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SUMMARY

This study has two primary objectives.  First, we propose to determine the prevalence and study 
the etiology of monoclonal gammopathy of undetermined significance (MGUS) in a sample of 
1,600 cancer-free, Agricultural Health Study (AHS) pesticide applicators over the age of 50, 
with well-characterized occupational exposures and lifestyle factors. MGUS has been observed 
to precede all cases of multiple myeloma in the Prostate, Lung, Colorectal and Ovarian (PLCO) 
cancer screening trial. To achieve this objective we will compare the prevalence of MGUS in the
AHS cohort with the prevalence in two general population-based cohorts (i.e., Olmsted County 
and NHANES III) with well-characterized MGUS prevalence levels. We will also examine the 
associations between MGUS and specific pesticides within the AHS cohort, and determine 
whether selected biomarkers are associated with excess MGUS and whether these biomarkers are
significantly associated with specific pesticides.

The second objective will establish a resource with the remaining biospecimens collected from 
the participants for the MGUS study that will be used to evaluate the biological plausibility and 
the mechanism-of-action of associations between pesticides and cancers observed in earlier AHS
studies. Many of these pesticides are non-genotoxic and their mechanism of carcinogenesis has 
not been determined. The biospecimen resource will include blood and urine samples. Junior 
investigators will be encouraged to pursue funding via IRAs, molecular epidemiology class 
awards, and technology development awards to utilize this resource.  Of immediate interest is 
the use of the first 400 bio-specimens in a pilot evaluation of the prevalence of monoclonal B-
cell lymphocytosis (MBL) in the AHS cohort and its potential link to specific pesticides. MBL 
has been shown to precede Chronic Lymphocytic Leukemia (CLL) in the PLCO study and 
several pesticides in current widespread use in the AHS have been linked to leukemia.  
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BACKGROUND

Multiple myeloma (MM) is a largely incurable neoplasm of differentiated B-cells (plasma-cells) 
characterized by an overproduction of monoclonal immunoglobulins, causing approximately 
11,000 deaths per year.  Recently, Dr. Ola Landgren has observed that MM was always preceded
by a premalignant disorder, monoclonal gammopathy of undetermined significance (MGUS) in 
the PLCO study (Landgren, 2009).  This finding establishes a key role for MGUS in the pathway
to multiple myeloma.  Although the etiology of MGUS and MM remain largely unclear, 
previous cohort and case-control studies have reported an elevated risk of MM among farmers 
and other agricultural workers (Perrotta, 2008). However, most prior investigations have been 
hampered by small numbers and limited exposure assessment.

In the Agricultural Health Study (AHS), a prospective cohort of 57,310 private and commercial 
pesticide applicators with comprehensive pesticide exposure assessment, we found a 
standardized incidence ratio (SIR) of 1.34 (95% confidence interval CI=0.97-1.81) for MM 
(Alavanja, 2005). Permethrin, a widely-used insecticide on farms and home gardens is 
significantly associated with MM in the AHS (Rusiecki, 2009).  Other pesticides possibly 
associated with MM in the AHS cohort include glyphosate (De Roos, 2005) and atrazine 
(Rusiecki, 2004), and possibly other pesticides that have not yet been evaluated for MM.   In a 
preliminary AHS study of MGUS prevalence we observed a significant excess compared to 
Olmsted County (Landgren, 2009, Appendix 1, Table 1).  In the same study we also observed 
associations between MGUS and several widely-used pesticides (Landgren, 2009, Appendix 1, 
Table 2).  These preliminary findings are in need of replication in a larger sample of the AHS 
cohort, but they suggest that pesticide exposure associated with MGUS risk might be an 
underlying explanation of the previously observed excess multiple myeloma risk among persons 
exposed to pesticides in a variety of other studies.  

Telomeres consist of long nucleotide repeats (5’-TTAGGG-3’) and a protein complex at 
chromosome ends.  Telomeric attrition can result in critically short telomeres prompting 
genomic instability.  Previous studies have reported telomere length in MM cases that are 
approximately 40% of those in controls (Cottliar, 2003; Shammas, 2003; Wu, 2003; Wu, 2005), 
but telomere length has not been evaluated with MGUS status.  In a preliminary AHS study, 
telomere length was measured in DNA from buccal cells using the Cawthon method (Cawthon, 
2002) in the laboratory of Dr. Andrea Baccarelli.  We found that telomeres were significantly 
shorter among subjects exposed to a number of pesticides including permethrin and 2,4-D 
(Appendix 1, Table 3).  Given these preliminary findings one of our primary objectives is to 
investigate the association between pesticide exposure, telomere length and MGUS status. 

DNA methylation is an important component of gene expression and genome stability. It is often
altered in cancer cells compared to normal cells. In MGUS and MM several tumor suppressor 
genes are silenced via hyper-methylation of the promoter regions. In addition, altered global 
genomic hypo-methylation has also been observed in MM and thus may be involved in the early 
and precancerous stages of the disease. Specifically, data from Dr. Andrea Baccarelli’s lab 
showed that MM cases exhibited low methylation in Alu and LINE-1 sequences compared to the
standard results of pyrosequencing analysis for both Alu and LINE-1 (Bollati, 2009). Dr. 
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Baccarelli’s data suggest that repetitive DNA hypo-methylation is a feature of MM and possibly 
in MGUS.  

Several other biological markers in plasma may be related to MGUS and risk of progression to 
MM.  When immunoglobulin molecules are normally produced by plasma cells in the bone 
marrow, the heavy chains (G, A, M, D, or E) and the light chains (kappa or lambda) are 
produced separately. When a clonal proliferation of plasma cells starts to develop, free light 
chain (FLC) concentrations in the serum increase along with abnormal kappa to lambda ratios. 
Approximately one-third of MGUS patients have abnormal FLC and these patients have a higher
rate of progression to MM.  We believe identifying this subset of MGUS positive cases with 
abnormal FLC may be an important tool for etiological research.

In this study we can more comprehensively investigate the etiology of MGUS, and the biological
mechanisms of the associations between pesticides and MGUS, by evaluating telomere length 
and DNA methylation, as well as polyclonal proteins and free circulating kappa and lambda 
immunoglobulin chains.  These more specific assays coupled with MGUS may have even 
stronger relationships with selected pesticides. Identifying specific exposures responsible for 
myelomagenesis will help us to better understand chemical carcinogenesis in humans, and help 
us to reduce the risk of diseases by identifying and quantifying potential disease risks associated 
with particular exposures.  

