Weredith H. McCarthy

ﬂ.f:iiomey at Law

001 West Wlain Street, Suite 201 T ekﬁpff;‘owe: (30/4\) 842-0401
Bridgeport, WV 26330 Facsimile: (304) 842-:0461

September 21, 2011

Donald Kopp, Clerk

Circuit Clerk of Harrison County
301 West Main Street
Clarksburg, WV 26301

Re:  Perrine, et al., v. E.I. DuPont De Nemours & Co., et al.
Civil Action No.: 04-C-296-2

Dear Mr. Kopp:

* Please find enclosed an original certificate of service evidencing service of the attached
“Submission of Guardian Ad Litem Regarding the Preliminary CT Rule and Preliminary Medical
Monitoring Budget™, as well as, attached referenced materials. Please file the same in the above-
referenced court file,

Should you have any questions regarding this correspondence, do not hesitate to contact me
at (304) 842-9401. Your attention to this matter is appreciated.

Sincerely,

Meredith H. Mccg;ﬂly

Enclosures
ce: The Honorable Thomas A. Bedell : .
Edgar C. Gentle, 111, Esq.
Virginia Buchannan, Esq.
Stephanie D. Thacker, Esq.
J. Farrest Taylor, Esq.



IN THE CIRCUIT COURT OF HARRISON COUNTY, WEST VIRGINIA
LENORA PERRINE, et al.,
Plaintiffs,

VS, Case No. 04-C-296-2
{Honorable Thomas A. Bedell)

E.L DU PONT DE NUMOURS AND COMPANY,
a Delaware corporation doing business in West
Virginia; et al.,

Defendants.
SUBMISSION OF GUARDIAN AD LITEM

REGARDING THE PRELIMINARY CT RULE AND
PRELIMINARY MEDICAL MONITORING BUDGET

Now comes Meredith H McCarthy, Guardian Ad Litem for the minor children and
incompetent aduit% in .the above-referenced detlon and in accordance with the Claims
Administrator’s Supplemental Report filed August 24, 2011, ordered by the Court on August 31,
2011, as well as, the Claims Administrator’s Supplemental Submission of September 1, 2011,
tenders her pleading with respect to the contested budgetary issues. As indicated by the Claims
Administrator, the contested issues are as follows: (1) the preliminary CT Scan Utilization
Guidelines and (2) the budget concerns, including bridge funding issues and the “inactive” claimant
and “minor-no” claimant rules. With regard to the draft CT Scan Rule, this counsel argues that the
examining physician alone should determine whether to recommend a CT Scan for a claimant
without the restrictive symptom-based approach provided in the “medical necessity” factors of
paragraph 7 of the Guidelines. Further, with regard to the budget concerns, this counsel argues that
the Claims Administrator is in the best position to analyze the number-crunching aspect of the

Medical Monitoring Program given his extensive cxperience with similar monitoring programs



throughout the country.' Finally, this counsel also advocates that the rules governing the “inactive”

and “minor-no” claimant as proposed by the Claims Administrator be adopted by the Court in total.

ARGUMENT
I THE EXAMINING PHYSICIAN ALONE SHOULD DETERMINE
THE “MEDICAL NECESSITY” OF CT SCAN FOR MEDICATL
MONITORING CLAIMANT WITHOUT GUIDANCE OF
CLAIMS ADMINISTRATOR OR F INANCE COMMITTEE
It should be noted initially that the Perrine/DuPont class claimants are considered a high risk
population based upon their proximity to the Spelter smelting facility and exposure to heavy metals
therefrom, mainly arsenic, cadmium and lead’ Based upon guidance from the Fnvironmental
Protection Agency and professional periodicals, Dr. Charles L. Werntz found the toxic and
carcinogenic effects of the heavy metal agents that came from the Spelter facility to be cumulative
and additive. See Exhibit A. After more than six years of litigation, the parties negotiated a
Memorandum of Understanding (MOU) on November 19, 2010, which was incorporated in the Final

Order Approving Settlement entered January 4, 2011. The language of the MOU which addressed

the Medical Monitoring Program and currently causes objections among the parties provides as

" Edgar C. Gentle, IHi has adminisiered large class action setilements for approximately twenty years.
Specifically, since 1992 Mr. Gentle has served as Escrow Agent for the MDL 926 Court in the Baxter, Bristol and
3M Breast Implant Settlement which invoived more than 1.1 billion dollars where he provides financial, business,
accounting and tax support for all MDL 926 Qualified Settlement Funds. Since 2003, Mr. Gentle has been the
Claims Administrator for the $300 miliion Monsanto PCB Settlement in Oliver and Tolbert v. Monsanto Co.
Finally, Mr. Gentle has been the Claims Administrator for the above-referenced action pursuant to Court Order
entered February 25, 2008, and was instrumental in the settlement of the case.

2 See Anticipated Health Effects of the Contamination of Spelter, WV and Surrounding Communities with
Arsenic, Cadmium and Lead, and Recommendations for Medical Monitoring, Charles L. Werntz, Il D.0., MPH,
March 34, 2007, Medical Surveillance Cruidelines and Recommendation, James P. Kornberg, M.D., Sc.I). Nov, | I,
2005. This Court heard testimony regarding high incidence of lung and other cancers in Harrison County, WV, See

Feb. 25, 2008 Final Order Regarding the Scope, Duration and Costs of the Medical Monitoring Plan at p 7.
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follows:

C. The program shall provide those examinations and tests set
forth in the Court’s Order of February 25, 2008 with the
exception that no routine CT scans shall be performed as part
of the medical monitoring program. The defendant does
agree to provide CT scans that are diagnostically medically
necessary as determined by a competent physician as relevant
to possible exposure to the heavy metal contamination at issue
in this litigation.

The Claims Administrator charged with the duty of implementing the Medical Monitoring
Program drafted preliminary CT Scan Utilization Guidelines for the participating physicians.
Paragraph 6 of the proposed CT Scan Guidelines allows that an examining physician will, in his
discretion, decide “whether to recommend a CT Scan for the Claimant as being medically necessary
and relevant to possible exposure to heavy metals. . . contamination. .. > Paragraph 6 conforms to

the parties MOU. Paragraph 7, however, addresses factors which satisty medical necessity and

includes as follows:

(1) Signs and Symptoms, including but not limited to,

parancoplastic syndromes (production of hormone like
symptoms from the tumor cells), unexplained weight loss,
fever, fatigue, pain, persistent coughing or hoarseness,
hemoptysis, unusual bleeding or discharge, dysphagia,
persistent shortness of breath, thickening or lumps in the
body, hyper pigmentation, jaundice, shoulder pain (Pancoast’s
Syndrome), pneumonia, persistent headaches, and/or other
medical signs and symptoms which are widely accepted in
the medical community as potential indicators of cancer.

AND/OR

(2) Medical history (including known diagnoses).



The primary problem with the preliminary CT Scan Guidelines proposed by the Claims
Administrator is that it implements a “signs and symptom” based approach, limiting access to CT
Scans to only symptomatic class members, and thereby effectively excluding that screening tool.
Itis well established that by the time lung cancer presents symptoms, it has progressed into advanced
stages and metastasized to other parts of the body, thereby precluding the possibility of effective
treatment, and drastically curtailing life expectancy of individuals found to have developed hung
cancer. “More than 80 percent of patients with an abnormality on evaluation have metastatic disease.
Patients presenting with anorexia, weight loss and fatigue have an especially poor prognosis.”
Lauren G. Collins, ef al., Lung Cancer: Diagnosis and Management, American Family Physician
75(1):56-63 at 60 (Jan. 1, 2007).

“Most persons with lung cancer present with symptomatic disease at advanced stage (stage
Il or IV) and at that point have little chance of curative treatment.” Jett, J.R., Midthun, D.E.,
Screening for Lung Cancer: For Patients at Increased Risk for Lung Cancer, It Works, Ann Intern
‘Med. 2011 Sep 5 [Epub ahead of print]. Five vear survival with localized (early stage) disease is 50
percent, whereas is only 4 percent in those with distant (stage IV) disease. Id. More simply stated,
“[tThe presence of symptoms at the time of diagnosis is associated with a high probability of
advanced disease.” Harvey I. Pass, David P. Carbone, David H. Johnson, Principles and Practice
of Lung Cancer: The Office Reference Text of the IASLC at 671 (Lippincott Williams & Wilkins,
2009).

Given the reality that by the time tung cancer becomes symptomatic, it has often spread
through the body and is in very advanced stages has led some in the medical community to advocate

for a screening methodology proven to actually reduce mortality, so that this aggressive form of
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cancer can be detected and treated in its earliest stages, before major damage has heen done to the
body and before metastasis occurs. “Screening for lung cancers in such patients [i.e., high risk
populations like smokers] will find many cancers at an early stage when they are amenable to cure.
Today, we have the knowledge and the technology that could change the outcome of lung cancer.”
Petty, T.L., The Early Diagnosis of Lung Cancer, Dis Mon. 2001 Jun; 47(6):204-64. The solereason
that screening has not been widely employed to combat lung cancer in the past was that data were
lacking which provided that a particular screening tool in fact decreased mortality. /d. The newly
published results of the National Lung Screening Trial (NLST), however, has now supplied the data
that an annual screening program employing low-dose CT Scans to test asympitomatic high-risk
individuals for lung cancer in fact drastically reduces the mortality of the disease. Reduced Lung-
Cancer Mortality with Low-Dose Computed Tomographic Screening, N. Engl J Med 2011;
3635:395-409, Aug. 4, 2011.

The NLST trial enrolled 53,454 current or former heavy smokers to determine the efficacy
of ascreening protocol (defined as baseline testing of high-risk asymptomatic population for disease,
with annual follow up scans thereafter, so as to catch the malady in the earliest and most treatable
stages). The results confirm a dramatic reduction in mortality realized by screerﬁng before
symptoms arise. Specifically, the participants who received low-dose helical CT Scans had a 20.3
percent reduction in lung cancer mortality than participants who received standard chest X-rays, An
ancillary finding of the NLST showed that all-cause mortality (deaths due to any factor, mcluding
lung cancer) was 7 percent lower with low-dose helical CT than in those screened with chest X-ray.

It was noted a decade ago that low-dose CT scanning, utilized in an annual SCreening protocol

of an asympiomatic high-risk population, could detect the disease in earlier stages while the cancer
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was more amenable to treatment. “The Early Lung Cancer Action Project (ELCAP) is designed to
evaluate baseline and annual repeat screening by low radiation dose computed tomography in
persons at high-risk for lung cancer.” Henschke C.L.,etal, Early Lung Cancer Action Project: A
Summary of the Findings on Baseline Screening, Oncologist 6(2):147-52 (2001). This study
concluded that “[blaseline CT screening for lung cancer provides for detecting the disease and
presumably more commonly curable stages in a cost-effective manner.” Id, See also, The
International Early Lung Cancer Action Program Investigators, Survival of Patients with Stage |
Lung Cancer Detected on Ct Screening, A, Engl J Med 33 5(17);1763-71 Oct. 26, 2006.

The Claims Administrator contends that the following concerns remain: 1) exposure to CT
Scan radiation must be justified and weighted against a benefit to the Claimant and 2 that his office
is unaware of evidence that CT scanning of all Claimants would result in a decrease in cancer
mortality rates. However, the weighing of the NLST proven mortality benefits of CT Scan screening
protocol in high-risk populations (by locating cancers early- in more treatable stages} against the
possible psychological trauma of receiﬁng false posiﬁves, false negatives or an increase cancer risk
caused by the scans themselves, should properly be left to the exposed claimant and his/her
examining physician. Further, any low-dose CT Scan offered as a part of the Monitoring Program
is not mandatory. Fach claimant, in conjunction with advice from his/her treating physician, would
decide whether to participate and how often 1o receive CT Scans.

The Claims Administrator also notes that none of the major cancer organizations have
moved (in the month since the NLST study was published) to recommend annual CT Scan screening
to combat lung cancer. However, on the ground medical providers are already adopting low-dose

CT Scan screening to identify early-stage cancers in high-risk populations, given that this screening
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has now been shown to reduce mortality by one-fifth.
There are no official recommendations or guidelines for hung

cancer screening, and the NLST authors say it’s too early in the

research to make such recommendations, but many hospitals have

moved ahead with screening programs anyway, saying the potential

to same lives is too great to wait any longer.
Courtney Hutchinson, CT Scans for Smokers Could Lower Lung Cancer Deaths by 20 percent, ABC
News Medical Unit. As the results from the NLST are further analyzed, some organizations may
update their recommendations and official stances on lung cancer screening for high-risk
populations. Meanwhile, medical centers across the county currently have or plan to develop a lung
screening protocol for high-risk patients. See Hospitals Offering Lung Cancer CT Scans, ABC News
Medical Unit, June 29, 2011.

The most relevant submission of the Claim Administrator regarding the proposed CT Rule
is the critique offered by Andrea H. McGuire, M.D., M.B.A. See Exhibit B. Dr. McGuire, in her
professional capacity and as a neutral to these proceedings, was requested to evaluate the proposed
guidelines. As Dr. McGuire correctly emphasized, the references relied upon by the Claims
Administrator are inapplicable in that they describe scanning tools other than the low-dose chest CT
scans at issue here and/or are outdated given the current research of the NLST. Dr. McGuire opines
that all the Perinne/DuPont claimants should receive CT scans as diagnostically medically necessary
because of the high risk associated with the possible exposure to heavy metal contamination at issue
in this litigation. Dr. McGuire’s opinion is consistent with the post-settlement opinion of Dr.
Werentz. See Exhibit C.

For the record, medical monitoring is a theory of liability that allows for screening of

asymptomatic individuals to check or screen for the presence of disease. Jerome R. Doak, Whar is
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Medical Monitoring?, American Conference Institute Chemical Products Liability and
Environmental Litigation, April 2010. The fundamental purpose of a medical monitoring program
is to detect diseases which are sub-clinical, to provide knowledge or additional chance of cure for
the participant. See OSHA-Medical Screening and Surveillance, Introductory Materials. Recovery
for screening tests is NOT based on a physical injury or impact. Thus, by definition, a medical
monitoring claimant has no existing physical injury, disease or symptom of disease. Id; See also
Exhibit C.

The Perrine/DuPont medical monitoring class agreed (o a thirty-year Medical Monitoring
Program to facilitate the testing necessary to detect disease associated with heavy metal exposure
in the early stages in order to maximize the most meaningful treatment or management of disease.
By imposing such restrictive limitations to the most effective screeﬁi ng tool for the diagnosis of lung
cancer is essentially denying the class of their settlement. Furthermore, having the program Claims
Administrator propose a definition for the term “medical necessity” fér acompetent physician seems
to give the appearance of the practice of medicine. Thus, this counsel strongly advocates that
paragraph 7 regarding factors which satisfy medical necessity, including “Signs and Symptoms” and
“Medical History” be deleted from the proposed CT Guidelines. Rather, that all participating
claimants receive an initial low-dose chest CT scan as a part of their medical monitoring to
determine baseline data. Further, that the CT scan frequency for each claimant should be based
exclusively upon the recommendation of the treating physician in consideration of the claimants

proximity (Zone) and exposure to the heavy metals from the smelting facility.



IL. DEFERENCE 1O THE PRELIMINARY BUDGET FOR MEDICAL
MONITORING PROGRAM EXPENDITURES FROM NOVEMBER 1,
2011 1O AUGUST 31, 201 ISHOULD BE GIVEN TO THE CLAIMS
ADMDNISTRATOR’S PROIECTIONS, GIVEN HIS ROLE AND
PREVIOUS EXPERIENCE.

With regard to the projected calcudations of the budget, specifically the expenditures in the
November 1, 2011 through August 31, 2011 and bridge funding component, this counsel defers to
the calculations offered by the Claims Administrator, This Court Ordered apay~as-you-go approach
as the most appropriate and equitable way to fund the Medical Monitoring Program, so that it would
be ’t)aéed upon actual experience and costs incurred over time, See January 4, 2011 Final Order
Approving Settlement and January 18, 2011 Final Order Setting Forth the Scope and Operation of
the Medical Monitoring Plan. If the Claims Administrator over budgets at any given time, DuPont
will have the benefit of carrving the surplus forward. Accordingly, no money will be lost.

DuPont objects to the figures offered by the Claims Administrator, particularly the CT Scan
budget, as creating a “pot of money” for discretionary tests, under which his office is not equipped
to monitor. However, this is exactly why the Court engaged Mr. Gentle as Claims Administrator.
Mr. Gentle has the previous experience of administering and managing settlements in other class
actions involving “pots of money”. In fact, it was Mr. Gentle who advocated the “pay-go” approach
and this Court indicated that “the precise mechanism by which any amounts are escrowed, how the
escrow is replenished, how funds are disbursed and other similar matter should be evaluate by the

Special Master, who should in turmn make a prompt recommendation to the Court.” See Feb., 25,

2008 Final Order Regarding the Scope, Duration and Cost of the Medical Monitoring Plan at 14,



Accordingly, Mr. Gentle should be given the latitude to provide his highly educated estimate on the
projected budgetary expenses at issue for the constructive operation of the program. It is the
recommendation of this counsel that the Preliminary Budget for post-implementation EXpPenses
associated with the program totaling $4.535.873.12- [comprising of the $2,407,835.93 monitoring
costs without CT scans costs (including the $26,524.57 in bridge funding to CTIA for Sept. and Oct.

2011) and $2,128,037.19 Incremental Ct Scan costs] be approved by the Court.

HI. THE CLAIMS ADMINISTRATOR’S RULES (GOVERNING THE
“MINOR-NO™ AND “INACTIVE” CLAIMANT SHOULD BE
ADOPTED BY THE COURT IN TOTAL.

As discussed herein, the Final Order Approving Settlement entered January 4, 2011 and the
parties MOU, mandated that DuPont pay for a medical monitoring program for the class claimants
for a period for thirty years. The Final Order Setting Forth The Scope and Operation of the Medical
Monitoring Plan entered January 18,2011, set forth the details of the establishment of' the plan. The
class members were notified of details regarding howto register for the Medical Monitoring Program
via letter and registration form sent from the Perrine DuPont Settlement Clamms Office on February
15,2011, See Exhibit ). Specifically, the claimants were notified that they had the opportunity to
participate in the program and that participation was voluntary. The correspondence provided that
“If you are eligible and elect to participate in the Medical Moenitoring program, that you can be
medically tested free of charge shortly after registering, and every 2 years thereafier, for a total
maonitoring period of 30 vears. The voluniary screen exam for participants will involve. . .” Id at

3 (emphasis added). Neither the correspondence provided to the class, nor the Orders of the Court
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which incorporated the MOU, required that participant avail himself to the program testing
biannually. Thus, claimant medical monitoting participation was a negotiated right, not a
requirement.

