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I. Abstract 

New Caledonia, a French territory in the South Pacific, has 

been mining and refining nickel, a known carcinogen, for more 

than a century. This report is a study of the epidemiology of 

lung cancer in N.C. and includes 1) the incidence rates for the 

1970-74 period, 2) a case comparison study of the relation between 

nickel o_<:..cupational exposures and lung cancer, and 3) a study of 
i:---------· 

the distribution of the cases on the Island and in the city of 

Noumea where the smelter is. 

The results show a moderately high incidence rate for the 

European male population and a high rate for the Melanesian 

female population. An association between nickel occupational 

exposure and lung cancer is found to be significant as is the 

ordering in the distribution of the proportions of cases of lung 

cancer relative to the distance of their residence from the 

nickel smelter in Noumea. 
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II. Context of the problem 

A. Statement of the problem and background 

A review of cancer incidence and mortality data for eleven 

countries and territories of the South Pacific indicated that New 

Caledonia had lung cancer rates which were strikingly higher than 

all other areas except Guam (l). This finding stimulated an 

epidemiologic study of lung cancer in New Caledonia and its 

possible association with the refining of nickel which has been 

conducted there for more than a century. 

New Caledonia is a French territory in the South Pacific 

located halfway between Fiji and Australia. The island is 

approximately 250 miles long and 30 miles wide and contains some 

120,200 inhabitants as of July 1972. Of this number, 51,000 

(42%) are native Melanesians, 48,000 (40%) are Europeans and 

21,200 (18%) of other origins including Indonesian, Vietnamese 

and Polynesian. 

Noumea, the largest city of the island had 52,000 inhabitants 

of which 58% were Europeans, 17% Melanesians and 25% other groups. 

Nickel has been mined on New Caledonia since 1866 and 

smelted since 1885. Essentially all phases of mining, trans

porting, drying, leaching and smelting of serpentirye ores are 
~ "--. .. - . 

done there. Ore is transported from 4 open pit mines scattered 

around the isl and to Noumea for smelting. The f i na 1 product, 

ferro nickel matte is exported. Approximately 4,000 to 5,000 
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persons dre e111µluyeu <lL any one Li111e in Uw nickel industry whose 

product constitutes between 97 - 99% of the exports of the island. 

B . Li te ra tu re rev i ew 

Experimental studies of the biological effects of nickel 

compounds have been carried out for many years. Some established 

their carcinogenic effects after intravenous, intramuscular, 

intrapleural or subcutaneous injections (2). Others like 

Sunderman (3 & 4) observed epidermoid, anaolastic and adeno

carcinomas of the lungs of rats after inhalation of gas carbonyl 

and Heuper (5) noticed the appearance of anaplastic and adeno

carcinomas of the lungs of guinea pigs and mice after inhalation 

of nickel dust.* 

Nickel compounds were suspected of causing occupational 

diseases around 1932, in England where high ~evalence of lung 

and nasal cancer among the workers at the Mand Nickel Works in 

Clydach, Wales first raised questions. Since then, there have 

been many other cases of lung and nasal cancer observed among 

nickel workers throughout the world. Studies by Doll (7,8) and 

Morgan (9) in England and Sutherland (10) and Mastromatteo (11) in 

Canada have demonstrated an enhanced prevalence of cancer of the 

* A comolete review of the works on the biological effect of 

nickel compounds is presented by Sunderman (6). 
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respiratory tract relative to the prevalence in the general 

population among these workers. Furthermore, certain groups of 

nickel workers were identified as being still at higher risk by 

Doll among the Welsh workers employed directly on the nickel 

carbonyl process, by Mastromatteo among the Cuppola furnace 
----·-·-·--·· ··~·· 

• workers and by Pedersen (12) among workers engaged in the roasting-

smelting oper~tion in electrolytic refining. 

In all these epidemiologic studies of lung cancer among 

nickel workers, it has always been impossible to collect data on 

cigarette smoking and therefore there has been no study of a 

pass i bl e interaction between_ cj_gar~tte_ $mok i ng_ and __ ni_c_keL. So __ _ 

when the prevalence rates and ratios were computed, because there 

were no data on the cigarette smoking habits of the nickel workers, 

one had to assume first that these \vorkers I smokinq habits were 

the same as those of the general population and secondly, that 

there was no interaction between nickel exposure and smoking. 

C. Objectives of the study 

New Caledonia offers a chance to look at these problems. 

There has never been any study of the effects of nickel exposure 

on the population of the island where, as cited above, nickel has 

been mined and refined for more than a century. 

This study has three objectives. The first one is the 

determination of the incidence rate of lung cancer in New Caledonia 
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in order to evaluate the magnitude of the problem. The second one 

is to determine if nickel exposure is associated with lung cancer 

and the third one is to study the effects of the nickel smelter 

fumes on the population of the city of Noumea. 
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III. Methodology 

A. Incidence of lung cancer in New Caledonia (1970-74) 

1. The numerator 

In order to ascertain the cases of lung cancer many sources 

had to be used since no single one contained the information. 

