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Background:Orthopedic implants and
their fixatives contain materials with
carcinogenic potential. Whether these
implants are linked to subsequent can-
cer development remains unknown,
mainly because large-scale, long-term
follow-up data are scarce.Methods:We
conducted a nationwide cohort study in
Sweden to examine cancer incidence
among 116727 patients who underwent
hip replacement surgery during the pe-
riod from 1965 through 1994. Through
record linkage to the Swedish Cancer
Register, we identified all incident can-
cers through 1995 in this population
(693954 person-years of observation).
For each cancer type, the observed
number of cases was divided by that
expected in the general Swedish popu-
lation to produce standardized inci-
dence ratios (SIRs).Results:Relative to
the general population, the cohort had
no overall cancer excess (SIR = 1.01;
95% confidence interval [CI] = 0.99 to
1.03). However, we observed elevated
SIRs for prostate cancer (SIR = 1.16;
95% CI = 1.11 to 1.22) and melanoma
(SIR = 1.15; 95% CI = 1.01 to 1.30) and
a reduction in stomach cancer risk
(SIR = 0.83; 95% CI = 0.75 to 0.92).
Long-term follow-up (�15 years) re-
vealed an excess of multiple myeloma
(SIR = 1.86; 95% CI = 1.01 to 3.11) and
a statistically nonsignificant increase
in bladder cancer (SIR = 1.42; 95% CI
= 0.98 to 1.99). There was no material
increase in risk for bone or connective
tissue cancer for either men or women
in any follow-up period. Conclusions:
In this, the largest study to date, hip
implant patients had similar rates of
most types of cancer to those in the gen-
eral population. Although the excesses
of melanoma, multiple myeloma, and
prostate and bladder cancers may be
due to chance, confounding, or detec-
tion bias and should be interpreted
cautiously, they warrant further inves-
tigation because of the ever-increasing

use of hip implants at younger ages.
[J Natl Cancer Inst 2001;93:1405–10]

The carcinogenic potential of hip im-
plants is of growing public health interest
as they become more common, are im-
planted in younger patients, and remain in
the body for increasingly longer periods
of time (1). Various metallic and nonme-
tallic substances contained within the im-
plants or as components of their fixatives
are known or are suspected to cause can-
cer in humans or animals; in particular,
these substances include chromium, co-
balt, nickel, beryllium, cadmium, zinc,
iron, lead, titanium, and polymethylmeth-
acrylate(1–5).Case reports of bone and
soft-tissue sarcomas adjacent to orthope-
dic implants have suggested that exposure
of local tissues to the implanted material
may induce cancer at that site(6–8).Sys-
temic exposure to metallic ions and other
particulate debris released through corro-
sion of the implant is another concern,
since distant tissues could also be af-
fected. The International Agency for Re-
search on Cancer determined the evidence
regarding human carcinogenicity of or-
thopedic implants to be inadequate, in
part because previous cohort studies had
limited data beyond 10–15 years’ latency
to address possible long-term effects.
We reported previously on a nation-

wide cohort of patients who underwent
hip implant surgery during the period
from 1965 through 1983 in Sweden and
were followed until the end of 1989(9).
This cohort has now been expanded to
include new patients who received hip
implants through 1994, and the follow-
up was updated through 1995. Hence, the
total person-years of observation of our
original report has more than doubled,
and the present study of hip implants and
cancer risk is, to our knowledge, the larg-
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est to date with the longest follow-up to
evaluate potential long-term effects.

METHODS

This study was approved by the regional Ethics
Committee of the medical faculty, Uppsala Univer-
sity, Sweden, and by the Data Inspection Board
of the National Board of Health and Welfare of
Sweden, Stockholm.