Accordingly, the Claims Administrator proposes two rules to govern those claimants who
(1) initially chose to participate, yet become inactive over time, and (2) claimants who were minors
at the time of registration and were precluded from enrollment by their parent/guardians actions
{whether by marking “no” or failure to show for appointments). The proposed rule regarding the
“inactive” claimants provides in essence that the claimant be provided biennial correspondence
regarding the program, and invites the claimant to reactivate his/her participation status by providing
written good cause for the lapse. The proposed rule regarding the “mj110f~n0” claimants, provides
that the uiaon turning 18, the claimant will be notified by the Claims Administrator of the program
and afforded an opportunity to participate by responding affirmatively. Tt is proposed that both the
“inactive” and “minor-no” claimants continue to receive biennial correspondence regarding the
program availability for the duration of the thirty years.

DuPont raised an objection to the proposed rule, however, the specifics of the objection are
unclear. Additionally, DuPont has not provided an alternative method of treating said claimants,
As mentioned herein, the Perrine/DuPont class members fought for over six years for their medical
monitoring program- it is their settlement. While it is hopeful that all claimants actively participate,

‘there were no written mandates or conditional fequirements that a claimant participate at every
screening. Further, given the legal incapacity of the minor claimants, they had no real ability to
exercise free will in..ierms of enroliment or meaningful participation in the program. Accordingly,

itis only reasonable that the claimants who initially registered to participate in the program (whether
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active or inactive), as well as, the minor-no claimants continue to have the opportunity to employ
the Medical Monitoring Program for their thirty year option as outlined by the Claims Administrator

Rules.

Respectfully submitted,

P i {
[ i i
j' Lt o ,"{\,‘-..‘ VA i

Meredith H. McCarthy, W.Va. Bar 7540

Guardian Ad Litem for class members that
are minors or incompetent adults

901 W. Main St., Ste, 201

Bridgeport, WV 26330

(304) 842-9401
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CERTIFICATE OF SERVICE

I, Meredith H. McCarthy, do hereby certify that I have this 21% day of September 2011, given
notice of the filing of the foregoing Submission of Guardian Ad Litem Regarding The Preliminary
CT Rule and Preliminary Medical Monitoring RBudget upon the following counsel of record, by hand
delivery or by depositing a true copy thereof in the United States Mail, postage prepaid, in envelopes

addressed to:

Edgar C. Gentle, ITJ, Esq. Virginia Buchannan, Esq.
¢/o Spelter Vol. Fire Dept. Office Levin, Papantonio, Thomas, Mitchell,
55 B. Street : Raffety & Proctor, P.A.
P.O. Box 257 _ P.O. Box 12308
Spelter, WV 26438 - - : , Pensacola, FL 32591
Claims Administrator
Stephanie Thacker, Esq. J. Farrest Taylor, Esq.
Allen, Guthrie & Thormas, PLLC Cachran, Cherry, Givens, Smith
P.O. Box 3394 Lane & Taylor, P.C.
Charleston, WV 25333-3394 163 W. Main Street
Dothan, Al 36301

LR = ,{ i~
Meredith H. McCarthy




Prong: 304-283.3
Fax: 304-285%.2
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Anticipated health effects of the contamination of Spelter, WV and
sarrounding communities with arsentc, cadmiam, and lead, and
recommendations for medieal TODIOring.,

Wlarel 30, 2007

‘The residenis in the arsa around Spelter have been expased (o arsenic, cadmium, and iead
an exiended ume. There are clesr associarions berween arsemic. cadmium. and lead with
siemificantly increased risks of developing disease. primarily cancers. [ARC 51s Arsenio
and cadmium in Group | {Carcinngenic to Fumans). Lead is listed in Group 24
(Probably Carcinagenic to Humans). Additionally. there have been several studies
dotumenting increased cancer risk around smelzer sites' ™ where similar exposures have
ocaurred.

[ have reviewed the Dr. Komberg's Initial repor of Novemper 11 2005 as well as his
rebunal report of March 3, 2006. | concur with mos; ol Dr. Kombers's conclusions and
recommendations. howsver | have several updates 1o both focus the exams © those
cenditions associaed with the arsenic. cadmiurm and fead exposures as well as’io update
the science o reflect new technology available for medica) monoTing,

DEFINITION OF GEOGRAPHICAL TERMS
Dr Browr, in his incremental cancer risk map, shows the residual comamination across
the class arca. There are three distinet areas within the clags arca. separate in their degres
of comamination. and thug the risl: io the residents in those areas.

o Zose!® Thearea delincared oy Dr. Brown as within the 3x107 imeremensat risk
contour for developing cancer.
The area hetween the 5 % 107 ineremental risk contour and the 1y 19

I
%,;
t
&)
=
I

meremental risk contour,
¢ Zone 3= The ares within the class area hu oulside the | x 107 cumulative
wmeremental risk enmour,
The residents in all areas have » ssenificantly inereased risk o fdeveloping disea:
upon thelr residence and exposures in the area. The Lol and carcinogsnic effects of al

" Brown LM, Pomemn L, Blol W, Lung Cancer in Relation w Environments! Pollinans Emined from
Indusmrind Sources. Environmanm! Rescarch Vol 4, 250261

; Pershugen G. Ling Cancer Meagialing amang Men Living near an Arsenic-Lmining Smelrer. American
Jowrmal of Epicemioiogy. Volume {22, Numher 2 P it 602

TATSDER Fublic Health Assessmens for Nadionsl Zime Company in Bartesviliz, O, Viewzhie a
hrtpe/eeww atsdr.ode. gow/H AP Alzing ‘ree_p o eURL

* Tokudomne S, Kuramsune M. A colort siudy on mommalise fram sancer wmd o CAUSES oMOng workers u 4
metal refinery, i d Cancer. (976 Mar 1521703123 | 627,

Depariment of Communily Medicine
Ingtitiie of Qocoupational ant Envirgnmenial Headln

2860 Foosn . Syrg Healr Soences Sorder
6583 PG Box 188 Paoe 1 of !
] CE

Q Riarganioen, Wy Eonrz: O R IAIT TR e AT fnshiuan
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three of these agents are cumulative and additive’, As such, the longer one is exposed,
and the more different toxins, the greater the fikelihood of developing disease.

Arsenic is associated with cancers of the skin, lung, bladder, kidney, and liver. Cadrmium
accumulates in the kidney and can cause renal damage and nitimately renal failure.
Cadmium is also a carcinogen, associated with cancer of the lung and kidney. There is
aiso some evidence suggesting cancer of the prostate, Lead is associated with cancers of
the tung, brain, stomach, and kidney. Additionally, elevated biood lead canses copnitive
and behavioral difficulties and is a disease in its own right,

In response to these facts, | propose the following medical monitoring program for the
residents of the affected area. '

Residency Time Requirement

o For residents within Zone 1, an accumutation of one year of residence shall be
required for entry into medical monitoring, |

o Forresidents in the Zone 2, the accumulation of three years of residence in the
class zrea shall be required for entry inio medical monitoring,

¢ For residents in the Zone 3, the accumuiation of five years of residence in the
class area shall be required for entry inte medical monitoring,

o Once a resident has qualified for emry into medical monitoring based upon their
residence in the area, they shali remain in medical monitoring for 40 vears past

the remediation of their residence.

BASIS FOR THE RESIDENCY TIME RECOMMENDATIONS
My goal is o ensure that resjdents With a significantly increased risk are offered medical
monitoring. However, reasonabieness demands establishing & threshelid for the minimum

residency requirement. | also believe that it is appropriate {0 be moderate ar each
decision point.

“In his report, Dr. Komberg did calcutations o estimate risk using the difference between
the measured soil Arsenic levels o calculate the incremental risk, and conciuded that 277
days of exposure would be required 10 reach an “action level”. This was adeguaie o
demonstrate the presence of increased risk, however maore precise calculations of risk are
now available on Dir. Brown’s map titled “Incremental Tota! Caneer Risk for Al

- Pathways™ (copy arttached as Appendix A), and these are the basis of the minimum
residenscy time requirerents for eniry info the medicg] monitonng program delineatad

here.

General logic:
Based solely upon the risk of skin cancer fom arsenic exposure via ingestion, and Jung

cancer from arsenic and cadminm inhalation, Dr. Brown has calculated the total cancer
risk rom the exposures in the class area. Clearly there are multiple additional cancer
risks for the exposed population frorm the arsenic, cadmium, and Jead that are not

P EPA Risk Assessment Guidance for Superfund Volume ! Human Heajth Evaluation Manual (Part Al
sections 822 and 8.3: viewable at hrrp:/fwww.apa,govfaswcrfriskasscssmenrf'mgsa)pdEfchﬂ.pdf
Page2of 12 March 30, 2007
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inciuded in these caleutations, which would only ircrease the caleulated rigk. Starting
with the 30 year total risk from Dr Brown'’s model, [ caleulated the time duration that
would expose 2 person to 2 1:100,000 risk of developing these two cancers for each of

the zones.

Calculations:
Using a simple proportion, with the goal of calculating the total risk then the proportion

was sotved for time (X}

Total Risk Significant Risk

30 Years X
X x Towl Risk = 30 Years x Significant Risk

30 Years x Significant Rigk

Zone | (Inner)
30 Years x 107 30x 107 Years
== 0.3 Years = 109.5 Days

¥ o= e T e

1x 167 1x 107
Zone § {Outer)
30 Years x 107 30 % 107 Years
X= e — = . = 0.6 Years =217 Days
5% 107 5% 10
Zone 2
30 Years x 107° 30 % 107 Years
T e T e = 3 Years
ix i 1x o™
Zone 3 )
30 Years x 107 30 x 107 Years
X = e S = 428 Years
7x 107 7x 107

Notes and codiciis about residency time;

L. The contours an the map indicate that the area within the contour is at or ahove
the iisted risk. Thus, while a few residents just inside the contour line may have
the risk level equal to the listed contaur, most of the residents within the contour
are exposed t6 a higher risk than that portrayed by the contour,

Medical Monitoring Page 3 of 12 March 30, 2007
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2. The exposure Bt individual residences will end only with the remediation of the
contamination in the residences. Thus residence time calcudations will end with
the remediation of each individual residence.

3. The waste piles were capped in 2004, thus residence time in ary home whose

construction or instatlation was begin in 2005 or later would be exciuded from

the time calculations for medical monitoring, due to the much lower likelihood of
the presence of large quantities of contaminated dust within the residence

{although soi] exposure rsk remaing),

I believe that it is appropriate to include rmoderating measures at each point in setiing the
minimum residency time.

Moderating measures used in calculating residency time inciuded:

I Using 1:100,000 as the threshold for “significant risk”, rather than 1 1,606,000,
which is a more common threshold.

2. The mode] discussed by Dr. Brown includes only skin cancer risk from arsenic
and ung cancer risk from arsenic and cadmium. There are significan: additional
caneer risks that are not considered in this calculation. Thus, the actual cancer
risk would be greater if these additional risks were considered.

3. The residence time was rounded up to the next reasonable interval (Le. full year).

4. No cancer risk for jead was considered in the mode]

Moderating measures in medical surveillance propran:

I, Only dissases ciearly pssociated with arsenie, cadmium, and lead are monitored
for,

2. Testing is limited to diseases and medical tests clearly supported by the literature
or general medical practice.

GENERAL PRINCLPLES:
Once the entry criteria has been satisfied, the monitoring program shall be the same for
all medical monitoring group members, exeept for differences by member age mendoned

below.

Medical monitoring shall be conducted every 2 years for members of the medical
monitaring group once entry criteria are met. While this spacing could miss some rapidly
developing diseases, it will catch most disesses, and will not significantly increase the
risk to the patisnts from the testing.

Medical monitoring shail continue unti} 40 years past the end of exposure, Generaly this
wouid be sither 40 years beyond moving out of the class area or 40 years after their
residence is remediated, This is based on the nsual latencies of the diseasss of interest.

Any resident whose residency withis the class area ended more than 40 years ago, and
has not resided within the class aren within the past 40 vears, shall be sxcluded from the

medical monitoring eligibility.
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Remediation
The residents in this comnunity have been exposed 10 arsenic, cadmium, and Lead from

the Spelter smelter site through breathing plant emissions during operations, soil
contamination, expesure to fugitive emissions from the waste piles, living in houses
contaminated with dust from the plant, soil contamination around their residence.
mcidental soil and dust ingestion, and consumption of contaminated vegetables, and
perhaps drinking water contaminsted by emissions from the plant site.

While clearly not of the magnitude as during smelier operations, eXposure 1o arsenic,
cadmium, and lead is ongoing for residents in the community, Several interventions have
been undertaken tn fimit exposure, including extinguishing the fires in the piles, limiting
access to the waste piles, and the capping of the pites to limit fugitive =missions, and
establishment of municipal water for the affected area | would encourage that additiona)
interventions be undertaken to decreass or eliminate the exposure through the remaining
routes, This would include remediating the homes 1o remove contaminated dust from the
living spaces as well as the dust reservoir areas within the home (attic, basement, etg.},
and remediating the soil around the residences.

Diseases considered to be related to the exposures from Spelier site, {Unforiunatety,
medical monitoring is not possible for all diseases associated with these exposyres)
Arsenic®’

Skir Cancer

l.ung Cancer

Bladder Cancer

Kidney Cancer

Cadorium®

.Lung Cancer

Kidney Cancer

Deereased Renal Function®
Renal Faiture '
Bone Frapility

Leﬁdiﬂ,li
Plumbism (Lead Poisoning} ~ Having elevated whoie blood lead is a disease in iseif,

1

causing mental retardation, poor school performance, and behavioral probisms, In

* Ferrecgio O, Sanchs AM. Arsenic exposure and its impaet on realth in Chile, | Heaith Fopul Nui. 2006
Jur 24023 164-75

" TARC Monograph on Cadmium, viewed at
http;/‘lmonngrapbs.iarc.ﬂ'/ENG/?\donogmphs/voQ]fvmume?_lpdf

PIARC Monograph on Cadmivm, viewed at
http://mmmgmphs.iam,ﬁ‘fENG!MDnographsfvaIS&/volmncSB.pdf

* NIOSH Worker Notificalion Program: Cadmium Recovery Warkers (Cadmiumy Viewed ac
h':m://www.cd:;.gow'nEosh/pgms/wurkimtify/cadmium.hmi#estimamd

" JTARC Monograph on Lead. viewed a: http:f/managraphs,iarc.ﬁ-/ENG/Monngrapivaa[23/voiumc23_pdr“
" LARC Monograph on Lead. viewed at hnpuf/menogmp'rzs,iam,frfEN@/Monag;-aphs/voaa7/volumes7.pcif
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children, there is clear evidence of this effect at levels well below the CDC action leve] of

10 ug/dl,

Lung Cancer

Stomach Cancer'?

Kidney Cancer

Decreased Renal Funcrion

Renal Fajlure!

Bone Fragility

Loss of weth

Hypertension

Increased rates of crimina; activigy '+

Therz are severa) additiona; cancers that have been proposed as due ic lcad exposure, bur
for which I do not yet find the Hierature compeliing. At the present 1 wouid not
recommend sereening for these diseases, but [ would recommend a review of the
titerature in several years to consider these conditions.

Brain Cancer

Stomach Capcer

Reectal Cancer -

Prostate Cancer

Colon Cancer

Generzl flow for pach surveillance exmm:
1. Laboratory (Biood and Urine) and Chest CT obtained
2. Await resuits from studies (likely <2 weeks)
3. Brief history, physical examination, and review of the results by a Physician
a Referral 1o specialist for positive findings in diseasas assoctated with the
expasures (paid for by screening program)
b. Referral to PCP for fodings not associated with the EXposures

- The screening examination will ba the same for all participants, except
©  Start screening chest CT scans at age 35 {none helow age 35)
S No CT scans of anyone whio 1S pregnant or possibly pregnant. Urine
pregnancy test for fernales age 35-55 prior to scan unless surgical sterilizaiion,
o Belowage 15, screen ONLY whole biood lead feapiliary or veinous)

* Steenland K. Boffetra P. {ead and cancer in humans: where are we now? Am Jind Med 2000
SepI8(31:205.9,

" Exong EB, Jazr BG. Weaver VM. Lead-related nephrotoxicity: a review of the epidemiologic evidence.
Klidney Int. 2006 Dec;70(1252074-34, Epub 2006 Oct 25

" Needteman HL. WicFartand C, Ness RB, Fienberg SE, Tobin MJ. Bone jead tevels in adjudicated
delinguents. A case control study. Neurotoxicol Teratol. 2007 Nov-Dec24¢63:71 -7

" Stretesiy PB. Lynch M. The relationship between iead expasure and homicide. Arch Pediatr Adntese

Med. 2001 May; 155(5):579-52,
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Genera] Screening Examination:

© Singic Breath Hold High Resolution Low Dose CT scan of the Chest!® (5= age

35
o Urine Collection for:
& Urinalysis (Dip)

b. Urine Rapid Pregnancy (Females age 35 — 55 uniess surgical sterilizarion)

¢. Urine Cytelogy
d. Urine Beta-2-microgiobuiin
o Blood collection for:
& Creatinine
b. BUN {Blood Urea Nitrogen)
<. Caleulated glomerular filtration rate (GFR)
d. Whole Blood Lead
o Stool Blood (Hemoccult)

. Dispense Hemoooult cards at time of blood/urine collection

b. Patient 1o return cards at physician exam
& Physician examination/Interaction
Record vital signg, including Biood Pressure
Skin examination (head 1o toe, for skin cancer)
HEENT exam, focus on dentition and rmucosa
Peripheral'motor function {wrist & ankle exiensors
Develop and review Hemoccuht cards
Review results of biood and urine screening
Review CT scan resuits
Order re-testing or make refermis based upon findings

Flime an oop

Urinary System (Kidney & Bladder)
Screening exam:
©  Unnalysis (dip stick)
o Urine Cytology
o Urine Bews-2 microglobulin
o BUN and Creatinine
o Calcuiated Giomerular Figration Rate
Follow-up examination {Blood on UA or positive Cytoiogy)
o Consultation with Urologist (2 office visits)
© Repeai Urinalysis
o Cystoscopy with bropsy
©  CT scan of Abdomen

Follow-up examination {Beta-2 microglobuiin or BUN/Creatinine elevated)

¢ Cozsultation with a nephrojogists (2 office visits)
©  Repeat Urinalysis

16 Bach PR ten JR. Pasorine U, Tockman M5, Swensen 5 Bege ©B Com

screening and lung cancer outcomes, JAMA. 2007 Mar T2GO1953.41
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& Repeat BUN/Creatinine

o Labwork 1o look for other causes of kidney failure
o Blood Glugose
o E8R

Lungs
Medical Surveiliance Examination (For persons >= age 354 Perform every 2 years
o Single-breath-hoid, high-resolution, low~exposure, CT scan of the chest

First Cycle Positives
o Repeal same CT scan several months ater
o Cansultation with ordering physician to review changes over time and
refer as appropriate

Subsequent Cycle Positives
o Consultation with a pulmonologist (2-3 office visits)
o Repeat CT scan severs! Moaths jater
o Lung Biopsy
o By Cardiothoracic surgeon or
o Pulmonologist, depending upon the iocation of the tesion within the lungs

Plumbism (Lead Poisoning)
Screening Examination
¢ Whole Blood Lead
©  Medical Action Level (above which additional investigation is needed):
* Chiidren (<18 Years Old): 10 ug/dl
*  Aduits (18 years oid); 30 pg/dl
o Newropsychiatric Action Leve! (above which neuropsychizatric evaluation
1s needed): :
*©  Children (<18 Years Old): 5 pg/dl
*  Adults (>]8 years old): 20 pg/dl
Note: Repeat neuropsychiatric evaluation is not needed uniess >25%
Increase in measured whole blood lead

Medical Foliow-un examination
o Consultation with medical toxicologist/Environmental Madicine Specialist (4
office visits)
o Repeat whole biood lead {vemous) (Children 15%, Aduits 15%6)
o If elevated, refer for evaluatior and possible wreatment
©  Zinc Prowoporphyrin
o Complete Blood Count
o Bone x-ray flucrescence testing to assess body burden

Neuropsychiatric follow-up
& Formal neuropsychiatric evaluation
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Skin
Scresning Examination
o Head-to-toe examination of the skin by the screening physician as part of the
physical examination.

