulative doses
were calculated.

Results Among 39 patients who agreed to undergo
prophylactic surgery, there were 18 cases of urothe-
lial carcinoma (prevalence, 46 percent; 95 percent con-
fidence interval, 29 to 62 percent): 17 cases of carcino-
ma of the ureter, renal pelvis, or both and 1 papillary
bladder tumor. Nineteen of the remaining patients
had mild-to-moderate urothelial dysplasia, and two
had normal urothelium. All tissue samples analyzed
contained aristolochic acid—related DNA adducts. The
cumulative dose of aristolochia was a significant risk
factor for urothelial carcinoma, with total doses of
more than 200 g associated with a higher risk of uro-
thelial carcinoma.

Conclusions The prevalence of urothelial carcino-
ma among patients with end-stage Chinese-herb ne-
phropathy (caused by aristolochia species) is high.
(N Engl J Med 2000;342:1686-92.)
©2000, Massachusetts Medical Society.
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APIDLY progressive renal failure resulting
in end-stage renal disease has been report-
ed to occur in women who have taken
weight-reducing pills containing the Chi-
nese herbs Stephanin tetrandra and Magnolia officina-
lisd This so-called Chinese-herb nephropathy is char-
acterized by a pattern of interstitial fibrosis similar to
that of Balkan endemic nephropathy.!* Since the im-
portation of Chinese herbs into Belgium was termi-
nated in 1992, we have admitted 43 patients with end-
stage renal failure related to exposure to these herbs.
Since the herb powders taken by these patients did
not contain tetrandrine, which is present in S. tetran-
dra, but did contain aristolochic acids, it was suspect-
ed that a nephrotoxic herb, Aristolochia fangchi, had
inadvertently been substituted for S. zezrandra.* This
herb contains aristolochic acids, a mixture of nitro-
phenanthrene derivatives known for their potent car-
cinogenic action in rats® and their mutagenic proper-
ties in bacterial® and mammalian” models. Moreover,
Schmeiser et al. were able to detect DNA adducts
formed by metabolites of aristolochic acid (aristolac-
tams) in samples of kidneys removed from five pa-
tients with Chinese-herb nephropathy.® These adducts
are specific markers of exposure to aristolochic acids
and are directly involved in tumorigenesis.>®
For these reasons, patients with Chinese-herb ne-
phropathy, or aristolochia nephropathy, appear to be
at risk for the development of cancer. In 1994, at-
tention was drawn to the presence of cellular atypia
throughout the urothelium of native kidneys removed
at the time of renal-allograft transplantation in three
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patients with Chinese-herb nephropathy.? Soon there-
after, two cases of urothelial carcinoma were reported
in such patients.1%!! The development of urothelial
carcinoma in one of our patients who underwent renal
transplantation because of Chinese-herb nephropa-
thy caused us to inform our 43 other patients with
Chinese-herb nephropathy, who were being treated
for terminal renal failure by dialysis or who had re-
ceived a renal allograft, about the risk of urothelial
carcinoma. We suggested that they undergo regular
cystoscopic examination and prophylactic removal of
their native kidneys and ureters.

After a preliminary report,!2 and when the current
study was nearly completed, another group reported
the presence of urothelial carcinoma in 4 of 10 pa-
tients with Chinese-herb nephropathy.!3 Our findings
among 39 patients with Chinese-herb nephropathy
confirm the high prevalence of urothelial carcinoma.
Moreover, we found that all these patients were ex-
posed to derivatives of aristolochia species and that
the risk of urothelial carcinoma was related to the
cumulative dose of the herb. Our findings reinforce
the idea that the use of natural herbal medicine may
not be without risk.14

METHODS
Patients

Among the group of 105 patients with Chinese-herb (A. fang-
chi) nephropathy who were treated in our department, 43 had
reached end-stage renal failure at the time of the study. Twelve
were receiving dialysis and waiting for a renal transplant, and 31
had already undergone successful transplantation. Thirty patients
had received a cadaveric kidney transplant between 1993 and 1997,
and 1 had received a kidney from her husband. The immunosup-
pressive treatment consisted of muromonab-CD3 (5 mg per day
for the first two weeks) plus cyclosporine, azathioprine, and var-
ious doses of corticosteroids.