In addition to our interest in MGUS and multiple myeloma, we are also interested in evaluating 
the link between pesticide exposures and leukemia.  Several pesticides (e.g., diazinon, fonofos, 
metribuzin, EPTC and possibly permethrin, glyphosate, atrazine and alachlor) have been shown 
to be associated with leukemia in the AHS cohort.  In this study we will evaluate risk of 
monoclonal B-cell lymphocytosis (MBL), which is a premalignant disorder associated with 
chronic lymphocytic leukemia (CLL).  Healthy persons with a small number of B-cell clones 
circulating in the peripheral blood are designated as having MBL; Rawstron et al. (2008) 
reported that the prevalence of MBL among UK hospital out patients between 40-90 years of age
with no history or suspicion of cancer was 5.0%.  In another study of MBL among a residential 
population in Italy referred for routine blood tests, Dagklis et al. (2009) found a higher 
prevalence of MBL (>6%).  Hospital-based series indicate an excess risk of CLL among those 
with MBL.  Recently, Landgren et al. (2009) showed that 98 % of CLL cases are preceded by 
MBL (up to 6.4 years before CLL diagnosis) in cryopreserved peripheral whole blood samples 
from participants in the PLCO Cancer Screening Trial.  Identifying specific exposures associated
with MBL would be important to better understand chemical carcinogenesis in humans and to 
reduce the risk of disease by taking appropriate public health action. More detailed background 
information regarding CLL, MBL and related biologic markers is provided in Appendix 2.  

In terms of other cancers, the AHS has identified 11  pesticides (i.e., diazinon, chlorpyrifos, 
carbofuran, fonofos, metribuzin, EPTC, imazethapyr, metolachlor, pendimethalin, trifluralin and
dicamba) in current wide-spread use that have significant exposure-response relationships with 
other cancers (Appendix 1, Table 4). Suggestive evidence of an association has also been seen 
with several other pesticides (Appendix 1, Table 4). These findings, although not conclusive, 
indicate that these chemicals deserve further evaluation. In addition to their use on farms, some 
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of these pesticides (e.g., 2,4-D, glyphosate, permethrin, pendimethalin, dichlorvos) have wide-
spread use in the general population as home and garden pesticides used by millions of 
Americans with no occupational exposures to pesticides. Since many of these pesticides have not
previously been hypothesized to cause cancer and since many of these pesticides are non-
genotoxic, further research is needed to evaluate the etiological significance of our work.

OBJECTIVES

This study has two primary objectives.  First, we propose to determine the prevalence and study 
the etiology of monoclonal gammopathy of undetermined significance (MGUS), a precursor 
biomarker of multiple myeloma (MM), in a sample of 1,600 cancer-free, Agricultural Health 
Study (AHS) pesticide applicators over the age of 50, with well-characterized occupational 
exposures and lifestyle factors.  For the second objective, we will establish a resource with the 
remaining biospecimens collected from the participants for the MGUS study that will be used for
future molecular studies, including pilot studies of MBL prevalence among AHS participants 
and hematologic alterations following recent exposure to diazinon, an organophosphate 
insecticide associated with leukemia in a previous analysis within the AHS cohort (Beane 
Freeman et al. 2005).  Specific aims for each of these primary objectives are as follows: 

Prevalence and etiological studies of MGUS 

1. Use serum samples from 1,600 AHS study subjects to determine the prevalence of MGUS 
among AHS cohort members over 50 years of age and compare to the prevalence among 
individuals of similar age in Olmsted County, MN and in the NHANES III survey sample. 

2. Evaluate the relationship between specific pesticide exposures and the prevalence of MGUS. 
3. Determine if telomere length differs between the positive MGUS cases and those study 

subjects without MGUS. 
4. Determine if specific pesticides are associated with telomere length in an exposure-response 

pattern. 
5. Determine if positive MGUS cases are associated with global hypo-methylation and gene 

specific hyper-methylation compared to those study subjects without MGUS. 
6. Evaluate polyclonal proteins and free circulating kappa and lambda chains to determine if 

these more specific assays have even a stronger relationship with specific pesticides.

Establishing a biospecimen resource for future molecular studies including pilot studies of 
MBL prevalence and hematotoxicity of diazinon

1. Collect blood, a first morning urine void and questionnaire data from 1,600 AHS study 
subjects for future molecular studies of pesticide exposures shown to be associated with 
cancer (i.e., multiple myeloma, leukemia and cancers of the prostate, lung, colon, rectum, 
pancreas, bladder, and possibly NHL) and other chronic diseases in the AHS cohort.  

2. In a pilot investigation, determine if MBL is elevated in the AHS cohort. 
3. Determine if recent exposure to diazinon (previously associated with leukemia in the AHS 

cohort) produces hematologic changes [i.e., alterations in peripheral blood cell counts 
measured in a complete blood count (CBC) and CD4+ T-cells or other lymphocyte subsets] 
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in a pilot study with serial measurements obtained before and after exposure from 50 
recently exposed subjects.

As a secondary objective of this study, we will also collect information about cancer screening 
practices (e.g., history of digital rectal exam, PSA testing, and colonoscopy/sigmoidoscopy) 
among the AHS participants who are contacted for this study.  This information will be used for 
a variety of research purposes, including an assessment of whether participants in this study are 
more or less likely to undergo screening evaluations than the general population (for which 
general survey screening rates are available). This comparison will help investigators assess 
whether selection bias may be affecting study results.

Relevance to the mission of OEEB and DCEG

Investigating the etiology of cancers that occur excessively among farmers, pesticide applicators 
and other workers has been one of the primary focuses of the OEEB for the past 30 years. The 
proposed study is consistent with that mission by establishing a biospecimen resource within the 
AHS to help identify human carcinogens in the agricultural environment and in some consumer 
products used by many Americans.  Only a fraction of the material collected from each 
individual will be used for the MGUS research, MBL pilot investigation, and markers of 
hematologic alterations discussed in this protocol. The remaining biospecimens will be used in 
separately proposed etiological studies to be conducted in future years.  This project is also 
responsive to the recommendations of the most recent OEEB site visit and the follow-up 
statements of the Board of Scientific Counselors which urged OEEB investigators to pursue 
molecular epidemiology within the AHS to determine the carcinogenic mode-of-action of these 
widely used and economically important chemicals. While the site-visit team recommended 
collection of blood on all or a majority of the AHS cohort, we believe our more economical 
protocol can achieve some of the most important desired objectives of mechanistic analyses.

