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Increased risk for non-Hodgkin’s lymphoma (NHL) following exposure to certain pesticides has 
previously been reported. To further elucidate the importance of phenoxyacetic acids and other 
pesticides in the etiology of NHL a pooled analysis was performed on two case-control studies, one on 
NHL and another on hairy cell leukemia (HCL), a rare subtype of NHL. The studies were population 
based with cases identified from cancer registry and controls from population registry. Data assessment 
was ascertained by questionnaires supplemented over the telephone by specially trained interviewers. 
The pooled analysis of NHL and HCL was based on 515 cases and 1141 controls. Increased risks in 
univariate analysis were found for subjects exposed to herbicides (OR 1.75, CI 95% 1.26-2.42), 
insecticides (OR 1.43, C195% 1.08-1.87), fungicides (OR 3.1 !, CI 95% 1.56-6.27) and impregnating 

agents (OR 1.48, CI 95% 1.11-1.96). Among herbicides, significant associations were found for 
glyphosate (OR 3.04, CI 95% 1.08-8.52) and 4-chloro-2-methyl phenoxyacetic acid (MCPA) (OR 
2.62, CI 95% 1.40-4.88). For several categories of pesticides the highest risk was found for exposure 
during the latest decades before diagnosis. However, in multivariate analyses the only significantly 
increased risk was for a heterogeneous category of other herbicides than above. 

Keywords: Non-Hodgkin’s lymphoma; Hairy ceil leukemia: Pesticides: Phenoxyacetic acids: 
Glyphosate; Impregnating agents 

INTRODUCTION 

Non-Hodgkin’s lymphoma (NHL) is one of the malignant 

diseases with the most rapidly increasing incidence in the 

western world [1]. In Sweden, the mean age-adjusted 
incidence increased yearly by 3.6% in men and 2.9% in 

women during the time period 1958-1992 [2]. Hairy cell 

leukemia (HCL) was first described in 1958 and is 
regarded as a rare subgroup of NHL. HCL is more 

common in men with 23 male and 9 female patients 

reported to the Swedish Cancer Register in 1999 for the 

whole country [3]. 

The etiology of NHL is regarded to be multifactorial 

with different environmental exposures being part of it. 

Certain immunodefective conditions are established risk 

factors such as immunosuppressive medication after organ 

transplantation [4,5] and HIV-infection [6]. Also viral 

genesis, especially regarding Epstein-Barr virus (EBV) 

and endemic African Burkitt lymphoma has been 

indicated [7]. 
Regarding chemicals, exposure to phenoxyacetic acids, 

chlorophenols and organic solvents were associated with 

increased risk for NHL in Swedish studies [8-10]. In 

subsequent studies exposure to phenoxyacetic acids, 
particularly 2,4-dichlorophenoxyacetic acid (2,4-D), was 

associated with an increased risk for NHL [11,12]. These 
associations have been reviewed by us giving reference 

also to other studies [13]. 

We have now performed one case-control study on 

NHL, which did not include HCL [14], and another on 
HCL, specifically [15]. Both these studies focused interest 

especially on exposure to pesticides. In the NHL study, we 

found increased risks for subjects exposed to herbicides or 

fungicides. Among herbicides, phenoxyacetic acids 

./ 

*Corresponding author. Tel.: +46-19-602-15-46. Fax: +46-19-101768. E-mail: lennart.hardell@orebroll.se 

ISSN 1042-8194 prinffISSN 1029-2403 online © 2002 Taylor & Francis Ltd 

DOI: 10.1080110428190290021560 

Dewayne Johnson v.~ 
o 

Monsanto Company~ 

Defendant’s Exhibit 2584~ 

Case No: CGC-16-550128 

Defendant’s Exhibit 2584 0001 



1044 L. HARDELL et al. 

TABLE I Number of exposed cases and controls, odds ratio (OR) and 95% confidence interval (CI) for exposure to pesticides and organic solvents 

