use of hip implants at younger ages.

Nationwide Study of Cancer [J Natl Cancer Inst 2001;93:1405-10]

Risk Among Hlp Replacement The carcinogenic potential of hip im-

Patients in Sweden plants is of growing public health interest
as they become more common, are im-
Lisa B. Signorello, Weimin Ye, Jon planted in younger patients, and remain in
P. Fryzek, Loren Lipworth, Joseph the body for increasingly longer periods
F. Fraumeni, Jr., William J. Blot, of time (1). Various metallic and nonme-
Joseph K. McLaughlin, Olof Nyrén tallic substances contained within the im-
plants or as components of their fixatives
are known or are suspected to cause can-
Background: Orthopedic implants and cer in humans or animals; in particular,
their fixatives contain materials with these substances include chromium, co-
carcinogenic potential. Whether these balt, nickel, beryllium, cadmium, zinc,
implants are linked to subsequent can- iron, lead, titanium, and polymethylmeth-
cer development remains unknown, acrylate(1-5). Case reports of bone and
mainly because large-scale, long-term soft-tissue sarcomas adjacent to orthope-
follow-up data are scarce Methods:We dic implants have suggested that exposure
conducted a nationwide cohort study in  0f local tissues to the implanted material
Sweden to examine cancer incidence may induce cancer at that sig-8). Sys-
among 116 727 patients who underwent temic exposure to metallic ions and other
hip replacement surgery during the pe- particulate debris released through corro-
riod from 1965 through 1994. Through sion of the implant is another concern,
record linkage to the Swedish Cancer since distant tissues could also be af-
Register, we identified all incident can- fected. The International Agency for Re-
cers through 1995 in this population search on Cancer determined the evidence
(693954 person-years of observation). regarding human carcinogenicity of or-
For each cancer type, the observed thopedic implants to be inadequate, in
number of cases was divided by that part because previous cohort studies had
expected in the general Swedish popu- limited data beyond 10-15 years’ latency
lation to produce standardized inci- to address possible long-term effects.
dence ratios (SIRs)Results:Relative to We reported previously on a nation-
the general population, the cohort had Wwide cohort of patients who underwent
no overall cancer excess (SIR = 1.01; hip implant surgery during the period
95% confidence interval [CI] = 0.99 to from 1965 through 1983 in Sweden and
1.03). However, we observed elevated were followed until the end of 198®).
SIRs for prostate cancer (SIR = 1.16; This cohort has now been expanded to
95% CI = 1.11 to 1.22) and melanoma include new patients who received hip
(SIR=1.15; 95% Cl = 1.01 to 1.30) and implants through 1994, and the follow-
a reduction in stomach cancer risk Up was updated through 1995. Hence, the
(SIR = 0.83; 95% CI = 0.75 to 0.92). total person-years of observation of our
Long-term follow-up (=15 years) re- original report has more than doubled,
vealed an excess of multiple myeloma and the present study of hip implants and
(SIR=1.86; 95% Cl =1.01to0 3.11) and cancer risk is, to our knowledge, the larg-
a statistically nonsignificant increase
in bladder cancer (SIR = 1.42; 95% ClI
- 0.98 t0.1.9.9). There was no mate.rial zek, L. Lipworth, W.J. Blot, J. K. McLaughlin,
Increase in risk for,bone or connective International Epidemiology Institute, Rockville,
tissue cancer for either men or women MD, and Department of Medicine, Vanderbilt
in any follow-up period. Conclusions: university Medical Center, and Vanderbilt-Ingram
In this, the largest study to date, hip Cancer Center, Nashville, TN; W. Ye, O. Nyrén,
implant patients had similar rates of Department of Medical Epidemiology, Karolinska
most types of cancer to those in the gen- In_st_itgte, Stockholm, S\{vedep; J.F. Fraumeni,_ Jr.,
eral population. Although the excesses Division of Cancer Epidemiology and Genetics,

f | Itiol | d National Cancer Institute, Bethesda, MD.
or melanoma, muitiple myeloma, an Correspondence tatloseph K. McLaughlin, Ph.D,

prostate and bladder cancers may be |nternational Epidemiology Institute, 1455 Research
due to chance, confounding, or detec- Bivd., Suite 550, Rockville, MD 20850 (e-mail:
tion bias and should be interpreted jkm@iei.ws).

