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henia: Chronic fatigue syndrome (CFS) has been increasingly associated with immune dysregulation,
EnglJ including depressed natural killer cell activity; this phenomenon is associated with increased

,_ susceptibility to cancer. Although anecdotal reports have suggested an association between CFS
t WB. and cancer, particularly non-Hodgkin's lymphoma and brain cancer, there has been no a priori
;orda,

justification for evaluating such an association and no consideration of relevant parameters, such

polio- as length of latent period vs. tumor type. We reviewed data from the Nevada State Cancer
ounty ,_i Registry subsequent to a reported outbreak of a CFS-like illness in Nevada that occurred during
D.C.: 1984-1986. We concentrated on non-Hodgkin's lymphoma and brain/CNS tumors, with partic-
tional :: ular emphasis on persons 15-34 and 35-54 years of age. An upward trend in the incidence of

: brain/CNS tumors, which could be related to a national upward trend for this disease, was noted.
atigue _' No consistent trends were noted for non-Hodgkin's lymphoma. Because of the difficulties inher-

ent in studies of cancer subsequent to various exposures, we evaluated the methodology for
,Isyn- i determining an association between outbreaks of CFS-like disease and cancer. We propose sev-

eral approaches that should be considered in future studies for investigation of possible associa-
)halo- ¢,: lions between CFS and cancer, including expected latent periods for specific tumors.
1 Med

_erger :::
,_syn- _ Results of laboratory studies indicate that many patients associated with CFS clusters are impossible to evaluate.

with chronic fatigue syndrome (CFS) have abnormal lym- Therefore, because of the occurrence of a well-described
yn R. phocyte function, including depressed natural killer (NK) CFS-like illness in Nevada [5. 7, 10-12], a state with an)msof

cell activity [I-7]. These abnormalities have been described established cancer registry, we undertook a systematic study
udent _ in case series [ I-4] as well as in reports of clusters of CFS [3. of the pattern of cancer cases with use of data collected by

: 5-7]. Depression of NK cell activity has been postulated as the Nevada State Cancer Registry (NSCR). In this report we

a epi- being the cause of four cases of cancer associated with a clus- expand on our initial analysis of the pattern of NHL in Ne-

tomy- 0 ter of cases of "chronic fatigue-immune dysfunction syn- vada [13] by including data on brain tumors and review
_arch : drome" among members of a symphony orchestra [8]. These some of the methodological problems that must be consid-

four cases included a brain malignancy and a non-Hodgkin's ered in attempting to determine if outbreaks of CFS are asso-

Irome lymphoma (NHL); all cases were diagnosed within 3 years of elated with a significantly increased risk of developing
_} the onset of CFS in the first patient. Some of the shortest cancer.tn re- i

ra! fa- : latent periods between exposure and development ofa malig-
0. : nancy occur in association with immunodeficiency. Trans- Materials and Methods
fficial _ : plant recipients are at high risk of developing lymphomas
Press, within months of the procedure and initiation ofimmunosup- The NSCR is a population-based tumor registry estab-

tersen ' pressive therapy [9]. The other malignancies that occur exces- lished in 1979. It currently includes roughly 38,000 cases of
envi- sively in transplant recipients do not become evident until 3 invasive cancer diagnosed and treated in hospital facilities
6. ::: years after transplantation, and thereafter the risks tend to throughout Nevada. Incidence and survival rates can be cal-
prae- i.: rise with increasing latency, culated based on data from these accessioned cases with use

e and : Thus far, no data bases have been developed to investigate ofstatewide population estimates derived from the decennial

,-col- _:/ possible associations between CFS or CFS-like outbreaks census.
meri- : and cancer. Without such data bases, the reports of cancer All cases of invasive cancer are ascertained using hospital

: patient records, disease indexes, death records, pathology re-i
i ports, and other pertinent medical documents that contain

'_::i information related to health and vital status. On the basis of
Reprints or correspondence:Dr. Paul H. Levine,Viral Epidemiology

....: Branch.Epidemiologyand BiostatisticsProgram,DivisionofCancer Etiol- criteria for registry completeness (in accordance with accredi-i/.
ogy. National Cancer Institute. ExecutivePlaza North, Room 434, Be- ration standards of the American College of Surgeons), it is