Agent Number of exposed cases/controls OR CI 

Herbicides 77/103 1.75 1.26 - 2.42 

Phenoxyacetic acids 64/90 1.65 1.16-2.34 

MCPA 21/23 2.62 1.40-4.88 

2,4-D + 2,4,5-T 48/70 1.48 0.99-2.20 

Glyphosate 8/8 3.04 1.08-8.52 

Other 15/13 2.90 1.34-6.37 

Insecticides 112/184 1.43 1.08-1.87 

DDT 77/138 1.27 0.92-1.73 

Mercurial seed dressing 20/33 1.40 0.77-2.47 

Pyrethrins 13/27 1.16 0.57-2.25 

Fungicides 18/17 3.11 1.56-6.27 

Impregnating agents 104/162 1.48 1.11 - 1.96 

Chlorophenols 66/106 1.37 0.98-1.92 

Pentachlorophenol 64/101 1.40 0.99-1.98 

Arsenic 8/10 1.75 0.66-4.54 

Creosote 22/35 1.54 0.87 -2.66 

Other 40/67 1.35 0.88 -2.04 

Organic solvents 250/492 1.16 0.93 - 1.44 

dominated. One subclass of these, 4-chloro-2-methyl 

phenoxyacetic acid (MCPA), turned out to be significantly 

associated with NHL. For several categories of herbicides, 

we observed that only exposure during the latest decades 

before diagnosis of NHL was associated with an increased 
risk for NHL. In the HCL study, we found increased risk 

for exposure to different categories of pesticides [15]. 
However, due to comparatively low number of study 

subjects, it was not meaningful to make further analyses of 

the tumor induction period. 

Thus, the risk patterns for NHL and HCL in these 

studies, performed by the same methodology, showed 
similarities with respect to pesticides. Since the NHL 

study included patients with many different variants of 

NHL, it seemed motivated also to include HCL, as 
nowadays being regarded as a NHL subgroup, in a pooled 

analysis regarding risks in relation to pesticide exposure. 
The purpose was to enlarge the study size thereby 

allowing more precise risk estimates. 

MATERIALS AND METHODS 

Cases 

The NHL study encompassed male cases aged -->25 years 

with NHL diagnosed during 1987-1990 and living in the 

four most northern counties of Sweden and three counties 

in mid-Sweden [14]. They were recruited from the 

regional cancer registries and only cases with histopatho- 

logically verified NHL were included, in total 442 cases. 

Of these cases 192 were deceased. 

From the national Swedish Cancer Registry, 121 male 

patients with HCL diagnosed during 1987-1992 were 

identified from the whole country [15]. One case later 

turned out to have been diagnosed in 1993, but was 

included in the study. Only living cases were included. 

Controls 

For living NHL cases two male controls matched for age 

and county were recruited from the National Population 

Registry. 

For each deceased case two deceased controls matched 

also for year of death were identified from the National 

Registry for Causes of Death. For deceased subjects 
interviews were performed with the next-of-kin. 

Similarly, four male controls matched for age and 

county were drawn to each case of HCL from the National 

Population Registry. 

Assessment of Exposure 

In both studies a similar questionnaire was mailed to the 
study subjects or next-of-kin for deceased individuals. A 

complete working history was asked for as well as 

exposure to different chemicals. If the information was 

unclear a trained interviewer supplemented the answers 
over the phone, thereby using written instructions. Years 

and total number of days for exposure to various agents 
were assessed. Also names of different agents were 

carefully asked for. If necessary, the Swedish Chemical 

Inspectorate was contacted to obtain information on the 

chemical composition of different brands of pesticides and 

other agents. A minimum exposure of one working day 

(8 h) and a tumor induction period of at least one year were 

used in the coding of chemicals. Thus, total exposure less 

than one day as well as exposure within one year prior to 

diagnosis (corresponding time for the matched control) 

were disregarded. The questionnaires were blinded as to case 
or control status during the interviews and coding of data. 

Statistical Analysis 

Conditional logistic regression analysis for matched 

studies was performed with the SAS statistical program 

(SAS Institute, Cary, NC). Thereby odds ratios (OR) and 
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TABLE II Exposure to different types of herbicides with dose-response calculations. High exposure is defined as > median number of days for exposed 

subjects. Range of exposure in days given within parenthesis 

OR (CI) 

Agent                           Total OR (CI) Median number of days Low High 

Herbicides 1.75 (1.26-2.42) 33 (1-709) 1.74 (1.10-2.71) 1.79 (1.15-2.79) 
Phenoxyacetic acids 1.65 (1.16 2.34) 33 (1-709) 1.65 (1.01-2.66) 1.67 (1.02-2.69) 

MCPA 2.62 (1.40-4.88) 25 (1-491) 1.94 (0.79-4.55) 3.61 (1.49-9.05) 

2,4-D + 2,4,5-T 1.48 (0.99-2.20) 30 (1-709) 1.87 (1.08-3.20) 1.20 (0.68-2.08) 
Other 2.90 (1.34-6.37) 11 (1-220) 2.26 (0.76-6.77) 3.37 (1.08-11) 

95% confidence intervals (CI) were obtained. Both 
univariate and multivariate analyses were done. In this 

pooled analysis adjustment was made for study, study area 

and vital status. When risk estimates for different 

pesticides were analyzed only subjects with no pesticide 

exposure were taken as unexposed, whereas subjects 

exposed to other pesticides were disregarded. 