cautiously, they warrant further inves- See‘Notes” following “References.”

tigation because of the ever-increasing © Oxford University Press
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est to date with the longest follow-up towhichever came first. Person-time accrued and camearly 7 years (range, 1 day to 31 years)

evaluate potential long-term effects. cer events observed dyring the first_yea_r of foIIow—(Tab|e 1). The reason for hip implant sur-
up were not counted in the analysis, since cancegery was mainly osteoarthritis (67%)
M ETHODS cases diagnosed during this period are assumed to %"e 20% of the cohort had a fracturé

coincidental, prone to selection and surveillance ™ ™~ - o . .
This study was approved by the regional Ethicdi@s: and unlikely to be causally related to the imJnod|Cat|0n1 5% r_hegma_tmd arthritis, and
Committee of the medical faculty, Uppsala Univer-Plant. Cancers found incidentally at autopsy werd3% some other indication.
sity, Sweden, and by the Data Inspection Board*cluded from the analyses to avoid possible ascer- The cohort generated more than 10000
of the National Board of Health and Welfare of tainment bias related to differential autopsy rategases of cancer during follow-up, exclud-
Sweden, Stockholm. between hip implant patients and the general popyng those that occurred during the first

lation. The number of expected events was (:achg—lear SIRs for major cancer types are

Identifvina the Cohort lated by multiplying age-, sex- and calendar year? . -
fy g specific incidence rates (expected rates) from théhown in Table 2, stratified by sex. Com-

The Inpatient Register was established by th@eneral population by the person-time accrued in thpared with the general population, we ob-
National Board of Health and Welfare in Sweden incohort. In the calculation of the expected ratesserved no excess of cancer overall (SIR
1964 to document individual hospital dischargesperson-time at risk in the general population did= 1.01; 95% Cl= 0.99 to 1.03). The
Each Inpatient Register record contaia$ {he pa- not include that contributed by individuals who werejncidence of the major digestive cancers
tient’'s national registration number (NRN—?”Ve ?Ut who had bee)n dLagnosek? Witfh Eance%as reduced (Stomach cancer: SHR
a unique identifier assigned to all Swedish resi{prevalent cancer cases). The number of observ _ .
dents;q, b) the date of hgspital admission and dis-events was divided by the number of expecte '8? [95% Cl= 0.75 t(g 0.92]; colon can-
charge, €) up to six discharge diagnoses coded acevents, producing a standardized incidence ratig€r: SIR = 0.95 [95/0 Cl= 0.89 to
cording to the International Classification of (SIR) with 95% confidence intervals (Cls) calcu-1.02]; and rectal cancer: SIR= 0.90
Diseases (ICD)-7 until 1968, ICD-8 from 1968 lated assuming that the observed events followef@5% CI = 0.82 to 0.99]). Among sub-
through 1986, and ICD-9 thereafter, aml (p to six & Poisson probability distributiol1). SIRs were jects with all indications for implants,
operation codes from the Swedish Classification ofalculated for all cancers combined as well as sep3yng cancer rates were 16% lower than
Operations and Major Procedures. The NRN permitgately for each cancer type. A chi-square tesbxpected for men (SIR= 0.84; 95% ClI

unambiguous linkage across all national registers ifpr linear trend in SIRs was used to evaluate dose—_ o
Sweden. response relationships by duration of follow-up. The 0.75 to 0'93)' but thEy were 14%

All records in the Inpatient Register indicating hip indication for the hip implant operation was deter-igher than expected for women (SR
replacement surgery (operation codes 8410, 841mined from the diagnostic codes (ICD codes) prol.14; 95% Cl= 0.99 to 1.29). The excess
8412, and 8419 and also codes 8413, 8414, andded in the Inpatient Register. When more tharlung cancer among female patients was,
8415 since 1984) from January 1, 1965, througt9ne indication was listed, the one listed first washowever, statistically Significant onIy
December 31, 1994, were initially selected. To reconsidered to be the principal diagnosis. Separaigmong those with a fracture indication for
move records with erroneous NRNs (correct NRN§ubana|]}lsei Wfre i?srfﬁfmedtwgh ttie't'use otfh th ip implant surgery (SIR= 1.52; 95% ClI
are a prerequisite for record linkages and follow-up)group of patients with rneumatoid artnritis as their 1.16 to 1.94). Men with fractures also

we excluded NRNSs that could not be found in eitheindication for hip replacement, because patients with— e S )
the Register of Total Population, Migration, or this disease are hypothesized to have a somewh3d a statistically significant excess risk