:::i thesda. Maryland20892.
_i:!:_ estimated that the NSCR identifies between 90% and 95% of
.:_ ClinicalInlreetinuDise_gses1994;l$(Snppl 1):S49-53 all invasive-tumor cases that come to the attention of medi-
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the NSCR has identified invasive-tumor cases diagnosed and Particular emphasis was placed on those age groups (i.e., ,._:!i!i:

treated at outpatient clinics and facilities. Because of the re- 15-34 and 35-54 years)that included patients most likely to i iii!ii

moteness of some cancer-treating facilities in Nevada, a have CFS. Results are summarized in figure 1. The annual !i:i!il
small percentage (i.e., < 10%) of cancer cases are accessioned relative increase in rates of brain/CNS cancer was 5.4% per _iil
only once every 2 years; other cases are accessioned via shar- year (P = .09) and did not differ significantly between the i
ing of cancer-registry data with states in which patients from two age groups. The fit is satisfactory. Rates for 1984 and

Nevada receive diagnoses and treatment as nonresidents, No 1985 are 10%-309_ below the trend line, and those in 1986 :iii

more than 20% ofall cancer cases are accessioned >2 years are below or on the line; the differences are small and vari- _=:i
after initial diagnosis at a treatment facility. Roughly 4,300 able. After correction for multiple comparisons, deviations ii
new cases of invasive cancer are diagnosed and accessioned are not statistically significant for any single year or for the

into the NSCR each year. For the purposes of this study, a interval 1984-1986. :_i_
case refers to a single primary tumor and not an individual. The annual relative change in NHL rates for these age

The analytic approach used for this report was the same as groups is negative at -2.3%, not significant (P = .54), and

that used in our initial study ofNHL [ 13]. Based on the short does not differ between the two groups. The fit is satisfactory, iilil
latent period between immunosuppression and the develop- Rates in i 984 are 20% above the trend line but _ 14% below _!it
ment of cancer, as documented for transplant recipients [9] the line in 1985; the differences are small and variable. Rela-

and postulated for CFS [8], this analysis was intended to tire deviations are not statistically significant for 1984, 1985,
determine if there were any increases in cancer incidence 1986, or the interval 1984-1986.
between 1984 and 1987 that could be associated with the The annual relative change in rates for all sites is negative

outbreak of CFS that occurred during 1984-1986 in Nevada. and differs by age group: -5.7% and - 1.3% for those 15-34
For this analysis we compared the data on NHL and brain/ and 35-54 years, respectively. Patterns are not discernible, i::_ii
CNS cancers (designated as candidate CFS-related malig- and relative deviations are not statistically significant for ._:ii!i
nancies) with those on all cancers (designated as non-CFS- 1984, 1985, 1986, or the interval 1984-1986. :::i!i':

related malignancies). The inclusion of multiple myeloma When all,four age groups rather than just those age groups
and other lymphoproliferative diseases in the 10th version of most likely to have had CFS are considered, trends in brain/ ¢.:
the International Classification of Diseases-Oncology re- CNS malignancies are positive for each of the four age
quired reanalysis of the NHL data we published previously groups. In 1985, rates were below the trend for younger age

[13]. The cases for Nevada were ascertained according to groups and above the trend for older age groups. In 1986 and :iiiil
patients' ages in 10-year intervals up to 85 years. Population 1987, brain/CNS malignancy rates were generally below the ._iiii
estimates provided by the Nevada Center for Health Statis- trend. Changes are not statistically significant for any single

tics were used to obtain I0-year age-specific incidence rates; year or for the interval 1984-1986. The trends in NHL rates

four age groups (15-34, 35-54, 55-74, and >75 years) were seem to differ in relation to age group, with the slope increas- _i:':il

used to calculate incidence rates, which were adjusted within ing with increasing age--negative for the younger ages to
each group by direct standardization to the 1970 United positive for the older ages. Rates are "--20% above the trend
States population, linein 1984, 15%below the trendin 1985, and "-,18%above :!::

We examined the Nevada incidence data with use of in 1986. These differences are small and variable. Changes
weighted linear regression of the logarithm of the age-ad- are not statistically significant for any single year or for the

justed rates, with the observed number of cases as weights, interval 1984-1986. For all sites, the trends clearly differ by : :::ii