RESULTS 

The questionnaire was answered by 404 cases (91%) and 

741 controls (84%) in the NHL study. Regarding HCL 111 

cases (91%) and 400 controls (83%) participated. In the 

following results are given for the pooled analysis 
containing 515 cases and 1141 controls. 

An increased risk was found for exposure to herbicides, 

insecticides, fungicides and impregnating agents, Table I. 

Regarding specific agents OR was highest for glyphosate 

and MCPA. 

For herbicides dose-response calculations were also 
performed by comparing high and low dose exposures 
divided by the median exposure time in days, Table II. 

Exposure to MCPA gave a dose-response effect. Also for 
the group constituting of other herbicides than phenoxy- 
acetic acids the risk was highest in the group with high 
exposure. 

For herbicides in total and phenoxyacetic acids as a 
group the highest risks were seen when first exposure 
occurred 10-20 years before diagnosis, Table III. This 
was also the case for insecticides and impregnating agents. 
Within the latter group, however, an induction period of 

20-30 years gave the highest risk for both creosote and 
pentachlorophenol. 

Time to diagnosis from last exposure to different agents 

was also used in the calculation of risk estimates, Table IV. 
For phenoxyacetic acids the OR was highest for exposure 
1-10 years prior to diagnosis whereas no increased risk 
was seen for those with last exposure >20 years from the 
time of diagnosis. 

TABLE III Exposure to phenoxyacetic acids, insecticides, impregnating agents and organic solvents. Calculations are made with exposure divided 

according to time span from first exposure to diagnosis (induction period) 

Induction period, years 

Agent 1-10 OR (CI) >10-20 OR (CI) >20-30 OR (CI) >30 OR (CI) 

Herbicides 1.00 2.32 1.63 1.70 

(0.05-11) (1.04-5.16) (0.87-2.98) (1.12-2.58) 
Phenoxyacetic acids -* 2.88 1.54 1.50 

(1.11-7.72) (0.85-2.76) (0.94-2.37) 

MCPA -* 5.36 0.89 3.77 

(1.57-21) (0.20-3.03) (1.49-9.99) 

2,4-D + 2,4,5-T -]" 2.87 1.87 1.15 

(0.81 - 11) (0.98-3.53) (0.67-1.93) 
Insecticides 1.20 2.84 2.19 1.31 

(0.25 - 4.70) (0.95 - 8.54) ( 1.14 -4.17) (0.96 - 1.77) 

DDT - J 2.64 1.63 1.17 

(0.61-11) (0.80-3.26) (0.82-1.65) 

Impregnating agents 1.20 2.27 1.89 1.23 

(0.37-3.49) (1.15-4.49) (1.07-3.30) (0.85-1.75) 

Chlorophenols - J- 1.91 1.90 1.13 

(0.82-4.44) (0.98-3.65) (0.73-1.71) 

Pentachlorophenol - t 1.91 2.13 1.13 

(0.82-4.44) (1.07-4.25) (0.73-1.72) 

Creosote -* 0.88 5.33 1.34 

(0.04-7.27) (1.26-27) (0.69-2.49) 

Organic solvents 1.51 1.38 1.46 1.02 

(0.65-3.37) (0.84-2.24) (1.00-2.12) (0.79-1.30) 

* No exposed cases, one exposed control. 
~ No exposed subjects. 
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TABLE IV Exposure to phenoxyacetic acids, impregnating agents and organic solvents. Calculations are made with exposure divided according to 
time span from last exposure to diagnosis 

Time span, last exposure-diagnosis, years 

1-10 OR (CI) >10-20 OR (CI) >20-30 OR (CI) >30 OR (CI) 

Agent 

Herbicides 

Phenoxyacetic acids 

MCPA 

2,4-D + 2,4,5-T 

Insecticides 

DDT 

Impregnating agents 

Chlorophenols 

Pentachlorophenol 

Creosote 

Organic solvents 

2.53 1.68 1.22 1.84 

1.38-4.64) (0.88-3.14) (0.66-2.19) (0.95-3.51) 

3.22 2.06 1.01 1.26 

1.59 -6.65) ( 1.03 -4.09) (0.54-1.81 ) (0.57 -2.62) 

3.52 2.33 0.92 -* 

1.58 -7.99) (0.56 -9.09) (0.13 -4.39) 

4.31 1.85 1.04 1.41 

(1.12-21) (0.90-3.78) (0.54-1.94) (0.65-2.92) 

2.37 0.87 1.45 1.46 

1.40-4.02) (0.48-1.53) (0.85-2.41) (0.94-2.24) 

1.45 1.13 1.46 1.20 

(0.65- 3.10) (0.62-1.97) (0.83 -2.50) (0.69-2.02) 

1.92 0.79 1.67 1.19 

(1.30-2.82) (0.40-1.46) (0.88-3.11) (0.61-2.21) 

-’i" 1.52 1.36 0.84 

(1.02-2.25) (0.61-2.86) (0.32-1.96) 

__f 1.59 1.28 0.81 

(1.06-2.37) (0.58-2.67) (0.29-2.01) 

2.56 0.93 1.17 1.54 

(0.85-7.67) (0.13-4.17) (0.36-3.43) (0.60-3.75) 

1.17 1.00 1.39 0.99 

(0.91 - 1.50) (0.66-1.50) (0.84-2.25) (0.56-1.69) 

* one exposed case, one exposed control. 