Identifying the Cohort

The Inpatient Register was established by the
National Board of Health and Welfare in Sweden in
1964 to document individual hospital discharges.
Each Inpatient Register record contains (a) the pa-
tient’s national registration number (NRN—
a unique identifier assigned to all Swedish resi-
dents), (b) the date of hospital admission and dis-
charge, (c) up to six discharge diagnoses coded ac-
cording to the International Classification of
Diseases (ICD)-7 until 1968, ICD-8 from 1968
through 1986, and ICD-9 thereafter, and (d) up to six
operation codes from the Swedish Classification of
Operations and Major Procedures. The NRN permits
unambiguous linkage across all national registers in
Sweden.
All records in the Inpatient Register indicating hip

replacement surgery (operation codes 8410, 8411,
8412, and 8419 and also codes 8413, 8414, and
8415 since 1984) from January 1, 1965, through
December 31, 1994, were initially selected. To re-
move records with erroneous NRNs (correct NRNs
are a prerequisite for record linkages and follow-up),
we excluded NRNs that could not be found in either
the Register of Total Population, Migration, or
Death (n� 799, 0.6% of the identified records).
A total of 128 170 persons were identified as hav-

ing had hip replacement surgery during the study
period. We selected the first recorded discharge to
be used as the index surgery in this analysis.

Follow-up/Record Linkage

The nationwide Death Register provided data on
all cohort member deaths (date and cause), while
dates of emigration for cohort members who left
Sweden were identified through the Migration Reg-
ister. The national Cancer Register, founded in 1958
and estimated to be 98% complete(10),was used to
ascertain (via linkage on patients’ NRNs) all inci-
dent cancers diagnosed in the cohort from the start
of follow-up until December 31, 1995. The Cancer
Register has coded malignant neoplasms according
to the ICD-7 classification scheme during the entire
period of the study. To exclude hip replacement sur-
geries performed as a result of malignant disease and
to restrict our outcome to first primary tumors, we
excluded from the cohort all persons with a cancer
diagnosis preceding their hip implant (n� 10 308).
We excluded an additional 1135 subjects because
of observed inconsistencies among data from the
national registers. Thus, a total of 116 727 patients
were entered into the study.

Statistical Analysis

Individual person-time was calculated from the
first hip implant surgery until the first cancer diag-
nosis, death, emigration, or December 31, 1995,

whichever came first. Person-time accrued and can-
cer events observed during the first year of follow-
up were not counted in the analysis, since cancer
cases diagnosed during this period are assumed to be
coincidental, prone to selection and surveillance
bias, and unlikely to be causally related to the im-
plant. Cancers found incidentally at autopsy were
excluded from the analyses to avoid possible ascer-
tainment bias related to differential autopsy rates
between hip implant patients and the general popu-
lation. The number of expected events was calcu-
lated by multiplying age-, sex- and calendar year-
specific incidence rates (expected rates) from the
general population by the person-time accrued in the
cohort. In the calculation of the expected rates,
person-time at risk in the general population did
not include that contributed by individuals who were
alive but who had been diagnosed with cancer
(prevalent cancer cases). The number of observed
events was divided by the number of expected
events, producing a standardized incidence ratio
(SIR) with 95% confidence intervals (CIs) calcu-
lated assuming that the observed events followed
a Poisson probability distribution(11). SIRs were
calculated for all cancers combined as well as sepa-
rately for each cancer type. A chi-square test
for linear trend in SIRs was used to evaluate dose–
response relationships by duration of follow-up. The
indication for the hip implant operation was deter-
mined from the diagnostic codes (ICD codes) pro-
vided in the Inpatient Register. When more than
one indication was listed, the one listed first was
considered to be the principal diagnosis. Separate
subanalyses were performed with the use of the
group of patients with rheumatoid arthritis as their
indication for hip replacement, because patients with
this disease are hypothesized to have a somewhat
different cancer risk profile. AllP values presented
in this report are two-sided, and the results were
considered to be statistically significant atP less
than .05.

RESULTS

The 116727 patients who received hip
implants during the period from 1965
through 1994 were followed for a mean of

nearly 7 years (range, 1 day to 31 years)
(Table 1). The reason for hip implant sur-
gery was mainly osteoarthritis (67%),
while 20% of the cohort had a fracture
indication, 5% rheumatoid arthritis, and
8% some other indication.
The cohort generated more than 10000