Except for one 60-year-old man, all the patients were women
(mean [=SD] age, 54*7 years). All had been prescribed weight-
reducing pills containing powdered Chinese herbs; such pills were
not available over the counter in Belgium. The period of use (mean,
13.3 months) was closely related to the period of distribution in
Belgium of pills that were supposed to contain S. tetrandra but
actually contained A. fangchi: 1990 to 1992. End-stage renal fail-
ure occurred 3 to 85 months after the patients had stopped tak-
ing these pills.

The diagnosis of Chinese-herb nephropathy was based on a his-
tory of the use of these pills and the occurrence of rapidly pro-
gressive deterioration of previously normal renal function. It was
confirmed by typical histologic findings? in renal-biopsy speci-
mens from 27 patients and from specimens of the native kidneys
obtained postoperatively from all 39 patients who agreed to un-
dergo prophylactic surgery.

Tissue specimens from eight patients with end-stage renal fail-
ure unrelated to Chinese-herb nephropathy were used as controls
for the analyses of DNA adducts in renal tissue. These patients had
the hemolytic—uremic syndrome, analgesic nephropathy (without
tumors), lupus nephritis, membranoproliferative glomerulonephri-
tis type I, chronic idiopathic interstitial nephritis, pyelonephritis
due to lithiasis, cystic nephropathy, or nephrosclerosis.

Surgical Procedure

After informing the patients about the risk of cancer in the na-
tive urinary tract, we suggested the prophylactic removal of their
nonfunctioning atrophic native kidneys, including the ureters. If the

preoperative cystoscopy (one biopsy of the bladder trigone and
two biopsies of random areas) did not reveal any cancer, the native
bladder was left in place to preserve the natural route of elimination
of urine originating from the present graft in the case of trans-
plant recipients or the future renal graft in the case of patients re-
ceiving dialysis. However, we recommended regular postoperative
cystoscopy during the follow-up period. In one patient, preopera-
tive cystoscopy revealed a papillary tumor, which was removed en-
doscopically. The 31 transplant recipients and 8 of the 12 patients
who were undergoing dialysis provided oral consent for the surgery.

Histologic Analyses

All samples of native kidney and ureter and all bladder-biopsy
specimens obtained preoperatively were subjected to histologic
analysis. After gross examination of the organs, serial specimens
were obtained that included the lower part of each ureter, renal pel-
vis, and kidney. The specimens were fixed in formalin, dehydrated,
and embedded in paraffin. The sections were stained with hema-
toxylin and eosin, periodic acid—Schift, and Masson’s trichrome.

The urothelial epithelium was classified as normal, dysplastic, or
neoplastic.!s The stage of the tumors was defined according to
the tumor—node—metastasis classification.!® We used the histo-
logic grading system of the World Health Organization for inva-
sive urothelial carcinoma, which has three histologic grades: mild,
moderate, and severe dysplasia.l” Severe dysplasia was considered
to indicate carcinoma in situ.!8:1

Detection of DNA Adducts in Tissue Samples

Tissue samples from each kidney and ureter from 38 of the 39
patients were frozen and stored at —80°C for subsequent isolation
of DNA and the detection of DNA adducts formed by aristolochic
acid. We used the nuclease P1 enrichment version of the phos-
phorus-32 postlabeling method, as described previously.$* Adduct
levels were determined in triplicate in all renal-tissue samples. With
respect to the determinations of adduct levels, the coefficient of
variation for the reproducibility of the method is approximately
20 percent.

Samples of surgical specimens from 22 patients were also ana-
lyzed for ochratoxin A—related DNA adducts with use of the phos-
phorus-32 postlabeling method described by Pfohl-Leszkowicz
et al.20

Evaluation of Exposure

All prescriptions given to the patients from 1990 to 1992 were
obtained from the pharmacists with the help of the Belgian Min-
istry of Health and were reviewed. The usual treatment consisted of
a mixture of M. officinalis and the presumed S. tetrandra, in various
concentrations, and appetite suppressants (fenfluramine and dieth-
ylpropion); in addition, some patients also received acetazolamide,
cascara sagrada, or belladonna extract. For each patient, the cumu-
lative doses were calculated. The results were expressed as the mean
ingested dose of each compound (in grams).