The most important one was the medical charts of the Pneumology 

Department of the Noumea Hospital where the charts were available 

only from 1970 and on even though the hospital is much older than 

that. The second most important source 1t-1as an administrative 

form necessary for the transfer of cancer patients and others to 

Australia for diagnosis and treatment. Then the Hospital Death 

Registry and the Civil Death Registries of the native Melanesians 

and of the Europeans and others were consulted even though the 

medical diagnosis appeared only in the hospital one and only for 

the patients who died there. Finally the cancer registry of the 

Pathology laboratory was reviewed in order to find some cases or 

to confirm others. Other sources mostly administrative like the 

. ,,<' 

.,// 

Social Services of N.C. and two Worker Compensation Organizations-') 

were consulted to find complementary demographic infonnation like 

age, address, race, etc. (See annex I) 

The cases of lung cancers found were divided into four (4) 

categories according to the following definitions. A Confirmed 

case is one for which a pathologic diagnosis of lung cancer had 

been established. A Strongly Suspected case is one for which 

~.' \; ~ 



, 

'----



\ 
.J' 

9 

there was no pathological diagnosis but for which a bronchoscopy !,,l 

had been performed and a tumour seen and reported in the medical 

chart. A Possible case is a patient clinically and radiologically 
,j 

(chest x-ray and/or tomography) suspected of lung cancer. And 

finally, a Clinically Certain case is a possible case for which 

the final diagnosis was the one of lung cancer on the medical 

chart. The total number of cases in these four diagnostic cate

gories constitute the numerator of the incidence rate. 

2. The denominator 

The denominators of the rates were computed by the 11Service 

de la Statistique de la N.C. !I They are estimates of the popula

tion as of July l, 1972, the mid-period of the study. These 

estimates are based on the 1969 and 1974 general census. 

In order to have an idea of the magnitude of the problem of 

lung cancer in N .C., £!:_~9e as v1ell as specific and standardized 

rates were computed. In this latter case, the standard populations 

used are the ones of the International Union Against Cancer (13). 

The rates observed were then compared to the ones observed in 

other countries. 

B. Case comparison study 

1. Operationalization 

(. 
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Since it was not possible to obtain a list of all nickel 

workers during any past periods in order to form a cohort and 

since anyway it was impossible to ascertain the health outcome of 

the workers because the medical charts of the Hospital were not 

available before 1970, a R.r.Q.s.p_ective study could not be undertaken. 

The design is then the one of a case comparison stu_dy whose 

objective is to detennine if nickel occupational exposure is 

associated with lung cancer in New Caledonia. The cases and the 

controls are then compared for their age, sex, smoking habits 

(i.e., cigarette smoker or not), and nickel occupational exposure 

(i.e., ever worked for the nickel company or not). 

The case group: The cases are the ones who constitute 

the numerator in the incidence rate. The ascertainment 

method as well as the sources of information are also 

the same. In some cases however only partial informa

tion was available. 

The comparison group is constituted by all patients 

35 years old and over who attended the Hospital labora

tory (Institut - Pasteur) or the Blood Bank on an 

ambulatory basis during the months of July and August, 

1975. This group was interviewed by two technicians, 

one from each organization who had experience in the past 

with research and interviews. The purpose of these 

interviews was to gather information on the patient's 

) 
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age, sex, race, address, smoking habits, and nickel 

occupational exposure. (See annexed questionnaire) 

Ascertainment of exposures: The information on the 

smoking habits and nickel exposure was ascertained 

differently for the cases and for the comparison group. 

For this latter group, the information was gathered 

by .interview as stated above. However for the cases, 

since they were almost all dead at the time of the 

study, the problem is more complex and needs to be 

looked at closely. 

First, the smoking information comes from the medical charts 

of the Noumea Hospital and of the Royal Prince Alfred Hospital 

in Sydney, Australia where maY cancer patients had been sent. 

Secondly, the nickel occupational exposure information was 

ascertained from many different sources. They are: either or 

both medical charts, the death certificates, the files of the 

agencies providing funds for travel and medical expenses and the 

Worker Compensation Organization where the work history of many 

cases were available. Finally a list of the cases of lung cancer 

was presented to the medical representatives of the nickel com

pany who were asked to check if any of the patients on the list 

ever worked for them, and if yes, in which department and for how 

long. After this process, the cases of lung cancer for whom no 

information on their occupation had been found and had not been 

reported by the Company as one of their workers were classified 

as 11 not exposed to n i eke 1 . 11 
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2. Statistical problem 

The objective of this case comparison study is to detennine 

if nickel occupational exposure is associated with lung cancer in 

New Caledonia. For this purpose, males who suffered from lung 

cancer diagnosed in the 1970-74 period are compared with another 

male group without the disease on the basis of their age, smoking 

habits and nickel occupational exposure. 