"~ No exposed case or control. 

Furthermore, exposure to phenoxyacetic acids during 
different decades from the 1940s was analyzed. 

Increased risk was found during recent decades, 

Table V. 
No statistically significant increased risk was found for 

the whole group of organic solvents in this pooled 

analysis, but when the solvents were subgrouped 
according to specific substances there were increased 

risks for vanolen (OR = 1.91, CI = 1.03-3.49; n = 20 

cases) and aviation fuel (OR = 3.56, CI = 1.03-12; n = 6 

cases). 
Multivariate analysis of exposure to phenoxyacetic 

acids, insecticides, fungicides and impregnating agents is 

presented in Table VI. An increased risk persisted for 

exposure to herbicides, fungicides and impregnating 

agents, however not statistically significant. 
A separate multivariate analysis was performed on 

exposure to herbicides. Lower risk estimates were 
obtained although all herbicides still constituted risk 

factors for NHL, Table VII. 

DISCUSSION 

The cases in this study were identified by using the 

Swedish Cancer Registry, which is composed by six 

regional registries. In Sweden, the reporting of malignant 
diseases to the Cancer Registry is compulsory, which 

makes it likely that most incident cases in the study area 

were identified. Controls were selected from the National 
Population Registry and, in order to minimize recall bias, 

deceased controls were used for deceased cases in one of 
the studies [14] which were the basis for this analysis. In 

the other only living cases were included [15]. Recall bias 

is always a matter of concern in a case-control study with 

self-reported exposures. Farmer as occupation did not 

increase the risk in this pooled analysis (OR= 1.19, 

CI = 0.95-1.49) which indicates that the risk increase for 
pesticides was not explained merely by misclassification 

of exposure. All interviews and coding of data were 
performed blinded as to case or control status in order to 

minimize observational bias. 

TABLE V Exposure to phenoxyacetic acids during different decades. 

Note that one subject may occur during several decades 

Decade Cases/controls OR CI 

1940s 4/6 1.46 0.37-5.23 

1950s 35/53 1.44 0.91-2.26 

1960s 43158 1.68 1.10-2.55 

1970s 32133 2.37 1.42-3.95 

1980s 16133 3.25 1.53-7.07 

TABLE VI Multivariate analysis of exposure to pesticides 

Agent 

Univariate Multivariate 

OR     CI     OR     CI 

Herbicides 1.75 1.26-2.42 1.39 0.96-2.02 

Insecticides 1.43 1.08-1.87 1.07 0.78-1.45 

Fungicides 3.11 1.56-6.27 2.02 0.97 -4.23 

Impregnating agents 1.48 1. ! 1 - 1.96 1.30 0.98-1.72 
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TABLE VII Multivariate analysis of exposure to herbicides. Odds 

ratios (OR) and 95% confidence intervals (CI) are given 

Univariate Multivariate 

Agent               OR CI OR CI 

MCPA 2.62 1.40 4.88 1.67 0.77-3.57 

2,4-D + 2.4,5-T 1.48 0.99-2.20 1.32 0.88-1.96 

Glyphosate 3.04 1.08 8.52 1.85 0.55-6.20 

Other herbicides 2.90 1.34-6.37 2.28 1.02-5.15 

This study was a pooled analysis of two case-control 

studies, one on NHL [14] and the other on HCL [15] to 

provide larger numbers, which would allow more detailed 

analyses regarding the timing of exposure and adjustment 

of multiple exposures. This method was justified since 
HCL is a type of NHL and similar methods and 

questionnaires were used in both studies. Also the findings 

regarding pesticide exposure were relatively homogenous 

for both studies. The smaller HCL study had a somewhat 

higher prevalence of exposure and therefore has in this 

pooled analysis more weight than one would expect. 

Conditional logistic regression analysis was performed 

since both studies in this pooled analysis were matched. 
Heterogeneity in findings was averaged after stratification 

by study. Since the NHL study included also deceased 

cases and controls adjustment was made for vital status. 