Follow-up examination
o Consuitation with Dermarotogist (1-2 visits)
o Biopsy by dermatologist if indicated

GI system {stomach, intestines, recturm)
Screening Fxamination
o Stool Hemoccult, cards agistributed at blood/urine coflection, deveioped at
priysician follow examinarion
¢ Foliow-up examination
o Refer to PCP for evaluation for colon disease
o [F negative colen digsase workup, then re-enter screening program o jook
for stomach cancer
= Refer o Gastroenterologist for stomach evaluation
* BEGD (Endoscopic Gﬂstrociuodanoscopy}

Overall medical surveillance 4s55umptions:

o Participation in the entire program is voluntary, and that 2 participant can
choose to participate or discontinus partcipatior. at any time,
o That there will be one (or a smail aumber) of physicians from the EOmAnmity

supervising the medical monitoring program and performing the physical
examinations. This is to ensure that the physician is familiar with the
program, the diagnosis of the diseases of concern, and o ensure consistency.

o - For the first cycie, the patients must have pre-iesting access to a
knowledgenbie clinician (piysician or nurse) be discuss the risks and benefits
of the proposed resting

c Thal medical testing without physician interpretation of the results i
inappropriate for the wel) being of the participant

o That the ideal is for a physician visit for results interpretation (and physical
examination) following testing

o That without the physician exammation, key portions of ihe evalualion wiii be

missed, and tha the physical examination is critical to ideniifying some of the
diseases of concern.

o That any participant who fails to participats in the post-testing physician
evaluation will receive g lerter communicating their gt resufis, and any
recammendations for foliow-up.

o in ali cases, the evaluating physician shall have the freedom to repeat BTy test

if there is evidence of & lab error or if no other clinical evidence is found to

support the diagnosis suggested by the test resudt,

If 2 parient has had any of the recomamended tests within the past 6 months,

and the written resuits these can he provided, those tests will net be repeated,
and the patient-provided results nsed for the screening program,
Medical Monitoring Page 9 of 12 March 30, 2007
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o That following diagnosis with 2 disease of interest, the screening for that
disease will cease, but other screenings will/could continue

o That some 1es! results can be cavsed by multiple diseases. The interpreting

physiciar wil{ be charged with figuring these cases oyl

Despite targeted testing, it is possibie conditions will be detected by the

testing that are not related to the exposure. When that happens, the participant

wili be referred (o their Primary Care Physician for follow-up and treatment.

8l

o Workup of positive test results will continue until the determination of
exposure-related or non-exposure-related can he made
o AS 5001 23 a non-exposure-related condition is identified, the patient will be

referred to their PCP. The screening for the disease of interest will continue
ammodified. This referral will oocur sach screening eycle. The patient can
decline the referral if they deem it unnecessary,

o A patient with an abnormal finding related 1o the exposurss wiil be referred to
the appropriate specialist with each screening cycle. The patient can decling
the referral if they deem it unnecessary.

© That & central repository of the scresning, referrals, and outcomes dats will be
maintained, and depersonalized dats made available for epidemiological
evaluations. It is clear from my iiterature review in preparing this document
that there is incomplete scientific evidence in the literature on screening
Progrars, participation rates, refemral rates, etc. This data could serve as the
basis for answering many of these scientific questions,

o The screening program described here ix based upon the best availahle

' medical knowledge in 2007. While I would not propose changing the diseases
being monitored for, it is bikely that in the future new technology or betier
understandings within medicine will require the updating of this protocol,
This protocol shouid be reviewed periodically by the adminisiering physician
1o ensure that the scresninps and follow-up deseribed here remain consistert
with best medical practice. -

Commentary on the differences betwaen Dr. Komberg's proposal and this
recommendation.

Overall, | coneur with Dr. Kornberp’s assessment of the namre of the exposure as well as
the diseases of concem associated with these exposures. My opinion differs from his
only in the details.

I} The only disease cansed by all three of the exposures is lung cancer. Dr Kornberg
recommended screening for lung caneer ustng chest x-rays. Unfortunately, by the
time most iung cancers are large enough to be detected by chest x-ray they are
incurable, Over the past several years there have been promising resulte from the
use of low dose CT scans to screen for early lung cancers. Thig technology
allows for the identification of much smaljer tumors and the 3-I imaging makes it
much easier to differentiate cancers fom other jung lesions.
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2} Some of the testing proposed by Dr Kornberg was aimed gt biomonitoring
{menitoring levels in blood, urine, or hair) to assess for the presence of the
Arsenic, Lead, and Cadmium, | fully support monitoring whole blood lead since
an elevated blood Lead is a dissase in its own right. However, for arsenic and
cadmium | do not believe Diemenitoring wounld be useful citnizally. There are

wo reasons.

2. Firsi, at this point the exposures are lower level chronic exposures, and the
available biomonitoring tests are designed 10 monitor acitte EXpLSUTES,
such as monitoring pre- and post-shift urinary cadmium for cadmitm
workers 1o assess the efficacy of employer contro}l measures,

b. The second reason is that the presence of the exposures has been
established, and there could be & faise sense of security {(or even
confusion) generated by low values on the biomonitoring tests. The riske
of disease persist, whatever biomonitoring levels are found.

3} Dr Kornberg seemed to be offering options for the evaluating physician to add or
subtract tests from the screening examination, To actually make this work, it
would be riecessary to have two visits with the physician, which would clearly
add 1o the complexity of implementing the program. Efficiently looking for the
diseases of interest is the key, but making the screening program practical to
implement is also quite important. Thus, for the “general screening examination™
my goal is to establish criteria that are VeTy easy (o impizment (such as age) as the
only differentiating factor for what tests each patient needs, A standardized
testing regimen will allow the ordering of the tests to be handied by an
administrative person, and allow the physician o focus on the intérpretation of the
tests and examining the patients. | would concur with Dr Kornberg's
recommendation that current {< 6 months pid) test results could be nsed in place

of repeating the test.

4} There were several aspects of the sereening examination proposed by Dr
Komberg that are good general medical surveillance, but not directly related to
tong term exposure to arsenic, cadmium, or lead, | have tried to focus the
examination and eliminate these tests. For example, he includes an
eiectrocardiogram (ECG), however, | am not able to directly associate ECOG
changes with the arsenic. cadmium, or lead af the leveis hkety to be found in this
population.
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In Summary, it is my recommendation that on the basis of their exposures in Spelter and
the remaining class ares that there is 2 significantly increased risk of developing disease,
and that medical monitoring is necessary to look for these diseases.

Uk 5 LT

Charles L. Wemtz [II, D.O., MPH, FACOEM
Asgsistant Clinical Professar

Associnie Residency Director

Institute for Occupational and Environmental Health
Deparment of Community Medicine

West Virginia University School of Medicine
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Background

Beginning in 1910 and continuing without interruption for the next 95 years until the present,
persons living within a scientifically definable, exposure impact region around the previously
and now extinet zine smelter in Spefter, West Virginia have been exposed (o a variety of
extremely toxic elements and compounds.

The sources and pathways of these toxic substances have been varied. While the smelter was
‘operational from 1911 through approximately 19717 | emissions from the stack, fugitive

- atrborae entrainment from materials and fires in nearby waste piles, exposures from _
contaminated soils adjacent to dwellings and exposure to houschold dust, including that in attics
have all contributed to adverse dose accumulation among exposed persons. Following the
conversion of the primary smelter facility to secondary operations, exposure continued in
essentially the same manner with a reduced contribution from stack emissions.

Among the broad spectrum foresesable toxic species that crossed the plant site boundary and

intruded into the living spaces of the plants’ neighbors, the most important that have heen
considered for the purposes of medical surveillance are the heavy metals: -

+  Arsenic
¢ Cadmium

+ lead

These metals have very diverse adverse cffects upon the human body. Coliectively, they can
interfere with the homeostasis of virtually every organ system to one degree or another, can
cause cancer and can disrupt normal reproductive function, inctuding embryonic and fetal
growth and development.

The assigned scope of work for the Spelter Smelter case included:
¢ Determination of whether there exists the justification for medical surveillance ol

all exposed persons living for a preseribed fength of time within & scientifically
defined region around the Smelter facility,

"DuPont Corporate Remediation Group, 2000, Site Characterization Report: Spelier Smelter Site, Spelter, West
Virginie Fural Project Report DACB 7260, June, M0i,

" DuPonr Corporate Remediation Group, 2001 Supplemental Stte Characterization Report: Spelter Sinakter Site,
spelter. Wost Virainia: Final Profcct Repart ddD6CR7260. Febeyary, 2001
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+ 1L upon finding the justification for medical surveitfance, then determination of
the elements of medical surveillance for gualificd, exposed persons, utthzing

acceptable methodology.
¢ Prescribing guidelines for the implementation of the initial phases of medical

survetllance and defining options for surveiilance participants who may need
follow-up care.

Determination of Whether There Exists Justificaiion for Medical Surveiflance

Under the provisions of what has come o e called the Bovwer Tesr within West Virginia law, th
necessary prerequisites for plaintift reimbursement for medical monitoring costs have been
defined”. The Bower Tesr requires that the plaintiff must prove thar:

L. he or she, relative to the generai population, has been significantly exposed:

B % g s "
2 to a proven hazardous substance

Led

through the tortuous condust of the defendant;”

4. as a proximate result of the exposure. plaintift has suffered an increased rsk of
- : : 6
contracting sertous latent disease™

5. the increased risk of discase makes it reasonably necessary for the plaintif( o undespo

periodic diagnostic medical examinations differeqt from what would be preseribed in the
. 7

absence of exposure:

and

6. monitoring procedurés exist. . that make the early detcction of discase possibie.”

206 W, Va 133522 S 1g 424, p 9
*The plaintitt must present scientific evidence demonstrating a probable fink between expasure 1o 4 pariicular
compound and human disaase.
" ltem 3 involves a legul arsument that extends bevend the scope of the applied medical expertise in thix FHINIEE
T plaintiil is ot required o show that o parricular discase is centain ar even lkely @ oeour as a resul, af exposure,
All that muse be demonstrated is that (e plainiiff has 4 steniticantly mereased risk of contracting & particular disease
relalive o what would be the case i the absence of cxposure, Imporumty. “[nfa particular level of quaniifieation is
pHEeessary wosatisfy this requiremens.™
Aiagnastic testing st he Creasonabhy necessary” in the sense that it mus be something that a quatelied phvsician
would preseribe based upon the demonsirared exposure g particular toxic apent
: imporianily . this provision does NOYT require that 1he carly identiFcation ol disease must be associaied witl the:
mligution or the atherwise cuning er dunailing of the dicmmee
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Itis clear that with the exception of item three. the remaining elements of the Bower Tesr, can
and must be addressed from an Frvironmental Engineering or Industrial Hygiene (the first part
of element 1} and Environmental Medical (the second part of element 1 and elements 2.4, 5 and
6) point(s) of view.

Element | - SIGNIFICANT EXPOSIRE

In this context, the concept “si gnificant exposure” requires that, first, there be exposure ({irst pars
of Element 1) and. next that such exposure he si gniticant” {second part of Element 1).

Exposure, in this case, has been proven scientificall v, based upon actual measurement of smelter
specific chemical species that have been found. by a combination of direct measurements”'” and
modeling'’. in the air, within the homes (attic dust) and within the soils adjacent to the homes of
persons neighboring the smelter site. “Exposure” means that these species have been and are
biologically available to persons living within the immediate vicinity of the smelter by the routey
of mhalation, ingestion. and. to a lesser degree, skin absorption.

Lnvironmental Engineering/Industrial Hysiene Opinion: Within a reasonable degree of
Envirenmental Engineering/Industrial Hygiene C. ertainty, there hus been “exposure” fo
Spelier Smelter specific chemical species among persons living and working within o
scientifically defined, exposure impact area within the vicinity af the Smelter. Such
“expasure” began as early as 1911 and continues until the present fime.

The above referenced “exposure™ has been “significant.” From an environmental medical
standpoint, “significant” means "toxicologicaly si gnificant,” or stated in other terms, such
exposure has the capacity to cause acute. subacute and/or chronic illness and/or the capacily fo
cause an inerease i the risk of developing such illness.

Within the context of valid, scientitically acceptable modeling, exposures to increased levels
(above background) of carcinogenic species (to be discussed) are accompanied, in =
mathematically linear fashion, by increased risk of developing both individually and within
populations, certain specific clinical endpoints, such as solid. organ-specific malignancics '~
Such increased levels of exposure to gualified carcinogens have beent demonstrated in this case.

" Flowers, G, “Heavy Metal Contanymation and Zine Smelting in the Spelter. West Virginia Area,” A Report
submitted (o Levis, Papantonio. etal,. February 16, 2005,

"SI Group. 1P, “Final Report. Dust Sampling Harrison County, West Virginia. June and August, 2005, prepared
for Levin. Papantomo, et, al., Ooiober 17, 2005,

' Dr James P Stewart, “Plaintifis Expert Report.” prepared for Levin. Papantanio. et al., November, 2005,

* Sulfivan, L1 and Krieger, GL.R. Clinical and Envirosmentasl Yealth and Tovie Fxpossres. Lippincott,

Withams & Wilkine Philadelnhia, 2000, o, 8758,
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Luyironmental Medical Opinion: Within a reasonable degree of Enviranntental Medical
Certainty, the “exposures™ that have occurred 1o toxic substances, specifically, cancer casing
agents, have been and are “significant,” because sueh exposures have the CApUciy 10 cause an
increase in the risk of very serious clinical endpoints such as the development of organ
specific malignancies.

Given the preceding two opinions, it is probable thar Elemenr | of the Bower Test lras been
et

Element 2 - EXPOSURE TO A PROVEN HAZARDOUS SUBSTANCE

In this context, the hazardous substances of interest are:

¢ Arsenic

¢ Cadmium

¢ lead
In order to demonstrate that these substances are “hazardous.” it is necessary to show that there
s scientific evidence i nking them to the development of human discase. Without exaggeration,
one can offer thousands of references to prove that these substances are “hazardous.” To nmeet

this eriterion, however, simply consider the following abbreviaied list of adverse effects;

¢ Arsenic: Among other symptoms and discases, arsenic is known to cayse:

- acule, severe gastrointestinal symptoms, tollowing ingestion, Such SYMPIs
may fead (o renal, respiratory, cardiovascular, and contral nervous System
damage, often resulting in death afier as Jilte as 3 two gram exposure, '

~ Survivors of sub-fethal exposures 16 arsenic My be left with bone marrow
suppression. hemolysis, hepawomegalv, melanosis and polyneuropathy. usually,

more severe in the sensory than in (he motor nerves,

- The leng-term effects of arsenic exposure include pigmentation changes in the

YKaldor 1M and Day, N "Mathematical Models in Cancer Fpidemiology.” Chaprer ¢ in Suhottenfeld. 1) and
Fraumend, LI, editors, Caneer Lpidemiotogy and Prevention. 2™ Editon, Ocord Linmaversity Press, New York,
New York, 194n,

Y Environmic il Health Criteria 224, Arsenic and Arsenic Compounds. ™ Cdigon, TPOS Woorkd Tieai
Chganizadon, 2007 n 734
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skin. hyperkeratosis, cancers of the skin, nasal passages, lung, and bladder. among
other cancers, and suspicion of kidney cancer. along with perforation of the nasal
septum,”™'* peripheral vascular disease. cardiac disease. cerebrovascular disease,
hypertension. diabetes, neurotoxicity and reproductive lmcif:il}f‘?‘m‘“"‘3”‘2?'32‘23

¢ Cadmium: Among other symiptoms and diseases, cadmiun is known to cause:

-acute. severe, gastrointestinal effects following ingestion: including rapid onset
uf severc nausea, vomiting and abdominal pain. This poisoning may lead o renal
damage with development of proteinuria, renal glucosuria, aminoaciduria,
hypercalciuria, phospaturia and polyuria. “Among cadmivm — exposed persons In
the general environment. the mean urine beta-2-microglobulin was clevated. ™™

- Exposure to cadmium fumes by inhalation can lead to severe nasal, upper
respiratory and pulmonary symptoms, along with chest pain, dizziness, headache,
cough. dyspnea, vomiting, chills, nausea and diarthea. Cadmium fume
pneamonitis can lead to pulmonary fibrosis and a persistent restrictive puimonary
defect.