Death (n= 799, 0.6% of the identified records). different cancer risk profile. AIP values presented Of lung cancer (SIR= 1.80; 95% Cl=
Atotal of 128 170 persons were identified as havin this report are two-sided, and the results werdl .35 to 2.35), despite the fact that an over-
ing had hip replacement surgery during the studgonsidered to be statistically significant Btless g|| reduced risk was seen for males.

period. We sele.cted the first r_ecor'ded discharge tthan .05. SIRs for both melanoma and nonmela-
be used as the index surgery in this analysis. noma skin cancer were statistically sig-
Follow-up/Record Linkage RESULTS nificantly elevated, with the excess of

melanoma being more pronounced among
The nationwide Death Register provided data on  The 116 727 patients who received hipnen and nonmelanoma skin cancer more
all cohort member deaths (date and cause), whilinplants during the period from 1965pronounced among women. We also ob-

dates of emigration for cohort members who leftyy g9 1994 were followed for a mean ofserved statistically significant excesses
Sweden were identified through the Migration Reg-

ister. The national Cancer Register, founded in 1958
and estimated to be 98% compl€l®), was used to
ascertain (via linkage on patients’ NRNs) all inci-

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

dent cancers diagnosed in the cohort from the staﬁharaCte”St'C Men Women Total
of follow-up until December 31, 1995. The CancerHip replacement patients, No. 45249 71478 116 727
Register has coded malignant neoplasms accordiq:gia ) ) )

. - - gnosis at index surgery, No. of patients
to the ICD-7 classification scheme during the entire Osteoarthritis 36263 42357 78620
period of the study. To exclude hip replacement sur- | ate sequelae after fracture 2573 9601 12174
geries performed as a result of malignant disease and pAcute fracture 1842 8970 10812
to restrict our outcome to first primary tumors, we Rheumatoid arthritis 1524 4077 5601
excluded from the cohort all persons with a cancer Other 3047 6473 9520
diagnosis preceding their hip implant ¢1 10308).  \ean age at entry, y 67.7 70.7 69.5

We excluded an additional 1135 subjects because

of observed inconsistencies among data from th¥€dian calendar year at entry 1987 1987 1987
national registers. Thus, a total of 116 727 patientdotal person-years at risk 264493 429460 693 954*
were entered into the study. Mean years of follow-up 6.8 70 6.9
Statistical Analysis No. of cancer cases during follow-up 4941 5082 10023t
Mean age at cancer diagnosis, y 75.6 76.3 76.0

Individual person-time was calculated from the'
first hip implant surgery until the first cancer diag- *Excludes 113 659 person-years observed during the first year of follow-up.
nosis, death, emigration, or December 31, 1995, TExcludes 1377 cases of cancer diagnosed during the first year of follow-up.
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Table 2. Standardized incidence ratios (SIRs) and 95% confidence intervals (Cls) for cancer occurrence among hip replacement patients, stratified by sex