cases of cancer during follow-up, exclud-
ing those that occurred during the first
year. SIRs for major cancer types are
shown in Table 2, stratified by sex. Com-
pared with the general population, we ob-
served no excess of cancer overall (SIR
� 1.01; 95% CI� 0.99 to 1.03). The
incidence of the major digestive cancers
was reduced (stomach cancer: SIR�
0.83 [95% CI� 0.75 to 0.92]; colon can-
cer: SIR � 0.95 [95% CI� 0.89 to
1.02]; and rectal cancer: SIR� 0.90
[95% CI � 0.82 to 0.99]). Among sub-
jects with all indications for implants,
lung cancer rates were 16% lower than
expected for men (SIR� 0.84; 95% CI
� 0.75 to 0.93), but they were 14%
higher than expected for women (SIR�
1.14; 95% CI� 0.99 to 1.29). The excess
lung cancer among female patients was,
however, statistically significant only
among those with a fracture indication for
hip implant surgery (SIR� 1.52; 95% CI
� 1.16 to 1.94). Men with fractures also
had a statistically significant excess risk
of lung cancer (SIR� 1.80; 95% CI�
1.35 to 2.35), despite the fact that an over-
all reduced risk was seen for males.
SIRs for both melanoma and nonmela-

noma skin cancer were statistically sig-
nificantly elevated, with the excess of
melanoma being more pronounced among
men and nonmelanoma skin cancer more
pronounced among women. We also ob-
served statistically significant excesses

Table 1.Characteristics of the 116 727 hip replacement patients and their follow-up

Characteristic Men Women Total

Hip replacement patients, No. 45 249 71 478 116 727

Diagnosis at index surgery, No. of patients
Osteoarthritis 36 263 42 357 78 620
Late sequelae after fracture 2573 9601 12 174
Acute fracture 1842 8970 10 812
Rheumatoid arthritis 1524 4077 5601
Other 3047 6473 9520

Mean age at entry, y 67.7 70.7 69.5

Median calendar year at entry 1987 1987 1987

Total person-years at risk 264 493 429 460 693 954*

Mean years of follow-up 6.8 7.0 6.9

No. of cancer cases during follow-up 4941 5082 10 023†

Mean age at cancer diagnosis, y 75.6 76.3 76.0

*Excludes 113 659 person-years observed during the first year of follow-up.
†Excludes 1377 cases of cancer diagnosed during the first year of follow-up.
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of prostate cancer (SIR� 1.16; 95% CI
� 1.11 to 1.22) and of kidney cancer in
women (SIR� 1.26; 95% CI� 1.07 to
1.48). Stratification by indication showed
that the excess risk for kidney cancer
among women was most prominent for
those with underlying rheumatoid arthritis
(SIR � 1.88; 95% CI� 0.97 to 3.29).
Among women with osteoarthritis, the
SIR for kidney cancer was 1.28 (95% CI
� 1.05 to 1.55).
No association was observed for con-

nective tissue cancer (SIR� 0.96; 95%
CI � 0.72 to 1.25). Eight cases of bone
cancer were identified in the cohort,
slightly less than the 8.6 expected. The
report forms received by the Cancer Reg-
ister were reviewed for each of these eight
cases. Five were chordomas (three located
in the sacrum/coccyx area and two in the
vertebral column excluding the sacrum
and coccyx), and three were chondro-
sarcomas (located in the tibia [n� 1],
distal femur [n� 1], and proximal femur
[n � 1]). Five of the bone cancer cases
were diagnosed in the patient within
5 years of receiving the implant, and
all were diagnosed within 7 years (mean,
4.4 years after implantation).
Almost 1900 incident cancer cases

were identified among cohort members
followed at least 10 years after their sur-

geries (Table 3). For all cancers com-
bined, we observed a borderline statisti-
cally significant excess risk between 10
and 14 years after surgery (SIR� 1.06;
95% CI� 1.00 to 1.12), but not in any
other time period. The deficit of stomach
cancer became more pronounced with in-
creasing follow-up time (particularly after
the exclusion of cardia cancers), with a
30% reduction in risk after 10 years’ la-
tency. The largest excess of melanoma
was seen after a latency period of 15 years
or more (SIR� 1.83; 95% CI� (1.10–
2.86), and our analysis revealed a clear
and statistically significant trend of in-
creasing SIRs over time for this cancer
(P for trend� .01). In contrast, the asso-
ciation with nonmelanoma skin cancer
was inconsistent across latency periods
and disappeared after 15 years of follow-
up. The highest SIR for prostate cancer
was seen during the period 5–9 years after
implant surgery (SIR� 1.21; 95% CI�
1.12 to 1.31), although some excess was
still apparent at a latency of 15 or more
years (SIR� 1.15; 95% CI� 0.92 to
1.43). The incidence of kidney cancer was
54% higher than expected 10–14 years
after surgery (SIR� 1.54; 95% CI�
1.13 to 2.04), but this excess was attenu-
ated and statistically nonsignificant with
longer follow-up. The risks of multiple