- Chronic toxicity associated with cadmium exposure is usually related to renal
and pulmonary damage. along with damage to the skeletal system secondary to
mereased calcium excretion.

“HESIS Fact Sheet, “Wood Preservatives Containing Arsenic and Chromates.” Cahifornia Department of Health
sevices, Richmond. California; <http:/www.dhs.ca. goviolbHESIS Jarsen htme>

" Ervironmental Health Criteria 224, Arsenic and Arsenic Compounds, 2™ Edition, IPCS. World Health
Qfgzmizaiécm, 2001, p. 387,

Clbid., p.r34-345,

h Nriagu, Jerome O, editor, Arsenic in the Environment. Part 1 Human Health and Teosvstem Effects
Volume 27, Wiley Series in Advances in Environmental Science and Techaology, New York, 1994, Chapter
PNIOSH. Criteria for Oceupational Exposure (o Inorganic Arsenic. (New Criteria — 1978, NIOSH 75,140 .
i

" Sullivan, JB. aad Kricger, G.R. Clinical and Environmental Health and Toxic Exposures. Eippincor,
Williams & Witkins, Phifadelphuz. 2001, p.855.

. Carson, B ¢t AL, Foxicolory and Biolomical Menitoring of Metal in Humans, Including Feasibility and
Need, Lowis Publishers, Ine.. Chelsea. Michigan, 1986, p. 27,

- Lauwerys, RR. and Hoet, P.. industrial Chemical Exposure Guideiines far Biolozieal Monitoring, 2™
Edition Lewis Publishers, Inc., Chelsea, Michigan, 19063, B2t

” Ryan, R.P.and Terrv, C 1L editors, Toxienlogy Desk Referenve. The Toxvic Exposure and Medical Monpitoring
Index, 4" Edition, Vavior and Francis, Washington, D.CL Volume 1, 19971998, p. 261,

* Envirenmental Health Criteria 134 Cadmiium . [PCS. Warld Health Oreanization. 1992, —www

ety Yweww anchent ene documentdvhe che whe D3 b
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- Chronic cadmium exposure has been linked (0 cancer of lung. the prostate, the

7526272829

xidneys and the stomach.
¢ Lead: Among other symptoms and discases, lead is known to cause;

- acule, severe gastromiestinal effects following ingestion, including headache,

irritability, lassitude, nausea, arthraigias, myaigias, abdominal pain (lead colic),
. 14

paresthesias and motor weakness™,

- Exposure to lead can lead to the “poisoning T of certain enzyime svstems in the
human body. including those responsible for the synthesis of hemoglobin, the
mtegrity of cell membranes and those affectin g sterord metabolism.

There are & myriad of long term. adverse serious health efiects, secondary to lead
exposure. They involve virtually every Major organ system in the human body,
Specifically, lead can cause damage to the central and pertpheral nervous systems
especially in childien. Adverse effeets can also be seen in the cardiovascular

« system, the endocrine system, the reproductive systems. and the renal system, the
latter exposure feading, among other outcomes. to Fanconi's syndrome (the loss
of protein, amine acids and phosphate in the urine). Damage (o these systems can
lead to specific outcomes that include hypertension, chronic interstitial nephritis,
hypothyroidism. decreased fertility, spontanceus abortion. reduced and abnormal
sperm counts and morphology, stillbirths and increased infant mortality, 7335

At present, the eollective scientific evidence has Jead VaTIOUs agencies to disagree

<

regarding the carcinogenicity of inorganic fead. The EPA™ and IARCY
{International Agency for Research on Cancer — Lyon, France) have classified
fcad as a probable human carcino gen; whereas, ACGIH® (The American
Conference of Goverminental Industria] Flygienists) has classified fead as o
“Confirmed Animal ¢ “arcinogen with Unknown Relovance to Mumans.” and

7 Sullivan, LT and Krieger, G.R.. Clinicy! and Eavironmental Health and Toxic Exposures, Lippincon,
Withiams & Witkis, Philadelphia, 2001 p.HE0,

'”’NH.‘)SH,_ Criteris for Occupational Esposure to Cadminm, NIOSH 102 p 8,

Y Carson. B 1086, ., 51,

- Lavwerys, LR, 1903 p. 20,

" Ryau, P, 19971098 S48

Y Suttivan, 10 2007 poRTG
Y Sullivan, 1B 1000 p. 876,
Y Carson. 3.1 9%, po kIS
" Loagwerve, RUR. poss,
TRyan, BOPL 19971008 po 15y
Cawsaepaponiriesubs 6777 s

Dewwwecle fare e htdos sannouneenents. vORR 7

CACGIHL 2004 Guide 1s Occunational Exposure Values, Sionawre Publications. Ciovinnat, Ohie. Wi n

o
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OSHA has not given fead a “Ca” (carcinogen) designation. The literaturc
considers foreseeable carcinogenic outconies Lo imvolve the lung, trachea. and

. . Loan
stomach™, along with kidney and brain™",

Environmental Medical Opision: Within a reasonable degree of En virommental Medical
probability, the merals, Arsenic, Cadmium and Lead are “hazardous” substances, in the sense
that there is abundant scientific evidence linkin 8 expasure to each of these metallic elements
to the development of human disease.

Element 3 — THE TORTUQUS CONDUCT OF THE DEFENDANT

The proof of this element is outside of the seope of Occupational and Envirenmental Medjeal
Lxpertise and will, therefore. be deferred to Plaintiff s fepgal counsel.

Element 4 — INCREASED RISK OF SUFFERING LA TENT DISEASE

Strictly speaking and within the EPA carcmogen risk assessment paradigm, exposure to any

amount of a smelter-specific carcinagen. such as arsenic or cadmium will result i1 an increased
. ~ . . 7}

risk of developing latent disease'”,

In particutar, in the case of arsenic exposure, one can antici pate an increased risk of cancers of
the:

A SRS,

Bladder

41,4743
Bone Marrow !

44
Bronchus

43

- g A
Buccal Cavity

. 414043
Kidney

* Ryan. RP 10971968 p 1514,
s hepSwnwecieaare fihitdoc s annmmeements Vol 7 b

Y Ryan, RP(007-1998 . p. 265266,

Sullivan, LR, 00T, pse2,

PEnvironmentaf Uealth Critera 204, Arsenic and Arsenje Compounds. 2™ Edinon, [PCS Warld Health
Drganszaton, 2001, p. 284784,

“ntertine, B F et al “Cancers Retated 1o Exposure to Arsenic at a Capper Smeler” Oceup Environ, Med 1907
SI {3830
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. dlan
Liver

I..Ung A 04
Lymphoma *
Pharyny
Prostate *'
Recrum *

N LR S |
Skin

. 4i
Trachea

In the case of cadmium CXposure. one can anticipate an increased risk of cancers of the:
. To : )
Cienito-urinary tract

- 45
Kidney ™

43,46

Pung

Prostate #1746

- -\ 4
Respiratory System ™
< 45
Stomach
The proof of the assertion (hat any cxposure will result in an increased righ of futen diqca"ﬂ? rest:

within the notjon, adopted by the USEPA . that ¢ CXPOSUTEs {0 any cancer causing ggcy c%pcua!i\
above the background lev cl, will result in a linear increase in the risk of de\w!upmﬂ cancer'”

Environmental Medical Opinion: Withiy a Feasontable degree of Environmenral Medical
probability, given the preceding, since it iy probabie that there eviv any carcinogen exposed
persons whe have either worked and/op frave lived within g s dentifically defined EXposure

R\ an. BB joa7.0ug poosld

Y Sullivan, JB.O2001 posay,
M emen, KA, et al Ceneer Moraline Amony Cadmium b eoduction Workers.” in O Shicuputionat
Carcinogenesis. Annals of e New York Ac adermy of Seiences, ANYAAO STEERS A I9TA) 0T

B R Sty L Y

SRR .U
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impact area in proximity to the Spelter Smclier, it iy, therefore, probable thar such persony
have sustained an inereased risk of developing latene discase,

Licment § - GIVEN THE INCREASED RISK OF DISEASE, THERE EXISTS THE
REQUIREMENT FOR M. EDICAL TESTING THAT IS DIFFERENT FROM THAT
WHICH WOULD BE REQUIRED IN THE ABSENCE OF EXPOSURE,

Most of the medical testing that will be employed (o provide proactive surveillance is designed
to detect carly changes in those exposed persons who are al increased risk for the devetopment of
cancer or other smelter-compound specific morbidit ¥. Muny of the tests emploved in this
program are custonuzed to such a degree that they would not be utilized for any other purpose; in
the absence of such exposure and without the accompanying increased risk of disease.

It is anticipated, for example that there will be a recommendation for the measurement of beta-2-
microglobulins in the urine of those persons exposed to cadmium™ . This test is one that is fairly
specitic for the detection of carly impairment of proximal tubular function. 1t is, clearly, not a
test that would be routinely performed or recommended for persons unless they were to have
been exposed to cadmium.

Another obvious example is related fo the recommendation that persons exposed to arsenic and
cadoivm undergo urinary testing for the presence of arsenic and cadmium in the urine, ¥ is
nearly seli-evident that such testing is different from that which would be required or

-

recommended in the absence of such exposure.

Environmental Medical Opinion; Within a reasorable degree of Emvironmental Medical
probability, the elements of medical surveillance for these persons adversely exposed io
emissions from the Spelter Smelter will be specific to the established surveillance profocol,
Suck testing elements, morcover, will be diffevent from any foresceable testing for trese
perseus, in the absence of their having sustained ssolter exposure and in the absence of their
having incurred the ussociated increased risk of diseuse

Stated more simply, if such expesed persons had rever sustained expasure and had never
sustained an increased risk of developing smelter specific diseases, ihen these persons would
nat be expected te have developed the need to undergo such an snusual battery of rests.

Llement 6 - MONITORING PROCEDURES EXIST THAT MAKE THE EA HLY
DETECTION OF DISEASE POSSIBLE,

T Penn WD 1007 1008w S8
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There are wide arrays of esting options that can and will be employed in the proposed medical
MORHOING program that are specifically designed to reveal chan ges at points in time that are
among the very earliest stages of discase. In the casc of the development of progressive renal
discase secondary (o cadmiums exposure, for example. it is probable that routine urmalysis will
first show the presence of protein, such as albumin, in the urine. Simeultaneous screening for the
presence of fow molecular weight proteinuria will demonstrate the prescnce of elevations in beta
2 mieroglobuling, “Beta-2 microgiobulin has been the most cxlensively studied and is thought te
be the most sensitive test for renal dysfunction.”™*

Other tests will be performed that are also usetul in the detection of earl y stage disease. The
ECG felectrocardiogram), for example, is clearly a useful toal in discoverin gearly
cardiovascular disease by demonstrating impairments in the performance of the heart's clectrical
conducting system. Other examinations, for example, the PA and lateral chest x-ray, may
demonstrate a very small tumor at g stage when it can be easily resccted.

Environmental Medical Opinion: Within a reasonable degree aof Environmental Medical
probability, it is clear that several m ontitoring procedures, includin g faboratory and special
Tests, exist and will be wtilized in an effort to make an early diagnosis of disease for which

. exposed persons are ar rivk.

Overall Environmental Medical and Environmental Engineering/Indusirial H veiene Opinion:

The preceding diseussion has confirmed that the general population living near the Spelter
Smelrer hay been significantly exposed to kazardous material (including arsenic, cadminm
and lead that has originated Jrom the smelter operations and the immiediarely surrounding
Plant property. This exposure has resulred in an increased rivk of develaping serious lutens
disease in the exposed population. This visk of serions disease requires that the exposed
population participate in a medical manitoring program that includes tests thar thy exposed
Rroup would not need but for havin g sustained this serious exposure. These fests are designed
to allow for the early detection of serious disease and are expected to benefir the participants
in the medical HLORItOring programs.

Lligibility Criterion for an Exposed Person’s Inclusion in the Medical
Moniroring Prooran

Pragmatically, it has been decided that entry wito the medical surveiliance program should be
made in the absence of consideration of ane’s having lived in the midst of an area that i high in
naturally occuring arsenic In other words, entry into this program should be based upon ane’s
dose accumulation of “enriched ™ arsenic or.namely, thal arsenic that is ahove background and
attributable o the smelrer only.
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Itis wgpmed that the prereguisite of sustaining a certain level of axposure (E)Y for a certain
period of thne (Tp) must be the fundamental eligibility criteria for inclusion within the medical

monitaring program.

Simply stated. one must have sustained an “etigible dose™ (Dej equal to (F) times {Tp) before
one can enter the medical monitoring program,

The question ariscs that if one knows the level of cxposure (£} and one has established the dose
above which one should be eligiblc for medical surveitlance (D), then, how can one determine
the parmissible time (Tp) after which one is eligible for inclusion within a2 medical surveillance
program? The answer is. simply, that since (De) = (F) (Tp): if one knows E. then, one can
determine Tp by simply dividing De by E.%

Our approach to deriving De is based upon adherence to the well established micthodology of
credible governmentat and private agencies and the instructional and experiential principles
associated with the specialty practice of Occupational and Environmental Medicine. 1t is
anticipated that (E) will be provided by direct measurement or by capable and probable
mathematical modeling.

It 15 well established that the eligibi}itv of a worker to participate in a medical surveillance
program is based upon that per xem § exposure to any toxic agent in question at levels that exceed
the toxic agent’s “Action Level. ™" The Action Level (Al .3 of a particular substance may be
specified as a fraction of the mu\smum time-weighted average (TWA) exposure to a given
substance that must never be exceeded™. U suaily when specified, the Action Level is 50% of

that maximum TWA.

If, for example the maximam TWA or PEL for a selvent found in paint strippers, like methylene
chloride (MC}, is 25 ppm, then the Action Level for MC is 12,5 ppm. The Action Level, then, is
that fevel of exposure above which the expased persan is eligible for medical monitoring. This

I De = (EXTp): then Tp = (Dey
K ambery, J.P.. The Workplace \\ 1![« Throweh, Lewis Publishers, Chelsea. Michigan, 1942,
Page 83 “The Action Level (ALy iy the TIVA ftime-weighied average] exposure lovel helow the PEL [permissible
exposire level] ov REL frecommended exposure levelf but above which medical surveilfance should commence.
{f true, representative exposure bevels are consistently below the Action Level, medical surveillance ey he
ﬂp!:rma[ The Action Fevel is often ser ar 36% of the PEL or REL.
Johm Hopkins Safery Manual; Policy Numbor HSE 702, ~Glossary of Terms For Material Saferv Do Sheens”
R FHIRY
,-!crim's Level: The exposure level (concentration in aiv) at which OSHA regulations (o prowet emplovees take
effect (QGCERIVIQIDOI-T047); e workplace air analysis, emplovee training, medical monitoving aud
recordkeepring. Exposure at or ghove ation level is termed occupational exposive. Exposure below this fevet
can be harmeful. This level is generalty half the PEL.
" for example the Permissible Txnosuse Limi IPELY oF the Threshold Limit Valoe (TLV)
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concept 1s codified in federal regulations for many substances and, in practice. is usuall y 50% of
the maximum TWA.

tis simple to see that associated with the “exposure” Action Level s also a “dose™ Action
Level, The “dose™ Action Level is sinply that “dose™ over a lifetime of exposure that represents
one half of the “doge™ to which one may be permitted to be exposed over, for exampic a working
lifetime of exposure. in the case of the OSHA Action Level, the associated lifetime of exposure
would be, for example, 40 vears. Thus, in the case of exposure to MC. for example, the
maximum dose over a working lifetime to which one ma v be exposed is 25 ppm times 40 yOars
or 1000 ppm-vears. The dose-associated Action Level or. namely. that dose above which one
must been afforded medical monitoring over his or her working lifetime is 50% of the MaxXimm
dose 1o which one may have been exposed. Thus, the Action Level for the MC dose is 0.5 times
1000 ppm-years or 500 ppm-years. Thus, if a worker was {0 have accumulated a dose of M(
that exceeded 500 ppm-vears, then. he or she must been afforded medical monitoring,

It 15 reasonable and methodologically sound fo apply this same principle to determining the
temporal eligibility eriterion for inclusion in a medical monitoring program for persons
environmentalty exposed to smel ter-specitic toxic substances.

Based upon EPA modeling for Soil Sereening Levels. there has been established the concept af
the risk based concentration (RBC}. The RBC for ingested carcinogens is that level to which one
may be exposed over 1 period of 30 years without incurring a risk of greater than one in 4 million
{above background) of developing a specific cancer. In the case of arsoni ¢, the RBC 15 0,43
ppm™. Since there are 10950 days in 30 vears, then, the maximum ingested dose of arsenic that
one may accumulate without exceeding the personal additional risk of one m a million of
developing fung cancer is 0.43 ppm times 10950 days or 4708.5 ppm-days,

It1s logical and reasonable to apply the concept of an Action Level 1o this fifetime dose by
stating that one should be afforded the benefit of medical stirvetllance if one has accumulated a
dose of arsenic in excess of 50% of the EPA maximum permitted lifetime dose associated with
exposure to arsente. In other words, if one has accumulated 0.5 times 4708.5 ppm-days or
approximately. 2354.25 ppm-davs. then, one should bo eligihle for inclusion in & medical
MORItONNgG prograns.

Within the framework of the questions proposed above, in the first paragraph. it is stipulated.
then, that De = 23 54.25ppm-days.
Given the above reasoning, then, one can see that, ifL [y example. one has been exposed to g

level of arsenic of, say. 25 ppmy or stated otherwise, I = 23 ppm, then. if such Cxposure were
sustained for 235425 ppm-days divided by 25 ppnv or exactly 94,17 davs, then, one should he

CBused Concentratons published by Region HITPA duted 102205

Ap L www epr a0y iree Y med riek Frsn -
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eligible for inclusion in a medical monitoring program after being exposed for that fength of
. 5.4 ~ =
time.”