METHODS

Study Design and Location

This is a cross-sectional study among a subset of participants in the AHS cohort.  Following is a 
detailed description of the study design in terms of identifying and recruiting eligible 
participants, collecting biospecimens and questionnaire data, conducting biomarker assays, and 
performing analyses.  An overview of the study design and plans for sample processing, testing, 
and storage in the repository is shown in Figure 1 below.  The study will be conducted state-
wide in Iowa and North Carolina, the locations of the larger AHS cohort.  

Sample Selection and Eligibility 

A total of 1,600 AHS participants (1,072 from Iowa and 528 from North Carolina) will be 
enrolled in this study, including a subset of 50 participants (33 from Iowa and 17 from North 
Carolina) with recent exposure to diazinon (separate selection criteria and study procedures for 
this group are described below).  The eligibility criteria for all study subjects are as follows: 
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1. Male private pesticide applicator;
2. Alive as of the latest update of the National Death Index (NDI) and over 50 years of age 

at the time of initial contact;
3. Cancer free as of the most recent linkage with the Cancer Registry;
4. Completed phase I, II and III interviews (these study subjects have the most 

comprehensive exposure evaluation and also will be the most interested in the study).

Individuals who meet any of the following criteria will be ineligible for this study:  

1. Deceased or no longer residing in Iowa or North Carolina; 
2. Ever diagnosed with any type of cancer other than non-melanoma skin cancer; 
3. Unable to speak English; 
4. Have a blood clotting disorder such as hemophilia; or
5. Registered with the AHS as a “no contact”.

The 50 Recently Exposed subjects will meet these same inclusion and exclusion criteria.  For the
Recently Exposed group, we will select subjects who mix, load, or apply diazinon for 
agricultural use during the current growing season.  We will focus on recent diazinon exposure 
because lifetime diazinon use has been previously associated with leukemia risk among 
participants in the AHS (Beane Freeman, 2005).  Candidates for this group will be designated 
during the sample selection process based on phase III interview data, but their eligibility to 
remain in this group will be determined during the contact procedures, which are described 
below.  Because of possible logistic challenges in identifying a sufficient number of applicators 
who currently use diazinon and conducting home visits according to the specified time frame for
recent diazinon use, we consider this aspect of the protocol to be a pilot investigation.  Selection 
criteria and procedures for enrolling participants in the Recently Exposed group will be reviewed
and modified as needed after Year 2. 
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Figure 1. Overview of study design and plans for specimen collection, processing, testing, 
and storage in the repository 

Subject Recruitment

The progression and timing of procedures from the identification of potentially eligible subjects 
through completion of the home visit is illustrated in Figure 2.  Experience from previous 
substudies within the AHS cohort suggests that we should be able to enroll at least one-third of 
the subjects who are eligible for this study.  We anticipate that we will have to contact an 
estimated 4,800 individuals to meet our planned enrollment of 1,600 AHS subjects.  It should be
noted that this is far fewer than the total number of AHS subjects who appear to be eligible for 
this study based on preliminary analyses.  The coordinating center will generate a list of 
potentially eligible subjects annually (approximately 1,200 each year) based on registry and 
phase III interview data.  

Recruitment and study procedures (including interviews and biospecimen collection) will be 
pilot tested in March 2010.  Pilot testing in both Iowa and North Carolina is necessary to account
for different possible barriers to participation among subjects in these two populations and to 
determine whether state-specific modifications to the protocol are needed to ensure study 
feasibility.  In accordance with Office of Management and Budget regulations, we will include 
nine pilot subjects from each state.  Recruiting subjects from more rural areas may prove to be 
logistically challenging; consequently, pilot subjects will be recruited from counties (one in each
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state) that are distant from urban centers.  The pilot phase of this study will be used to evaluate 
the protocol for scheduling home visits, conducting interviews, collecting and shipping 
biospecimens, and laboratory processing.  Time from blood and urine collection to delivery at 
the laboratory and temperature of samples upon receipt will be recorded to assess biospecimen 
shipping procedures.  The study protocol will be amended as needed after reviewing the results 
of the pilot phase with the coordinating center and study centers in each state.  

Introductory letters and calls to potential subjects will begin upon completion of the pilot phase 
(anticipated in May 2010).   Subjects will be recruited and enrolled throughout the year.  Field 
stations will use maps, as well as scheduling and tracking procedures to manage contacts and 
phlebotomy.  

For participants in the Recently Exposed group, we will conduct a series of home visits with 
interviews and sample collection at the following three time points: 1) in the off-season prior to 
exposure; 2) on the day after cessation of diazinon use; and 3) 21 days (±3 days) after diazinon 
use.  The pre-season home visit will take place in the winter (i.e., January-March).  We 
anticipate that diazinon may be applied between April-August; we will plan to collect the two 
post-exposure blood samples during this time period.  To schedule subsequent visits after 
diazinon exposure, we will follow up with these subjects on a regular basis before and during the
growing season to determine the timing of diazinon applications and to schedule home visits 
accordingly.  To assist with planning for scheduling home visits with participants in the Recently
Exposed group, we will also consult with local extension agents in Iowa and North Carolina on a
regular basis during the growing season in order to anticipate when participants are likely to 
apply diazinon.  

Introductory Letter and Follow-up Phone Call

Each potentially eligible subject will be mailed an introductory letter and study brochure 
explaining the study and indicating that a follow-up call will occur later.  Letters will be sent out
on a monthly basis.  

During the follow-up call, the interviewer will verify that the subject received the introductory 
letter, address subjects’ questions, determine eligibility via a short questionnaire (including 
eligibility for a blood draw), assess interest in participation, obtain verbal consent, provide 
additional instructions, and schedule the home visit.  Additionally, all of the AHS participants 
who are contacted by phone (including those who decline to participate in the Biomarker Study 
or are ineligible) will be asked for permission to collect some information about their cancer 
screening practices.  If they verbally consent, we will ask three questions regarding their history 
of cancer screening tests, including digital rectal exams, PSA testing, and colonoscopies and 
sigmoidoscopies.  

