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Survival Among Leprosy Patients With Special

Consideration of Cancer as a Cause of Death'

Arthur Oleinick”

Leprosy persists as a major medical prob-
lem in many countries of the world. Esti-
mates of worldwide prevalence place the
number of cases at between 5 and 15
million (1% %), Despite the magnitude of
the problem, comparatively little is known
about the exact effect of the sulfone drugs
upon the excess mortality associated with
lepromatous leprosy in the presulfone era.
The present study provides information
concerning the mortality risk of leprosy
patients in the United States during the
sulfone era. Demographic characteristics of
the study population are compared with
data from other areas of the world as a
background for evaluating the mortality
experience.

The study was also undertaken to evalu-
ate the effect of chronic antigenic stimula-
tion of the lymphoid system by M. leprae
upon the risk of lymphoid malignancy. In
addition, the relationship between a chron-
ic illness characterized by a defect in cellu-
lar immunity, such as leprosy, and suscepti-
bility to all forms of cancer was investi-
gated. Hopefully, studies of this type will
provide insights into the role of host factors
in the development of cancer.

METHODS

The sample. The study group consists of
953 patients whose first admission to the
U.S. Public Health Service Leprosarium in
Carville, Louisiana, occurred during the
period 1939 through 1963. Follow-up
through 1 January 1964 is complete for 90
per cent of all patients in the study group.
In the group of 279 patients originally

1 Received for publication 25 January 1968,
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classified as “lost to follow-up” (Table
1-A), intensive follow-up efforts provided
mortality status on 64 per cent. Forty-two
of the 100 patients who remain in the “lost
to follow-up” category are known to have
emigrated. Nonwhites were more difficult
to locate than were whites (Table 1-B),
and, among the former, Orientals were
more difficult (20.2%) than were Negroes
(14.2%). The heterozencons  national
origins of the Oriental cases, as well as
skewed distributions on other demographic
variables, led to the exclusion of this group
of 99 patients from the analysis.

Death certificates were requested from
State Vital Records Offices for the 236
deceased individuals. For 11 of the 236
patients only a date of death was available.

Definitions. The terminology of the
Madrid Congress classification of leprosy
was employed (*). This classification sub-
divides leprosy into two major types, lepro-
matous and tuberculoid, and two interme-
diate groups, borderline (dimorphous),
and indeterminate. Borderline and lepro-
matous leprosy were considered together in
accordance with the recommendations of
the WHO Expert Committee on Leprosy
(*). The six cases of indeterminate lepro-
sy were omitted from the analysis since
they constituted such a small fraction of the
study group. Initial diagnoses were utilized
in classifying patients, since shifts in type
were rarely found.

Analysis. Demographic  characteristics
of the study group are presented first. The
effects of sex, race, age at first admission,
and type of disease upon the composition
of the study group were analyzed by means
of the Mantel-Haenszel chi-square (%),

Life table methods were used to com-
pute survival (). The cumulative ob-

i served survival rates reflect the actual mor-
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Tasue L. Follow-up status of patients with leprosy admitted to the 1
Nervice Hospital, Carville, Louisiana, during the period 19391963,

N Publie Health

AL Summary

survival status

Alve as of 1 Jan. 1964

Before follow-up
L July 1965

After follow-up
1 Mareh 1966

451¢ . |

(N
Known dead as of 1 Jan. 1964 . 223 236
Lozt to follow-up - 279 100
Total 953 0953

B, Percentage lost to follow-up by race, sex, and age at admission
Age (yrs)
230 30-59 60+
Race Male Female Male Female Male Female Total

White 12.2(]39)“' 14.3(77) 0.6 (281) 4.8 (145) 3.0(67) | 0.0(32) | 8.6(741)
Negro [15.0(20) | 18.2(11) | 14.6(41) | 21.7(23) | 0.0(7) | 0.0(11) | 14.2(113)
Oriental 20.0( 35) | 14.3(7) | 23.3 (43) | 12.5( 8) | 16.7( 6) | - 20.2( 99)

14.2 (289)

104 (541)