myeloma and bladder cancer were higher
than expected after a latency of 15 years
or more, but not in earlier time periods.
We could not assess patterns of cancer
risk by latency and surgical indication
jointly, because the number of cancer
events became too small in the later fol-
low-up years.
In the subgroup of patients with rheu-

matoid arthritis, we found statistically
nonsignificantly elevated SIRs for hema-
topoietic malignancies (Table 4). We also
observed a strong and statistically signifi-
cant deficit of colon cancer, a nonsignif-
icant deficit of rectal cancer, and stomach
cancer risk close to that expected in the
general population. In contrast, among
patients who had osteoarthritis or a frac-
ture as their surgical indication, we ob-
served no association with hematopoietic
cancers (SIR� 0.95; 95% CI� 0.88 to
1.03) or colon cancer (SIR� 0.97; 95%
CI � 0.91 to 1.04), a modest deficit in
rectal cancer (SIR� 0.90; 95% CI�
0.82 to 0.99), and a substantial reduction
in stomach cancer (SIR� 0.82; 95% CI
� 0.74 to 0.91) (data not shown).
Separate analyses of the original co-

hort who received hip implants during the
period from 1965 through 1983 (36774
patients; 364882 person-years) and the
newer cohort who received implants dur-

Table 2.Standardized incidence ratios (SIRs) and 95% confidence intervals (CIs) for cancer occurrence among hip replacement patients, stratified by sex

Cancer type (ICD-7 code*)

Men Women Total

No. observed SIR 95% CI No. observed SIR 95% CI No. observed SIR 95% CI

All sites (140–209) 4941 1.02 1.00 to 1.05 5082 0.99 0.96 to 1.02 10 023 1.01 0.99 to 1.03
Buccal cavity (140–148) 104 1.00 0.82 to 1.22 83 1.11 0.88 to 1.37 187 1.05 0.90 to 1.21
Esophagus (150) 41 0.74 0.53 to 1.01 34 0.96 0.66 to 1.34 75 0.83 0.65 to 1.04
Stomach (151) 209 0.85 0.74 to 0.97 168 0.81 0.69 to 0.94 377 0.83 0.75 to 0.92
Stomach excluding cardia (151) 166 0.78 0.67 to 0.91 157 0.82 0.70 to 0.96 323 0.80 0.72 to 0.89
Colon (153) 371 1.02 0.92 to 1.13 478 0.90 0.82 to 0.98 849 0.95 0.89 to 1.02
Rectum (154) 207 0.84 0.73 to 0.96 248 0.96 0.84 to 1.08 455 0.90 0.82 to 0.99
Primary liver and bile duct (155) 98 1.03 0.84 to 1.26 175 0.98 0.84 to 1.14 273 1.00 0.89 to 1.13
Pancreas (157) 123 1.00 0.83 to 1.19 169 0.93 0.80 to 1.08 292 0.96 0.85 to 1.07
Lung (162–163) 353 0.84 0.75 to 0.93 231 1.14 0.99 to 1.29 584 0.94 0.86 to 1.01
Breast (170) 12 1.59 0.82 to 2.77 1113 0.96 0.90 to 1.01 1125 0.96 0.90 to 1.02
Cervix (171) — — — 78 0.91 0.72 to 1.14 — — —
Corpus uteri (172) — — — 249 0.96 0.84 to 1.08 — — —
Ovary (175) — — — 219 1.04 0.90 to 1.18 — — —
Prostate (177) 1789 1.16 1.11 to 1.22 — — — — — —
Kidney (180) 129 1.02 0.86 to 1.22 156 1.26 1.07 to 1.48 285 1.14 1.01 to 1.28
Bladder (181) 358 1.02 0.92 to 1.13 169 1.15 0.98 to 1.33 527 1.06 0.97 to 1.15
Malignant melanoma of skin (190) 126 1.24 1.04 to 1.48 129 1.06 0.89 to 1.27 255 1.15 1.01 to 1.30
Skin (nonmelanoma) (191) 278 1.03 0.91 to 1.16 296 1.19 1.05 to 1.33 574 1.11 1.02 to 1.20
Brain (193) 71 1.05 0.82 to 1.32 101 1.04 0.85 to 1.26 172 1.04 0.89 to 1.21
Thyroid (194) 7 0.54 0.22 to 1.11 37 0.93 0.66 to 1.29 44 0.84 0.61 to 1.12
Bone (196) 2 0.53 0.06 to 1.93 6 1.25 0.46 to 2.71 8 0.93 0.40 to 1.84
Connective tissue (197) 26 0.99 0.65 to 1.45 29 0.93 0.62 to 1.34 55 0.96 0.72 to 1.25
All hematopoietic (200–209) 329 0.97 0.87 to 1.08 359 0.97 0.87 to 1.07 688 0.97 0.90 to 1.04
Lymphoma (200–202, 205) 147 0.97 0.82 to 1.15 159 0.93 0.79 to 1.09 306 0.95 0.85 to 1.06
Multiple myeloma (203) 91 1.17 0.94 to 1.44 90 1.04 0.84 to 1.28 181 1.10 0.95 to 1.28
All leukemia (204–207) 91 0.82 0.66 to 1.00 110 0.96 0.79 to 1.16 201 0.89 0.77 to 1.02