Envirgnmental Medical Opinion; fnvoking EPA logic and methodalogy, and one's clinical
fudgment as a Board Certified Occupational and Environmental Health plivsician, it is
reasonable to conclude that a member of the exposed population should be eligible for medical
momnitoring if one were fo accumulate an ingested dose of arsenic of 235425 ppm-days. (i.e.
De = 2354.25 pput-days).

Modeling™ provided by Environmental Health and Engineering (FH&E) in Newton,
Massachusetts has demonstrated that within the un-impacted “Control Area” south and west of
the Spelter smelter, the 95% confidence infervals for exposures to sotl arsenic ranged from 3.3 -
7.3 ppm with a geometric mean of 7.5 ppm. Within the scientifica)l y defined arca, impacted by
the smelter, the 95% confidence intervals for exposures to soil arsenic ranged from 3.91 - 258
ppm with a geontetric mean of 9.9 ppm.

The preceding data can be interpreted as follows:

¢ The sotls in the “Control Area™ contain the un-impacted, concentration of arsenic,
absent any contribution from the smelter. The upper end of the 95% confidence
interval (i.e. 17.3 ppim} represents the pear-maximum concentration ol arsenic in
the soil in the “Control Area.”

¢ The soils in the “Impacted Area” contain concentrations of arsenic sccondary to
the effects of non-smelter related processes (including “nature™) plus the effects
of contemination from the Spelter Smelter. The upper end of the 95% confidence
tnterval (e, 25.8 ppmi} represents the near-maximum concentration of arsenic in
the “Impacted Area”

¢ Itis logical to conclude that the difference belween 25.8 ppm and 17.3 ppm {or.
namely, 8.5 ppm). as described above, would represent a conservative arsenic
contribution from the smelter. 8.5 ppm is not the larpest simelter contribution tha
could be expected. A larger near-maximum smeller contribution would be
derived by subrtracting 3.3 ppm from 25.8 ppm to derive a smelter contribution of

22.5 ppm..

"l should be clear that exposure by ingeston for 9417 days at g level of 23
dose of BT days tmes 25 ppmor 235475 ppm-davs. This number. 23540
EPA hietine "aHowable” dose of arsenie. Stated otherwise: [0p 9407 davs and 17 - 23 opm L then De o (Tp) (B
ar De o A LT days) {23 ppmny = 233425 ppm-davs,

D Bwnes W Siewart, "Plaing e Fapert Repor,” prepared for Levin, Papanmaio, el al., November, 2005

ppm would cause one o accumulate a
S ppny-davs. i cqual o 307 of the



Medicat Surveillanee Guidelines and Recommend ations

Spelter Smelter

Harrisor County. West Virginia Circuit Court Case No. O4-0-266-2
November 11, 2005

n. s

Environmental Medical Opinion: - In surinary, it is concluded that the 8.5 ppm arsenic
concentration is a conservative measure af the arsenic envichment in the impacted area
secondary to the cffects of the smelter. Within the scope of the medical surveillance eligibility
paradigm described af the beginning of this section, F= 8.3 ppm

Since Tp = (DeJAE) and De = 2354.25 ppmi-days
Then:

Tp =(2334.25 ppm-days)/(8.5 ppm)

Tp =276.97 or about 277 days.

Within the scope of the model and assumptions described within this section, an exposed
person must have lived within the smelter- impacted region for 277 days before he or she will
have sustained exposure to “enviched arsenic” at a level sufficient to heve created o dose
equivatent 1o 2354.25 ppni-days or the dose threshald defined as pre-reguisite 1o entering the
medical surveillance program. This program is defined in detail in the Attachment to this
report.

Further Considerations Regarding the Degsree of Smelter Contamination Within
the Environmentelly Impacted Areaq Near the Smelter Site.

The above analysis was based upon consideration of the effects of arsenic in the soil in
contamipating the arca near the smelfer site. This analysis does not represent the actual exient
and degree of adverse heavy metal im pact within the arcas under consideration.

Inorder to develop 1 more com plete picture of the potential for adverse health effects among
exposed persons who wif] participate inn the medical moTHonng prograim, the following
information is provided to augment the environmental database for the benefit of both
surveillance health professionals and surveillance participants.
¢ In December 1905 2 UU.S. EPA Sie Assessment Technical Assistance (SATA}
team conducted an investigation of the smelter site. The SATA team characterized

the site by taking biased soil samples at 50 different locations™

A total of 25 samples were collecied from the railings pile. 15 samples from the

YEPAL1G9S [rip Report - Spelior Smelter Site. Spelter, Harrison County, Wes Wirginia Sie Assessment
Pechnival Assistauce feam.” US Emvironmensal Frotection Agency. Wasl mgton, 1.0 jous
ATSDR, 1998, Health Consultation: Spelter Smelter Sie (R

WA Spelter. Wes Vircinia, May MU,
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hiking/biking trail. and 10 from adjacent residential areas™

Al of the samples were analyzed for arsenic, cadmium, and lead. and five
samples were analyzed for total Priority Pollutant metals. The results of the
analyses indicated that high levels of cadmium and lead were hoth found on and
off of the smelter site, and high levels of arsenic were present on the smelter site™,

The lead levels ranged from 400 ppm to 6,100 ppm in the tailings pile, 120 ppm
10 6,900 ppm in the hiking/biking trail. and 44 ppm to 2,600 ppmt in the
residential arcas. The cadmium concentrations were 4.2 ppm (o 36 ppmt in the
tatlings pile, 3.7 ppm to 36 ppm in the hiking/biking trail, and 4.2 to 39 Ppm in
the residential areas. The arsenic levels ranged from were 320 ppm to 3,500 ppm
in the tailings pile, 200 ppm in the hiking/biking trail, and 33 ppm in the
residential areas. Zinc concentrations in the tailings pile ranged between 23,000
ppm to 55,000 ppm, 6,000 ppm in the hiking/biking trail, and 3,900 ppm in the
residential arcas™.

¢ In December 2003, fuly 2004, and January 2005, George C. Flowers, Ph.D..
performed comprehensive soil contamination assessments by collecting 917
surficial soil samples in communities in relative proximity o the Spelter smelter
sfie.

The communities were divided into three geographical areas:
{a} Spelter-Meadowbrook, Erie, and Hepzibah area; (b) Gypsy area; and (¢)
Lumberport area.

All of the soil samples were analyzed for arsenic, cadnium, lead, and zinc. A
total of 626 soil samples were collected in the Spelter-Meadowbrook, Erie. and
Hepzibah area. This area was the closest to the smelter and sustained the greatest
impact from air emissions and fugitive dusts from the tailings pile.

Analyses of the samples revealed the following: (ay arsenic concentrations ranged
from a minimum of | ppm 10 a maximum of 480 ppm: (b) cadmium fevels ranged
from a minimum of 0.25 ppm to a maximum of 850 ppm; (¢) lead concentrations
ranged from a minimum of 5.1 ppm to a maximum of 13,000 ppm; and (d) zinc
fevels ranged from a minimum of 65 ppm 1o maximum of 310,000 ppm.”

With respect to the Gypsy area, a total of 215 soil samples were coliected. Results
of the anatyses of the soil samples found the following: (a) arsenic concentrations
ranged from a minimum of 2.8 ppn1 to a maximum of 44 ppm; (b} cadmium levels
ranged from a minimuwm of 0,25 ppm to a maximum of 24 ppm: (¢} lead
concentrations ranged from a minimum of 14 ppm 0 a maximum of 1,900 ppm;
and zie levels ranged from a minimum of 48 ppm to maximum of §,500 ppm.
Regarding the Lumberport area, a total of 99 soil samples were colected in this
area. Analyses of the samples revealed the following: () arsenic concentrations
ranged from a nunimum of 2.2 ppm to a maximum of 23 ppm; (h) cadmium levels
ranged from a minimum of G.25 ppm (0 a maximum of 2.4 ppm: (¢ lead
conceniratons rapged from a minimum of 9.1 ppm o 2 maximum of 420 ppm:

®
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and (d) zinc levels ranged from a minimum of 47 ppm to maximum of 1,200
(4]

ppm.

H

Overall, for all locations combined., the results of the Flowers' study reported the
following:

() arsenic: 383 samples (42%) had arsenic levels thal were greater than 10 ppm
and 573 (62%) samples had arsenic concentrations above background:

(b) cadmium: 115 samples (139) had cadmium levels that were greater than 10
ppm and 796 (87 %} samples had cadmium concentrations ahove background;

(c) lead: 327 samples (36%) had lead levels that were greater than 100 ppm and
810 (887%) samples had fead concentrations above background:

and

(d} zinc: 731 samples (80%) had zinc levels that were greater than 200 ppm and
883 (96 %) samples had zinc concentrations above background.®

A study was performed in June 2005, where 82 dust and air samples were
collected from 15 sample locations around Spelter, West Virginia. Samples
included 13 bulk arttic dust samples, 15 attic dust wipe samples, 16 living area dust
wipe samples, 10 living area ashed wipe samples, and 28 air particufate samples.
All of the samples were analyzed for arsenic, cadmium, lead, and zinc,

‘The results of the sampling study revealed the following resules and are quoted
atmost verhatini:

{2) Arsenic was detected at elevated concenrations in all 15 amic dust wipe
samples and in all 13 bulk attic dust samples. The concentration of arsenic in each
of the bulk attic samples exceeded the risk-based exposure level for arsenic of .36
mg/kg. Arsenic was detected in all 10 living ares ashed wipe samples. Arsenic
was detected in one of the air particulate samples at a concentration above the
Region HI EPA risk-based concentration of 0.00041 g/’

(b) Cadmium was detected at elevated concentrations in all 15 atic dust wi pe
sampies and all 13 bulk attic dust samples. The concertration of cadmium in cach
of the bulk attic dust samples exceeded the risk-based exposure fevel for cadmium
of 37 mg/ke. Cadmium was detected at elevated concentrations in six of the 10
hiving area ashed wipe samples. Cadmium was detected in five of the air
particuiate samples at concenirations above the Region 11 EPA risk-hased
concentration limit of 0.00099 pg/m’ (ST Group LP, 2043);

(¢} Lead was detected at elevated concentrations in all 15 aitic dust wipe samples

and m all 13 bulk aaic dust samples. The congenteation of lead in each of the bulk
attic dust samples exceeded the risk-based cxposure tevel for lead of 400 maske,
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Lead was detected at elevated concentrations in seven of the 10 fiving area ashed
wipe samples. Lead was detected in thirteen of the air particulate samples at
concentrations above the Region HI EPA risk-based concentration of 1.5 pg/m’ (Sl
Group LP, 2005):

and

(d) Zinc was elevated at elevated concentrations in all 15 attic dust wipe samples
in alt 13 bulk attic dust samples. The concentration of zinc in each of the bulk
attic dust samples exceeded the risk-based exposure level for zinc of 23,000
me/kg. Zine was detected at elevated concentrations in five of the 10 hiving area
ashed wipe samples.  Zine was detected in twenty-four of the 28 air particulate
samples. None of the measured zinc concentrations in the air exceeded the Region

HI EPA risk-hased concentration limit of 1,100 wg/m®,

¢ The SI Group LP (2003) study found that "Toxic metal contamination was found
int all sampled locations.” The study indicated that the following conclusions could
be drawn from the results, which are quoted verbatim:

(a) "Elevated metal concentrations were found in the living space samples and the
attic samples.

" (b} "Aral} properties sampled, the concentration of one or more of the toxic
metals exceeded the regulatory limits.

" (¢) "Based on the distribution of sample Jocations throughour the neighborhood
north and northwest of the former facility in Spelier, all properties have likely
heen contaminated with toxic metals.

" (d) "The ratio of metals was used to define a fingerprint of the metals in the
dust. This fingeeprint is consistent with the soils and tailings material at the
smeiter.

" (e} "Based on the metal ratios, the dust sampled in the attics of each of these
properties is from the sume source as the dust in the indoor Hving space,

" (£) "The concentrations of lead in the dust in the homes canniot be attribuied (o
lead based paint sources.

and

(g) "The presence of toxic metal concentrations in the homes indicales an on-
going source of contwmination. " "



ATTACHMENT

ELEMENTS OF SURVEILLANCE

RECOMMENDED MEDICAL EVALUATIONS AND DIAGNOSTIC TESTS FOR THE
SURVEILLANCE OF PERSONS LIVING IN PROXIMITY

infroduction

During the ninety years of its operation as a primary and sccondary zine smelter, the
former smelter in Spelter, West Virginia, has caused significant and widespread contamination of
the air, soil, household dust, surface water, and/or groundwater from arsenic, cadmium, and
lead, at the former smelter site (EPA. 199523, 1996a; Weston RF, 1997; DuPont CRG, 2003b,
2003¢, 2003d, 2003e, 20031f); in the Town of Spelter (EPA, 19954, 1996a; Flowers GC, 2005:
St Group LP, 2005); and in surrounding areas (Flowers GC, 2005: 81 Group LP, 2005), These
resuits are consistent with a number of published environmental and epidemiological studies that
have documented contamination of the air, soil, household dust, and/or water in neighborhoods
and communities from the polluting effects of nonferrous metals smelters (Landrigan PF et al.,
1975a, 1975b; Landrigan PJ et al., 1976; Landrigan & Baker, 1981: Baker EL Jr ef al.. 19773,
1977h).

As a direct result of the widespread heavy metals contamination that exists in and around
Spelter, West Virginia, persons living in proximity to the former zine smelier are at an increased
risk of developing symptoms, medical conditions. cancer, adverse reproductive outcomes, and
developmental defects in their offspring from their past, current. and future exposures to, at
least, arsenic, cadmium, and lead.

As a corollary to this exposure, the main body of this report has outlined the rational for the
justification and the creation of a medical monitoring program for exposed persons.

This Attachment 1o the main report will set forth recommended medical evaluations and

diagnostic tests for the surveillance of exposed persons living in the scientifically defined
environmentally impacted region near the former zine smelter in Spelier, West Virginia.

Orrgan System Specific Assessment

The elements of the medical surveillance program are defined by the nature of (he hazardous
materials o which the participants are exposed. These elements may be snecified by



plements of Survetliance
November [T, 20038

poA-2
¢ The contents and directives of federal, state, or local regulations.
¢ The science that has been customarily promulgated by qualified rescarchers.,
teachers and authors.
and

¢ The recommendations of qualified clinictans with appropriate practical experience
in the fields of Occupational and Environmental Medicine and Toxicology.

Under the past and present exposure circumstances . associated with the Spelter smelter, it is
clear that the surveillance elements associated with exposures 10 arsenic, cadmium and lead will
define the surveillance directives of this program. The final design of this program will identify
a “Core” evaluation that will be administered to all persons at the outset of the program. The
components of the “Core™ evaluation will de defined by those surveillance elements’ collectively
assoctated with exposures to arsentc, cadmium and lead.

The tollowing sections define those organ-system specific recommendations for each of these
heavy metals. Unless otherwise specified. all identified components will be part of the “Core”
evaluation given to each person.

Selected components that are not part of the “Core™ evaluation may or may not be administered
tor the surveillance participant. The final decision regarding whether to proceed with these tests
is “Determined by the Responsible Physician - “DBRP™ These tests will be identified by the
acronym “DBRP” in parenthesis following the name of the test.

Periedicity

[t is anticipated that following the Core Evaluation, follow-up routine assessment will oceur
annually. The elements of subsequent surveillance evaluations will need to be determined:
although, it is anticipated that X-rays will not be repeated more frequently than every five years,
unfess there 15 an important clinical indication to repeat these (ests.

Duration

Fhe duration of this medical surveiliance program will need to be determined; hut 1t is
anticipated that this prograny will remain in operation for no less than 40 years.

"Hoth recommended and reauired by siatute
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Drata Handling and Maintenance

Al surveillance data will managed with the highest regard to the preservation of medical
conflidentiality and consistent with all applicable state and federal laws. 1t 18 anticipated that
there will be a need for epidemiological oversight of the data gathered during this surveiliance
program. It will be suggested that such oversight will be provided by a non-profit organization,
such a university-based department of public health and preventive medicine (epidemiology and
biostatistics}.

Upon receiving permmssion from the surveillance paricipant, alt medical surveillance results will
fa I3 r
be shared with the surveillance participant’s personal physician.

Administrative Oversight

Adminisirative oversight for this medical surveiliance program should be provided by a
physician who is board certified in General Prevemtive Medicine, Occupationa! and
Environmental Medicine or Clinical Toxicology.

It will be seen that certain tests in the medical surveillance program can be deferred, if the
surveillance participant has had an equivalent test performed within a certain period of time and
can produce the results of that test (e.g. If a person has undergone an ECG within the past 60
days and can produce the results of that test. it may not be necessary for the participant to repeat
that recommended testy. It 15 emphasized that the privilege of deferring a recommended test can
be overridden by the examining physician at any time. That is - notwithstanding the participant’
having undergone the same exam just a short time ago, the examining MD may deem it
necessary to obtain the same test again, if warranted by the participant’s medical presentation.
(e.g. The physician may be told by the participant - “T am having chest pain every night:™ thus,
obtaining another ECG would still make sense, even if the participant just had one taken the day
hefore. )

Elemenis of Surveillance

Medical, Surgical and Occupational History

Per epdennelogical purposes, alf medical date will be stripped of peraonal identifieninn mark e aud infomaen
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A comprehensive medical, surgical and occupational history will be obtained by the completion
of self-adiministrable history forms and the subsequent review, in a one on one manner. hetween
the examining health professional and the surveitlance participant.

During the interview with the health professional, emphasis will be placed upon those questions
with relevance o the adverse effects of exposure to arsenic, cadmium and lead.

Emphasis shall also be placed upon obtaining a comprehensive work history, along with a
detatled reproductive history,

Physical Examination

A comprehensive physical examination will be performed, with emphasis upon exantming those
organ-systems most at risk from exposure to arsenic, cadmium and lead.

The physical examination will be performed by a board certified physician, preferably in the

specialties of Family Medicine, Internal Medicine, Clinical Toxicology, or Occupational and
Environmental Medicine.