2.4(123) 10.5 (953)

* 199 of these patients were hospitalized in Carville as of 1 July 1965,
" Number in parentheses vefers to the size of the group.

tality experience of the study group, while
the cumulative relative survival rates
(CRSR) provide an estimate of the effect
of leprosy on mortality risk. The relative
survival rate is defined as ('):

“the ratio of the observed survival rate in a
group ol patients, during a specified interval,
to the expected survival rate. The expected
survival rate is that of a group similar to the
patient group in such characteristics as age,
sex, and race, but free of the specific dis-
ease under study. A relative survival rate
of less than one indicates that, during the
specific interval, mortality in the patient
group exceeded that of persons in the gen-
eral population free of the disease under
study.”

To avoid possible artefacts produced by
small groups and heavy withdrawal during
observation, only those survival rates that
satisfy the following criteria were used:

(1) No fewer than 10 persons were ob-
served during the last year of any five year
interval, and, (2) No more than 20 per
cent of patients were in the “withdrawn
alive,” i.e., lost to follow-up, category dur-
ing any single year’s observation.

Different time intervals were utilized in
reporting the observed and relative sur-
vival rates. The observed survival rates are
cumulated from the time of admission and
represent the per cent of the original pa-
tient group surviving. The relative survival
rates, in contrast, are cumulated in five
year periods, and the per cent surviving
refers to the number of patients alive at the
beginning of the particular period. The use
of consecutive cumulative relative survival
rates is particularly helpful in portraying
ecarly and late mortality effects.

The survival of patients who entered the
leprosarium during the first five years of the
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study, 1939 through 1943, was analyzed
separately. Survival rates for this group
possibly reflect the effect of delayed initia-
tion of sulfone therapy and/or mortality
due to unrelated infections, since neither
sulfones ('7) nor penicillin (') was wide-
ly available during the interval.

The expected number of cancer deaths
was caleulated by multiplying the person
vears at risk of the leprosy patients by the
age, sex, race, and calendar-year specific
United States mortality rates for all
cancers, leukemia, and lymphoma ().
The observed cancer cases were ascer-
tained from death certificates. The ratio of
the observed to the expected number of
cancer deaths was tested for significance by
use of the Poisson distribution (2).

RESULTS

Descriptive. Males comprised 619 per-
cent of leprosarium admissions. Excluding
Orientals (see above), 86.7 per cent of the
patients were white. Of the patients 28.5
per cent were less than 30 years of age at
admission, 57.7 per cent from 30 through 59
vears, and 13.8 per cent, 60 years or older.
Lepromatous leprosy accounted for 85.8
per cent of the cases among whites and
74.3 per cent among Negroes. The sex,
race, age at admission, and type distribu-
tions did not vary significantly when the
study group was cross-classified by these
variables, with the single exception of type
distribution by race.

Survival. Cumulative observed and rela-
tive survival rates for leprosy patients by
sex, age at admission, calendar period of
admission, race, and type of leprosy are
shown in Table 2. Although the cumulative
relative survival rates indicate that most
leprosy patients experience a normal mor-
tality risk (CRSR + 2 S.E. = 1) there
appear to be significant exceptions among
patients with lepromatous leprosy. Females
admitted between 1939 and 1943 had an
increased mortality risk during the five
years following admission, followed by ten
years of normal survival, and then demon-
strated a late excess in mortality, Males
admitted during the same period experi-
enced normal survival during all follow-up
periods. Among patients of all ages ad-
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mitted subsequently, 1944-1958, there was
a slight excess of mortality among both
sexes during the first five years following
admission. Analysis of survival by age at
admission indicates that males aged 30-59
at admission accounted for the early excess
mortality among males. The early female
excess mortality is the product of an in-
creased mortality among older females, a
rather small group.