Additional Mailings and Contacts with Consenters

Four weeks prior to the scheduled home visit, subjects who verbally consent to participate will 
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receive a mailing that includes the home visit confirmation letter, copies of the consent forms, a 
reminder card for key elements of the questionnaire (particularly recent pesticide use), and the 
urine collection kit.  

The phlebotomist will conduct a follow-up call 2-3 weeks prior to the home visit to introduce 
him/herself, verify receipt of mailed materials, address any questions or concerns, and verify the 
date and time of home visit.  Postcards with the scheduled visit date and phone numbers for the 
study team (toll-free number) and the phlebotomist (cell phone number) will be mailed to all 
subjects shortly after the follow-up call.    

Finally, two to three days before the scheduled home visit, all scheduled subjects will receive a 
reminder call from the phlebotomist to confirm the date and time, reiterate that questionnaire 
item responses will be needed, and remind subjects about the morning void urine collection.  For
subjects in the Recently Exposed group, this call will also serve to verify that the subject has 
recently mixed, loaded, or applied diazinon.    
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Figure 2. Overview of the Timeline for Recruitment and Data Collection
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Data Collection, Informed Consent, and Compensation

The phlebotomist will travel to the subject’s home to: 1) recheck eligibility, 2) obtain signed 
consents for the interview and biospecimen collection, 3) administer a questionnaire via a 
computer-assisted personal interview (CAPI), 4) recheck to be sure the subject does not have an 
inherited blood clotting problem, 5) collect the blood samples, and 6) collect the urine sample.  

To reduce travel time for phlebotomists, the states will be divided into geographic subareas for 
the AHS Biomarker Study.  Maps illustrating the distribution of AHS cohort members in Iowa 
and North Carolina by county are provided in Appendix 3.  

In order to validate residential information in the AHS cohort and facilitate future environmental
studies through linkage to existing data sources, the phlebotomist will use a handheld Global 
Positioning System (GPS) receiver to record the exact location of the home of each study 
participant at the time of the home visit.  

Interview

As indicated above, the mailing sent four weeks prior to the visit will include copies of the 
consent forms, and a list of key elements on the questionnaire to help the subject prepare for the 
interview.  Before the interview begins, the phlebotomist will review the consent form with the 
subject.  The phlebotomist will collect one signed copy and ask the subject to retain the other 
signed copy for his records.

If the subject agrees to the interview, the phlebotomist will administer the CAPI, which will be 
audio recorded with the subject’s consent.  The CAPI will elicit information about recent 
medication use, medical conditions, smoking status, alcohol consumption, and pesticide use 
during the current/previous growing season.  We will ask about the duration of pesticide use 
(number of days and hours per day), dates of recent applications, the product formulation (liquid
or other), handling activities and method of application, and use of personal protective 
equipment.  The interview is expected to take 20 minutes, on average.

Blood and Urine Samples

If the subject agrees to the blood sample, the phlebotomist will collect a 44.0-mL blood sample 
by venipuncture using all standard procedures for safety.  The following blood samples will be 
collected from all participants: one 10.0-mL serum tube, one 6.0-mL heparin tube, one 6.0-mL 
EDTA tube, two 8.5-mL acid citrate dextrose (ACD) tubes, and two 2.5-mL PAXgene tubes.  
For the subjects in the Recently Exposed group, these tubes will be collected at the pre-season 
home visit; an additional 6.0-mL EDTA tube will also be collected from Recently Exposed 
subjects for the hematologic assays (i.e., CBC, lymphocyte subset measures).

For the subsequent post-exposure home visits among subjects in the Recently Exposed groups, 
the following blood samples will be collected:  two 6.0-mL EDTA tubes (one for the repository 
and one for the hematologic assays), two 8.5-mL ACD tubes, and one 2.5-mL PAXgene tube.  
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For all participants, a 1.0-L urine collection kit will be sent to the home prior to the phlebotomy 
visit with instructions for collecting the first morning void on the day of the phlebotomy visit. 
The urine sample will be collected to quantify and validate pesticide exposures in a separately 
funded effort and to provide biospecimens for emerging analytical technologies.  The subject 
will be asked to collect the entire void volume, and to record the time of sample collection and 
the previous void time.  Also, we will request that the subject refrigerates the sample and gives it
to the phlebotomist at the scheduled visit. Participants in the Recently Exposed group will be 
asked to provide a urine sample for each scheduled visit.  

If the subject forgot to collect the urine sample, the phlebotomist will make sure that the subject 
has the necessary supplies, request that he collect the urine sample the following morning, and 
make sure that he understands all that is required of him to collect and ship the sample with the 
shipping materials provided.  

Subject Compensation

Subjects will be reimbursed $75 for completing each home visit.  Personal checks will be cut 
prior to the scheduled visits, so that reimbursement can be immediately provided as the 
phlebotomist completes the home visit.

Shipment of Blood and Urine Samples

The blood tubes and urine sample that will be collected from all participants will be shipped via 
Overnight Service to the processing laboratory (SeraCare, Frederick, MD).  The serum tube, 
heparin tube, EDTA tube, and PAXgene tubes will be shipped cold (i.e., with frozen ice packs), 
and the ACD tubes will be shipped at ambient temperature.  The second EDTA tube collected 
from subjects in the Recently Exposed group will be shipped at ambient temperature to the 
Mayo Medical Laboratories (Rochester, MN). 

The phlebotomist will take the biologic samples collected at the home visit and drop them off at 
a nearby express mailing site for shipment via Overnight Service with the intention of getting 
these samples to the processing laboratory and the Mayo Medical Laboratories on the day 
following collection (within 24 hours whenever possible). The phlebotomist will conduct home 
visits on Monday through Thursday only, so that the biological samples can be delivered 
Tuesday through Friday (i.e., no weekend delivery), and processed by the recipient laboratories 
on the day following collection.  To accomplish this, the phlebotomist will need to know the 
location of all express sites and their end-of-day pickup times in the geographic area.    