Hematology (serum and bload)*

¢ SMA-25" (including GGTP)

¢ CBC with differential and RBC indicies®
¢ Peripheral Smear Evaluation

¢ Blood Arsenic

¢  Blood Cadmium

7 These rests nay be deferred, if the participant has had an cquivatent examination witlin the past 30 davs and can
praduce coples of his or her resulis,

IWhiver enzymes (e.g. SGOT, SGPTY are elevated above normal andior if the biver is swollen (hepatomegalyy, then
further evaluation and tests of the liver should be performed. A CTwwean with contras s frequently purformed in

order {o oveluate the Tiver,
©Ifa persen has anemia based upan the results of the CRC, then further biood iests should be performed in order to

diagrese the specific tvpe of anemia (1 e hemolyiic, hvperchromic. macrocviic. ef al ).
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¢ Blood Lead:
¢ ZPP (Zinc Prooporphyring
¢ Thyrowd Function Test (TSHY (DBRP)
¢ Prostate Specific Antigen (PSA) (DBRP)”
¢  Serum protein electrophoresis (DBRP)
¢ Immuno-fixation Electrophoresis (DBRP)
¢ Freeze and Hold Serum (Equivalent to rwo Red Top Tubes - Contingency
Surveilance for Minimum of 90 days}
Urine’
¢ Urinalysis with microscopic examination
¢ Urine creatinine
¢ Uring betaZ-microglobulin
¢ LUlrine for arsenic
¢ Urine for cadonium
¢ Urine for lead
¢ Urine N-acety! bea alucosaminidase {(DBRP
¢ Urine retinol binding protein (DBR P
" Obtsin for males over age 40, unfess there is a family history of prostare cancer. in which case the PSA mav be

obtained at an carlier age.

" These tests may be deferred. if the paricipant has had an equivalent examination within the past 30 davs and cap
produce copies of his of her rosults, 1 there is protemuria, o hemaruria or if there are elevated lovels of bew?-
microglobulin, r-acetvi-glucosaminidase and'or retinol-binding protein. following the performance of o haseline
GER ¢glomerular Bitration rate). an [VE should be considered in order 16 rule-in or rule-oul kidney damage,
nephritis. andor cancer of the bladder. urinary tract, and kidnev
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¢ Examination (analysis) of stool for occult blood. (Age > 40); (Age < 40, then
- DBRP}

Hair/Nails®

# Scalp/Pubic hair analysis for arsenic, cadmium or lead (DBRP)

Lungs™’
¢ Baseline pulmonary function test®?
¢ PA and lateral chest Xeray ™~
¢ Sputum cytology (DBRP)

Nervous Sysitem™>

~ Il blood is found in stool, then a colonoscopy should be performed.

: Using a very experienced and competent laboratory, hair analysis can be performed and can be useful in
determining & measare of previous heavy metal exposure. 1t s also possible o compare levels of metals from the
scalp buir and pubic hair washings to draw conclusions regarding the potenuial for environmental contamination and
BXPOSULC,

i significant symptoms (e.g..blood in sputum, chest pain, reduction in putmonary function} of respitatory ilness
{lung cancer) are reported and/or identified during the history and physical examination. CT-Scar of the chest {lungs)
should be perfurmed,

: ’ At a nunumum, obinin FEVE and PV,

C This tewt may be deferred, if the participant has had an equivalent exammation within the past six months (non-
smoker) or three months {smoker) and can produce his or her films.

i peurclogical. central nervous systeny, and/or peripheral nervous system svmptoms are reported and/or identified
during the history and physical examination, further evaluation by a neurologist shouid be undertaken in order 10
assess and W determine the extent of the seurological prohiems (e.e. wemor. numbness. perivheral neuronathy. and
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¢ LMG (Blectiromyogram) (DBRP)

¢ NCV {Nerve Conduction Study) (DBRPy
Heart and Vesselg™®

¢ 12 Lead Electrocardiogram (DBRP)
Skeletal System™®

¢ Tests to Determine Bone Density (DBRP)

Peer-reviewed epidemiological siudies have reported statistically significant increases in risk
and/or i mortality from: (a) Jung cancer, among persons exposed to arsenic through inhalation:
and bladder cancer, kidney cancer, liver cancer, tung cancer, and skin cancer, among persons
exposed to arsenic through oral ingestion; (b} kidney cancer, lung cancer, and prostate cancer
amonyg individuals exposed to cadmium through inhalation: and (¢) kidney cancer and luny
cancer among persons exposed to lead through inhalation. 1If a person manifests signs and
symptoms, therefore, that are consistent with any of the foregoing types of cancer, additional
medical evaluations and diagnostc tests will be ordered.

1. . . . . . . | . -
T peripheral nervous system symptoms (peripheral nenropathy, fe. numbness andior tngling in fingers, hands,

arms. toes. feat. andror legs). are identified, NCV {nerve comduction studies) and. EMG (electromyography). should
be administered in order 1o determine the extent of the peripheral nervous system effects {e.g. nerve denervation,
HETVOLS Systent mapairment, and loss.}.

" This tesf mity be deferred if the participant has undergone an equivalent examination within the past 80 davs and
can produce the tracing. If cardiovascular abnormalities { e.g. hypertension. non-disbetic-induced peripheral vaseolar
disease, and pericarditis) sppear on physical examination. further evalustion by a cardiologist should be wndentaken
i arder o assess and 10 determine the extent of the cardiovascular effecls, A toxicologist or occupational and
environmental medicine physictan showld ascertain whether these symptoms o findings can be refated w exposures
to heavy metals (arsenic, cadmium andior fead).

" Peereviewed epidemiologicat studies and case reports have reporied skeletad effects (fom exposure o cadmivn. i
symproms of skeletal effects, such as osteoporosis. osteomalacia, britile Bones, fracteres (with and withow trauma),
and/or changes in bone demsity are suspected or have occurred, sddition! dingnostio (ests should be performed Lo assess
bone density. Measurement of bone desity at the forearmm Just above the wrist by single photan sbsorptiometey that
wses a bone density scanner should he perfored. To evaluale actuul or suspeeted bonie fractures, Neravs ar CTescans of
the appropriate sitefs) (hanes) showld be performied
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Edgar . Gentle, i1, Esg.
Special Master

Perrine Medical Monitering Plan, Product of the Perrine DuPant
Settlement

Dear Mr. Gentle,

tam a medical consuitant with experience in academics, private
practice and Medisal Management. My education includes a BS in
Chernistry, a Medical Dcctorateranc} an MBA. | have additional training
in Nuctear Medicine with :Bforard Certification. | have research
exparence With over 3!(51@35‘%‘3%%531:1@%35 and a book chapter and pver 10
years of elpetience in remhwmgmﬁz«aﬁca! claims for medical

appropriateness based on medical literature.

| have been asked to review the CT Stan Utilization Guidalines dated
Novermnber 1, 2011, There are alst several Exhibits that are referenced

that | have reviewead including:

Exhibit B



o Exhibit 1-CT Scan Utilization Protocois

Exhibit 2-Class Area Map

o

kxhibit 3-Paragraph C, page 2, of Memorandum of

0y

Understanding
5 Exhibit A-Publication of USFDA
o Exhibit B-ACR Pra_ctié:e Guidelines
o Exhinit C'~American-cmlege af Radiology Sebtember 2007

Statement on CT Screening Exams

Iey g re‘?vie;ﬁé; I note g ny’ﬁihc@ns‘;st@ﬁéfes related 1o the information
proviged and the question at hand.

The first refereniced publization under b-ackgréund in five Utilization
guidelines is the Publication of the USFDA. First, this publication relates
to Whote Body CT scanning in a normal population. It is my
understanding that we are addressing Chest CT Scanning in high risk
populations and not whole body scanning in normal populations:

therefare this arficle is not applicable. it also s dated March 200%-



more than 8 years ago and is not up to date with the medical literature
especially the recent New Engi’arm‘ Journal article published August 4,
2011 titled, "Reducing Lung-Cancer Mortality with Low-Dose Computed
Tomography Screening”. Additionally, the article does reference, “that
CT screening of high-risk individuals for lspec‘iﬁ‘c diseases such as lung
cancer or colon canteris currently being studied, but results are not yet
available”. The study they are referencing is the‘Na.tianai Lung
Screening Tria) (WLET). - The data from this study is what the New
england lourngl artide iﬁb‘éﬁ&d’ on. Thetefore, it li's fny opinien that %ﬁ{a
referente hag né standing because it {s addressing a different modality
{(whole botly CT scan¥ing versus specific areas], i5 outdatad and even

references that studies are coming in the future that are now avallable.

The next reference is to Exhibit B-the ACR Practice guideline. The
practice guidelines included are for the performance of pediatric and
aduit chest radiography which is a Chest x-ray. | understood the matter

we were discussing is €T scanning in high risk individuals and therefare



an articte on Chest x-rays would be a completely different modality and
certainly not applicable to this quastion. The practice guideline is out
of date with the most recent medical literature cited in 2005 and the
guideiine i‘.&v-%seé in 2006. The other practice guideline in the exhibit
was ACR practice guideline for performing FDG-PET/CT in Oncology. An
FOG PET/CT utilizes positron emi.ssion‘ tomography to assess metabelic
activity in different tumars using floutrodeoxyglucoss, a radioactive
sugar. The £T i;n PETH T refe r;s to the anatomic registeation portion of
the metabolicstudy and dgain is a completely different friad ality than
CT scanning i figh-rislc lung ‘@mzﬁer‘g. These guidefitngs are dated 2007

ant are therefore dated in this tantinually evolving field.

The CT scan guidelines that are eueoted | believe are taken fram the
chest radiography practice guidelines and therefore are not appiicable
to another modality and neither is the reference to the American
College of Radiology Board of Chancellors issued statement since it is

referencing tatal body computed (CT) screening for patients with no



symptoms or a family history suggesting disease and we are addressing
z different modality CT Scanning of the chest in patients with 2 high risk
of cancer related to their exposure to the heavy matal contamination at

issue in this litigation.

The guidelines that are listad (1. Guidelines, Page 2} are said to be

based o these references that | have discussad above and therefore vo
hase thegu%ﬁef’més on references at’:)a_u‘t diffgrent tests than the one we
are nterestad in and with medical é‘sferem:es that are very out dated is

not appfopriate.

[t is by opinion that decording to the paragraph o, page 2 of the
Memorandum of Gﬁfié?*sté'ﬁ'{ﬁiﬁg that was. ?ﬂclaﬁ&& as exhibit 3, CT
scans should be previded as diagrostically medically necessary because
of tha high risk of the possible exposure to the haavy rﬁetai
contamination atissue in this litigation. | base this on the August 4™
2011 article from the New Engiand Journal “Reduced Lung-Cancer

Mortality with Low-Dose Computed Tomographic S¢reening” based on



the National Lung Screening Trial (NLST}. This article relates directly to
this issue because it addresses a large population (53,454) that is at
simiiar high risk of lung cancer {30 pack year history of smoking! to your
patients with heavy metal exposure as noted in Exbibit 2-Class Arga
Maps. The mortality in these similar at risk individuals was 20% less if
they had CT scans than if just chest x-ray surveiliance. This article is up
to date and partictidarly on point te this situation. Itls my epinion that
because of thas stady all paﬁic?paﬁts shauld have a;fEET Scaﬁ s part of
their surveitlance because It is miedically necessary in a high ﬂ'si«:‘

populationwith possible sxposure to heavy metal contaminants:
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Sehool of Med:

Virginia Buchanarn, £sg. & Farrest Tayior, Fsq.

Levin Papantonio Thomas Mitchell Rafferty & Pracior, PA.
316 South Baylen Street Suite 60C

Peasacala, FL 32502-5006

He: Perrine v. Dupont

(ate: December §, 2010

I response Lo a proposed settlement agreement in this matter, you have advised me that CT scans
would be allowed only if they are “diagnostically medically necessary, as determined by a competent
pliysician, as refevant to possibie exposure to heavy metal contamination at issue in this Htigation”,
This s significant difference from the proposed every-other-year CT scans of the chest recommended in
You have requestid that ! review the CT scan portion of the program and

the initist program proposal,
schedule for CT scans be developed concordant with this wortding.

that a revised recommended

At the present time, the best available test to screen for lung cancer remains the low-dose screening CT

scan. Recenl preliminary data released by the National Lung Cancer screaning Team supports the
efficacy of low-dose screening CT scan in detecting lung cancers earlier than is possible via other means
and demonstrating improved survival, The dose of radiation in a low-dose screening CT scan used in this
study is estimated at 20-25% that of a diagnostic CT scan, and will likely continue to decrease as the
technelogy improves. There is not yet any data on the aptimum frequency of 7 scanning to screen

high-risk persons for lung cancer,

The purpose of a medical monitoring program is to detect diseases which are sub-clinical, to provide
iknowledge or additional chance of cure for the participant. By definition, this means it would not be
necessary to have symptoms to be screened. Testing which is basad soiely upon symptoms wauid occur
without any medical monitoring program and should be outside of the construct of program aimed at
detecting subclinical disease. | befieve that diagnostically medically necessary CT scans for the
participants can be estimated purelv on the basis of the exposure, without the need for the participani

o he symptomatic.

Within the affected area in this community, three pecgraphic areas with different levels of
contamination have been identified, These different areas are reflected in different resiglency time
requirements for plan entry, Those living in zone 1 have a miuch greater exposure and risk of disease per

Heit time comparad 16 these Hving in Zones 2 or 3. 1 could be ressonable to tevelop this program such

that there is a different frequency of CT scans recommended {or each zone, based upon the relative
levels of contamination in each zone. it is understoad that there will be a science committes that will

develop the final plan, and various permutations of this oplion have been considered.
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Exhibit C



My estimate is (hat participants in Zone 1 will need 3 diagnostic CT scan every 2-4 years, participants in
zane 2will need 3 C7 scan every 4-8 years, and participants in zone 3 wilf nood a scan approximately

every 10 years.

Lr. Jackson provides the following estimates ralative to the percentage of the participants in each zone

based upon 2005 data:

roenita

B
[¢]
I

toing the math over a 30 vear period:
Zone 1 {using every 3 years) = 131 CT Scans x 12.3% = 1.353 Scans
Zone 2 {using every 6 vears) = 6 CT Scans x 30.2% = 1.817 Scans
Zone 3 {using every 10 years) = 4 CT Scans x 57.5% = 2.3 Scans

summing these would vield 5.465 scans aver the 30 year perind of the program o “the average
participant”, or ore scan every 5.489 years. For the purposes of estimating costs, this should be

rounded to one scan every 6 years {on average).

Lam rot recommending any change in the entry criteria for the program. s my recommendation that
the initlal CT scan {to occur with the first cycle of testing if the participant is currently over age 35, or
with the first cycle of testing after a participant turns 35) be done for all participants. This will both
allow for identification of current accult disease, and will pmvide baseline information, to support

future testing of that participant,

in the original documents, | provided estimates for “leakage” of participants from the program, including
both voluntary withdrawis and that which was due to diagnosis of diseases of interest. 1 believe that it
would be simplest, and medically reasonable, to assume that the “leakage rates” due to voluntary and
diagnosis-related withdrawis would remain unchanged from the prior estimates. Over time, tung
cancers will present themselves dlinically {although at a less curable stage), and this would still result in
the participant leaving this aspect of the program at about the same rate as previcusly estimated,

Please contact me if you have any guestions about these opinions/recommendations.

LR -",;/' b
Charles L Wemtz i, D.O., MPH, FACOEM
Assogiate Professar, Clinicat Emphasis
Program Director - Osteopathic Occupstional Medicine Residency

Pape 2 of 2



PERRINE DUPONT SETTLEMENT CLAIMS OFFICE
ATTN: EDGAR C. GENTLE, CLAIMS ADMINISTRATOR
C/0 SPELTER VOLUNTEER FIRE DEPARTMENT OFFICE
55 B Street
P. 0. BOX 257
Spelter, West Virginia 26498
(304) 622-7443
(800) 345-0837

perrinecupont@gtandsiaw.com
February 15, 20611
Re:  Registration® for Medical Monitoring Pregram and Property Clean-Up
Program
Dear Potential Medical Monitoring or Property Program Class Member,

THIS LETTER INVITES YOU TO A TOWN MEETING AT THE SPELTER,
WEST VIRGINIA, FIRE STATION, WHERE WE WILL HELP YOU WITH YOUR
FAPERWORK TO DETERMINE IF YOU ARE A MEMBER OF EITHER OF THESE
CLASSES.

On January 4, 2011, a settlement between DuPont and members of two classes was
approved by the Circuit Court of Harrison County., The approved settiement establishes two
distinct plaintiff classes — a medical monitoring class and a property class. Ed Gentle has been
appointed as the Claims Administrator for both classes. QOn Januwarv 18, 2011, the Ceust
approved the medical monitoring program. Based upon information curvently available to me,
you may be a member of one or both of these classes. We will help vou fill out your medical
monitoring registration™* form. Each Class Member must fill out a form. We will have extra
copies at the town meeting or we can mail them to you. If you are a member of the property
class, you will have an opportunity to discuss possible options available to address impacted

properties within the class area. The Court Orders and a Class Area Map can be viewed at the
settlement website at www.perrinedupont.com.

Here is the Town Meeting Schedule:
I Your Last Name Beging With échr Town Meeting Is (Yoo have the option 1o come 10

feither the morning or the afternoon session. You are not
ire mred 0 a{tend both J

A ihrough E

TUBY 28 2011 9

; G t_hmugh D o March 1 2011 900 am or2 OO pm -

E. thmugh G T Mamh 2 2011 9 GO a:lma; 2[)0 pn; I
H throvgh { - March 3 2(}11 9 (JO am (;-—----—(—) ;);r; T
.J rh;ouvgh L I Maxch 4-, 2011, 9:00 am or 2: ' pm o o
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If you cannot attend your scheduled town meeting, fee] free to attend any other listed
meeting, If you are disabled or otherwise unable to attend, please call us and we can review the
Settlement with you over the phone or may be able to come visit you. It is not necessary that you
attend one of these town meetings in order to complete the registration forms to determine
whether or not you are eligible to participate in either the Medical Monitoring or Property Clean
Up Classes. If you do not attend one of the town mestings, you can still complete the enclosed
registration® form and mail it back to me at the above address or place it in the drop box at my

office,
Below is 3 brief description of the Medical Monitoring Program and the Property Clean-

Up Design town meeting,

A. THE MEDICAL MONITORING PROGRAM

Enclosed is your registration™ form.