*World Health Organization (WHO): International Classification of Diseases (ICD). 7th revision. Geneva (Switzerland): WHO; 1957.
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ing the period from 1984 through 1994
(79953 patients; 329071 person-years)
produced, on the whole, similar results.
The exception was with respect to kidney
cancer. The overall SIR for kidney cancer
in the original cohort was 1.35 (95% CI
� 1.15 to 1.56; 177 cases observed ver-
sus 131.6 expected) with excesses of

varying magnitudes seen for patients with
all indications, while in the newer cohort
the SIR for kidney cancer was 0.92 (95%
CI � 0.75 to 1.11; 108 cases observed
versus 117.9 expected) with an excess
seen only for patients with rheumatoid
arthritis (SIR� 2.66; 95% CI� 1.38
to 4.65).

DISCUSSION

In summary, overall cancer risk among
hip implant patients was close to expec-
tation. However, we observed these pa-
tients to have a statistically significant
excess of melanoma and prostate cancer
and, after a latency of 15 years or more,
of multiple myeloma and bladder cancer.
In contrast, we noted a statistically sig-
nificant deficit of stomach cancer and
suggestive evidence for decreased colo-
rectal cancer risk. The incidence of bone
and connective tissue cancers was not
statistically significantly higher than ex-
pected for either sex in any follow-up
period.
In our earlier report(9), the rate of kid-

ney cancer was found to be statistically
significantly elevated among hip implant
recipients, whereas this finding is not con-
firmed in the newer cohort of patients
who received implants during the period
from 1984 through 1994. It is possible
that hip implants from the earlier time
period (more commonly metal on metal
than polyethylene on metal) could influ-
ence renal cancer risk via properties that

Table 3.Standardized incidence ratios (SIRs) and 95% confidence intervals (CIs) for cancer occurrence among hip replacement patients,
stratified by latency period

Cancer type (ICD-7 code†)