Finally, in the HCL study thc whole Sweden was included 

as study base whereas in the NHL study only parts of 

Sweden were included. Thus, adjustment was made for 

geographical area for cases and controls, i.e. county. 

In the multivariate analysis exposure to herbicides, 

fungicides and impregnating agents increased the risk 
although OR was lower than in the univariate analysis. 

Significantly increased risk remained only for the 
heterogeneous group of "other herbicides". The results 

in multivariate analysis must be interpreted with caution 

since exposure to different types of pesticides correlate. 
Multivariate analysis is mainly useful to estimate the risk 

factors that seem to be most important. 

Several previous studies have associated exposure to 

phenoxyacetic acids, primarily 2,4-D and 2,4,5-trichloro- 

phenoxyacetic acid (2,4,5-T), with an increased risk for 

NHL [8-12,16-18]. Concerning MCPA data are sparse 
although in our first study on NHL, we found an increased 

risk [9,10]. 

In this pooled analysis, most subjects were regarding 

herbicides exposed to phenoxyacetic acids, mostly the 

combination of 2,4-D and 2,4,5-T. 2,4-D was withdrawn 

from the Swedish market in 1990 and 2,4,5oT was 
prohibited in 1977. Also MCPA, the phenoxy herbicide 

still commonly used in Sweden, increased the risk for 

NHL. Glyphosate is the herbicide now mostly used in 

Sweden. In this study, exposure to glyphosate was a risk 

factor for NHL. Thus, regarding herbicides lymphoma- 

genesis seems not to be depending on contaminating 

dioxins, i.e. 2,3,7,8-TCDD in 2,4,5-T. A contributing 

effect of such exposure cannot be excluded, although not 

supported by mortality results in a cohort of workers 

exposed to 2,3,7,8-TCDD [19]. IARC classified recently 

2,3,7,8-TCDD as a human carcinogen, Group I [20]. 

In the univariate analysis exposure to insecticides, 

mostly DDT, increased the risk for NHL. In the 

multivariate analysis no risk was found. This is in 

accordance with our previous results [9,10] and a pooled 

analysis of three case-control studies concluded that DDT 

is not a risk factor for NHL [21]. Furthermore, analysis of 

serum DDT/DDE has not given a clear association with 

NHL [22,24,25]. 
Regarding fungicides an increased risk for NHL has 

previously been reported from USA [11]. Our result with 

increased risk for NHL needs to be further studied since 

the finding was based on few subjects exposed to several 

types of fungicides. 

Chlorophenols, which are chemically related to 

phenoxyacetic acids and have been used as e.g. wood 

preservatives, were banned in Sweden in 1978. An 

increased risk for NHL was found in this pooled analysis, 
but also for exposure to arsenic and creosote. Both 

chlorophenols and creosote have been associated with 

NHL [26,27]. 
An association between exposure to organic solvents 

and NHL has been described [9,10,28-30]. However, 
such an association was not confirmed now although an 

influence of tumor induction period can not be ruled out, 

c.f, below. Another possibility might be that solvents used 

during later years are less toxic than previously, e.g. water 
based, and that they are more cautiously handled [31]. 

To further elucidate mechanisms in lymphomagenesis 

analysis of tumor-induction period (latency) and also time 

from last exposure to diagnosis was performed. Thereby 

the corresponding year for diagnosis was used for the 
matched control. For 2,4-D, 2,4,5-T and chlorophenols no 

subject had first exposure during 1-10 years prior to 

diagnosis due to restrictions in the use of these chemicals 

in Sweden during that time period. For fungicides such 
calculations were not meaningful due to low number of 

exposed subjects. 

The highest risk for exposure to herbicides, insecticides 

and impregnating substances was found for last exposure 

1 -10 years prior to diagnosis. Correspondingly, in general 
the lowest risks were found for the longest tumor 

induction periods. 

Do these results cast further light on the etiology of 
NHL? Certainly, exposure to some chemicals is of 

significance in lymphomagenesis. Furthermore, bearing in 

mind that several of these chemicals are immunotoxic, e.g. 

certain pesticides and chlorophenols [27,32,33] and 

i~nmunosuppression is an established risk factor for 

NHL [34] such toxicity might be of importance for 

chemical agents. 
Viruses have been associated with lyinphomas in 

animals [35,36] and more specifically E.BV for humans 

[7,37]. Virus proliferation in lymphocytes is held back by 

the immune system and immunosuppression may be 

followed by development of both B-cell and T-cell 
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lymphoma in animals [38-39]. For renal transplant 
patients treated with immunosuppressive drugs the risk for 
NHL is highest during the first years after transplantation 
and then declines [40]. 