When shipments are received by the processing laboratory, the biospecimens will be processed 
immediately and frozen at -80ºC, with the exception of the cryopreserved lymphocytes, which 
will be stored at a colder temperature in a liquid nitrogen freezer.  Time of delivery and any 
deviations from the specimen collection protocol (e.g., low blood volume in any tube, incorrect 
specimen temperature) will be recorded upon receipt at the processing laboratory.  The serum 
tube will be centrifuged; serum will be aliquoted into 1.0 mL samples and the clot will be saved. 
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The heparin and EDTA tubes will be centrifuged and separated into samples of plasma (0.5-mL 
aliquots), buffy coat, and RBCs.  Blood from the ACD tubes will be mixed upon receipt and 
DMSO will be added to a final concentration of 10%.  These samples will be stored as 1.0-mL 
aliquots of whole blood.  They will be cryopreserved using a controlled rate freezer to -90ºC, 
and will be stored in a liquid nitrogen freezer.  The PAXgene tubes do not require processing; 
they will be frozen at -20ºC for 24 hours before being transferred for storage at -80ºC.  For the 
urine specimen, the processing laboratory will measure the total void volume upon receipt.  A 
105-mL sample will be retained (ten aliquots of 10-mL, and five aliquots of 1-mL).  The 
remainder of the urine specimen will be discarded.  After processing and temporary storage, 
biospecimens will be transferred every six months from the processing laboratory to the 
repository (ThermoFischer Scientific, Frederick, MD) for long-term storage and the analytic 
laboratories for specific assays (i.e., MGUS, MBL, telomere length, and DNA methylation).  

The additional EDTA tube collected from participants in the Recently Exposed group will be 
used for the hematological assays (i.e., CBC, lymphocyte subset assays).  These assays will be 
performed immediately upon receipt at the Mayo Medical Laboratories.  Assays will be 
performed on the day following collection (within 24 hours of collection whenever possible).  
Time from sample collection to analysis will be recorded to evaluate possible sample 
degradation and account for any time-related effects in the analysis if necessary.  

A detailed overview of collection, shipment, laboratory processing, and storage procedures is 
provided in Appendix 4.  It should be noted that procedures for specimen collection and 
processing are modeled after protocols that have been used successfully to manage biospecimens
collected in the NCI-SEER non-Hodgkin’s lymphoma study and the U.S. Kidney Cancer Case-
Control Study.  

Monitoring of Study Progress

The field stations will use existing computer software to establish computerized data 
management systems to schedule and track mailings and telephone contacts, and home visit 
outcomes (i.e., interviews and specimen collection), as well as the progress of the study in their 
state.  The coordinating center will track overall progress; additionally they will use a 
biospecimen sample tracking software system to track biospecimen shipment and receipt.  The 
field station and coordinating center databases will be similar to other AHS tracking databases to
ensure linkability to other AHS research activities in which each has participated. 

The response rates for in-person interviews and biospecimen collection will be reviewed weekly.
Feedback to the study centers will be provided through monthly conference calls among 
principal investigators at NCI, the coordinating center, and field stations, weekly telephone calls 
between the study manager at the coordinating center and study centers, and annual study 
meetings. 
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Quality Control

The following quality control procedures will be conducted for each phase of the study:
 All phlebotomists and study coordinators will attend a standardized training.
 A field manual will be developed.
 All interviews will be recorded (with the subjects’ consent).  For each 

interviewer/phlebotomist, a field supervisor will review tapes of his/her first five interviews, 
10% of his/her interviews over the next three months, and 5% of interviews thereafter.

 Field problems and solutions will be discussed at regular supervisor-phlebotomist meetings, 
weekly phone calls of study coordinators, and monthly phone calls of study investigators, 
and will be documented.

 Standardized protocols for collecting and processing biospecimens will be used.
 External quality control samples (10% of samples) will be included with each batch of 

laboratory samples for assays.

Exposure Assessment

To characterize lifetime exposure to pesticides among study participants for the MGUS analysis,
we will utilize the extensive exposure data available from the phase I, phase II, and phase III 
interviews.  These data will be available for all AHS subjects included in this study as per the 
eligibility criteria.  For the analyses of short-term markers of hematologic alterations, we will 
characterize exposure to diazinon by measuring urinary metabolite concentrations and using 
information collected via questionnaire at the time of the first post-application home visit (i.e., 
the day after cessation of diazinon use).  

Telomere Length and DNA Methylation Assays

The telomere length and DNA methylation assays will be performed by the laboratory of Dr. 
Andrea Baccarelli at the University of Milan (Milan, Italy) using DNA extracted from buffy 
coat.  Telomere length will be measured using a quantitative polymerase chain reaction (QPCR) 
assay based on a method developed by Cawthon (2009).  Telomere (T) and single gene copy (S) 
signals are measured in separate wells on parallel plates, and adjusted in comparison to standard 
reference DNA.  The standardized T/S ratio characterizes differences in telomere length.  Global
DNA methylation will be quantified using the method described by Yang et al (2004).  Briefly, 
DNA will be treated with bisulfite and DNA repetitive element (Alu and LINE-1 sequences) will
be PCR amplified; the PCR product will be analyzed using pyrosequencing to quantify DNA 
methylation.  

Outcome Ascertainment

The primary outcome of MGUS will be determined based on results of assays performed by the 
laboratory of Dr. Robert Kyle at the Mayo Clinic (Rochester, MN).  All of the AHS participants 
in this study will be tested for MGUS.  Additionally, MBL (a precursor of CLL) will be 
evaluated among AHS participants in a pilot study in collaboration with the laboratory of Dr. 
Paolo Ghia at the Universita Vita-Salute San Raffaele (Milan, Italy).  Short-term hematological 
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markers – including cell types and characteristics measured by the CBC and analysis of the 
major lymphocyte subsets (i.e., CD4+ T-cell, CD8+ T-cell, B-cell, and NK-cell counts) – will be
evaluated among Recently Exposed participants; assays for these markers will be performed by 
the Mayo Medical Laboratories (Rochester, MN).     

Data Analysis

The analyses will be conducted by the core research team and study-specific extramural 
researchers.  For the MGUS studies, the prevalence of MGUS in the sample from the AHS 
cohort will be compared to the prevalence in Olmsted County, MN as well as to the prevalence 
among NHANES III study subjects whose questionnaire data indicate that their primary job was 
not farming or pesticide application.   We will also determine if there are significant associations
with specific pesticides and MGUS.  Odds ratios estimating the risk of MGUS in relation to 
specific pesticides will be calculated using multiple logistic regression with adjustment for 
known and suspected MGUS risk factors (e.g., age, obesity, education, medication use, and 
family history of cancer).  We will also begin to explore some of the molecular mechanisms 
involved in the etiology of MGUS.  These initial efforts will focus on telomere length, altered 
DNA methylation, and measurements of free light chain immunoglobulins. For these analyses, 
markers will be analyzed as categorical variables (tertiles based on the distribution among 
participants without MGUS).  Other molecular mechanisms will be considered as hypotheses are
developed.  Also, as a secondary analysis we will evaluate risk of MGUS in a pooled sample of 
2,155 subjects from the proposed study and the previous MGUS study by Landgren et al. (2009) 
if there does not appear to be any heterogeneity of effect between the two studies.  