Latency period*

1–4 y 5–9 y 10–14 y �15 y

Observed SIR 95% CI Observed SIR 95% CI Observed SIR 95% CI Observed SIR 95% CI

All sites (140–209) 4790 1.00 0.97 to 1.03 3339 0.99 0.96 to 1.03 1434 1.06 1.00 to 1.12 460 0.99 0.91 to 1.09
Buccal cavity (140–148) 85 0.97 0.78 to 1.20 60 1.00 0.77 to 1.29 34 1.45 1.00 to 2.02 8 1.01 0.44 to 2.00
Esophagus (150) 45 1.02 0.75 to 1.37 19 0.62 0.37 to 0.97 11 0.90 0.45 to 1.62 0 — 0.00 to 0.91
Stomach (151) 192 0.87 0.75 to 1.00 130 0.85 0.71 to 1.01 41 0.69 0.49 to 0.93 14 0.71 0.39 to 1.19
Stomach excluding cardia (151) 167 0.85 0.72 to 0.98 106 0.78 0.64 to 0.95 39 0.74 0.53 to 1.01 11 0.64 0.32 to 1.14
Colon (153) 400 0.95 0.86 to 1.04 297 0.98 0.87 to 1.10 120 0.96 0.80 to 1.15 32 0.73 0.50 to 1.03
Rectum (154) 213 0.88 0.77 to 1.01 154 0.90 0.76 to 1.05 65 0.94 0.72 to 1.20 23 0.97 0.61 to 1.45
Primary liver and bile duct (155) 139 1.04 0.88 to 1.23 87 0.95 0.76 to 1.17 37 1.02 0.72 to 1.41 10 0.83 0.40 to 1.53
Pancreas (157) 145 0.97 0.82 to 1.14 95 0.93 0.75 to 1.14 43 1.07 0.78 to 1.44 9 0.67 0.31 to 1.28
Lung (162–163) 281 0.90 0.80 to 1.01 191 0.92 0.79 to 1.06 86 1.10 0.88 to 1.35 26 1.07 0.70 to 1.57
Breast (170) 555 0.96 0.88 to 1.04 355 0.92 0.82 to 1.02 163 1.06 0.90 to 1.23 52 0.96 0.72 to 1.26
Cervix (171) 45 1.02 0.75 to 1.37 23 0.83 0.53 to 1.25 4 0.39 0.10 to 0.99 6 1.74 0.64 to 3.78
Corpus uteri (172) 143 1.10 0.93 to 1.30 71 0.83 0.65 to 1.05 32 0.96 0.66 to 1.36 3 0.26 0.05 to 0.76
Ovary (175) 129 1.19 0.99 to 1.41 55 0.80 0.60 to 1.04 25 0.98 0.63 to 1.44 10 1.20 0.57 to 2.20
Prostate (177) 807 1.14 1.07 to 1.22 652 1.21 1.12 to 1.31 244 1.10 0.96 to 1.24 86 1.15 0.92 to 1.43
Kidney (180) 134 1.07 0.89 to 1.26 90 1.09 0.88 to 1.34 48 1.54 1.13 to 2.04 13 1.31 0.70 to 2.24
Bladder (181) 231 0.98 0.86 to 1.11 188 1.11 0.95 to 1.28 75 1.09 0.86 to 1.36 33 1.42 0.98 to 1.99
Malignant melanoma of skin (190) 108 1.00 0.82 to 1.21 87 1.17 0.94 to 1.44 41 1.37 0.98 to 1.85 19 1.83 1.10 to 2.86
Skin (nonmelanoma) (191) 261 1.16 1.02 to 1.31 176 0.98 0.84 to 1.13 105 1.28 1.05 to 1.56 32 1.01 0.69 to 1.43
Brain (193) 99 1.16 0.94 to 1.41 51 0.95 0.71 to 1.25 17 0.86 0.50 to 1.38 5 0.82 0.27 to 1.92
Thyroid (194) 20 0.75 0.46 to 1.16 17 0.98 0.57 to 1.57 6 0.92 0.34 to 2.00 1 0.47 0.01 to 2.62
Bone (196) 5 1.14 0.37 to 2.66 3 1.07 0.22 to 3.12 0 — 0.00 to 3.54 0 — 0.00 to 11.29
Connective tissue (197) 30 1.08 0.73 to 1.54 18 0.93 0.55 to 1.47 5 0.65 0.21 to 1.51 2 0.76 0.09 to 2.74
All hematopoietic (200–209) 330 0.97 0.87 to 1.08 239 0.99 0.87 to 1.13 90 0.93 0.75 to 1.14 29 0.88 0.59 to 1.26
Lymphoma (200–202, 205) 150 0.98 0.83 to 1.15 109 1.00 0.82 to 1.21 38 0.86 0.61 to 1.18 9 0.59 0.27 to 1.11
Multiple myeloma (203) 88 1.12 0.90 to 1.38 57 1.03 0.78 to 1.33 22 0.99 0.62 to 1.50 14 1.86 1.01 to 3.11
All leukemia (204–207) 92 0.84 0.68 to 1.04 73 0.96 0.75 to 1.20 30 0.98 0.66 to 1.41 6 0.59 0.21 to 1.28

*Person-years of observation in each strata: 1–4 years, 353 235; 5–9 years, 226 614; 10–14 years, 85 835;�15 years, 28 269.
†World Health Organization (WHO): International Classification of Diseases (ICD). 7th revision. Geneva (Switzerland): WHO; 1957.