Each patient was also interviewed to determine whether he or
she had concomitantly received subcutaneous injections of artichoke
extracts, theophylline, or both, given every two weeks (mesother-
apy). The patient’s smoking status and the frequency of use of an-
algesics, nonsteroidal antiinflammatory drugs, or both (regular use
was defined as daily intake for a minimum of six months) during
the period of treatment were also recorded.

Statistical Analysis

We used Fisher’s exact test and unpaired t-tests to compare nom-
inal and continuous variables, respectively. All P values are two-
tailed.

RESULTS
Exposure

Our survey confirmed that all female patients had
been prescribed both S. tezrandra and M. officinalis
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(the male patient did not receive M. officinalis) as well
as fenfluramine and diethylpropion. Twenty-seven pa-
tients were given acetazolamide, whereas 31 received
concomitant mesotherapy. Fourteen patients received
dexfenfluramine, and seven received phentermine.

Histologic Findings

Specimens from 77 kidneys and 78 ureters were
available for systematic grading of urothelial lesions;
1 kidney had been previously removed during trans-
plantation in Switzerland. For specimens with abnor-
mal histologic findings, the findings were classified
according to the highest grade and stage. Among 39
patients, 18 cases of urothelial carcinoma were found
(prevalence, 46 percent; 95 percent confidence in-
terval, 29 to 62 percent). Except in the case of one
patient with bladder involvement, which had been
treated by local endoscopic resection before prophy-
lactic surgery was performed, the neoplastic lesions
were located in the upper urinary tract and were al-
most equally distributed between the pelvis and the
ureter. Urothelial lesions resulting from mild-to-mod-
erate dysplasia were found in 19 of the 21 patients
without urothelial carcinoma (Table 1).

Analyses of DNA Adducts in Tissue Samples

Tissue samples of kidneys and ureters from 38 pa-
tients and 8 controls were analyzed for the presence
of DNA adducts.

Aristolochic Acid-Related DNA Adducts

The kidneys from the patients with Chinese-herb
nephropathy had the same pattern of adducts — one
that is typically found after exposure to aristolochic
acid (Fig. 1A). This pattern consisted of one major
DNA adduct, 7-(deoxyadenosine- Né-yl)-aristolactam

TABLE 1. HISTOLOGIC FINDINGS IN SPECIMENS OF
NATIVE KIDNEY AND URETER FROM 39 PATIENTS
WITH END-STAGE CHINESE-HERB NEPHROPATHY.

No. orF
HistoLocic FINDING* LocaTion PATIENTS
Mild-to-moderate dysplasia ~ Pelvis 4
Stage pTa Pelvis 1
Stage pTis Pelvis 5
Stage T3 Pelvis 1
Mild-to-moderate dysplasia ~ Ureter 5
Stage pTis Ureter 5
Stage pTa and pTis Ureter 1
Stage T1 (grade III) Ureter 1
Stage T2 Ureter 1
Normal Pelvis and ureter 2
Mild-to-moderate dysplasia ~ Pelvis and ureter 10
Stage pTis Pelvis and ureter 2
Stage pTa Bladder 1

*The findings were classified according to the highest
stage and grade identified; pTa denotes noninvasive papillary
carcinoma, and pTis noninvasive (flat) carcinoma in situ.
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I, and two minor adducts, 7-(deoxyadenosine- N6-yl)-
aristolactam II and 7-(deoxyguanosine- N2-yl)-aris-
tolactam 1. The total adduct levels ranged from 1.7 to
175 per 10° normal (unaftected) nucleotides. In four
patients who were long-term smokers, a diffuse band
of radioactivity typical of smoking-related adducts
(referred to as the diagonal radioactive zone)?! was
present in addition to the aristolochic acid—related
DNA adducts (Fig. 1B).