Age groups were omitted from the regression if the corre- age group, patterns are again not notable, and relative devia- _i_!
sponding number of cases was small. The secular trends in tions are not statistically significant for 1984, 1985, or 1986 : ::i

incidence were estimated using regression on year. To deter- or for the interval 1984-1986. imine the extent to which the rates for a particular year or Thus, observed changes in cancer rates for the years 1984,

group of years were consistent with the modeled secular 1985, 1986, and 1984-1986 with regard to the study malig- _i_iili
trend, a single dichotomous variable indicating the year(s) of nancies were not inconsistent with temporal trends in the i:i:ii_

interest was added to the model. A significant positive coeffi- incidence during the period 1981-1987. i!icient associated with a dichotomous variable suggested an
unusually large relative increase in rate for the specified :::ii
year(s). Significance tests were one-sided, and P values were Discussion :_i_.:::::

adjusted for the number of comparisons with use of the Bon- An association between CFS and cancer, of potential sag- :fillI
ferroni correction [ 14] by site, i.e., multiplied by three, nificance because of the abnormal cellular immunity pattern _i ::iil

seen in many patients with CFS [1-7], has been suggested i:iii

Results based on observations involving one reported CFS cluster ::_i!i

Counts and age-adjusted rates for both sexes combined are [8]. As noted in studies involving "cancer clusters" [I 5], _i::iii
provided in table I for the four age groups, for the two study however, anecdotal reports can be the result of inadvertent i:_:::_::_::

malignancies, and for all sites combined, manipulation of the geographic areas under analysis to fit the iiii:!ii!i

iiii_!iiii

/iiiiiiiiiil
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; (i.e., _i¢ Table 1. Age-specificcancer rates in Nevadaper 100.000population (age-adjustedto United
ely to States1970population),
nnual

Age of patients (y)
% per _

_n the Type ofcancer 15-34 35-54 55-74 >75
4 and
1986 Brain/CNS

[ vari- "_' Year

ations 1981 2.21 7 8.85 17 22.08 29 17.62 4
1982 2.94 9 7.52 14 18.62 26 16.17 4

_r the 1983 2.25 8 8.73 19 20.94 30 26.53 7

:,_ 1984 1.57 6 7.11 15 22.19 33 32.89 9

.e age 1985 2.62 10 6.73 15 19.46 30 20.90 6

I, and 1986 3.12 11 7.80 18 23.00 37 41.35 13
1987 4.48 17 10.81 27 18.82 32 11.74 4

etory. NHL*
9elow :_ Year
Rela- 1981 1.04 4 9.21 17 31.14 41 68.70 15

1985, 1982 3.19 10 13.92 28 38.96 54 65.51 16
1983 2.54 8 10.02 20 41.76 60 80.81 2t

_l. 1984 2.68 I0 13.33 28 45.05 67 99.08 27
;afire 1985 1.08 4 10.74 25 42.16 65 54.39 16
5-34 1986 1.72 7 13.43 31 46.75 75 95.71 30

lable, 1987 1.66 7 8.61 21 35.48 60 80.03 27

It for * All cancers
Year

1981 63.90 217 365.55 695 1434.71 1881 2812.48 627
roups 1982 65.32 232 366.29 729 1452.81 2013 2644.76 643

>rain/ _, 1983 56.82 204 350.19 714 1516.57 2178 2781.16 720
r age 1984 55.83 203 322.95 676 1570.52 "2336 2776.42 764

1985 53.02 198 349.32 763 1637.90 2529 2818.73 823
:r age :i
6 and ; 1986 41.37 164 338.85 772 1681.83 2697 2788.00 864

1987 50.50 201 340.30 812 1634.57 2752 2783.45 926w the _:?

;ingle : NOTE. Figures in left-hand column under each age group represent number ofcases per 100,000 population:
rates figures in right-hand column represent total number of cases.