The statistical analysis of the data makes use of the "~~-=--~\ 

linear mo~~-~--~pproach" as defined by Bishop, Fienberg and Holland \ 
\ 
\ 

(15) and of the 11 Stepwise procedure 11 based on a mixing of back

ward and forward steps as defined by L.A. Goodman (16). This 

method consists of searching for the simplest model which can 

explain the data. 

C. Geographical distribution of the cases of lung cancer 

in New Caledonia 

The last question this study is attempting to look at is the 

one of the potential health effects of air pollution caused in 

Noumea by the fumes and dust coming out of the nickel smelter 

chimneys. Even though the wind in Noumea is predominantly from 

the southeast and blows the nickel dust and fumes toward the sea 

and also that the nickel compa~y had made some effort to decrease 

the amount of dust released in the air, there are still a fair 

amount of red clouds travelling across the city \vhen the wind 

9 
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blows in the other directions. Furthennorc, there is still a thin 

layer of red dust visible on the cars and roofs some mornings in 

some neighborhoods. 

Since the only measures of health hazards available are the 

incidence rates of lung cancer per 100,000 per neighborhood in 

Noumea, the only questions that are l~oked at are: (1) Were there 

in Noumea, during the 1970-74 period, more cases of lung cancer 

than one could expect on the basis of its population? (2) Are 

the proportion of cases of lung cancer diagnosed in Noumea 

distributed at random across the city? 

Age standardized incidence rates in Noumea and outside 
--· --,.~~-~-,11,,-,q,_.,.,._, .... ......_..__ .. ~ ... -1' "' r. .................... . 

Noumea are computed and compared to answer the first question 

using the modified x2 for standardized incidence rates (17, 18) 

to determine the statistical significance of the difference, if 

any. 

In order to answer the second question, the cases whose 

addresses are known were classified in one of the 23 neighbor

hoods of Noumea, which were then grouped to fonn three new zones. 

A first one is far from the smelter and includes seven 

neighborhoods which are: Val Plaisance, Anse-Vata, Baie des 

Pecheurs, Vallon du Gaz, Magenta, Ouemo, Pointe aux Longs Cous, 

Riviere Salee (first and second sector), and Ducos. A second 

zone is near the smelter. Its seven neighborhoods are: Quart,er 

Latin, Vallee du Genie, Centre Ville, Vallee des Colons, Vallee 

du Tir, Montravel, Montagne Coupee, and Nouville. Finally there 

J 
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is a zone L>etween Lhe two first localed Jt middle distance from 

the smelter and includes the following: Trianon, Mont Venus, 

Orphelinat, Mont Coffyn, Artillerie, Sainte Marie, Taragnat, 

Faubourg Blanchot, Port Despointes, Vallee Aubertin, Verteuil 

Musiciens, Haut Magenta, Porte de Fer, fifth KM (Lotissements), 

and seventh KM, Cite de Saint Quentin, Cite Yahoue, Norrnandie. 

(See annexed map of Noumea.) 

The statistical analysis is done by the Ba_:.!_~-~~~~-§~'-~_J.~st 

which permits to verify if there is any significant ordering in 

the distribution of the proportion of cases. The level of 

significance is also set here at 5%. 
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l V. Resu Its 

A. Incidence of lung cancer in New Caledonia 

During the 1970-74 five year period, 92 cases of lung cancer 

were diagnosed in New Caledonia. This number includes 53 

confinned cases, 9 stronaly suspected, 24 possible and 6 clinically 

certain cases. TARLE I shows the distribution of cases per year. 

Table I 

Total 

Distribution of the number of new cases of lung 

cancer over the 1970-74 period in New Caledonia 

Year Male Female Total 

1970 6 7 

1971 10 ? 12 '-

1972 20 21 

1973 21 5 26 

1974 24 2 26 

81 ll 92 

This gives an annual average incidence rate of lung cancer 

of 15.31 per 100,000 population during this period and the sex

specific rates are 25,9 and 3.8 for males and females per 
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100,000 population per year. Table II shows the sex and race 

specific average annual rates. 

Table II Sex and race specific average annual rates of 

lung cancer per 100,000 oopulation (1970-74) 

Tota 1 No. Cases Average Annual Incidence 
Over 5-1ear Period Rate 2er 100,000 

Race Male Female Male Female 

European 44 3 34.8 2.6 

Melanesian 24 8 17. 9 6.3 

Others 14 24.3 

These rates show that the New Caledonian males of European 

origin have the highest rates followed by those of Other origin 

(i.e. Indonesian, Vietnamese, Polynesian, etc.) and by those of 

Melanesian origin. However when the rates are computed for the 

city of Noumea and compared with the ones outside Noumea (Table 

III) a different pattern appears. In Noumea the rates of the 

Melanesian males are now the highest followed by the European and 

the Others while in the rest of the island, the Europeans showing 

a consistently high rate are first. Throughout the two tables 
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however, the Melanesian females have the same higher rates than 

their European counterpart in the city as well as outside. 