Levels of aristolochic acid—related DNA adducts
in individual patients ranged from 1.2 to 165 per 10°
normal nucleotides in the case of 7-(deoxyadenosine-
Ne-yl)-aristolactam I, from 0.6 to 6.8 per 10° normal
nucleotides in the case of 7-(deoxyadenosine- N¢-yl)-
aristolactam II, and from 0.4 to 8.2 per 10? normal
nucleotides in the case of 7-(deoxyguanosine- N2-yl)-
aristolactam I. The major DNA adduct — 7-(deox-
yadenosine- N6-yl)-aristolactam I — was still detect-
able in native kidney tissue up to 89 months after the
discontinuation of the weight-reducing pills (mean
interval between discontinuation of the medication
and surgery, 73 months; range, 56 to 89).

No statistically significant differences were observed
in the mean levels of 7-(deoxyadenosine- N6-yl)-aris-
tolactam I DNA adducts in renal-tissue samples be-
tween patients in whom urothelial carcinoma had
developed and those in whom it had not developed
(Table 2).

Analyses of DNA isolated in 17 ureteral specimens
from 11 patients had the same aristolochic acid-spe-
cific pattern of adducts, although the levels of adducts
were markedly lower than those found in kidneys;
the range for 7-(deoxyadenosine- N¢-yl)-aristolactam
I was 2.2 to 34 per 10 normal nucleotides.

No DNA adduct formed by aristolochic acid was
detected in kidney samples from the eight control pa-
tients.

Ochratoxin A-Related DNA Adducts

Tissue samples from 25 kidney specimens from pa-
tients with a histologic diagnosis of neoplasia (12
specimens), dysplasia (7), or no abnormalities (6) were
analyzed for ochratoxin A—related DNA adducts. This
assay was used to exclude ochratoxin A nephropathy as
a possible cause of renal failure. Four of these 25 sam-
ples (2 with carcinoma in situ [neoplasia] and 2 with
dysplasia) had a pattern of DNA-adduct spots similar
to those detected in kidney specimens from animals
given ochratoxin, which served as positive controls.??
Levels of these adducts were quite low (ranging from
1.3 to 6.8 per 10° normal nucleotides) and were close
to the background level of the assay. Analyses of re-
nal-tissue samples from all control patients were free
of spots in the area where adducts associated with
ochratoxin A were located.

Risk Factors for Urothelial Carcinoma

Quantitative estimates of the amounts of herbs
and other compounds ingested by patients with uro-
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Figure 1. Autoradiograms of DNA Adducts in Renal Tissue from Two Patients with Chinese-Herb Nephropathy.

Panel A shows a specimen obtained from a nonsmoker: spots 1, 2, and 3 reflect the typical pattern of aristolochic acid-related DNA
adducts. In spot 1, the adduct was identified as 7-(deoxyadenosine-Ns-yl)-aristolactam |, in spot 2 as 7-(deoxyadenosine-Ns-yl)-aris-
tolactam Il, and in spot 3 as 7-(deoxyguanosine-Nz-yl)-aristolactam |. Panel B shows a specimen obtained from a smoker in which
a diagonal radioactive zone (DRZ) is present — the typical pattern of smoking-related adducts.

TABLE 2. MEAN DURATION OF USE AND TOTAL DOSES OF COMPONENTS OF WEIGHT-
REDUCING PILLS AND LEVELS OF ARISTOLOCHIC ACID—RELATED DNA ADDUCTS IN
18 PATIENTS WITH CHINESE-HERB NEPHROPATHY AND UROTHELIAL CARCINOMA AND
21 PATIENTS WITH CHINESE-HERB NEPHROPATHY WITHOUT UROTHELIAL CARCINOMA.