For the MBL Pilot Study, we will determine the feasibility of measuring MBL (monoclonal B-
cell lymphocytosis), a  precursor of Chronic Lymphocytic Leukemia (CLL), from blood 
collected in the field from the AHS cohort, cryopreserved, and shipped to Dr. Paolo Ghia’s 
laboratory.  We will also determine the prevalence of MBL in the AHS cohort, and determine 
factors that may influence any excess risk observed.  Several pesticides used by the AHS cohort 
have shown significant associations with an excess risk of leukemia. Evaluating the feasibility of
conducting an adequately sized etiological investigation will be a key objective of this pilot 
study.  

In addition to the MGUS and MBL studies, we will also evaluate short-term biomarkers of 
hematologic changes that may be related to the etiology of leukemia among the Recently 
Exposed subjects.  Measures of immune suppression and immune system perturbation are of 
particular interest (i.e., CBC, levels of lymphocyte subsets).  Hematologic testing will be 
performed on fresh blood samples assessed on the day following collection.  Because some 
hematologic alterations may be short-lived, we will compare measurements in samples obtained 
the day after diazinon use to pre-season baseline measurements.  However, differences between 
measurements obtained immediately following exposure and 21 days after exposure will be 
characterized to evaluate whether hematologic alterations are transient or persistent.  Multiple 
linear regression will be used to evaluate these markers in relation to diazinon exposure.  In 
addition to using these serial blood samples to evaluate hematologic alterations, we anticipate 
that they will also be a useful resource for other biomarkers in future analyses (e.g., DNA 
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adducts, chromosomal aberrations).  

Sample Size and Study Power

The use of individual pesticides varies widely in the AHS cohort. For simplicity of computation,
we have calculated the expected statistical power for the MGUS analysis based on the estimated 
proportion of the cohort that has ever been exposed to selected pesticides (Table 1).  Power 
calculations were based on an expected MGUS prevalence of 3.7% in this study population, 
which is the observed prevalence among men over 50 years of age in Olmsted County, MN 
(Landgren et al. 2009).  The statistical power is greater than 80% to detect a 2-fold difference in 
MGUS risk when the prevalence of exposure is between 30-60%.  For pesticides used by 20-
80% of the cohort, we will have at least 92% power to detect a 2.5 fold excess risk. These 
categories include many of the pesticides of particular interest for MM and MGUS.  It should be 
noted that these power estimates are likely to be conservative because they are based on an 
estimated background prevalence of 3.7%, which is much lower than the 6.8% prevalence of 
MGUS that was observed in a previous analysis within the AHS cohort (Landgren et al. 2009).  
Also, if there does not appear to be any heterogeneity of effect between the previous MGUS 
study by Landgren et al. and the proposed study, we will perform a secondary pooled analysis 
with the combined sample of 2,155 AHS subjects.  

Table 1. Statistical power to detect various levels of excess prevalence of MGUS by 
frequency of pesticide exposure (N=1,600)

Pesticide exposure
Statistical power to detect the
indicated MGUS odds ratios*

(exposed vs. unexposed) 3.0 2.5 2.0 1.8
90% exposed vs. 10% unexposed1 0.86 0.63 0.34 0.24
80% exposed vs. 20% unexposed2 0.99 0.92 0.63 0.46
70% exposed vs. 30% unexposed3 >0.99 0.98 0.78 0.61
60% exposed vs. 40% unexposed4 >0.99 0.99 0.85 0.69
50% exposed vs. 50% unexposed5 >0.99 0.99 0.87 0.72
40% exposed vs. 60% unexposed6 >0.99 0.99 0.86 0.71
30% exposed vs. 70% unexposed7 >0.99 0.98 0.82 0.67
20% exposed vs. 80% unexposed8 0.99 0.94 0.73 0.58
10% exposed vs. 90% unexposed9 0.92 0.79 0.54 0.42

* 2-tail test, alpha=0.05, baseline probability of disease=3.7%
1glyphosate; 22,4-D; 3atrazine; 4none as of Phase III questionnaire; 5alachlor, malathion; 6chlorpyrifos, 
carbaryl, terbufos; 7carbofuran, pendimethalin; 8metribuzin, fonofos, EPTC, diazinon; 9permethrin, 
paraquat, coumaphos, chlorothalonil

Since one of our specific objectives is to examine the association between telomere length and 
MGUS risk, we have calculated the statistical power for this analysis (Table 2).  Again assuming
a background prevalence of MGUS of 3.7%, we expect to have 94% statistical power to detect a 
linear trend of MGUS risk increasing from a 1.6-fold excess in the middle tertile of telomere 
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length to a 2.5-fold excess risk in the lowest tertile of telomere length, respectively, compared to
the highest tertile. 

Table 2. Statistical power to detect various levels of excess prevalence of MGUS
by tertiles of telomere length (N=1,600)

Statistical power to detect the indicated linear trend in MGUS odds ratios*
Linear trend examined
(Telomere length as 
exposure variable)

1.0 (ref, highest tertile), 
1.7 (middle tertile),  
3.0 (lowest tertile) 

1.0 (ref, highest tertile), 
1.6 (middle tertile), 
2.5 (lowest tertile) 

1.0 (ref, highest tertile), 
1.4 (middle tertile), 
2.0 (lowest tertile)

 Power 0.99 0.94 0.71
* Assuming 2-tail test with alpha of 0.05 and baseline probability of disease of 3.7%; the highest tertile 
of telomere length will be used as the reference category.

Power calculations for risk of MBL in relation to pesticide exposures are shown in Table 3 
below.  As with the MGUS analysis, we calculated the statistical power based on a range of 
values for the estimated proportion of AHS subjects who have ever been exposed to selected 
pesticides.  We estimated a background probability of MBL of 5.0% based on the prevalence 
reported by Rawstron et al. (2008).  Based on these calculations, we estimate that we will have 
>80% power to detect an odds ratio of 1.8 or greater if the prevalence of exposure is between 
40-60% and an odds ratio of 2.0 or greater if the exposure prevalence is between 20-70%.  