If you qualify as an eligible class member for medical monitoring you are entifled to
receive two benefits: a cash payment and medical monitoring for a period of up fo 30 years. In
order to determine your eligibility, you must complete the enclosed eligibility registration form
and you must choose whether you wish to receive both medical monitoring and cash benefits, or
just the cash payment only. Once we have verified your eligibility, an initial cash payment of
$200 will be given to you and yon may receive an additional cash paymert later this year,
depending upon the total number of participants in this program. You do not need to sign up for
medical monitoring in order to receive this additional cash pavment. The amount of the cash
payment will be the same regardless of whether you choose to participate in the Medical
Monitoring program. Addidonally, you will begin to receive free medical monitoring for a period
of up to 30 years if you choose to receive this benefit. Please note that if you don’t apply to
receive the medical monitoring by filling out the enclosed form by August 31, 2013, vou will
forever waive your right to receive that benefit.

As you may know, under this Settlement, the Honorable Thomas A. Bedell, Circuit Judge
of Hamrison County, West Virginia, has approved a 30 year Medical Monitoring program for
individuals who lived in Zone 1 of the Class Area (see enclosed map attached to form)} for at
least 1 year, Zone 2 for at least 3 years, or Zone 3 for at least 5 years, #*

To register* for the Medical Monitoring Program, a Class Member needs to f1] out the
enclosed Registration Form and provide the requested supplemental documents proving

residency if yon have them.

*Registration means proving medical monitoring Class membership. It does not require participation in

the medical monitoring program,

** As long as the Class Member has continuously lived in the Class Area prior to reaching the minimurm
residence requirement, a Class Member’s number of years of residence in each zone ave added to
determine if the number of years has been met. For exaruple, if a Class Member lived % year in Zone 1
and 1 % years in Zone 2, he or she would qualify for Medical Monitoring, having spent 50% of the time

required in each Zone,
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At the town meeting, we will help you complete the form. You may bring the completed
form to our office at the Perrine DuPont Settlement Claims Office, located at the Spelter
Volunteer Fire Departinent, 55 B Street, Spelter, West Virginia, 26438 (a drop box is provided if
we are closed), or mail it to The Perrine DuPont Settlement Claims Office, Atm: Edgar C.
Gentle, Claims Administrator, ¢/o The Spelter Volunteer Fire Department Office, P.O. Box 257,
- Spelier, West Virginia, 26428, or e-mail the form to perrinedupont@grandslaw.com. We must
receive the completed form and the supplemental documents proving residency by Aungust 31

2011, or vou will receive nothing.

If you are eligible and elect to participate in the Medical Monitoring program, then you
can be medically tested free of charge shortly after registering®, and every 2 years thereafter, for
a total monitoring period of 30 years. The voluntary screening exam for participants will involve
only a whole blood test for those below age 15, and blood and urine monitoring for those from
15 to 35. In addition to bloed and urine tests, class members age 35 or older may receive
prescribed non-routine CT scans.  All participants age 15 or less in the Medical Monitoring
program will be tested for lead poisoning, skin cancer and gastrointestinal system problems.

No routine CT scans shal! be performed as part of the Medical Monitoring program, CT
scans shall be provided that are diagnostically medically necessary as determined by a competent
physician as reievant i0 possible exposure o heavy metal contemination at issue in the
Settiement.

After each screening, you will receive the confidential test results, and you will be
entitled w0 a free physician office visit, where you will be allowed to discuss your medical
histary, have a physical exam, and review your test results with the physician.

If there is a positive finding of disease possibly associated with exposure to 7inc,
cadmium, arsenic or lead, you will be referred to a medical specialist for treagnent. For other
disease findings, the physician will also recommend treatment. The Settlement does not provide
funding f{or actual medical treatment, and follow up teatment will not be paid for out of the
Medical Monitoring program. '

In the enclosed Medical Monitoring Registration® Form, we encourage you to

recommend a Medical Clinic in the Class Area (with the major towns being Lumberport, Spelter,

Arlington, Hepzibah, Shinston and Meadowbrook) in order to conduct the Madical Monitoring

or provide the physician office visits.

Although it is not required, we also encourage you to provide the names and addresses of
relatives and friends who have left the Class Area, so we can invite them fo participate in this

program.

“Regismation means proving medical monitoring Class membership. It does not require participation in
the medical mortoring program.
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To efficiently carry ont the Medical Monitoring process, which will involve reminders
provided to you on your tests to be scheduled every rwo years, a confidenrial darabase protectad
by HIPAA and subject 1o a confidentiality agreement and other privacy laws will be maintained
and will not be available to persons cutside of the Medical Monitoring network without your
prior permission. The Court will take the steps necessary o ensure that your private information
siay private. The steps will include the use of confidentiality and protective crders and
limitations on access to the database and/or identifying information. Refer to the lanuary 18,

2011 Order at Paragraph 4.

B. PROPERTY CLEAN-UP PROGRAM DESIGN TOWN MEETING

Under the Settlement, $34 Million is 1o be used 10 help clean up impacted properties in
the Class Area, which has 2,800 parcels, except that the ineligible Grasselli properties*** are not
inciuded. If you own a parcel in the Class Area other than a Grasselli property, you are a
Property Class Member, and you will be encouraged to participate in the design of the property
clean-up. The target contaminants are zinc, cadmium, arsenic and lead. Ar the town meetings,
our clean-up expert, Marc Glass, will describe for you the impact of these metals on the Class
Area, and we will welcome your suggestions on how to address the impacted properties in the

area.

We will send you a follow-up property clean-up questionnaire after the town meetings.
We will ask the Court o have a Faimess Hearing and decide how to design and camy out the

property remediation program.

We look forward to meeting you and to your participation in this Settlernent if you
qualify as a Class Member.

*Regisiration means proving medical monitoring Class membership. It does not require participation in
the medical monitoring program.

** As long as the Class Member has continuously Lived in the Class Area prior to reaching the minimum
residence requirement, a Class Member’s number of vears of residence in each one are added te}
determine if the number of years has been met, For example, if & Class Member lived 34 year in Zone 1
and 1 % years in Zone 2, he or she would qualify for Medical manitoring, having spent 50% of the time
required in each Zone. :

*#% A list of these properties is on our website and will be available at the town meetings.
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If you have any guestions, please come by our office, call us, ar send an email.

Yourgxtty truly,

Claims Administrator

(304) 622-7443
1-800-345-0837 (toll free)
Perrinedupont@grandslaw.com

ECGII/kim

Enclosure
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PERRINE DUPONT SETTLEMENT CLAIMS OFFICE
ATTN: EDGAR C. GENTLE, CLAIMS ADMINISTRATOR
C/OQ SPELTER VOLUNTEER FIRE DEPARTMENT OFFICE
55 B Street
P.O. Box 257
Spelter, West Virginia 26438
(304) 622-7443
(8040) 345-0837

www. perrinedupont.com
perrinedupont@ sandsiaw.com

MEDICAL MONITORING REGISTRATION* FORM
FILL OUT A SEPARATE FORM FOR EACH PERSON REGISTERING*

This Medical Monitoring Program only applies to Class Members who lived in the Class Area

{See Attached Map) for the minimum time, as explained in Paragraph A on Page 6 and 7 of the

January 18, 2011 Order approving the Medical Monitoring program™, and as expiained in the
February 15, 2011 letier mailed to you with this form.

COMPLETE AND RETURN THIS FORM BY HAND DELIVERY, MAIL OR E-MAIL TO THE
ADDRESS AT THE TOP OF THIS PAGE NO LATER THAN AUGUST 31, 2011

For HELP with this form, visit our Office in Spelter (office hours are 9 to 5§, Monday through
Friday), call (304) 622-7443 or 1-800-345-0837, view our website at www.perrinedupont.com, or
email us at perrinedupont@gtandsiaw.com.

I REQUIRED PARTICIPATION DECISION: YOU CAN USE THE MEDICAL
MONITORING PROGRAM AND GET YOUR CASH PAYMENT OR YOU CAN JUST
REGISTER* AND GET YOUR CASH PAYMENT ANYWAY

CHECK ONE OF THE FOLLOWING TW(O BOXES:

(] YES, I wish to have Medical Monitoring available if I choose to use it, and want my cash payment.

[ NO, 1 do not wish to use Medical Menitoring, and want my cash payment. If T check this box, I

forever waive my right to be medically tesied. The amount of the cash payvment will he the same
regardless of whether or not you choose to participate in the Medical Monitoring program.

. REQUIRED CLASS MEMBER INFORMATION

LAST MAME FIRST NAME MI
OO OO Odoy suooooogooogn O
CURRENT ADDRESS

i : ; T T s B e M e
oo ondooonoododnoooooouoon
CITY. STATE ZIP CODE

I Husin L] RN
* Regxsn ation mMedans proving medtcai monitoring Class membershxp. It does nof require participation in the Medical Monitoring
program.

**The Court Order can be found on the Settiement websiie at www,. perrinedupont.com.
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v e : M T .
Social Security Number | || RO .

™

Birth Date [ /(] C1/C1C0 T

Hi.  REQUIRED PROOF OF LIVING IN THE CLASS AREA %

PLEASE LIST ALL OF YOUR RESIDENCE ADDRESSES IN THE CLASS AREA (SEE ATTACHED
MAP) WHERE YOU LIVED, TELL US WHEN YOU LIVED THERE, AND IF YOU WERE A CHILD
AT THE TIME, PLEASE PROVIDE THE NAMES OF YOUR CUSTODIAL PARENT OR

GUARDIAN AT THE TIME.

CLASS AREA ADDRESS: DATES: CUSTODIAL PARENT OR GUARDIAN:
FROM - UNTIL {IF APPLICABLE)
Current Telephone Numbers: () (Home} () {Celi)

For additional addresses, attach a separate sheet of paper.

For each residence, to the extent you can, please attach proof that you lived there, and for how long, such
a8 2 school report card, medical bill, deed, lease, power bill, old check with the address, or the first page
of income tax returns for each claimed year. Other documents yon may use are in the attached table.
We will also consider any other documents that show you lived in the Class Area.

We will also try to obtain the proof from outside sources that you Hved in the class area to the extent possible.
For adults, source documents will include class area voter registration rolls, Class Area ad valorem property tax
records, Class Area Medical Clinic patient rolls, and Class Area utility billing records. For children, source
documents will include Class Area school registration rolls and Class Area Medical Clinic patient rolls.

TO HELP US VERIFY THAT YOU LIVED IN THE CLASS AREA, PLEASE COMPLETE THE
FOLLOWING TABLE:

Dates: Class Area School Attended;
From Until

o)



Dates: Your Primary Care Doctor or Dentist:

| V. OPTIONAL ADDITIONAL REQUESTED INFORMATION- NOT NECESSARY
[ TO RECEIVE CASH PAYMENT OR TO RECEIVE MEDICAL MONITORING

PLEASE LIST DOCTORS OR MEDICAL CLINICS IN OR NEAR THE CLASS AREA THAT VOU
RECOMMEND TO CONDUCT MEDICAL MONITORING. WE WANT TO USE MEDICAL

PROVIDERS THAT YOU TRUST.

Name Address Phone

PLEASE LIST BELOW THE NAMES AND ADDRESSES OF RELATIVES OR ACQUAINTANCES
WHO HAVE LIVED IN THE CLASS AREA AND HAVE MOVED AWAY FROM THE CLASS AREA.

NAME; ADDRESS:

IF YOU NEED ADDITIONAL SPACE TO ANSWER ANY OF THE QUESTIONS ON THIS FORM,
PLEASE USE ADDITIONAL SHEETS OF PAPER AND ATTACH TO THIS REGISTRATION
FORM.

VERY IMPORTANT - THIS REGISTRATION FORM CONTINUES ON THE NEXT PAGE

8]



J V. REQUIRED CERTIFICATION AND SIGNATURE - MUST BE WITNESSED

The undersigned hereby swears under penalty of perjury that all of the information provided herein is
true and accurate.

Adult claimants must sien vnless incomnpetent.
For Minor Claimants, the Custodial Parent or Guardian must sign.
For Incompetent Adult Claimants. the Guardian or Conservator must sign.

Date: 7/ /

CLASS MEMBER SIGNATURE

WITNESS SIGNATURE:

WITNESS NAME;:

WITNESS ADDRESS:




DOCUMENTS THAT MAY BE USED TO PROVE
HOW LONG YOU LIVED IN THE CLASS AREA

Chiidren - Type of Decuments for Proving Residency
Birth Certificate

School/Day Care Records

Medical Records

Parents/Guardians Tax Records Listing Dependants

Lease Agreements Listing Children as Occapants
Government Benefits/Pablic Assistance Documents
insurance Documents

DHR/Guardianship/Other Government Program Documents Showing Residency
Police Records/Other Court Records

Church Enroliment Records

Passport

Employment Rolls if of Employment Age

Extracurricular Activities - Sports, Clubs, Library Cards, Etc.

Adults - Type of Documents for Proving Residency
Real Estate Tax Documents

Driver’s License

Other DMV Records

Passport

Employment Rolls

Utdlity Bills

Insurance

Medical Records

Government Benefit/Public Assistance Documents
Desds

Lease Agreements

Tax Records

Church Enrollment Records

Bank Records

DHR/DA Other Government Program Documents Showing Residency
Police Records/Other Court Records

Gym Membership
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Lung Cancer: Diagnosis and Management

LAUREN G. COLLINS, M.D., CHRISTOPHER HAINES, M.D.,, ROBERT PERKFEL, M.D.. and ROBERT E. ENCK, M.D.

Thomas Jefferson University Hospital, Philadeiphia, Pennsylvania

Lung cancer is the leading cause of cancer-related death in the United States, with an average five-year survival rate of
15 percent. Smoking remains the predominant risk factor for lung cancer. Lung cancers are categorized as small cell
carcinoma or non-small cell carcinoma (e.g., adenocarcinoma, squamous cell carcinoma, large cell carcinoma), These
categories are used for treatment decisions and determining prognosis. Signs and symptoms may vary depending on
tumor type and extent of metastases. The diagnostic evaluation of patients with suspected lung cancer includes tissue
diagnosis; a complete staging work-up, including evaluation of metastases; and a functional patient evaluation. His-
tologic diagnosis may be obtained with sputum cytology, thoracentesis, accessible lymph node biopsy, bronchoscopy,
transthoracic needle aspiration, videc-assisted thoracoscopy, or thoracotomy. Initial evaluation for metastatic disease

relies on patient history and physical examination, laboratory tests,
chest computed tomography, positron emission tomography, and tis-
sue confirmation of mediastinal involvement. Further evaluation for
metastases depends on the clinical presentation. Treatment and prog-
nosis are closely tied to the type and stage of the tumor identified. For
stages | through IHA non-small cell carcinoma, surgical resection is
preferred. Advanced non-smali cell carcinoma is treated with a multi-
modality approach that may include radiotherapy, chemotherapy,
and palliative care. Chemotherapy (combined with radiotherapy for
limited disease) is the mainstay of treatment for small cell carcinoma.
No major organization recommends screening for early detection of
lung cancer, although screening has interested researchers and physi-
cians, Smoking cessation remains the critical compenent of preventive
primary care. (Am Fam Physician 2007;75:56-63. Copyright © 2007
American Academy of Family Physicians.)

B Patient information:
A handout on smaking
cessation is available

at http:/ffamilydoctor,
org/161.xml.

ung cancer is the leading cause of
cancer-related death in the United
States. In 2006, the disease caused
et Over 158,000 deaths—more than
colorectal, breast, and prostate cancers com-
bined." Although death rates have begun to
dectine among men in the United States, the
lung recently surpassed the breast as the most
common origin of fatal cancer in women.?
Because one fourth of adults smoke, lung
cancer will remain a problemn for many years.?
Despite advances in lung cancer therapy, the
average five-year survival rate is only 15 per-
cent’ Adenocarcinoma has surpassed squa-
mous cell carcinoma as the most common
histologic type of lung carcinoma,™” and early
metastasis has become increasingly common,

Risk Factors

Smoking is the predominant risk factor for
lung cancer (relative risk [RR] = 10 1o 30

compared with nonsmokers)*%; smoking is
directly linked to lung cancer in 90 percent
of women and 79 percent of men.” Second-
hand smoke exposure is also a risk factor.®*
Approximately 3,000 adults die each year
from exposure to secondhand smoke, with a
dose-response relationship between duration
and intensity of exposure, 101!

The most common occupational risk fac-
tor for lung cancer is exposure to ashestos
(RR = )7 the RR for smokers who are
exposed to asbestos approaches 60.1* Other
common occupational and environmen-
tal causes of lung cancer include exposure
to radon, arsenic, chromium, nickel, vinyl
chloride, and ionizing radiation.”® Preex-
isting nonmalignant lung diseases, such
as chronic obstructive pulmonary disease,
idiopathic pulmonary fibrosis, and tubercu-
Josis also are associated with increased lung
cancer rates.

Downioaded from the American Family Physician Web site al www asfp.org/afp. Copyright © 2007 American Academy of Family Physicians. For the private, noncommercial
use of one individual user of the Web site, All other rights reserved. Contact copyrights@aafp.org for copyright questions and/or permission requests.
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Evidence

Clinical recommendation rating References

Patients with central lung tumors should undergo flexible bronchoscopy. C 27,28

Patients with peripheral lung tumors who are not surgical candidates should undergao transthoracic C 27,28
needle aspiration.

Patients undergoing mediastinal staging for lung cancer should receive chest computed tomaography € 34,35
pius positron emission tomography.

There is insufficient evidence to recommend for or against routine screening for tung cancer. C 40-42

For lung cancer prevention, smokers should be offered nicotine replacement therapy, bupropion A 50-53

(Wellbutrin), nortriptyline (Parnelor), and counseling for smoking cassation,

wwaw, aarp.orglafpsort. xmi.

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-
orfented evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating systern, see page 13 or htip:i

Pathology

To facilitate treatment and prognostic decisions, fung
cancer is categorized as small cell carcinoma or non—small
cell carcinoma. Light microscopy is used to further dif-
ferentiate lung cancer into four major and several minor
histologic dlasses (Table 1'“'*).'S The major histologic
classes are adenocarcinoma, squamous cell carcinoma,
small cell carcinoma, and large cell carcinoma.
Adenocarcinomas are histologically heterogeneous
peripheral masses that metastasize early, and often occur
In patients with underlying lung disease.”” Squamous cell
carcinomas typically are centrally located endobrosnchial
masses that may present with hemoptysis, postobstruc-
tive pneumonia, or lobar collapse. Unlike adenocarci-
nomas, squamous cell carcinomas generally
metastasize late in the disease course.®
Small cell carcinomas are clinically
aggressive; are usually centrally located with
extensive mediastinal involvement; and are

TABLE 1
Histologic Classification of Lung Cancer

or extrathoracic spread (Table 2%°). A minority of patients
present with paraneoplastic syndromes.