Cancer. The expected and  observed
cancer mortality among various subgroups
of leprosy patients, 1939-1963. is shown in
Table 3. Three cases were excluded from
tabulation because necropsy failed  to
confirm the death certificate diagnosis of
cancer. Two patients whose diagnosis of
cancer antedated their first admission and
one patient whose admission symptomatol-
ogy was probably attributable to a lym-
phosarcoma, were excluded to avoid the
possibility of selection bias for cancer pa-
tients in the study group. Among the re-
maining 21 patients who died with cancer.
17 cases were confirmed histologically.
There was no significant excess in cancer
mortality for patients with either type of
leprosy.

Two cases of leukemia/lymphoma were
observed, as against 1.66 cases expected.

DISCUSSION

Descriptive. Among the variables charac-
terizing the Carville population the sex and
type of leprosy distributions invite compar-
ison with previous reports. The sex ratio
(male/female 2:1) among Carville patients
is comparable to the sex ratios reported
from all areas of the world (1% 20 26. 2%
30,81,35,37)  except Africa (%4). The
tvpe of leprosy distribution is similar to that
reported from other western hemisphere
countries (*7** %) and differs from the
distribution in African and Asian countries,
where there is a considerably lower propor-
tion of lepromatous and borderline (dimor-
phous) cases (% ®1%.20.31.35,43)  The
similarity between the sexes in type dis-
tribution is at varianee with the results of
previous studies (#% 1),

Survival. Life table analyses of mortality
in leprosy have been reported infrequently.
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Guinto et al. (') compared the survival in
the presultone era of 272 lepromatous and
346 tuberculoid leprosy patients with that
of unaffected members of the same vil-
lages. They  demonstrated an  increased
mortality risk among the lepromatous pa-
tients, which was most marked in the group
aged 30 to 49 at diagnosis or onset of their
disease. There was no unequivoceal sex dif-
ferential in mortalitv. although the male
mortality rates were higher. Gray and Ban-
croft ('), in a study based upon the
population resident at Carville between
1942 and 1950, concluded that sulfone-
treated leprosy patients had no excess in
mortality over that expected from 1940
Louisiana mortality rates. Their study prob-
ably confounded host resistance and sul-
fone cllicacy, since long-term residents and
recent admissions were analyzed together.
Patients who survived to the sulfone era
might reasonably be considered to have
demonstrated a superior host response. The
present study excluded patients who were
resident at Carville, or who had their first
admission to the Hospital, prior to 1 Janu-
ary 1939,

Potential  deficiencies  of  the present
study include the use of life tables derived
from the mortality experience of the entire
United States and the failure to adjust for
variables other than race and sex, The
former deficiency is of little import, since
life expectancy varies little in the United
States between regions ('), The latter
deficiency is more serious, but not presently
correctable because life tables by socio-
economic class covering the entire studv
period are unavailable. However, an analysis
of 1950 mortality data indicates that lower
socio-economic groups have a higher mor-
tality risk (**). Theretore, such a correc-
tion would have increased the cumulative
relative survival rates because most of the
Carville patients come from lower socio-
economic groups.

The early mortality risk of patients with
lepromatous leprosy admitted after the ad-
vent of sulfone therapy is comparable to
that of an unallected  population, except
among  older  females  and  middle-aged
males, The late fall in relative survival
among females admitted in the presulfone
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era who survived to the sulfone era, could
be explained in several ways. First, the late
excess in mortality may reflect the natural
outcome for patients with a consistently
poor response to therapy. Second, the ex-
cess mortality may occur in individuals who
fail to resume therapy following relapse
after discharge, Third, the excess mortality
may reflect the relentless progression of a
process  such as amyloid  disease (),
which is initiated during active disease and
continues following apparent bacteriologic
and clinical improvement. A future study
will compile the data necessary to examine
the relationships between the extent of
disease at time of diagnosis, clinical course,
and mortality risk.

The current study also provides fragmen-
tary data suggesting that even the delayed
onset of therapy may reverse an excess
mortality trend. This appears to have been
the case for females admitted between
1939 and 1943 in the presulfone era.