Table 4.Hematopoietic and digestive cancers among hip implant patients with a rheumatoid
arthritis indication*

Cancer type Obs Exp SIR 95% CI

Hematopoietic cancer
All hematopoietic 34 24.56 1.38 0.96 to 1.93
All leukemia 11 7.43 1.48 0.74 to 2.65
All lymphoma 18 11.68 1.54 0.91 to 2.44
Hodgkin’s disease 3 0.92 3.25 0.67 to 9.51
Non-Hodgkin’s lymphoma 15 10.6 1.41 0.79 to 2.33
Multiple myeloma 5 5.46 0.92 0.30 to 2.14
Acute lymphocytic leukemia 1 0.25 4.01 0.10 to 22.35
Chronic lymphocytic leukemia 4 3.17 1.26 0.34 to 3.24
Acute nonlymphocytic leukemia 6 2.28 2.63 0.97 to 5.73
Chronic nonlymphocytic leukemia 0 0.69 — 0.00 to 5.37

Major digestive cancers
Colon 16 29.18 0.55 0.31 to 0.89
Rectum 13 16.57 0.78 0.42 to 1.34
Stomach 14 12.92 1.08 0.59 to 1.82

*Obs� observed number of cases; Exp� expected number of cases; SIR� standardized incidence ratio;
CI � confidence interval.
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are not shared by newer implants. Also,
hip implant patients are high consumers
of analgesics, and the older cohort of pa-
tients had more opportunity to take phen-
acetin, an analgesic that was linked to
both kidney failure(12) and kidney can-
cer (13) and, therefore, withdrawn from
the Swedish market in the early 1970s.
If one considers the number of associa-
tions examined in the analysis, it is also
possible that the elevated SIR for kidney
cancer in the 1965–1983 cohort was due
to chance. In line with findings from our
expanded cohort, Olsen et al.(14) found
no excess of kidney cancer in a large co-
hort of Danish patients who had hip
implant surgery during the period from
1977 through 1989 (SIR� 0.93; 95% CI
� 0.74 to 1.14).
The excess risk of melanoma that we

observed is also consistent with the Dan-
ish study(14),which found a nearly 50%
excess risk and a trend of increasing SIRs
with increasing follow-up. The biologic
rationale linking hip implants to mela-
noma is not clear, and other studies(15–
17) have not reported this association.
However, a large Swedish cohort study
(18)has reported that persons with physi-
cally demanding occupations, particularly
involving outdoor work, are at statisti-
cally significantly elevated risk of being
hospitalized for osteoarthritis. Thus, indi-
viduals with high sun exposure may be
over-represented among hip implant pa-
tients with osteoarthritis.
Increased rates of multiple myeloma

and of bladder cancer have not been ob-
served in earlier studies, possibly because
the follow-up periods were too short
for such evaluation. The etiology of mul-
tiple myeloma is poorly understood, but
chronic immune stimulation is thought to
play a role (19). Foreign-body implants
provoke a variety of immune responses
(20–23) that persist for the life of the
implant; thus, a causal relationship may
be plausible. With regard to bladder can-
cer, no information was available on risk
factors, such as cigarette smoking, phen-
acetin-containing analgesics, and a num-
ber of occupational exposures(24); there-
fore, confounding by these variables
cannot be ruled out as an explanation for
the excess risk.
Confounding seems a likely explana-

tion for the inverse association with stom-
ach cancer, which could be due to inci-
dental Helicobacter pylori eradication
via antibiotic prophylaxis used at the time
of hip implant surgery(9,25,26)and/or