Men Women Total
Cancer type (ICD-7 code*) No. observed SIR 95% CI No. observed SIR 95% ClI No. observed SIR 95% ClI
All sites (140-209) 4941 1.02 1.00to 1.05 5082 0.99 0.96t01.02 10023 1.01 0.99t01.03
Buccal cavity (140-148) 104 1.00 0.82t01.22 83 1.11 0.881t01.37 187 1.05 0.90to1.21
Esophagus (150) 41 0.74 0.53t01.01 34 0.96 0.66t01.34 75 0.83 0.65t01.04
Stomach (151) 209 0.85 0.74t00.97 168 0.81 0.69t00.94 377 0.83 0.75t00.92
Stomach excluding cardia (151) 166 0.78 0.67t00.91 157 0.82 0.70t0 0.96 323 0.80 0.72t00.89
Colon (153) 371 1.02 0.92t01.13 478 0.90 0.82t00.98 849 0.95 0.89t01.02
Rectum (154) 207 0.84 0.73t00.96 248 0.96 0.84t01.08 455 0.90 0.82t00.99
Primary liver and bile duct (155) 98 1.03 0.84t01.26 175 098 0.84t01.14 273 1.00 0.89t01.13
Pancreas (157) 123 1.00 0.83t01.19 169 0.93 0.80t01.08 292 0.96 0.85t01.07
Lung (162-163) 353 0.84 0.75t00.93 231 1.14 0.99to1.29 584 0.94 0.86t01.01
Breast (170) 12 159 0.82t02.77 1113 0.96 0.90to1.01 1125 0.96 0.90to01.02
Cervix (171) — — — 78 091 0.72t01.14 — — —
Corpus uteri (172) — — — 249 096 0.841t01.08 — — —
Ovary (175) — — — 219 1.04 0.90t01.18 — — —
Prostate (177) 1789 116 1.11t01.22 — — — — — —
Kidney (180) 129 1.02 0.86t01.22 156 1.26 1.07t01.48 285 114 1.01t01.28
Bladder (181) 358 1.02 0.92t01.13 169 1.15 0.98t01.33 527 1.06 0.97to1.15
Malignant melanoma of skin (190) 126 124 1.04t01.48 129 1.06 0.89t01.27 255 1.15 1.01t01.30
Skin (nonmelanoma) (191) 278 1.03 091tol.16 296 119 1.05t01.33 574 111 1.02t01.20
Brain (193) 71 1.05 0.82t01.32 101 1.04 0.85t01.26 172 1.04 0.89tol.21
Thyroid (194) 7 0.54 0.22to1.11 37 0.93 0.66t01.29 44 0.84 0.61to1.12
Bone (196) 2 0.53 0.06t01.93 6 125 046t02.71 8 0.93 0.40to1.84
Connective tissue (197) 26 099 0.65t01.45 29 0.93 0.62t01.34 55 096 0.72t01.25
All hematopoietic (200-209) 329 0.97 0.87t01.08 359 0.97 0.87t01.07 688 0.97 0.90to1.04
Lymphoma (200-202, 205) 147 0.97 0.82t01.15 159 0.93 0.79t01.09 306 0.95 0.85t01.06
Multiple myeloma (203) 91 1.17 094t01.44 90 1.04 0.84t01.28 181 1.10 0.95t01.28
All leukemia (204-207) 91 0.82 0.66t01.00 110 0.96 0.79t01.16 201 0.89 0.77t01.02

*World Health Organization (WHO): International Classification of Diseases (ICH)e¥ision. Geneva (Switzerland): WHO; 1957.