Cancer. Earlier reports concerning the
relationship between leprosy and  cancer
are contradictory. Some observers reported
a diminished cancer mortality or preva-
lence among leprosy patients (*#%) and
others a cancer mortality similar to that of
unaffected individuals ('), while at least
one observer suggested that cancer may
occur with unusual frequency during the
course of leprosy (*'). However, serious
methodologic deficiencies in these carlier
reports  preclude  useful  conclusions  re-
garding the cancer mortality among leprosy
patients,

In the present study the absence of
cancer excess could reflect a nu-tlu)dnlngu
artefact rather than the true biologic condi-
tion. If a methodologic artefact were re-
sponsible, it would operate either by means
of an overestimate of expected cancer mor-
tality or an underenumeration of observed
cancer, The expected cancer mortality ap-

pears well estimated, although adjustment

for region of origin and socio-economic
class of the leprosy patients was not pos-
sible. There would have been little net
change in expected values with adjustment
for these variables, since survey data indi-
cate that cancer mortality is lower in the
leprosy-endemic states than in the whole
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United States ('), while cancer mortality
is higher in the socio-economic class of
origin of the leprosy patients ('*).

Errors in enumeration of observed deaths
arise as a result of lack of aceuracy
(confirmation) and/or completeness (de-
tection) in the ascertainment of cause of
death. Previous studies have demonstrated
that detection and confirmation errors oc-
cur at the rate of 10 per cent of the cancer
mortality rates (**). Since the errors are of
the same magnitude, but in the opposite
direction, they tend to cancel each other.
In the present study the excluded cancer
cases were undoubtedly partially balanced
by the increased cancer detection in a
chronically hospitalized patient population.

Figure 1 illustrates a possible sequence
of events linking leprosy with cancer. Two
recent reports have delineated an impair-
ment of delayed hypersensitivity among
patients with leprosy that tends to return to
normal following prolonged chemotherapy
(7+1"). The second step in the sequence is
speculative and was suggested by data
obtained on cancer patients and on patients
with ataxia-telangiectasia. An impairment
of delayed hypersensitivity has been corre-
lated with a poor host response among
cancer patients (%*'), The immune sys-
tem has been more directly implicated as a

Fic.

Impaired
Delayed

Leprosy —

Hypersensitivity

factor in host susceptibility to cancer by the
eleven case reports of lymphoma and two
cases of leukemia among patients with
ataxia-telangiectasia ('*), an immunologic
deficiency disease associated with a defect
in delayed hypersensitivity. The normal
cancer risk among leprosy patients provides
preliminary evidence against this hypothe-
sis.

Leukemia-lymphoma. The absence of a
disproportionate risk of leukemia or lym-
phoma among leprosy patients provides a
possible insight into the pathogenesis of
these malignancies.  Several observers ('
135 have suggested that the chronie
lymphoid stimulation associated with the
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autoimmune discases is attended by an
increased risk of lymphoid malignancy. An
analysis of the mortality experience of pub-
lished series of patients with rheumatoid
arthritis and systemic lupus erythematosus
did not confirm this hypothesis (#*).
Leprosy patients provide additional data
relevant to this hypothesis. First, leproma-
tous leprosy is characterized by chronic
lymphoid stimulation manifested both clin-
ically and serologically in the form of hy-
perglobulinemia  and  numerous  auto-
antibodies (* ). Second, the duration of
the lymphoid stimulation is remarkably
long, even with treatment (**). This provi-
des data particularly amenable to person-
years-at-risk analyses. Third, the infectious
ctiology of leprosy, in contrast to the un-
known etiology of autoimmune disease,
provides a means of segregating the risk
attributable directly to lyvmphoid hyper-
plasia from any possible risks associated
with susceptibility to autoimmune discases.
The present study demonstrates that the
risk of leukemia or lymphoma in leprosy
patients is not increased. It would appear
that chronic lvmphoid stimulation plays a
negligible role in the etiology of lymphoid
malignancies. However, special circum-
stances could alter the malignancy poten-
tial of chronic lvmphoid stimulation. Thus,

1

? Increased
> Cancer
Risk

lymphoid stimulation has been implicated
in the etiology of the sporadic cases of
leukemia that occur during the course of
tuberculosis (') as well as in the etiology
of childhood leukemia (*?). Neither hy-
pothesis has been well substantiated and
definitive studies in these latter circum-
stances remain to ])(’ ll{)ﬂ('.