However, this study did not provide any clue which could explain 

these findings. 

Table III Age adjusted* average annual incidence rates of 

lung cancer per 100,000 pooulation (1970-74) 

Noumea Outside Noumea 

Ethnic qroue Male Female Male Female 

Melanesian 64.2 5.5 23.5 10. 3 

( 42. l ) ( 4 . l ) ( l 5. 3) (6.8) 

Eu rope an 58.9 3.7 47,5 2.9 

(34.5) (2.5) (32.2) ( 1 . 7) 

Other 22.6 42.2 

(18.2) (28.4) 

* The standard population used here i s the 11 world 11 one of the 
-t 

I.U.A.C. (The number in parenthesis are the age adjusted "-,-. 

I 

rates on the overall New Caledonian population.) 

In order to have an idea of the importance of the problem of 

lung cancer in New Caledonia, incidence rates observed in the 

I . 
·r1..,l. ( • :, t, /_I·~ 

I~ . / ·,- '· 
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Territory are compared with rates observed in other areas of the 

world. Of course, one has to be very careful when comparison of 

incidence rates are made between different parts of the world and 

even more when conclusions are drawn. 

The problems encountered in making such comparison are 

numerous. It can be sufficient to mention the problems of compa

rability of the population themselves with their different 

biological backgrounds, their different attitudes and behavior 

toward disease, the problems of comparability of the different 

medical care systems and their accessibility and the problems of 

ascertainment of disease as well as the systems used to do so. 

However, one problem: the distribution of the population per 

age group can somehow be handled by the techniques of age 

standardization. This method pennits the comparison of rates in 

population with different age distribution by comparing all the 

different populations with standard ones with some arbitrary 

proportions of people in each age group (13). In Table IV the 

standard populations used are the World, Eurooean and African 

types as defined by the International Union Against Cancer. They 

serve to show how the incidence rates observed in New Caledonia 

after adjustment for age, do compare with the ones observed in 

specific areas throughout the world. 

The objective of Table IV is not to give a specific rank to 

New Caledonia among the areas it is compared with but rather to 

present one way to evaluate the importance of the problem. 
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Table IV A 

Bronchus and lung cancer (I .C. 162-3): Age standardized 
incidence rates per 100,000, annual averaqe. (New 
Caledonia 1970-74, all others, 1960-64) Males* 

~--- Site of the Registry 

U.K., England and Wales, Liverpool 

U.S.A., Hawaii, Hawaiians 

New Zealand, Maori 

Finland 

U.K., Scotland 

German Federal Republic 

Gennan Democratic Re pub 1 i c 

New Caledonia, European 

U.S.A., California, Alameda, White 

Rhodesia, Bulawayo, African 

New Zealand, European 

U.S.A., Connecticut 

U.S.A., California, Alameda, Black 

New Caledonia, Others 
,...,,,,., 

Israel, Jews born in European 
America 

New Caledonia, Melanesian 

Canada, Quebec 

Poland, Craiow City and District 

Hungary, County Vas 

Sweden 

Co 1 om b i a , Ca 1 i 

Norway 

Japan, Miyagi Prefecture 

Standard Population 
World European African 

86.6 

70,3 

70. l 

70.0 

67.0 

66.0 

48.8 

48. l 

47.8 

47 .1 

45. l 

44.0 

43.8 

35. l 

29.6 

29.01 

28.7 

27.9 

22.8 

19. 2 

1 7. 5 

16.5 

15 .6 

123.7 

99.6 

103.0 

99.7 

93.2 

94. 7 

68.6 

66.4 

68.2 

67.0 

64.6 

62.9 

61.1 

50.9 

43.3 

39.8 

40.3 

38.9 

32.6 

27.5 

25.7 

23. l 

22.5 

45.3 

38 .1 

34.6 

36.0 

35.5 

32.3 

24.9 

25.6 

24.3 

25. 1 

23.3 

23.0 

25.3 

22.5 

15. 3 

17. 2 

15. 1 

15.0 

11.4 

9.7 

9.0 

8.6 

7 .8 

* Source: International Union Against Cancer 
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Table IV B 

Bronchus and lung cancer (I .C. 162-3): Age standardized 
incidence rates: annual average per 100,000. (New 
Ca 1 edoni a 1970-74, a 11 others, 1960-64) Fema 1 es * 