of prostate cancer (SIR= 1.16; 95% CI geries (Table 3). For all cancers comimyeloma and bladder cancer were higher
= 1.11 to 1.22) and of kidney cancer inbined, we observed a borderline statistithan expected after a latency of 15 years
women (SIR= 1.26; 95% Cl= 1.07 to cally significant excess risk between 10or more, but not in earlier time periods.
1.48). Stratification by indication showedand 14 years after surgery (SR 1.06; We could not assess patterns of cancer
that the excess risk for kidney cance®5% CI = 1.00 to 1.12), but not in any risk by latency and surgical indication
among women was most prominent foiother time period. The deficit of stomachjointly, because the number of cancer
those with underlying rheumatoid arthritiscancer became more pronounced with inevents became too small in the later fol-
(SIR = 1.88; 95% Cl= 0.97 to 3.29). creasing follow-up time (particularly after low-up years.
Among women with osteoarthritis, thethe exclusion of cardia cancers), with a In the subgroup of patients with rheu-
SIR for kidney cancer was 1.28 (95% CI30% reduction in risk after 10 years’ la-matoid arthritis, we found statistically
= 1.05 to 1.55). tency. The largest excess of melanomaonsignificantly elevated SIRs for hema-
No association was observed for conwas seen after a latency period of 15 year®poietic malignancies (Table 4). We also
nective tissue cancer (SIR 0.96; 95% or more (SIR= 1.83; 95% Cl= (1.10— observed a strong and statistically signifi-
Cl = 0.72 to 1.25). Eight cases of bone2.86), and our analysis revealed a clearant deficit of colon cancer, a nonsignif-
cancer were identified in the cohort,and statistically significant trend of in- icant deficit of rectal cancer, and stomach
slightly less than the 8.6 expected. Thereasing SIRs over time for this cancercancer risk close to that expected in the
report forms received by the Cancer Reg(P for trend = .01). In contrast, the asso-general population. In contrast, among
ister were reviewed for each of these eightiation with nonmelanoma skin cancerpatients who had osteoarthritis or a frac-
cases. Five were chordomas (three locatedas inconsistent across latency periodtire as their surgical indication, we ob-
in the sacrum/coccyx area and two in thend disappeared after 15 years of followserved no association with hematopoietic
vertebral column excluding the sacrunmup. The highest SIR for prostate cancecancers (SIR= 0.95; 95% Cl= 0.88 to
and coccyx), and three were chondrowas seen during the period 5-9 years aftel.03) or colon cancer (SIR= 0.97; 95%
sarcomas (located in the tibia [& 1], implant surgery (SIR= 1.21; 95% Cl= CI = 0.91 to 1.04), a modest deficit in
distal femur [n= 1], and proximal femur 1.12 to 1.31), although some excess wa®ctal cancer (SIR= 0.90; 95% Cl =
[n = 1]). Five of the bone cancer casestill apparent at a latency of 15 or more0.82 to 0.99), and a substantial reduction
were diagnosed in the patient withinyears (SIR= 1.15; 95% Cl= 0.92 to in stomach cancer (SIR= 0.82; 95% ClI
5 years of receiving the implant, and1.43). The incidence of kidney cancer was= 0.74 to 0.91) (data not shown).
all were diagnosed within 7 years (mean54% higher than expected 10-14 years Separate analyses of the original co-
4.4 years after implantation). after surgery (SIR= 1.54; 95% Cl= hort who received hip implants during the
Almost 1900 incident cancer casesdl.13 to 2.04), but this excess was atteniperiod from 1965 through 1983 (36774
were identified among cohort membersated and statistically nonsignificant withpatients; 364882 person-years) and the
followed at least 10 years after their surlonger follow-up. The risks of multiple newer cohort who received implants dur-
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Table 3. Standardized incidence ratios (SIRs) and 95% confidence intervals (Cls) for cancer occurrence among hip replacement patients,
stratified by latency period