VARIABLE

Compound labeled as containing Stephania
tetrandra*
Total dose (g)
Duration of use (mo)

Mognolin officinalis (g)

Acetazolamide (g)

Fenfluramine (g)

Diethylpropion (g)

No. of 7-(deoxyadenosine- N¢-yl)-aristolactam I
DNA adducts,/10? normal nucleotides

UROTHELIAL UROTHELIAL
CARCINOMA CARCINOMA
PRESENT ABSENT
(N=18) (N=21) P VaLue
mean =SD
226+23 167+17 0.035
15+1.4 12+1.1 0.09
95.1+10.3 66*7.5 0.026
47.3+6.1 24.8+5.5 0.012
17.8%2.6 12.5+2.1 0.13
16.9+2.2 13.2*+19 0.20
29.9+9.3 31.2*x7.8 091

*The compound actually contained Aristolochin fangchi.

thelial carcinoma and those without urothelial carci-
noma were compared (Table 2). The mean cumu-
lative doses of fenfluramine and diethylpropion in the
two groups were not significantly different, whereas
those of the compound labeled as containing S. zez-
randra but actually containing A. fangchi, as con-

firmed by the detection of aristolochic acid—related
DNA adducts (P=0.035), M. officinalis (P=0.026),
and acetazolamide (P=0.012), were significantly dif-
ferent. Among these three compounds, which were
almost always prescribed together, the association be-
tween urothelial carcinoma and the intake of aceta-
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TABLE 3. Risk FACTORS FOR UROTHELIAL CARCINOMA IN PATIENTS
WITH END-STAGE CHINESE-HERB NEPHROPATHY.

UROTHELIAL ~ UROTHELIAL
CARCINOMA  CARCINOMA
PRESENT ABSENT
VARIABLE PATIENTS (N=18) (N=21) P VaALUE*
number (percent)
Use of compound labeled as containing 39 (100) 18 (100) 21 (100) 1.00
Stephanin tetrandrat
Concomitant use of Magnolin officinalis 38 (97) 18 (100) 21 (100) 0.99
Concomitant use of acetazolamide 27 (69) 14 (78) 13 (62) 0.32
Concomitant use of dexfenfluramine 16 (41) 5(28) 11 (52) 0.19
Concomitant use of phentermine 7 (18) 2 (11) 5(24) 0.42
Mesotherapy 31 (79) 15 (83) 16 (76) 0.70
Concomitant regular use of analgesics} 8 (21) 3(17) 5(24) 0.70
Concomitant regular use of nonsteroidal 7 (18) 4(22) 3 (14) 0.68
antiinflammatory drugs}
Concomitant smoking 12 (31) 7 (39) 5(24) 0.49

*P values are for the comparison of patients with urothelial carcinoma and those without urothelial

carcinoma.

1The compound actually contained Aristolochin fangchi.

fRegular use was defined as daily intake for a minimum of six months.

zolamide was the strongest. However, the proportion
of patients with urothelial cancer who took both
A. fangchi and acetazolamide and the proportion
among those who took A. fangchi without this di-
uretic were not significantly difterent (14 of 27 pa-
tients vs. 4 of 12 patients, P=0.32). Among the 24
patients with a total dose of A. fangch: of 200 g or
less, 8 cases of urothelial cancer were detected, where-
as among the 15 patients who had ingested 201 g or
more there were 10 cases (P=0.05).

The possible influence of the use of mesotherapy,
the use of nonsteroidal antiinflammatory drugs, and
smoking status on the development of urothelial car-
cinoma was evaluated in a univariate analysis. There
were no significant differences in these variables be-
tween the patients with urothelial carcinoma and those
without urothelial carcinoma (Table 3). Urothelial
carcinoma developed in 3 of 8 patients who took an-
algesics regularly while they were receiving the weight-
reducing pills and in 15 of 31 who did not take an-
algesics (P=0.70).

DISCUSSION

We found that carcinoma developed in the native
urinary tract in 18 of 39 patients with end-stage re-
nal disease related to the regular intake of aristolo-
chia species.