SUMMARY

This report analyzes the mortality ex-
perience of the 953 leprosy patients ad-
mitted to the WS, Public Health Service
Leprosarium, Carville, Louisiana, between
1939 and 1963. Follow-up is complete for
90 per cent of the study group. Demogra-
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phic characteristics of the study gronp were
analyzed and compared with results report-
cd from other arcas ol the world. Tn gener-
al, the mortality risk of patients with both
types of leprosy has been normal. A dimin-
ished survival was observed early and late
in follow-up among females whose first
admission occurred in the presulfone era.
Middle-aged males and older females ad-
mitted during the sulfone era showed a
slight excess in mortality during the five
vears following admission.  Additional
studies are planned to clucidate the rela-
tionships between the extent of disease at
time of diagnosis, ¢linical course, and rela-
tive survival,

No significant excess of cancer mortality
among leprosy patients was demonstrated.
More specifically, the risk of lymphoid
malignancy is also not significantly ele-
vated. An attempt is made to interpret
these findings in terms of current theories
of carcinogenesis.

RESUMEN

Este informe analiza le experiencia de un
estudio sobre la mortalidad en 953 enfermos
de lepra admitidos en el Leprosarium del
Servicio de Salud Publica de los Estados Uni-
dos. en Carville, Louisiana, entre los anos 1939
v 1963. La observacion ulterior estd completa
en el 90% del grupo estudiado, Las caracter-
isticas demograficas en el grupo estudiado se
analizaron y compararon con los resultados
comunicados en otras regiones del mundo, En
general, el riesgo de morir de los enfermos con
ambos tipos de lepra fué el normal. La ob-
servacion ulterior senald una disminucion de la
sobrevida, temprana y tardia, en las mujeres
cuva primera admision tuvo lugar en la era
presulfonica. Los hombres de edad media y
las mujeres de edad mayor admitidas durante
la era sulfénica tuvieron un ligero aumento
en la mortalidad en los cinco anos que
siguieron a la admision. Nuevos estudios se
planean para aclarar las relaciones que hay
entre el grado de extension de la enfermedad
en el momento del diagndstico, el curso clinico
v la sobrevida relativa.

No se demostrd un aumento significativo de
la mortalidad por cincer en los pacientes de
lepra. Mds especificamente, el riesgo de la
malignidad linfoide no estd significativamente
elevado. Se hace un ensavo de interpretacion
de estos hallazgos a la luz de las teorias
corrientes sobre carcinogénesis.
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RESUME

Cel article analvse Ta mortalite de 953 mal-
ades de Ta lepre admis au UL S, Public Health
Service Leprosarinm de Carville, en Louisiane,
entre 1939 et 1963. L'observation est com-
plete pour 90 pour cent du groupe étudic.
Les caractéristiques démographiques du groupe
étudié ont été analysées et comparées aux
résultats rapportés dans d'autres régions du
monde. En général, le risque de mortalité des
malades, atteints de 1'une ou l'autre forme de
lepre, a été normal. Une diminution de la
survie, a ¢té observée au debut et 4 la fin de
la période d'observation, chez les femmes
qui avaient ¢té hospitalisées pour la premicre
fois avant la période des sulfones. Les hommes
d'ige moven, et les femmes plus dgées, admis
a la léproserie au cours de la période des
sulfones, ont présenté un léger exces de mor-
talit¢ au cours de cing premicres années
suivant I'admission. On se propose de mener
des études complémentaives, afin - d'¢lucider
les relations entre I'étendue de la maladie an
moment du diagnostic, son évolution clinique,
et la survie relative.

On n'a mis en évidence aucun exces signifi-
catif de mortalité par cancer chez les malades
de la lépre, Plus particulicrement, le risque
de cancer lymphoide n'était pas non plus
significativement plus  élevé. On a  essavé
d’interpréter ces observations, a la lumicre des
théories actuelles de la carcinogendse,
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and the Bureau of Disease Control of the
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