Table 3. Statistical power to detect various levels of excess prevalence of MBL by 
frequency of pesticide exposure (N=1,600)

Pesticide exposure
Statistical power to detect the 
indicated MBL odds ratios*

(exposed vs. unexposed) 3.0 2.5 2.0 1.8
90% exposed vs. 10% unexposed1 0.95 0.79 0.47 0.33
80% exposed vs. 20% unexposed2 >0.99 0.98 0.77 0.60
70% exposed vs. 30% unexposed3 >0.99 >0.99 0.89 0.74
60% exposed vs. 40% unexposed4 >0.99 >0.99 0.93 0.81
50% exposed vs. 50% unexposed5 >0.99 >0.99 0.95 0.83
40% exposed vs. 60% unexposed6 >0.99 >0.99 0.94 0.83
30% exposed vs. 70% unexposed7 >0.99 >0.99 0.91 0.78
20% exposed vs. 80% unexposed8 >0.99 0.98 0.83 0.69
10% exposed vs. 90% unexposed9 0.96 0.87 0.64 0.50

* 2-tail test, alpha=0.05, baseline probability of disease=5.0%
1glyphosate; 22,4-D; 3atrazine; 4none as of Phase III questionnaire; 5alachlor, malathion; 6chlorpyrifos, 
carbaryl, terbufos; 7carbofuran, pendimethalin; 8metribuzin, fonofos, EPTC, diazinon; 9permethrin, 
paraquat, coumaphos, chlorothalonil

Following are the estimated power calculations for the pilot study to evaluate hematologic 
alterations in relation to recent exposure to diazinon (Table 4).  With a total of 50 subjects, we 
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will have sufficient power to detect relatively small hematologic alterations comparing pre- and 
post-exposure measurements.  

Table 4. Power calculations for the analysis of hematologic alterations among participants 
with recent diazinon exposure using serial measurements (i.e., pre- vs. post-exposure 
measurements)

Expected values

Minimum detectable difference in the
mean response of matched pairs (pre- vs.

post-exposure measurements)1

Measurement Mean2
Within-

person SD3 N=30 N=40 N=50

WBC count (per 
µL blood) 6480 609 322 277 246

Lymphocyte count
(per µL blood) 2130 262 139 119 106

1 Estimated based on a two-sided paired t-test with alpha=0.05 and 80% power  
2 Cell count per µL blood, based on observed values among controls in Lan et al. (2004)
3 Estimated based on within-subject coefficients of variation reported in Dot et al. (1992)

Personnel

Study Investigators

Intramural:
 Dr. Michael Alavanja PI. 
 Dr. Laura Beane-Freeman, Co-PI.
 Dr. Jonathan Hofmann, Co-PI.
 Drs. Neil Caporaso and Ola Landgren, Co-PIs and experts in the MGUS/MM and MBL/CLL. 
 Dr. Sharon Savage, Co-PI and expert in telomere length aberrations. 
 Dr. Jay Lubin, project statistician
 Ms. Cynthia Hines (NIOSH) and Mr. Kent Thomas (USEPA) are exposure assessors with the 

AHS.
 Dr. Shelia Zahm, senior epidemiologist.
 Dr. Dale Sandler is the NIEHS lead investigator on the AHS.
 Drs. Stella Koutros and Gabriella Andreotti are post-doctoral fellows with the AHS.
 Ms. Carol Christensen (EPA) is a staff epidemiologist the USEPA and a doctoral student at 

JHU.

Extramural:
 Drs. Robert Kyle (Mayo), Jerry Katzmann (Mayo), and Vincent Rajkumar (Mayo) are leading 

experts in the MGUS/MM field. The Protein Immunology lab at Mayo Clinic has agreed to 
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conduct the MGUS analysis for the minimal cost of the reagents and other minor laboratory 
costs. 

 Dr. Andrea Baccarelli (University Milan) has conducted the pilot investigations of telomere 
length and DNA methylation alterations in the AHS.  He would be interested in continuing this
work as a collaborator on this project. 

 Dr. Paolo Ghia, Unit of Lymphoid Malignancies, Department of Oncology, Università Vita-
Salute San Raffaele and Istituto Scientifico San Raffaele, Milano, Italy. Dr. Ghia is a leading 
experts in MBL/CLL and he is personally interested in participating in the proposed AHS 
project. His laboratory is a high throughput MBL facility.

Human Subjects and Confidentiality

Subjects in this proposed study will be adult male residents of the study areas in the United 
States.  We anticipate that most participants will be non-Hispanic whites, but we will not restrict 
on the basis of race in this study.  Due to the low prevalence of women among the applicators in 
the AHS cohort (2%), women will be excluded from this study.  Children will not be included 
(the AHS cohort does not include children).  

All research personnel will have completed the required education in protection of human 
research participants and the NIH Computer Security Awareness training course.  The 
interviewer/phlebotomists will explain the informed consent and study procedures to potential 
participants and obtain signed consent prior to interviewing and collection of biological samples.
The subjects will be informed that their medical care will not be affected by their decision with 
regard to participation in this study.  

The risks and benefits of participation also will be explained.  Given that this is an observational 
epidemiologic study, no adverse effects are expected among participants.  Data collected as part 
of the study will include an in-person interview, blood sample, and urine sample.  The home 
interview will take approximately 20 minutes.  The physical risks associated with the study are 
minimal and only include those associated with blood collection.  All blood samples will be 
collected by experienced phlebotomists.  During the blood drawing, the subject may feel a little 
pain or get a bruise at the place on the arm where the blood is drawn; it is possible, but unlikely, 
that there may be swelling or bleeding.  

All study subjects will be compensated for their time and effort ($75 per home visit).  The 
subjects generally will not benefit directly from the results of this study, except for the 
psychological rewards involved in contributing to medical knowledge which may help other 
people to reduce their risk of disease.  Findings from this study will occasionally be summarized 
in regular updates that are distributed to AHS cohort members.