Timing of exposure in relation to risk of NHL, 
particularly in regard to higher risk for recent exposures, 
seemed to be an interesting result regarding lymphoma- 
genesis. Several interpretations are possible such as 
chance finding, late stage in lymphomagenesis, type of 
exposure or interaction with other factors. Certainly 
immunmodulation by pesticides [32,33] is one hypothesis 
which should be more elaborated on, possibly with 
interaction with latent virus infection such as EBV. This 

might explain the short tumor induction period. In fact, 
results from the included HCL-study showed interaction 
between EBV-infection and exposure to such chemicals 
[41,42]. Additionally, polychlorinated biphenyls 
[22,24,25] and chlordanes [23,24], chemicals that are 
immunotoxic [43,44], have been associated with an 
increased risk for NHL. 

The etiology of NHL is multifactorial and further 
studies should consider immunotoxic effects by the 
studied chemicals as well as tumor induction period and 
interaction with virus infection, e.g. EBV. 

Acknowledgements 

The authors thank Michael Carlberg, MSc, who 
participated in the statistical calculations. Contract grant 
sponsors: The Swedish Cancer Research Fund, the 
Swedish Medical Research Council, Orebro County 

Council Research Committee and (3rebro Medical Centre 
Research Foundation. 

References 

[1] Rabkin, C.S., Devesa, S.S., Hoar Zahm, S. and Gail, M.H. (1993) 

"Increasing incidence of non-Hodgkin’s lymphoma", Semin. 

Hematol. 30, 286 296. 

[2] Nordstriim, M. (1996) "Increasing incidence of non-Hodgkin’s 

lymphomas in Sweden 1958-1992", Oncol. Rep. 3, 645-649. 

[3] Anonymous (2001). Cancer Incidence in Sweden 1999. The 

National Board of Health and Welfare. Stockholm, Sweden. 

[4] Penn, I., Hammond, W., Brettschneider, I. and Startzl, T.E. (1969) 

"Malignant lymphomas in transplantation patients", Transplant. 

Proc. 1, 106-112. 

[5] Kinlen, L.J., Sheil, A.G.R., Peto, J. and Doll, R. (1979) 
"Colloborative United Kingdom-Australiasian study of cancer in 

patients treated with immunosuppressive drugs", B~: Med. Z 2, 

1461-1466. 

[6] Ziegler, J.L., Beckstead, J.A., Volberding, EA., Abrams, D.J., 

Levine, A.M., Lukes, R.J., Gill, RS., Burkes, R.L., Meyer, RR., 

Metroka, C.E., Mouradian, J., Moore, A., Riggs, S.A., Butler, J.J., 

Cabanillas, EC., Hersh, E., Newell, G.R., Laubenstein, L.J., 
Knowles, D., Odanjnyk, C., Raphael, B., Koziner, B., Urmacher, C. 

and Clarkson, B. (1984) "Non-Hodgkin’s lymphoma in 90 

homosexual men: relationship to generalized tymphadenopathy 

and acquired immunodeficiency syndrome", N. Engl. J. Med. 311, 

565 -570. 

[7] Evans, A.S. and Mucller, N.E. (1990) "’Viruses and canccr: causal 
associations", Ann. Epidemiol. 1, 71-92. 

[8] Hardell, L. (1979) "Malignant lymphoma of histiocytic type and 

exposure to phenxoyacetic acids or chlorophenols", Lancet 1, 

55-56. 

[91 Hardell, L., Eriksson, M., Lenner, R and Lundgren, E. (1981) 

"Malignant lymphoma and exposure to chemicals, especially 

organic solvents, chlorophenols and phenoxy acids: a case-control 

study", Bt: J. Cancer43, 169-176. 

[10] Hardell, L., Eriksson, M. and Degerman, A. (1994) "Exposure to 

phenoxyacetic acids, chlorophenols, or organic solvents in relation 

to histopathology, stage, and anatomical localization of non- 

Hodgkin’s lymphoma", Cancer Res. 54, 2386-2389. 

[11] Hoar, S.K., Blair, A.. Holmes, F.F., Boysen, C.D., Robel, RJ., 

Hoover, R. and Fraumeni, Jr, J.E (1986) "Agricultural herbicide use 

and risk of lymphoma and soft-tissue sarcoma", JAMA 256, 

1141-1147. 

[12] Hoar Zahm, S., Weisenburger, D.D., Babbitt, P.A., Saal, R.C., 

Vaught, J.B., Cantor, K.P. and Blair, A. (1990) "A case-control study 

of non-Hodgkin’s lympho~na and the herbicide 2,4-dichlorophe- 

noxyacetic acid (2,4-D) in Eastern Nebraska", Epidemiology 1, 

349 356. 