• NHL = Non-Hodgkin's lymphoma.:reas-

_esto
trend

Lbove reported cases. Therefore, large numbers of individuals at sis of the statewide data up to 1987 did not identify any
_nges _ risk are required for documentation of an association, and statisticallysignificantupward change in pattern that demon-

.i

)r the : the areas ofstudy should be defined before analysis, rather strated a significant difference between the period 1984-
f'erby : than after. The NSCR data offered a model for evaluating 1986 and the entire period 1981-1987. While there was an

levia- ¢ i: the occurrence of cancer following a reported cluster of CFS increase in the occurrence of brain tumors, this increase did
1986 cases similar to that affecting the symphony orchestra in the not significantly exceed the time trend. A major difficulty in

early reports, in which cancer was associated with chronic the analysis is that while many people have been exposed to
1984. : fatigue-immune dysfunction syndrome [6, 8]. the putative agent causing the apparent cluster, many were
aalig- *i Since the initial approach to the analysis was to attempt to probably not exposed, and the exact numbers are unknown.
n the replicate the findings of the symphony-orchestra study, we The powerofthe study is therefore unknown but is probably

: designated the latent period in our study (the period between not strong.

,: the occurrence of the precipitating event [CFS] and alleged As noted above, a primary purpose ofthis report is to re-
secondary outcome [NHL and brain tumors]) as 3 years, view specific issues that arose during our consideration of a

::iil which was the same period as the interval between the initial causal vs. casual relationship between cancer and CFS. Our
d sig- ::::: identification of CFS cases among members of the symphony approach was particularly intended to address clusters of
Lttern _:i_,:::orchestra and the appearance of cases of NHL and brain CFS, but the issues are pertinent to evaluation of sporadic
ested :::il cancer [8]. As in the earlier report, we tested the hypothesis cases as well. Specific questions that need to be considered
uster _::::::::that the cluster occurred in a population affected by a new are as follows:
[15], ;_ agent that resulted in low NK cell activity; the outcome was
:rtent ::iiii:CFS for some individuals and malignancy for others, with (1) What is the likely incubation or latent period for each
it the :::_ii:::concurrence of the two conditions less common. The analy- tumor under evaluation?

::::::::
:+::

,_ii::ii!
..............
::::::::: ):,
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....._: i • B o nity are noteworthy in this context. First, there is no general _ilI
.:.:.:.:_i!ii!i:..:.:.: ,,__ 1®-_ ,_*- diathesis related to malignancy. Rather, only a limited hum- illI

!ii::::iiil] t bet of cancers, particularly NHL, are excessive, and the type _;:

::iiiiiiii_::!i 1 _L , _ of malignancy is dependent on the specific immune defect _:::iiiiiiiiiiii:ii: | ! _ [20]. While there are sporadic reports of excesses of some
iiiiiiiiii_!i!i ' other tumors, including bladder cancer and adenocarci-

ililli l '* • •.__,..z._-.---.---_.." ,0_ . ".-_. _ nomas of the lung and stomach, it is noteworthy that evi- :::

_;_;;_: : " [ _--_Z__.__.. I' _ deuce of excesses of some of the more common malignancies

!i!iiiiiiitii!:: (e.g., breast and colon cancers, and squamous-cell lung

::;i;iii;i_::: cancer) is lacking.

_;_:: Second, the cancers most clearly associated with altered _ii

_ ,. . _0 _ 84 ,, . _ ,, _ _ . immunity are ones that are most likelytohaveaviraletiol- _:?:

iii[ _, _" _, ogy, such as NHL (Epstein-Barr virus)and hepatocellular :!!!i

Figure 1. Annual incidence rates per 100,000 for brain/CNS carcinoma (hepatitis viruses). Thus, the increased risks ob- ii:

cancers, non-Hodgkin's lymphoma, and all other cancers recorded served in relation to fairly short latent periods might be con-
in the Nevada State Cancer Registry. Adjustment for age was made sistent with loss of immunologic control over oncogenic vi-
within age groups according to the 1970 standard. Secular trends