to frequent use of nonsteroidal anti-
inflammatory drugs (NSAIDs) for arthri-
tis and other pain(27,28).It is noteworthy
that, in our study, the protective effect
was greater for stomach cancer than for
colorectal cancer. An antibiotic effect on
H. pylori infection should be specific for
stomach cancer, while NSAIDs have been
shown to protect against both stomach
and colorectal cancers(27,29,30).Further
evidence suggesting an antibiotic effect
comes from a study in Denmark(14),
where a lowered risk of stomach cancer
was found among patients with osteoar-
thritis who underwent hip implant surgery
(presumably exposed to both NSAIDs
and antibiotics) but not among those
who did not have surgery (presumably
exposed only to NSAIDs). Also, Akre
et al. (26) recently showed a dose–
response reduction in stomach cancer risk
with increasing weight-adjusted prophy-
lactic antibiotic dose among hip implant
patients.
An excess of lung cancer was seen

only among implant patients with a hip
fracture indication, probably because
cigarette smoking is a risk factor for low
bone density and associated hip fractures
(31,32).A reason for the excess risk of
prostate cancer is less clear. Increased
contact with the medical system due to
hip surgery could increase detection rates
for prostate cancer, although we did ex-
clude cancers that were found during the
first year of follow-up and it is unlikely
that detection bias would be sustained
over one to two decades. Confounding by
obesity is possible, although the associa-
tion between obesity and prostate cancer
is weak (33). If the association between
hip implants and prostate cancer is causal
in nature, it could be via exposure to cad-
mium (34).
Patients with rheumatoid arthritis have

been shown to have higher rates of hema-
topoietic cancers and lower rates of colo-
rectal and possibly stomach cancers(35–
37). This study provided the opportunity
to test these associations in a large group
of hip implant patients with rheumatoid
arthritis as an underlying condition. De-
spite the small number of cases, we did
find that leukemia and lymphoma were
related (albeit statistically nonsignifi-
cantly) to hip implantation only among
this subgroup of patients. Earlier studies
(38,39) have reported associations be-
tween hip implantation and hematopoietic
cancers. A relatively small (14286 per-
son-years of observation) cohort study by

Gillespie et al.(38) found a statistically
significant 68% increased risk of lym-
phoma/hematopoietic cancer, but patients
with a prior diagnosis of cancer were in-
cluded in the analysis, and the association
was primarily seen in the first 2 years of
follow-up. Visuri and Koskenvuo(39) re-
ported a statistically significant threefold
excess risk of lymphoma/leukemia among
hip implant patients with osteoarthritis
after 5729 person-years of observation,
but again the first year of follow-up
largely contributed to the excess. Later
studies by the same authors of these early
studies(15,17,40),as well as other studies
(9,16), have not found evidence linking
hip implants to hematopoietic cancers
beyond the first year after implantation,
although Olsen et al.(14) noted a mar-
ginally significant 10% excess. We ob-
served a substantial deficit of colon and
rectal cancers, consistent with other stud-
ies of patients with rheumatoid arthritis
(35,36).High NSAID use among these
patients may account for these associa-
tions (29–30).
Overall, the results of our study are

largely reassuring that hip implant pa-
tients have similar rates of most types of
cancer as the general population. We did
find evidence, however, that hip replace-
ment may be associated with an increased
risk of melanoma and prostate cancer and
with an excess of multiple myeloma and
bladder cancer after long-term follow-up.
If these associations were causal in na-
ture, they would represent serious public
health issues, but we note that causal in-
ference is hindered by the limitations of
our study design (and that of other previ-
ous record linkage studies that lack infor-
mation on confounding factors). Still,
general impressions can be offered on the
basis of an assessment of the overall state
of the evidence. Except for our earlier re-
port (9), there is almost no other evidence
linking hip implants to prostate cancer
risk, and there is no consistency regarding
an association with melanoma; given the
lack of proposed biologic hypotheses and
the multiple comparisons that we per-
formed, chance or confounding bias is a
likely explanation for the melanoma and
prostate cancer results. However, because
this investigation provided the first oppor-
tunity to adequately evaluate the long-
term cancer-related effects of hip im-
plants, the associations that we observed
with bladder cancer and multiple my-
eloma, while also potentially attributable
to chance or bias, should be considered

Journal of the National Cancer Institute, Vol. 93, No. 18, September 19, 2001 REPORTS 1409



carefully and require further in-depth
study.
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