[13] Hardell, L., Eriksson, M., Axelson, O. and Hoar Zahm, S. (1994) 

"Cancer epidemiology’, In: Schecter, A.,, ed, Dioxins and Health 

(Plenum Press, New York), pp 525-547. 

[14] Hardcll, L. and Eriksson, M. (1999) "A case-control study of non- 

Hodgkin lymphoma and exposure to pesticides", Cancer 85, 

1353-1360. 

[15] NordstrOm, M., Hardell, L., Magnuson, A., Hagberg, H. and Rask- 

Andersen, A. (1998) "Occupational exposures, ani~nal exposure and 

smoking as risk factors for hairy cell leukaemia evaluated in a case- 

control study", Br. Z Cancer 77, 2048 2052. 

[16] Kogevinas, M., Kauppinen, T., Winkelmann, R., Johnson, E.S., 

Bertazzi, P.A. and Buneo de Mesquita, B.H. (1995) "Soft tissue 

sarcoma and non-Hodgkin’s lymphoma in workers exposed to 

phenoxy herbicides, chlorophenols, and dioxins: two nested case- 
controls studies", Epidemiology 6, 396-402. 

[17] Becher, H., Flesch-Janys, D., Kauppinen, T., Kogevinas, M., 

Steindorf, K., Manz, A. and Wahrendorf, J. (1996) "Cancer 

mortality in German male workers exposed to phenoxy herbicides 

and dioxins". Cancer Causes Control 7, 312-321. 

[18] Fontana, A., Picoco, C., Masala, G., Prastaro, C. and Vineis, R 

(1998) "Incidence rates of lymphomas and environmental 

measurements of phenoxy herbicides: ecological analysis and 

case-control study", Arch. Environ. Health 53, 384-387. 

[19J Steenland, K., Piacitelli, L., Deddens, J., Fingerhut, M. and Chang, 

L.I. (1999) "’Cancer, heart disease, and diabetes in workers exposed 

to 2,3,7,8-tetrachlorodibenzo-p-dioxin’, J. Natl Cancer Inst. 91, 

779-786. 

[20] International Agency for Research on Cancer (1997). IARC 

Monographs on the Evaluation of Carcinogenic Risks to Humans. 

Vol. 69, Polychlorinated Dibenzo-para-Dioxins and Polychlorinated 

Dibenzofurans. Lyon, France. 

[21] Baris, D., Hoar Zahm, S., Cantor, K. and Blair, A. (1998) 

"Agricultural use of DDT and risk of non-Hodgkin’s lymphoma: 

pooled analyses of three case-control studies in the United States", 

Occup. Environ. Med. 55, 522-527. 

[22] Hardell, L., van Bavel, B., LindstrO~n, G., Fredrikson, M., Hagberg, 

H., Litjegren, G., NordstrOm, M. and Johansson, B. (1996) "Higher 

concentrations of specific polychlorinated biphenyl congeners in 

adipose tissue from non-Hodgkin’s lymphoma patients compared 
with controls without a malignant disease", Int. J. Oncol. 9, 

603-608. 

[231 Hardell, L., Liljegren, G., LindstrOm, G., Van Bavel, B., Broman, 

K., Fredrikson, M., Hagberg, H., NordstrOm, M. and Johansson, B. 

(1996) "Increased concentrations of chlordane in adipose tissue 

frown non-Hodgkin’s lymphoma patients compared with controls 

without a malignant disease", Int. J. Oncol. 9, 1139-1142. 

[241 Hardell, L., Eriksson, M., LindstrOm, G., van Bavel, B., Linde, A., 

Carlberg, M. and Liljegren, G. (2001) "Case-control study on 

concentrations of organohalogen compounds and titers of 

antibodies to Epstein Ban" virus antigens in the etiology of non- 

Hodgkin lymphoma", Leuk. Lymph. 42(4), 619-629. 

[25] Rothman, N., Cantor, K.R, Blair, A., Bush, D., Brock, J.W., 

Helzlsouer, K., Zah~n, S.H., Needham, L.L., Pearson, G.R., Hoover, 

R.N., Comstock, G.W. and Strickland, RT. (1997) "A nested case- 

control study of nonHodgkin lymphoma and serum organochlorine 

residues", Lancet 350, 240-244. 

[26] Persson, B., Dahlander, A.M., Fredriksson, M., Noordlind-Brage, 

H., Ohlson, C.G. and Axelson, O. (1989) "Malignant lymphomas 

and occupational exposures", Br. J. Ind. Med. 46, 516-520. 

Defendant’s Exhibit 2584 0006 



NHL AND HCL 

[271 Hardell, L. and Axelson, O. (1998) "Environmental and 

occupational aspects on the etiology of non-Hodgkin’s lymphoma", 

Oncol. Res. 10, 1-5. 