Standard Population 
Site of the Registry 

New Zealand, Maori 

World European African 

U.S.A., Hawaii, Hawaiians 

U.K., England and Wales, Liverpool 

New Caledonia, Melanesian 

U . S . A . , Haw a i i , Ca u ca s i an 

Germany Federal Republic 

U.K., Scotland 

Israel, Jews born in Europe or 
America 

U.S.A., California, Alameda, Black 

U.S.A., Connecticut 

U.S~A., California, Alameda, White 

New Zealand, Eurooean 

Japan, Miyagi Prefecture 

Hungary, County Vas 

Rhodesia, Bulawayo, African 

Finland 

Sweden 

German Democratic Republic 

Canada, Quebec 

Poland, Craiow City and District 

Co 1 om bi a , Ca 1 i 

New Caledonia, European 

Norv,ay 

37.7 

22.3 

l l.8 

10. 2 

l O. 2 

10 .2 

9.9 

9.8 

9.0 

7.8 

7.4 

6. 1 

6.0 

5.4 

4.7 

4.4 

4.4 

4.3 

4.3 

3.9 

3.8 

3.6 

3. l 

* Source: International Union Against Cancer 

52.7 

31.6 

16.7 

14. 2 

13.8 

14.4 

13.5 

14.7 

B.l 

11 .0 

10.5 

8.5 

8.7 

7.8 

6.9 

6.5 

6.5 

6. l 

5.9 

5.5 

5.2 

4.8 

4.5 

19.7 

12.7 

6.9 

5.9 

6.4 

5.8 

6.0 

5.2 

6.3 

4.7 

4.4 

3.4 

3.4 

3.3 

2.5 

2.5 

2.4 

2.4 

2.7 

2.2 

2. 1 

l. 7 

l. 7 
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The problem of lung cancer in New Caledonia is not as 

serious as it is in certain areas of the world. However, New 

Caledonia experiences an incidence rate for males which can be 

considered slightly above the median for the European and 

slightly under the median for the Melanesian and Others. As for 

the females, however, it is highly surprising once more to see 

the Europeans and Melanesians in two different directions. 
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IV. Results 

B. Case comparison study 
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Of the 92 cases of lung cancer diagnosed during the period 

under study, complete information was available for only 68 or 

74%. Their distribution per characteristic (i.e., smoking habit, 

nickel occupational exposure and age) as well as the ones of the 

109 11 controls 11 are presented in Tables V and VI. 

\ •.Ah / -: 
I 

Table V Distribution of the cases and the controls for age group, 

~
j 

,, smoking habits and nickel occupational exposures. 
~/ (1 

i).:: 
Smokers Non Smokers '½ { 

✓;. ( ., 
•••. ½, , , -~ Ni v,Jorke r Not Ni Workers Ni Worker Not Ni Worker 

\ , I I> '? 
Cases Controls Cases Controls Cases Controls Cases Controls I \ ,' () / ) 

(.' /~ \I 1. Age 
r"'···J " ' . I •; Group ·~ t.,' 

,t 
1_,,· / 35-45 2 12 2 23 0 0 20 

/, 
" 1·1:i ' 46-55 13 7 14 14 0 l 12 .< :S 

56 13 22 12 1 . 0 6, 
-., 

+ / 

Total 28 20 38 49 2 2 38 177 

l/ , 

! 
/ I 

. }-L > 

C 

( 
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Table VI Proportions of cases and controls for characteristics 

Age Group 35-45 

46-55 

56 + 

Ni Worker Yes 

Smoker 

No 

Yes 
No 

Cases 

6% 

4nG 

53;~ 

Cc1sc~s 
---·------ -·-

43;~ 
sr:, 

Cases 

97% 

37{, 

-·----

Controls 

51% 

31% 

17% 

Controls 
----- ·-··--·----

20% 

80% 

Controls 

63~~ 

37% 

The purpose of this study is to look at the characteristics 

or factors involved: age, srnokin<J, working for a nickel company 

and see if any of them alone or in interaction are. associated 

with lung cancer. 

Following the statistical 111ethods cited above, the simplest 

model which fits the data is one in which: 

1. Age is significantly associated with lung cancer* 

(likelihood ratio= G2 = 45.45 with 2 d f).\ 

See Annex 4. 

*The~ level of significance for all tests is 5~. 
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2. Cigarette smoking is significantly associated with 

lung cancer (G2 = 25.26 with l d f). 

3. Working at the nickel smelter is significantly 

associated with lung cancer (G2 = 4.76 with l d f). 

4. Finally, there is no significant interaction between 

cigarette smoking and nickel occupational exposure 

on lung cancer in this model. These findings are 

discussed in a further section. 

C. Geographical distribution of lung cancer in New Caledonia 

The age standardized incidence rates of lung cancer are 28.5 

in Noumea and 20.2 on the rest of the Territory oer 100,000 per 

year. A "Z" statistic (17, 18) used to test if these differences 

lre statistically significant reveals a value (Z = .73) which clearly 

indicates that these differences in the rates are not significant 

and that there are not more cases in the city than on the rest of 

the Terri to ry. 

In order to test the second ~ypothesis, 42 cases out of the 

46, known to have lived in _Noumea, had an exact address. Table 

VII shows how the cases are distributed in Noumea relatively to the 

distance of their residence from the smelter as well as the pro

portion of cases per zones. 