Latency period*

1-4y 59y 10-14y =15y
Cancer type (ICD-7 codet) Observed SIR  95% CI  Observed SIR  95% ClI Observed SIR  95% ClI  Observed SIR 95% ClI
All sites (140-209) 4790 1.00 097t01.03 3339 0.99 0.96t01.03 1434 1.06 1.00to1.12 460 0.99 0.91to 1.09
Buccal cavity (140-148) 85 0.97 0.78t01.20 60 1.00 0.77to1.29 34 145 1.00to2.02 8 1.01 0.44t02.00
Esophagus (150) 45 1.02 0.75t01.37 19 0.62 0.37t00.97 11  0.90 0.45t01.62 0 — 0.00t00.91
Stomach (151) 192 0.87 0.75t01.00 130 0.85 0.71t01.01 41  0.69 0.491t00.93 14 0.71 0.39t01.19
Stomach excluding cardia (151) 167 0.85 0.72t00.98 106 0.78 0.64t00.95 39 0.74 0.53t01.01 11 0.64 0.32to1.14
Colon (153) 400 0.95 0.86t01.04 297 0.98 0.87t01.10 120 0.96 0.80to1.15 32 0.73 0.50t0 1.03
Rectum (154) 213 0.88 0.77t01.01 154  0.90 0.76to0 1.05 65 0.94 0.72t01.20 23 0.97 0.61to1.45
Primary liver and bile duct (155) 139 1.04 0.88t01.23 87 095 0.76t01.17 37 102 0.72t01.41 10 0.83 0.40to01.53
Pancreas (157) 145 097 0.82t01.14 95 093 0.75t01.14 43 1.07 0.78t01.44 9 0.67 0.31t01.28
Lung (162-163) 281 0.90 0.80to1.01 191 0.92 0.79t01.06 86 1.10 0.88t01.35 26 1.07 0.70to 1.57
Breast (170) 555 0.96 0.88to0 1.04 355 0.92 0.82t01.02 163 1.06 0.90to 1.23 52 0.96 0.72t01.26
Cervix (171) 45 1.02 0.75t01.37 23 0.83 0.53t01.25 4 0.39 0.10t00.99 6 1.74 0.641t03.78
Corpus uteri (172) 143  1.10 0.93t01.30 71 0.83 0.65t01.05 32 096 0.66t01.36 3 0.26 0.05t00.76
Ovary (175) 129 119 0.99to1.41 55 0.80 0.60to 1.04 25 0.98 0.63t01.44 10 1.20 0.57t02.20
Prostate (177) 807 1.14 1.07to1l.22 652 1.21 1.12t01.31 244 110 0.96t01.24 86 1.15 0.92t01.43
Kidney (180) 134 1.07 0.89t01.26 90 1.09 0.88t01.34 48 154 1.13t02.04 13 1.31 0.70t02.24
Bladder (181) 231 0.98 0.86to1.11 188 1.11 0.95t01.28 75 1.09 0.86t01.36 33 1.42 0.981t01.99
Malignant melanoma of skin (190) 108 1.00 0.82t01.21 87 1.17 0.94to1.44 41  1.37 0.98t01.85 19 1.83 1.10t02.86
Skin (nonmelanoma) (191) 261 1.16 1.02t01.31 176  0.98 0.84t01.13 105 1.28 1.05to 1.56 32 1.01 0.69to01.43
Brain (193) 99 1.16 0.94to1.41 51 095 0.71t01.25 17 0.86 0.50t01.38 5 0.82 0.27t01.92
Thyroid (194) 20 0.75 0.46t01.16 17 0.98 0.57to1.57 6 0.92 0.34t02.00 1 0.47 0.01t02.62
Bone (196) 5 1.14 0.37t02.66 3 1.07 0.22t03.12 0 — 0.00to0 3.54 0 — 0.00t0 11.29
Connective tissue (197) 30 1.08 0.73t01.54 18 0.93 0.55t01.47 5 065 0.21to1.51 2 0.76 0.09t02.74
All hematopoietic (200-209) 330 0.97 0.87t01.08 239 0.99 0.87t01.13 90 0.93 0.75t01.14 29 0.88 0.59t01.26
Lymphoma (200-202, 205) 150 0.98 0.83t01.15 109 1.00 0.82t01.21 38 0.86 0.61t01.18 9 0.59 0.27to1.11
Multiple myeloma (203) 88 1.12 0.90to1.38 57 1.03 0.78t01.33 22 0.99 0.62to1.50 14 1.86 1.01to03.11
All leukemia (204-207) 92 0.84 0.68t01.04 73 096 0.75t01.20 30 0.98 0.66t01.41 6 0.59 0.21t01.28

*Person-years of observation in each strata: 1-4 years, 353 235; 5-9 years, 226 614; 10-14 years: 85 $84rs, 28 269.
tWorld Health Organization (WHO): International Classification of Diseases (ICD)evision. Geneva (Switzerland): WHO; 1957.

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

Cancer type Obs Exp SIR 95% ClI In summary, overall cancer risk among

Hematopoietic cancer hip implant patients was close to expec-
All hematopoietic 34 24.56 1.38 0.9610 1.03 tation. However, we observed these pa-
All leukemia 11 7.43 1.48 0.74t02.65 tients to have a statistically significant
All cliynlgphor;a 18 11.68 1.54 091to2.44 excess of melanoma and prostate cancer
Hodgkin's disease 3 0.92 3.25 0.67t09.51
Non-Hodgkin's lymphoma 15 10.6 1.41 0.79t0 2.33 and, af.ter a latency of 15 years or more,
Multiple myeloma 5 5.46 0.92 0.30t02.14 Of multiple myeloma and bladder cancer.
Acute lymphocytic leukemia 1 0.25 4.01 0.10t0 22.38n contrast, we noted a statistically sig-
Chronic lymphocytic leukemia 4 3.17 1.26 0.34t03.24 nificant deficit of stomach cancer and
Acute nonlymphocytic leukemia 6 2.28 2.63 0.97t05.73 - . ~
Chronic nonlymphocytic leukemia 0 0.69 — 0.00t0 5.37 suggestive ev'_dence fo_r d_ecreased colo
o rectal cancer risk. The incidence of bone