[28] Vianna, N.J. and Polan, A. (1979) "Lymphomas and occupational 

benzene exposure", Lancet ii, 1394-1395. 

[29] Olsson, H. and Brandt, L. (1988) "Risk of non-Hodgkin’s 

lymphoma among men occupationally exposed to organic 

solvents", Scand. J. Work. Environ. Health 14, 246-251. 

[30] Yin, S.N., Hayes, R.B., Linet, M.S., Le, G.L., Dosemeci, M., Travis, 

L.B., Zhang, Z.N., Li, D.G., Chow, W.H., Wacholder, S. and Blot, 

W.J. (1996) "An expanded cohort study of cancer among benzene- 
exposed workers in China", Environ. Health Perspect. 104(Suppl. 

6), 1339-1341. 

[31] Axelson, O. and Hogstedt, C. (1994) "The health effects of 

solvents", In: Zenz, C., Dickerson, O.B. and Horvath, Jr, E.E, eds, 

Occupational Medicine (St Louis, Mosby), pp 764-778. 

[32] Faustini, A., Setfimi, L., Pacifici, R., Fano, V., Zuccaro, E and 

Forastiere, E (1996) "Immunological changes among farmers 

exposed to phenoxy herbicides: preliminary observations", Occup. 

Environ. Med. 53, 583-585. 

[33] Stiller-Winkler, R., Hadnagy, W., Leng, G., Straube, E. and Idel, H. 

(1999) "Inm~unological parameters in humans exposed to pesticides 

in the agricultural environment", Toxicol. Lett. 107, 219-224. 

[34] Scherr, EA. and Mueller, N.E. (1996) "Non-Hodgkin’s lymphoma", 

In: Shottenfeld, D. and Fraumeni, Jr., J.F., eds, Cancer 
Epidemiology and Prevention (Oxford University Press, New 

York), pp 920-945. 

[35] Kaplan, H.S. (1978) "From experimental animal models to human 

lymphoid tissue neoplasia: search for viral etiology. Recent 

Results", Cancer Res. 64, 325-336. 

[36] Armenian, H.K. and Hamaden, R.R. (1983) "Epidemiology of non- 

Hodgkin’s lymphoma", In: Lilienfeldt, A.M.,, ed, Reviews In 

Cancer Epidemiology (Elsevier, New York) 2, pp 141-169. 

AND PESTICIDES 1049 

[37] Lehtinen, T., Lumio, J., Dillner, J., Hakamma, M., Knekt, P., 

Lehtinen, M., Teppo, L. and Lenkki, E (1993) "Increased risk of 

malignant lymphoma indicated by elevated Epstein-Ban: virus 

antibodies--a prospective study", Cancer Causes Control 4, 

187-193. 

[38] Manzari, V., Gismondi, A., Barillari, G., Morrone, S., Modesti, G., 

Albonici, L., De Marchis, L., Fazio, V., Gradilone, A., Zani, M., 

Frati, L. and Santoni, A. (1987) "HTLV-V: a new human retrovirus 

isolated in a TAC-negative T-cell lymphomafleukemia", Science 

238, 1581-1583. 

[39] Potter, M. (1992) "Pathogenetic mechanisms in B-cell non- 

Hodgkin’s lymphoma in humans", Cancer Res. 52(Suppl), 

5522s-5528s. 

[40] Newstead, C.G. (1998) "Assessment of risk of cancer after renal 

transplanatation’, Lancet 351, 610-611. 

[41] Nordstr6m, M., N~isman, ,~,., Linde, A., Schloss, L. and Hardell, L. 

(1999) "Elevated antibody levels to Epstein-Ban" virus antigens in 

patients with hairy cell leukaemia compared to controls in relation 

to exposure to pesticides, organic solvents, animals and exhausts", 

Oncol. Res. 11, 539-544. 

[42] Nordstr6m, M., Hardell, L., N~isman, ~,., Wingfors, H., Hardell, K., 

Lindstr6m, G. and Linde, A. (2000) "Concentrations of organo- 

chlorines related to levels of antibodies to Epstein-Ban- virus 

antigens as risk factors for hairy cell leukemia", Environ. Health 

Perspect. 108, 441-445. 

[43] Lu, Y.C. and Wu, Y.C. (1985) "Clinical findings and immunological 

abnormalities in Yu-Cheng patients", Environ. Health Perspect. 59, 

17-29. 

[44] McConnachie, PR. and Zahalsky, A.C. (1992) "Immune alterations 

in humans exposed to the termiticide technical chlordane", Arch. 

Environ. Health 47, 295-301. 

Defendant’s Exhibit 2584 0007 