" ,. 
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Distribution of the residences of the cases 

in Noumea per zone 

Relative Distance 5 year Proportion 
from Total Population Number of of cases 

zone to smelter eer zone cases in each zone 

Far 20,993 7 .00033 

Middle Distance 23 ,031 20 .00087 

Near 13 ,071 15 . 00115 

Here the statistical analysis shows that there is an ordering in 

the proportion of cases per zone. The proportion of cases is 

significantly higher near the smelter than at middle distance and/or 

the proportion of cases who lived at middle distance is significantly 

greater than the proportion of cases who lived the farthest away from 

the smelter. These results are also discussed in the following 

section. 
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Discussion 
I. 

Even though multiple sources were investigated for the 

ascertainment of the cases, the exact incidence rates of lung cancer 

in New Caledonia are not known as precisely ~s one would wish for 

any of the two major ethnic groups. Many Europeans are mostely 

transient in New Caledonia and the reasons for their departure, 

which can be) and are sometimes medical, as vtell as what happens 

to them once they a re back in France in te mis of diseases and causes 

of death, are not known. 

The Melanesian population, though, is stable. However, its 

attitude toward disease and death which influences its utilization 

of the medical services, is not known, and therefore, the nature of 

their health problems is not completely known. Furthermore, 

Melanesians live mostly in the bustes1 \,I/here even though the medical 
..,I 

services are available, the diagnostic means are less developed and 

accurate than in the city of Noumea. 

For these reasons and because, as shown in Table I, few cases 

were found during 1970 and 1971 and also because there were already 

11 new cases diagnosed during the first 6 months of 1975, the real 

incidence rates of lung cancer in New Caledonia are somewhat 

different and probably higher than those reported here. 

The findings of the case comparison study are very much in 

accordance with what is already known or suspected on the subject. 
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Age and cigarette smoking have long been known to be associated with 

lung cancer. The asso~iation between nickel occupational exposure 

and lung cancer has also been demonstrated but no study had controlled 

for cigarette smoking, a major factor in the aetiology of lung cancer. 

However, even though the association of nickel occupational exposure 

and lung cancer looks strong in this study, extreme caution is 

advised in the interpretation of these results. 

This word of caution comes about mostly because of the pitfalls 

of the study, many of which are explained by the extreme difficulties 

there were to obtain the necessary information and the time avail-

able to conduct the inquiry. These constraints forced dangerous 

trade-offs between the feasibility of tile study and sound methodology. 

The choice of a comparison study instead of a cohort design is an 

exam p l e ; the ch o i c e of the Hos p i ta 1 out -pat i en t l a b o r a to ry as t he 

source of the control group is another one. Some consequences of 

this like a significant different mean a_ge between the case group 

(58 years old) and the comparison group (46 years old) is of 

critical importance even though the statistical method employed 
-----.. -------~---·-·-···· ~--~- -

permitted to control for age. 

Caution is also advised because of the statistical method used 

to analyze the data. The model found is an empirical one developed 

after the fact. It is not a theoretical model undergoing testing. 

However, in this study where three factors were involved and also 

where interactions were possible between all of them, it is a more 

powerful test than the Mantel-Haenzel procedure (19). 
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Finally the findings of the last part of the study about the 

distribution of cases in the city of Noumea relative to the distance 

from the smelter are only interesting but not conclusive of 

anything. It is obvious here that many important factors like 

smoking, age and length of stay at current addresses were not 

controlled for and they may very wel 1 be and probably are c~-~:~-~-~-ing, .. (,,, f,t.(fii 

This study is by no means the final evidence that nickel dust 

is carcinogenic for human beings. It is only a step toward the 

understanding of the effect of nickel on man and his environment. 

And certainly that New Caledonia, because of its unique situation, 

will bring more light to the problem. 
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Conclusion 

This report is an epidemiologic study of the problem of lung 

cancer in New Caledonia, a French Territory, in the South Pacific 

where nickel ore has been mined and smelted for more than a century. 
'( 

This study had 3 objectivesY'.,rt first determined the incidence 

of lung cancer in New Caledonia during the 1970-74 period. It 

observed a moderately high rate for New Caledonian males of 

European origin and a somewhat lower one for the New Caledonians of 

Melanesian origin. However, the Melanesian females experienced a 

surprisingly high incidence rate, finding not explained in this 

study. 

Secondly, by fitting an empirical model to the data, it is 

demonstrated that age, smoking and being _a nickel workers are 

significantly associated with lung cancer. However, no significant 

interaction between smoking and nickel exoosure has been shown. 

Finally, it is demonstrated that the age adjusted incidence 

rate observed in the city of Noumea where the smelter is located, 

is not significantly different from the rate observed outside the 

city. However, in the city itself, the proportion of cases of lung 

cancer follow a significant ordering pattern: these proportions 

being higher near the smelter than at middle distance and higher at 

middle distance than far from it. 