The role of Chinese herbs (specifically, aristolo-
chia species) as a cause of renal failure and urothelial
carcinoma is still a matter of debate, for several rea-
sons. First, promoters of Chinese herbs have claimed
that the renal disease originated from the injection of
a “hidden substance” (serotonin) at the time of meso-
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therapy; this claim has not been confirmed.23:2¢ Sec-
ond, analgesic nephropathy is a frequent type of renal
disease in Belgium?s and could thus be misdiagnosed
as Chinese-herb nephropathy, since urothelial cancer
develops in up to 10 percent of patients with analgesic
nephropathy.2¢ Third, similarities between Chinese-
herb nephropathy and Balkan endemic nephropathy
have been described,!? including the association of
both with urothelial carcinoma. Some evidence sug-
gests that Balkan endemic nephropathy is an environ-
mentally induced disease, perhaps related to exposure
to fungal or plant nephrotoxins such as ochratoxin
A and aristolochic acids.?” Both compounds are neph-
rotoxic and carcinogenic.

Our results enable us to address these issues. Thanks
to the collaboration of the Belgian Ministry of Health
and of pharmacists, we were able to quantify the cu-
mulative doses of the compounds taken by our pa-
tients. Insofar as DNA adducts in tissue samples are
valid biomarkers, we assessed possible exposure to
tobacco, aristolochic acid, and ochratoxin A. We found
that renal failure with or without urothelial carcino-
ma developed in some patients who never received
mesotherapy (and thus were not exposed to any “hid-
den substance”), who were not regular users of anal-
gesics or tobacco, and who had not been exposed to
ochratoxin A (which is classified as a possible carcin-
ogen in humans).28 No trace of ochratoxin A was de-
tected by Vanhaelen et al. in several samples of S. zet-
randra.* Only a small number of renal-tissue samples
that we analyzed were weakly positive for ochratoxin
A-related DNA adducts, indicating that ochratoxin A
does not have a key role in Chinese-herb nephropathy.
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Conversely, all patients had been exposed to aris-
tolochic acids and had aristolochic acid—related DNA
adducts in specimens of renal tissue. Moreover, the
risk of urothelial carcinoma was related to the cumu-
lative intake of A. fangchi. Our evidence indicates that
the regular intake of powdered Chinese herbs of the
aristolochia species dramatically increases the risk of
urothelial carcinoma.

Since most of our patients were treated with ap-
petite suppressants as well as acetazolamide, we can-
not exclude the possibility that the former, which are
serotonin agonists or sympathomimetic drugs with
vasoconstrictive properties,? or the latter, which al-
kalizes the urine, enhances the toxicity of the aristolo-
chia species.

High doses of the natural mixture of aristolochic
acids I and II induce acute tubular necrosis in ani-
mals3? and humans,3! but chronic interstitial fibrosis
has not been reported. The carcinogenic and muta-
genic effects associated with the binding of metabo-
lites of aristolochic acid to DNA have been extensively
described in studies in animals and in vitro studies®32
and resulted in the classification of aristolochic acid
as a genotoxic carcinogen. Indeed, the 7-(deoxyaden-
osine- No-yl)-aristolactam I adduct is a premutagenic
lesion in genomic DNA and is associated with mu-
tations in biologically important genes involved in car-
cinogenesis, such as the H-7as proto-oncogene3? and
the p53 gene.!3 In this respect, the absence of signif-
icant differences in the levels of 7-(deoxyadenosine-
Né¢-yl)-aristolactam I DNA adducts in specimens of
native kidney between patients with and those without
urothelial carcinoma may be due to the fact that levels
of these adducts are most likely the result of a bal-
ance between their formation and their loss through
either DNA-repair processes or apoptosis. The ob-
servation that the amounts of 7-(deoxyadenosine- N°-
yl)-aristolactam I DNA adducts did not correlate with
the cumulative dose of A. fangchi is not disturbing,
since the aristolochic acid content of the delivered
powders differed by a factor of 1 to 10 from one
batch to another.*

Our data suggest that aristolochia toxins (aristo-
lochic acids and also possibly other derivatives) cause
renal disease and urothelial cancer. Until recently,
Chinese-herb nephropathy seemed to be limited to
an outbreak in Belgium. Now, other cases have been
reported in France,3* Spain,3 Japan,3®37 the United
Kingdom,3® and Taiwan,® where cases of urothelial
carcinoma have also been detected. Our results should
prompt physicians to inquire about the use of herbal
medicine when patients have a renal disease or urothe-
lial tumor of unknown origin.
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