Major digestive cancers . .
Colon 16 29.18 0.55 0.31t00.89 and connective tissue cancers was not
Rectum 13 16.57 0.78 0.42t0 1.34 statistically significantly higher than ex-
Stomach 14 12.92 1.08

0.5910 1.82 pected for either sex in any follow-up

*Obs = observed number of cases; Expexpected number of cases; S#Rstandardized incidence ratio;

Cl = confidence interval.

eriod.
In our earlier repor{9), the rate of kid-
ney cancer was found to be statistically
significantly elevated among hip implant

ing the period from 1984 through 1994varying magnitudes seen for patients withiecipients, whereas this finding is not con-
(79953 patients; 329071 person-yearsyll indications, while in the newer cohortfirmed in the newer cohort of patients
produced, on the whole, similar resultsthe SIR for kidney cancer was 0.92 (95%who received implants during the period

The exception was with respect to kidneyCl =

0.75 to 1.11; 108 cases observedrom 1984 through 1994. It is possible

cancer. The overall SIR for kidney canceversus 117.9 expected) with an excesthat hip implants from the earlier time
in the original cohort was 1.35 (95% Clseen only for patients with rheumatoidperiod (more commonly metal on metal

= 1.15 to 1.56; 177 cases observed veiarthritis (SIR = 2.66; 95% Cl= 1.38

sus 131.6 expected) with excesses db 4.65).