! are represented with solid lines; + = ages 15-34; * = ages 35-54, ruses already present within the target cells. If immunologic !iperturbation increases risks for other malignancies through _i:i:
iiiii!!l!!iii!ii...... other mechanisms, these mechanisms have not yet been

i!iiii!_i_i noted in cancer studies that cover the 10-year latent periods. ::._
:._iii_iiii::,: Specific data exist regarding latent periods between expo- ::_
......_ Finally, excessive occurrence of cancer in groups with al- _ii
!:i:_:_:_:_ sure to the etiologic agent and subsequent malignancy, and tered immunity are related to the severity of the immune i::

i_!i!i!!ii;iii!_] while not necessarily referable to CFS, they do provide a defect. For example, persons infected with the human immu- if:
ii::::iiiiiii!__ starting point. Data on transplant recipients that document a nodeficiencyvirus and patients with sicca syndrome are not i!:
iiii::iiiiiiiill short latent period for iymphomas and longer latent periods ::::

l at abnormal risk for developing cancer until the immuno- _:iii!ii:iiii:i!l for other malignancies [9] are informative. Radiation-asso- logic aberration becomes advanced. Thus. as indicated iil. ,:+:.: ..,,

iiiilii ciated malignancies provide another model for estimating

relative length of latent periods. For example, acute lympho- above, if milder alterations in immunity are associated with :ili!

iii cytic leukemia occurs 2-3 years after acute exposure to radia-abnormal cancer risks, these risks would have to occur _ii:iii

tion, and breast cancer, > 10 years after exposure [16]. beyond the latent periods currently assessed for these milder

, In any epidemiologic study, two independent factors need conditions, iiii!:i
to be considered in proposing the probable interval between (3) Can the findings from one study necessarily be extrapo- iii!::

precipitating event and the subsequent appearance of a ma- lated to another? _i!!
lignancy: the latent period, as discussed above, and the dou- It is increasingly apparent that there is heterogeneity ii._
bling time of the tumor. Data on time-space clusters of Bur- among clusters, as has been well described in this symposium

kitt's lymphoma [ 17-19] are more plausible than those for and elsewhere [ 10, 2 I, 22]; this finding suggests that the envi-
i!iiiii carcinomas because of the rapid doubling time of the former ronmental trigger and/or the degree of its effect on the ira-

qi tumor, estimated at 24 hours, mune system may n°t be similar am°ng all clusters. There- !t

In the symphony-orchestra cluster, Grufferman et al. [8] fore, the findings in one cluster may not necessarily be

!ili!I noted one case of lymphoma and one case of breast cancer in extrapolated to other clusters.two CFS-affected orchestra members and a brain tumor and One consideration relevant to this analysis that was raised

iiii! ii a par°rid tum°r in tw° n°n-CFS c°ntacts' If °he c°nsiders by earlier reports from the NSCR [23] was the possibility that ]

iiiiiiiiliii::::::ii:: the doubling time of carcinoma cells and the long latent pc- exposure to radiation, which was reported to peak during the

!iiiii!iii:::_::il_ :i_iii_i riod be tween exposure to reported etiologic agents and years 1951-1958, could account for the inor ease in mall g- :
breast malignancy [ 16], however, it is difficult to implicate a nancies. Radiation exposure from atomic testing is a basis for _i_:._
relationship between CFS and this case ofbreast malignancy, compensation in Nevada [23], although evidence for a cause- _iili
In general, since breast cancer is a common neoplasm and and-effect relationship in this context is unproven. From _ili:

iiiililili,i the occurrence in a cluster of diverse neoplasms is likely to be 1980 to 1988 (a period that includes the years encompassed _:iiiiil

iiiiiiiili coincidental, it would be appropriate for systematic studies by this study) the incidence rate_ of radiation-associated ii:iiiii!ii'
iiiiii::!i!/iiiiili!:! such as ours to concentrate on less-fi'equent illnesses that are cancer were lower than or equal to the national average t231 . _!i!i!il
_iii!iiiii_._iiiiii:::: .........

more likely to be related to the immune system. Further evaluation of the potential effects of radiation and/ ii!iiiiiiiiiiiiii!i! (2) What malignancies are likely to result from a CFS-as- or CFS in the Nevada population will be feasible when data

iiiiiiii!i!iiii!iiiiiii!!ii!iiiiiii::!ill sociated immune disorder?, by county are analyzed since the radiation exposure was _iiii_ii_:il

iiii ii Three important features of the cancer risks among trans- more apparent in southern Nevada, and CFS was more prom- _:..........

iii!iiiii:ilii!i!i plant recipients and other populations with altered immu- inent in the northern part of the state. !::iii:ii!:

i_iiiNi" :
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5. CaligiuriM. MurrayC. BuchwaldD, et al. Phenotypicand functional
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