For the participants in the Recently Exposed group (N=50), we will be performing 
CBC/lymphocyte subset assays because we expect that there may be some immune perturbations
related to farming exposures that are of possible research interest.  However, we anticipate that 
few, if any, of the participants in this group will have abnormal CBC/lymphocyte subset assay 
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results of any clinical significance.  Nonetheless, a clinician on the research team (Dr. Neil 
Caporaso) will review the CBC/lymphocyte subset results for these participants, and we will 
send a letter to any participants with abnormal results that may have clinical significance.  The 
language in this letter will be revised as needed depending on the specific assay results that are 
observed (e.g., if we observe severe anemia or a striking elevation of the white blood cell count, 
then we would include a stronger statement regarding medical follow-up).  Dr. Caporaso will be 
available by phone to answer any questions that participants may have about the assay results.  

With the exception of the CBC/lymphocyte subset assay results for participants in the Recently 
Exposed group, we will not report individual test results to participants for any of the other 
assays performed in this study for several reasons.  First, these assays will be conducted for 
research purposes, and will not necessarily be performed under conditions required by the 
Clinical Laboratory Improvement Amendments (CLIA) for diagnostic tests.  Second, the 
average rate of progression from MGUS to multiple myeloma is 1% per year (Kyle, 2002).  
Consequently, the vast majority of the individuals who test positive for MGUS in this study will 
not go on to develop multiple myeloma in their lifetime.  It should also be noted that no 
therapies are available for MGUS or MBL that would prevent progression to multiple myeloma 
or chronic lymphocytic leukemia, respectively.  Moreover, previous studies indicate that there is 
no added benefit in terms of disease prognosis of early therapy relative to therapy at presentation
of symptomatic disease (Ola Landgren, personal communication).  Current clinical guidelines do
not recommend screening for MGUS or MBL in the population (Ola Landgren, personal 
communication).  

Confidentiality of patient data and electronic records will be maintained at all times.  A study 
number will identify each subject in the database.  Subject records and computer files will be 
stored in securely locked cabinets when not in use.  Training sessions and annual signed 
confidentiality pledges will emphasize and remind research personnel the importance of keeping 
all data strictly confidential.  All blood and urine containers will only be labeled with a study ID 
number.  All statistical analyses and publication of study results will involve grouped data.

Requests from participants who elect to withdraw their data or consent for their specimens from 
the AHS are honored without question.  A request to be withdrawn from the main study by a 
cohort member who is also part of this Biomarker Study population will result in 
removal of the affected data from the Biomarker Study as well.  
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Time Schedule

Table 3: Schedule for the AHS Biomarker Study commencing in March 2010
Activity Time
Executive Committee Review January 7th-February 6th, 2009
SAG review March 2009
TEP Review November 2009
OMB change request submission December 2009
Develop study materials March through November 2009
Submit IRB applications December 2009-January 2010
Train study personnel February-March 2010
Begin pilot testing for field work March-May 2010
Modify study procedures as needed June 2010
Begin fully developed field work July 2010 

Budget

Annual cost estimates for the AHS Biomarker Study for FY 2009-2014

1st year 
(2009)

2nd year
(2010)

3rd year
(2011)

4th year
(2012)

5th year 
(2013)

6th year 
(2014)

Total

USEPA 300,000 250,000 250,000 250,000 250,000 100,000 $1,400,000
NCI 0 195,708 195,708 195,708 195,708 72,293 $855,126 

Total cost estimates of each task for FY 2010-2014

A. Phlebotomy, Shipping and Laboratory Processing
Item No. 

Tubes 
Collected

No. Vials
Processed

Unit cost Sample size1 Cost

Phlebotomy 
Kits (per 
made).

$37.36 1,700 63,512

Phlebotomy, 
urine and 
blood 
shipping 
including 
remuneration 
to study 
subjects.

$460 1,700 782,000
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Receipt 
control

$60 1,700 102,000

Laboratory 
supplies

1,700 44,000

Lavender top 
(EDTA)

1 $47.52 1,700 80,784

PAXgene 
tube

2 $3.55 1,700 6,035

Red top 
(serum)

1 $47.52 1,600 76,032

Yellow top 
(ACD)

2 $10.45 1,700 35,530

Green top 
(heparin)

1 $47.52 1,600 76,032

Urine kit 1 1 $5.00 1,700 8,500
Short term 
storage at 
SERACARE

28,000 
vials 
(from 
aliquots)

$0.49/vial/yr 1,700 13,720

Shipment to 
repository 

$1,832/320 
persons/yr

5 yrs 9,160

Receipt 
control at 
repository

$120.00/year 5 yrs 600

Long term 
storage at 
repository (5 
years)

$208/month & 
freezer & racks

60 months 
& $7,441 
freezer & 
$1,600

21,521

Total field & 
processing

$ 1,319,426 

1 Samples will be obtained from 1,600 participants; serial samples (3/subject) will be collected 
from the 50 participants in the “recently exposed” pilot study

B. Study management
Item Cost
Study manager 84,500
--Field work coordinator (IA and NC) 232,700
--Computer programmer 39,300
--Clerks &Technicians 35,400
--Blaise license and materials 33,500
--Hotel, per diem, and mileage reimbursement as necessary 87,900
Total Study management $ 513,300
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C. Proposed analyses and handling costs
Item Cost
Shipping cost to Mayo Clinic laboratory $300 for one shipment/year

X 5 years
1,500

MGUS analysis (NCI shared cost with Mayo Clinic) 
including quality control runs on 10% of the samples

60,000

DNA extraction 1,600 X $50 80,000
DNA-telomere length
 Including quality control runs on 10% of the 
samples

1,760 X $10 17,600

DNA-methylation (shared cost)
Including quality control runs on 10% of the 
samples

1,760 X $45 79,200

Total analyses and handling $238,300

D. MBL Pilot study
Item
Shipping cost to Dr. Paolo Ghia’s laboratory One shipment/year X 

5 years
3,600

Leukemia-MBL analysis (NCI shared cost with Dr. Ghia’s
laboratory

$80/sample X 1,600 
samples

128,000

Total $ 131,600

E. Hematologic biomarkers (Mayo Medical Laboratories)
Item Cost
Fedex & Receipt control 3 samples/subject for 50 

subjects X $70
10,500

CBC and lymphocyte subset 
analysis plus 10% QC runs

$110 X 150 samples 16,500

Total $ 27,000

F. Measurement of urinary pesticide metabolites among Recently Exposed subjects (CDC)
Item Cost
Shipping cost to CDC 
laboratory

One shipment 500

Measurement of urinary 
metabolite concentrations

$500 X 50 samples 25,000

Total $ 25,500

Total: $2,255,126
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