1408 REPORTS

than polyethylene on metal) could influ-
ence renal cancer risk via properties that
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are not shared by newer implants. Alsoto frequent use of nonsteroidal anti-Gillespie et al.(38) found a statistically
hip implant patients are high consumerenflammatory drugs (NSAIDs) for arthri- significant 68% increased risk of lym-
of analgesics, and the older cohort of patis and other paif27,28).It is noteworthy phoma/hematopoietic cancer, but patients
tients had more opportunity to take phenthat, in our study, the protective effectwith a prior diagnosis of cancer were in-
acetin, an analgesic that was linked tavas greater for stomach cancer than focluded in the analysis, and the association
both kidney failure(12) and kidney can- colorectal cancer. An antibiotic effect onwas primarily seen in the first 2 years of
cer (13) and, therefore, withdrawn from H. pylori infection should be specific for follow-up. Visuri and Koskenvu@39) re-
the Swedish market in the early 1970sstomach cancer, while NSAIDs have beeported a statistically significant threefold
If one considers the number of associashown to protect against both stomaclexcess risk of lymphoma/leukemia among
tions examined in the analysis, it is alsand colorectal cance(g7,29,30) Further hip implant patients with osteoarthritis
possible that the elevated SIR for kidneyevidence suggesting an antibiotic effecafter 5729 person-years of observation,
cancer in the 1965-1983 cohort was dueomes from a study in Denmaril4), but again the first year of follow-up
to chance. In line with findings from our where a lowered risk of stomach cancelargely contributed to the excess. Later
expanded cohort, Olsen et &41.4) found was found among patients with osteoarstudies by the same authors of these early
no excess of kidney cancer in a large cothritis who underwent hip implant surgerystudies(15,17,40)as well as other studies
hort of Danish patients who had hip(presumably exposed to both NSAID9,16), have not found evidence linking
implant surgery during the period fromand antibiotics) but not among thosehip implants to hematopoietic cancers
1977 through 1989 (SIR= 0.93; 95% CI who did not have surgery (presumabljbeyond the first year after implantation,
= 0.74 to 1.14). exposed only to NSAIDs). Also, Akre although Olsen et al(14) noted a mar-
The excess risk of melanoma that weet al. (26) recently showed a dose-—ginally significant 10% excess. We ob-
observed is also consistent with the Danresponse reduction in stomach cancer riskerved a substantial deficit of colon and
ish study(14), which found a nearly 50% with increasing weight-adjusted prophy-rectal cancers, consistent with other stud-
excess risk and a trend of increasing SIR&ctic antibiotic dose among hip implanties of patients with rheumatoid arthritis
with increasing follow-up. The biologic patients. (35,36). High NSAID use among these
rationale linking hip implants to mela- An excess of lung cancer was seempatients may account for these associa-
noma is not clear, and other studigb— only among implant patients with a hiptions (29-30).
17) have not reported this associationfracture indication, probably because Overall, the results of our study are
However, a large Swedish cohort studyigarette smoking is a risk factor for lowlargely reassuring that hip implant pa-
(18) has reported that persons with physibone density and associated hip fracturagents have similar rates of most types of
cally demanding occupations, particularly(31,32). A reason for the excess risk ofcancer as the general population. We did
involving outdoor work, are at statisti- prostate cancer is less clear. Increasethd evidence, however, that hip replace-
cally significantly elevated risk of being contact with the medical system due tanent may be associated with an increased
hospitalized for osteoarthritis. Thus, indi-hip surgery could increase detection ratessk of melanoma and prostate cancer and
viduals with high sun exposure may befor prostate cancer, although we did exwith an excess of multiple myeloma and
over-represented among hip implant paelude cancers that were found during théladder cancer after long-term follow-up.
tients with osteoarthritis. first year of follow-up and it is unlikely If these associations were causal in na-
Increased rates of multiple myelomathat detection bias would be sustainedure, they would represent serious public
and of bladder cancer have not been olsver one to two decades. Confounding byealth issues, but we note that causal in-
served in earlier studies, possibly becausabesity is possible, although the associderence is hindered by the limitations of
the follow-up periods were too shorttion between obesity and prostate canceyur study design (and that of other previ-
for such evaluation. The etiology of mul-is weak (33). If the association between ous record linkage studies that lack infor-
tiple myeloma is poorly understood, buthip implants and prostate cancer is causahation on confounding factors). Still,
chronic immune stimulation is thought toin nature, it could be via exposure to cadgeneral impressions can be offered on the
play a role(19). Foreign-body implants mium (34). basis of an assessment of the overall state
provoke a variety of immune responses Patients with rheumatoid arthritis haveof the evidence. Except for our earlier re-
(20-23) that persist for the life of the been shown to have higher rates of hemaport (9), there is almost no other evidence
implant; thus, a causal relationship mayopoietic cancers and lower rates of cololinking hip implants to prostate cancer
be plausible. With regard to bladder canrectal and possibly stomach cancéss— risk, and there is no consistency regarding
cer, no information was available on risk37). This study provided the opportunityan association with melanoma; given the
factors, such as cigarette smoking, pherte test these associations in a large groupck of proposed biologic hypotheses and
acetin-containing analgesics, and a nunsf hip implant patients with rheumatoidthe multiple comparisons that we per-
ber of occupational exposuré¥4); there- arthritis as an underlying condition. De-formed, chance or confounding bias is a
fore, confounding by these variablesspite the small number of cases, we didikely explanation for the melanoma and
cannot be ruled out as an explanation fofind that leukemia and lymphoma wereprostate cancer results. However, because
the excess risk. related (albeit statistically nonsignifi- this investigation provided the first oppor-
Confounding seems a likely explana-cantly) to hip implantation only amongtunity to adequately evaluate the long-
tion for the inverse association with stom-his subgroup of patients. Earlier studieserm cancer-related effects of hip im-
ach cancer, which could be due to inci{38,39) have reported associations beplants, the associations that we observed
dental Helicobacter pylori eradication tween hip implantation and hematopoietiavith bladder cancer and multiple my-
via antibiotic prophylaxis used at the timecancers. A relatively small (14286 per-eloma, while also potentially attributable
of hip implant surgery(9,25,26)and/or son-years of observation) cohort study byo chance or bias, should be considered
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