However, because of the relatively small number of cases 

involved in the study and other methodologic problems, the authors 
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advise extreme caution in the interpretation of the results and 

present their findings as just one more step hopefully forward 

toward a more complete understanding of the biologic effect of 

ni eke l . 
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:,- ( f. TJ. • ,1rn 

S()OHCl~. 

Ch;irt N11ml:N' EJ,·!n· tc<' ----- ---
Dt.•:\t.h Cm:tlfl<'nl0 from --------------·--·------------
!ntcrv!c,v with --------------
Olhm· (~1rwclfy) _________________________________ _ 

TY.PE OF CANCER 
✓,L ~·• .. , ·:,, "' - '( (..\, '/ ... 

A) 1 • Ltmi; 2 .. N~1 Hopharynx 3 .. Oropharynx ·t ::: 

fi = Control 

n) 1 f • -' ... t I t •} • 1 It • = con 1rmcu L; = s rong y su.spcc v = pos,:;1.) e ........................... . 

IDl!~NTI l•'[CATTON 

Surn::inH., Nn me -----------·-- -----
Date of birth (writo month and yenr) ________________________ _ 

Al~(: (when diagnosis 1nadc) .......................... , ........................ . 

. F'l:1.:c of birth: 1 = Noumea 2 = Grande Terre :3 ::: Other island~ of New Caledonia 

4 • France :3 ::: Othor -------------------------
Sex: 1 ::: l\Ialo 2 = Fen-in I e ...................................... , ... , .... . 

Addresi~: Street ----------------
City Phone -----
t :: Noumea 2 == Other New Calcdonin 3 "!I Other ---------

nacc: 1 :: i\olel:i nesian 2 = Europ0an ,1 = Other ____________ _ 

Marital Status: l = Married 2 = Single :J :: WiJowed ·1 ~ Divot·cecl/Sepcrn.tcd ... 

Case referred by Dr. _________________________ _ 

~ .L~L]mt,S (write month and code year). 

Oa~c of on:-,et ------------------------------
D at t:1 of diagnosis ____ _ 

Dato of c.lt.:nth ______________ _ 

Trn.nsfori·cd to Australia, 1 .. No 2 • Y<.:H 

DIAGNOSTIC PH()(~~.1:~ouru:s 

1 -:: not done 2 = donc/nt!gat.i\·t~ :1 - done/non-eonclu:-,ive ·t "dnne/su1-;gc:-:.tive 

5 • done/positive 

X-H:.iy (spedfy) ___________________________ ___. 

T,;mography (1:ipecHy) ___________________________ _ 

Uron<.ioscopy ...................... , ..... , ........................ , ........ . 

t[JHlc,p..it.hology ....... , ...... , ................... , ... , ..................... . 

if done which ~IH'drn,m used: 1 :: niopsy ___ _ 

2 :: Sputum :l = Bronchial ,rnph:n t Ion ,i : Au topsy 5 :.: OlhP r_ ·------·-

[J 

□ 

□ 
□ 

□ 
□ 
□ 

LD 
[JJ 
[JJ 

□ 

□ 
I I 
LJ 
r~] 

□ 
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:: lhrlioLherap• :l _: Chc111ol hcrnpy 

COMl\[ENT8; 

EXPO:::UHES 

1) 

2) 

3) 

Tobucco 

If Yes; 

U Yes: 

AJeohoJ 

If Yes: 

A) Ever .smoked cl1~arcttcs l = No 2·= Yes .................. . 

'fot.:11 n11n1bcr of yc'ars ...................................... . 

Aver.ii;t~ nurnb(H' of ci6:.irdtus per Jay ....................... . 

Filtered cigarettes 1 = No 2 = Yes ........................ . 

B) Evl~r smoked pipe or cir,ars 1 = No 2 - Yef;, ............ ... , 

'l'otal nurnber of ycarr. ...... , .......... , ................ , ... . 

Smoking habit l = rrcavy 2 = l\[()dcl'ate 3 = Oecnsional ........ . 

Ever drunk 1 : No 2 :: Yes 

I1eer 1 = No 2 :: Ye~, ....................... , .............. . 

if yes, number c)[ b'~crs per wel'k .................. _ .......... . 

\Vine l = r-fo 2 :: Y12s ....................................... . 

if yes amount of cc ·n~rnmption per week (Ii tnis) ............... . 

Llquuu rs & SplritR 1 -:: No 2 : Ye:, .......................... . 

if yes, average cc,n!:.ttmption per w<~ek (ounces) ... , ............ . 

Occupa tiorw I E:·rnosu res 

Usual occupation ________________________ _ 

Ever worked in mines or smcl tcrs 1 = No 2 = 1\Unes ;3 = Smelters 

,1 = Mines & Srnel ters 5 = Other ___________ _,..__....,__ _____ _ 

U yes, total number of yc::trs in mines ................ : .............. . 

in sn1cl tcrs ...................... 1 
•••••••••• 

Date bcgan _____________ Datc ended __________ _ 

Other exposures to chemical dust or fumes 1 = No 2 :: Yes ............. . 

l.f yes, spel:ify ___________________ Date ______ _ 

ncsidencc 

Dute of arriv:i.l in New C:1lcd1mia (year) ............................... . 

Usual residence: 

A) If No11rnca, street _____________ _ 

Jb;lancc from smelter (km) ........................ . 

direction from smcl tcr __ 

number of .Yl'ars in NuunH•:t ........... : ............. . 

B) lf other NC'w C:1lcdonia 

wbure 

nurnbt•r of years ............... . 

D 

□ 

EB 
□ 
□ 
u-, 
D 
□ 
□ 

EP 
[]7 
□ 
I I ll 

□ 
[I] 
IT] 
o· 

OJ 

CCI 
IT] 

CD 
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Annex 4 

The simplest model which fits the data is the following one: 

where 1 = cancer, 2 = age, 3 = smoking, 4 = nickel exposure and where 

lnpijkl is the natural logarithm of the probability that an observation 

will be in the cell defined by the i th level of cancer (l = cancer, 

2 = no cancer), the j th level of age (l = 35-45 years old, 2 = 46-55, 

3 = 56 + l), the kth level of smoking (l = smoker, 2 = non-smoker) and 

the 1th level of nickel exposure (l = nickel worker, 2 = not nickel 

worker). 

The term.JLrepresents the overall mean, thejt--t's (t = 1 .... 4) 

represent the muin pffects and Uw LL 's n~pn:SL'llL till' intl'rclction ;~ pq 

terms. The value of these terms are given in Table A. 

Table A Est·i1nateu Fdctors lur Lil~ r~ud~ I encl l34cl 4 

Effect Factor Std. Error Stdzd. Factor 
Grand Mean l.32 

Cancer ( l) - 0.55 0.20 - 2.68 

Age (1) - 0.33 0.35 - 0.93 

0.24 0.25 0.95 

0.09 0.25 0.35 

Smoking ( 1 ) 0.92 0 .20 4.49 

Nickel ( 1 ) - 0.56 0.20 - 2.75 

Cancer (1) X Age ( l ) - 0.82 0.35 - 2.33 

(2) 0.22 0.25 0.87 

( 3) OJA 0.25 2.41 

Cancer (l) X Smoking ( l ) 0.49 0.20 2.40 

Smoking (l) X Nickel ( l ) 0.27 0 .20 1.34 

Cancer (1) X Nickel ( l ) 0. l 9 0.20 0. 91 
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This model was obtained by the stepwise procedure based on a mixing 

of backward and forward steps as described ~Y L.A. Goodman (16). Table 

B summarizes the main steps of that procedure. 

Table B Analysis of association by forward selections and backward 
eliminations 

Sufficient Likelihood 
Model • ·Configurations d.f. Ratio ( G2) p. 

1 C{2C3C4 18 95.87 .000 

2 Cl2Cl3Cl4C23C24C34 9 6.41 >.500 

3 c123C124C134C234 2 0.40 >.500 

4 C12C3C4 16 50.42 .000 

5 c12c1l4 15 24.86 .052 

6 Cl2Cl3C34 14 14 .15 a439 

7 Cl2Cl i34Cl 4 13 9.39 > .500 

In this table, model l which includes only the main effects and 

model 2 which includes the main effects plus the second order inter

action leads to model 4 which gives the largest significant difference 

when compared with model 1 (G~1) - G~4) = 95.87 - 50.42 = 45.45 which 

is highly significant for 2 d.f .). So the first two factor interaction 

to be added is the cancer - age one:_p.. 12. 
In a second step, the cancer - smoking interaction V,C. 13 ) was added 

to model 4 in the same way to give model 5. Backward eliminations not 

yet necessary, knowing that the model c13c2c4 which includes only the 
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main effects and the cancer - smoking interaction will not fit the data 

and knowing that model 4 does not fit either. 

In a third forward selection, the smoking - nickel interaction 

~ 34 ) is added: G~S) - G~6) = 24.86 - 14.15 = 10.71 with l d.f. At 

this point, deleting any of the previous two factor interaction 

{_/J- 12 ,)A- 13 ) .leads to models which do not fit the data. So.f4 12 and 

}-<-l 3 are kept in the model. 

In a fourth step, we add the cancer - nickel interaction (~ 14 ): 
2 2 / G( 6) - G(?) = 14.15 - 9,39 = 4.76 which is significant (p~ 0.05) with 

l d.f. Selecting any of the previous interaction leads to statistically 

different models and adding another two factor interaction in a fifth 

step does not bring any significant improvement. 

So the procedure leads to model 7 as the simplest one to explain 

the data adequately and it is on this model that are based the results 

presented in this report. 
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