PRIMARY TUMOR

Chest discomfort, cough, dyspnea, and hemoptysis are
common manifestations of a primary tumor. Cough
secondary to an endobronchial mass or postobstructive
preumonia occurs in up to 75 percent of patients.?’ Dys-
pnea oceurs in up to 60 percent of patients and may be
caused by a tumor occiuding the airway.?® Intermittent,
aching chest discomfort occurs in approximately 50 per-
cent of patients at diagnosis.”® Hemoptysis is found in up
to 35 percent of patients with symptoms from a primary
tumor.® Although acute bronchitis is the most common

associated with early extrathoracic metas-

! Class Prevalence (%)  Subtypes
tases, including paraneoplastic syndrome. _
Despite their responsiveness to chemother- Adenacarcinoma 40 Adinar, bronchioalveolar,
; ) papiilary, solid carcinoma with
apy, small cel} carcinomas often are advanced .
he £ fdi . d . h muycus formation, mixed
at the time o . J{ggnosm, and patients have a Squamous cel 25 N
poor prognosis. carcinoma

Large cell carcinomas are poorly differ-
entiated. These tumors are large peripheral
masses associated with eatly metastases,V

Clinical Presentation
Although approximately 10 percent of

smalt cell carcinoma 20

Large celt carcinoma 10

Pure small cell carcinoma,
combined small cell carcinoma

Large celi neuroendocrine,
basaioid, lymphoepithelial-
like, large cell with rhabdoid
phenotype

lung cancers in asymptomatic patients are Agsrc?jngam%s <5 -
detected on chest radiographs, most patients Carcinaid <5 N
are symptomatic when diagnosed.! Patients Bronchial gland o5 N
may present with the nonspecific systemic carcinoma

symptoms of fatigue, anorexia, and weight
loss, or with direct signs and symptoms
caused by the primary tumor or intrathoracic

January 1, 2007 + Volume 75, Number 1

www.aafp.org/afp

Information from 14 and 15.
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TABLE 2
Common Lung Cancer Manifestations

Primary tumor
Chest discomfort

Extrathoracic spread
Bone pain, fracture

Cough Confusion, personality
Dysprea change
Hemontysis Elevated alkaline

nhosphatase level

tntrathoracic spread Focal neurologic deficits

Chest wall invasion

Headache
Esophageal symptoms Nausea, vomniting
Horner syndrome Paipabie
Pancoast's tumor ymphadencpathy
Phrenic nerve paralysis Seizures
Pleyral effusion Weakness
Recurrent laryngeal nerve Weight loss

paralysis
Superior vena cava obstruction

imformatian from reference 20.

cause of hemoptysis, lung cancer should be suspected in
patients older than 40 who present with hemoptysis.?

INTRATHORACIC SPREAD

Forty percent of patients diagnosed with lung cancer ini-
tially present with signs and symptoms of intrathoracic
spread. Intrathoracic spread is caused by direct extension
of the tumor or lymphangitic spread.

Hoarseness from recurrent laryngeal nerve paralysis
occurs in 2 to 18 percent of patients,’® Phrenic nerve
paralysis may present with dyspnea or an elevated left
hemidiaphragm on a chest radiograph.” A superior pul-
monary sulcus tumor (Pancoast’s tumor) may present
with Horner syndrome and is characterized by a brachial
plexopathy and pain along the involved nerve roots.?!
Chest wall invasion often presents with persistent, pleu-
ritic pain. Pleural effusions may present with dyspnea,
decreased breath sounds, and dullness to percussion.?
Esophageal obstruction may cause dysphagia. Superior
vena cava obstruction is characterized by facial swelling
and plethora and by dilated veins on the upper torso,
shoulders, and arms.?® Although pericardial involvement
often is found at autopsy, patients seldom present with
symptomatic pericardial effusion or tamponade.®

EXTRATHORACIC SPREAD

Nearly one third of patients with lung cancer present
with signs and symptoms of extrathoracic spread.?® Com-
mon metastatic sites include bones, liver, adrenal glands,
Iymph nodes, brain, and spinal cord.

Nonspecific symptoms of extrathoracic spread include
weakness and weight loss. Bone metastasis often presents
with pain, fracture, or elevated alkaline phosphatage

58 American Family Physician

www.aafp.org/afp

level and usually involves the long bones or vertebrae.
Palpable lymphadenopathy, particularly in the supra-
clavicular fossa, suggests metastasis. Ten percent of
patients present with brain metastasis heralded by
headache, nausea, vomiting, focal neurologic deficits,
seizures, confusion, or personality changes.” Although
liver involvement is common, transaminase elevation is
relatively rare.

PARANECPLASTIC SYNDROMES

Approximately 10 percent of patients with lung cancer
develop systemic symptoms related to paraneoplastic
syndromes. This is caused by the release of biocactive
substances produced by the tumor or in response to the
tumor. Symptoms may precede the diagnosis, appear jate
in the disease course, or suggest recurrence.

Common endocrine syndromes inctude hypercalce-
mia, syndrome of inappropriate antidiuretic hormone,
and Cushing’s syndrome. Digital clubbing and hypertro-
phic puimonary osteoarthropathy are common skeletal
manifestations. Less well-defined neurologic syndromes
include Lambert-Eaton myasthenic syndrome, periph-
eral neuropathy, and cortical cerebellar degeneration.?

Diagnosis

TISSUE DIAGNOSIS

There are a variety of techniques to assist physicians in
obtaining an accurate tissue diagnosis (Table 3*7). Select-
ing the most appropriate test usually requires consulta-
tion with a pulmonologist, interventional radiologist,
or thoracic surgeon. In patients with apparent early
non—small cell carcinomas, who are surgical candidates,
thoracotomy is the recommended test for tissue diagnosis
and staging. In patients with presumed small cell or met-
astatic non-small cell carcinomas, the diagnosis should
be made using the most convenient and least invasive
method available (e.g., thoracentesis of a pleural effusion,
excisional biopsy of an accessible node, bronchoscopy,
transthoracic needle aspiration).”

Several options are available when the type and stage
of the cancer are less clear, including sputum cytology,
flexible bronchoscopy, and transthoracic needie aspira-
tion. Sputum cytology is a noninvasive test that may
be useful in identifying centrally located tumors, The
test detects 71 percent of central tumors but less than
50 percent of peripheral tumors”; therefore, further
testing must follow a negative result.

Flexible bronchoscopy (employing bronchial wash-
ings, brushings, and biopsies} often is the test of choice
in patients with central tumors, with a combined sen-
sitivity of 88 percent in these patients.?® Despite the

Volutne 75, Number 1 » January 1, 2007



TABLE 3
Methods for the Tissue Diagnosis of Lung Cancer

Diagnostic method Sensitivity (%) Specificity (%)

indication

Comments

Central tumors: 71 99
Peripheral tumors:

Sputum cytology
{at teast three

specimens) < 50
Thoracentasis 20 > 30
Excisional biopsy of an — —
accessible node
Flexible bronchoscopy Central tumors: 90
with or without 88
transbronchial needie  Periphesal tumors:
aspiration 60 o 70

Transthoracic needle Peripherat tumors; 97
aspiration 80

Video-assisted — —
thoracoscopy

Thoracotomy e o

Central tumor and hemoptysis

Pleural effusion
Palpable lymphadenopathy

Central or peripheral
wmor and mediastinal
iymphadenopathy

Peripheral tumor in nonsurgical
candidates or when
transbronchial needie
aspiration is incondusive

Smali perigheral tumors
{< 2 crvin diameter), pleural
tumaors, or pleural effusions

Oniy clearly resectable tumors

Noninvasive; further testing
needed after negative
resuit

Fiuoroscopic or CT
guidance; transironchiat
needle aspiration
improves sensitivity in
peripheral tumors

Fluoroscapic or CT
guidance; the assistance
of a cytopathologist
improves diagnostic yield

May prevent the need for
thoracotomy

Recommended for diagnosis
and treatment of early
non-small cell carcinoma

(T = computed tomography.

infarmatiorr from referance 27.

addition of flroroscopic and computed tomography
{CT) guided transbronchial needle aspiration, the sen-
sitivity of bronchoscopy falls to 70 percent in patients
with peripheral tumors and even lower in patients with
a tumor less than 2 cm in diameter.?®? Ppeumothorax
and bleeding are serious but uncommon complications
of transbronchial needle aspiration.?

Transthoracic needle aspiration has been shown to
be more sensitive than bronchoscopy in patients with
peripheral lung tumors and may be used when trans-
bronchial needle aspiration is inconclusive or in patients
who are not surgical candidates.?® Transthoracic needle
aspiration is routinely guided by fluoroscopy or CT,
and the assistance of a cytopathologist increases the
diagnostic yield. The most common complication of
transthoracic needle aspiration is pneumothorax (25 to
30 percent), but the procedure rarely requires chest tube
insertion.*

Video-assisted thoracoscopy is a newer modality that
may be used to sample small peripheral tumors {less
than 2 cm in diameter), pleural tumors, or pleural effu-
sions for diagnostic or staging purposes, ¥

STAGING

After establishing a tissue diagnosis, a thorough staging
work-up, including metastatic evaluation (Figure 12725-%)

January 1, 2007 + Volume 75, Number 1
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initlat evaluation, including patient history and
physical examination, aboratory testing,* and
chest and upper abdomen computed tomography
pius positron emission tomography scans

Mediastinal spread suspected

!

Bronchoscopy with or without
transbronchial needia aspiration,
endobronchial ultrasonography-
guided transbronchial needle
aspiration, transthoracic needle
aspiration, video-assisted

thoracescopy, of mediastinoscopy

v

Normal mediastinum
{central or peripheral tumor)

l

Mediastinoscopy
and thoracotomy

NOTE: After the metastatic evaluation, a staging classification should

be determined {Table 4),

*—{aboratory tests should include complete blood count and electro-
lyte. caldium, hepatic transaminases, and alkaline phosphatase levels.

Figure 1. Algorithm for the metastatic evaluation of lung
canger.

information from references 27 and 29 through 32.
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TABLE 4
Staging Classifications for Lung Cancer

Stage Description

Non-small cell carcinoma (TNM staging system)
Local
LA (TINOMO)
iB {T2ZNOMQO)

T 3 am or tess in diameter; surrounded by lung or nleura; does not invade main bronchus
T2: more than 3 om in diameter; may invade pieura; may extend into main bronchus but

remains 2 cm ar rore distal 1o carina; may cause segmental atelectasis or pneumonitis

A {TINTMO)
Locally advanced
0B (T2NTMO and TINOMO)

N1: involvernent of ipsilateral pertbrenchiat or hilar nodes and intrapulmonary nodes

T3 invasion of chest wall, diaphragm, pleura, or pericardium; main Bronchus less than 2 cm

distal to carina; atelactasis of entire {ung

A (TIN2MO, T2NZMO,
TINTMO, and T3NZMO)

HB (T1-4N3MO)
Advanced
B {T4N1-3MO)

N2: involvernent of ipsilateral mediastinal or subcarinal nodes

N3: invalvernent of contralateral nodes or any supraciavicular nodes

4 invasion of mediastinum, heart, great vessals, trachea, esophagus, vertebral body, or carina;

separate tumor nodules; malignant pleural effusion

B {T1-aN1-3M 1 Distant metastasis
Small ¢cell carcinoma
Limited

Extensive

Disease confined to the ipsilateral hemithorax
Disease with metastasis beyond the ipsilateral hemitharax

TNM = tumor-nodes-metastasis.

Adapted with permission from Spira A, Frtinger DS. Mufddisciplinary management of Jung cancer. N Engl # Med 2004:350.382,

and staging classification, should be performed to deter-
mine the presence of metastasis and to identify surgical
resection candidates.

Initial evaluation for metastasis can be performed by
the primary care physician and inciudes a detailed his-
tory; physical examination; complete blood count; and
levels of electrolyte, calcium, hepatic transaminases, and
alkaline phosphatase. More than 80 percent of patients
with an abnormality on evaluation have metastatic dis-
ease.”’ Patients presenting with anorexia, weight loss,
and fatigue have an especially poor prognosis.™

Noninvasive radiographic imaging with chest CT and
positron emission tomography (PET) scans is routinely
performed in patients with suspected metastatic hung
cancer. Chest and upper abdomen CT scans may reveal
hilar and mediastinal adenopathy and liver or adrenal
involvement. Although CT accuracy is 88 percent (80
percent sensitive, 100 percent specific) in the mediasti-
num, staging is enhanced by PET.™ Integrated CT/PET
scanners appear to have better test characteristics than
CT or PET alone,*

In patients with suspected mediastinal disease, the
remainder of the mediastinal staging evaluation usually
is performed in consultation with subspecialists and
may inciude bronchoscopy with or without transbron-
chial needle aspiration, endobronchial ultrasonography-
guided transbronchial needle aspiration, transthoracic
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needle aspiration, video-assisted thoracoscopy, or medi-
astinoscopy. The clinical presentation dictates the use
of additional staging measures. Abdominal CT, bone
scanning, and brain magnetic resonance imaging are usu-
ally recommended in patients with small cell carcinoma
because of the high tikelihood of metastatic disease.

After the metastatic evaluation is complete, the stag-
ing classification {Tuble 4*%) can be determined based on
the type of tumor identified and the presence or absence
of metastatic disease. Non—small cell carcinoma is cat-
egorized using the TNM (tumor-nodes-metastasis) stag-
ing system, whereas small cell carcinoma is categorized
as limited disease confined to the ipsilateral hemithorax
or as exiensive disease with metastasis beyond the ipsi-
lateral hemithorax,

FUNCTIONAL EVALUATION

The final component of the diagnostic assessment is a
functional evaluation of the patient. Evaluation of per-
formance and pulmonary status should be completed
before discussing treatment options. Pulmonary function
testing, specifically forced expiratory volume in one sec-
ond {FEV,} and carbon monoxide diffusion in the hing
(DLCO) measurements, is a helpful predictor of morbid-
ity and mortality in patients undergoing lung resection.’s

Patients with an FEV, or DLCO wvalue less than
80 percent of predicted require additional testing, This
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includes calculation of postresection pulmonary reserve
(with ventilation and perfusion scans or by accounting
for the number of segments removed); cardiopuimonary
exercise testing (with a2 maximum volume of oxygen
utilization {VO,max] measurement); and arterial blood
gas sampling (with an oxygen saturation in arterial
blood [S.0,] measurement). Patients with a predicted
postoperative FEV; or DLCO value less than 40 percent
and a VO;max value less than 10 mL per kg per minute
or an S,o; vatue less than 90 percent are at high risk of
perioperative death or complications.

Treatment and Prognosis

Treatment differs according to the histologic type of
cancer, the stage at presentation, and the patient’s func-
tional evaluation (Tabje 5%). Surgery is the treatment of
choice for patients with stage I through HIA non-small
cell carcinoma.” Recent data suggest that preoperative
chemotherapy improves survival in patients with non-
small cell carcinoma.™ For patients undergoing complete
resection and no preoperative chemotherapy, adjuvant
chemotherapy is standard. Randomized controlled clini-
cai trials should address the issue of preoperative versus
postoperative adjuvant treatment.*

Treatment for unresectable non-small cell carci-
noma may involve radiotherapy and chemotherapy. The
role of targeted therapies, specifically the antivascular

TABLE 5
Treatment of Lung Cancer According to Stage

Lung Cancer

endothelial growth factor agent bevacizumab (Avastin),
has been examined in patients with advanced stage (IIIB
and IV) nonsquamous carcinoma. Bevacizumab com-
bined with chemotherapy increased survival compared
with chemaotherapy alone.® Chemotherapy {combined
with radiotherapy in limited stage disease) is the main-
stay of treatment for small cell carcinoma.”

Pailiative and hospice care are important end-of-life
treatment modalities. The primary care physician can help
patients determine what options may be most appropriate,
Table 6 includes hospice and palliative care resources.

Screening

Although studies have assessed screening with sputum
cytology, routine chest radiography, and low-dose CT,
no study has demonstrated that screening improves sur-
vival, and no major organization currently endorses lung
cancer screening.*® In 2004, the U.S. Preventive Services
"Task Force conchuded that although there is fair evidence
that screening may allow for earlier detection of lung cap-
cer, there is poor evidence to suggest that any screening
strategy decreases mortality.?! With no proven effect of
screening on mortality rates, there is concern that screen-
ing may cause overdiagnoses and unnecessary anxiety,
radiation exposure, and expense.?

Several large randomized controlled trials designed
to evaluate the effect of screening on mortality are

Five-year survival

Stage Primary treatment Adjuvant therapy rate (%)
Non-small cell carcinoma
| Resection Chemotherapy 60 to 70
If Resection Chematherapy with or 40 10 50
without radiotherapy
A (resectable) Resection with or without precperative Chematherapy with or 1510 30
chematheragy without radiotherapy
A (unresectable) or HIB Chemotherapy with concurrent or MNone 10 to 26
{involvement of contralateral or subsequentt radictherapy
supraclavicular lymph nodes)
HIB {pleurai effusion) or IV Chemotherapy or resection of primary None 10 to 15 (two-year
brain metastasis and primary T1 tumor survival)
Small cell carcinema
Limited disease Chemaotherapy with concurrent None 1510 25
radiotherapy
Extensive disease Chemotherapy None <5

Adapted with permission from Spira A, Ettinger DS. Muftidisciplinary managerment of fung cancer N Engl 1 Med 2004,350:388.
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TABLE &
Hospice and Palliative Care Resources

American Academy of Hospice and Palliative Medicine
Web site: hittp//www.aahpm.org

American Board of Hospice and Palliative Medicine
Web site: http://www.abhpm org

American Pain Society
Web site: httpi//www.ampainsoc.org

Americans for Better Care of the Dying
Web site: httpi/Awww.abed-caring.org

Approaching Death: improving Care at the End of Life
Publisher: The National Academies Press

Before | Die: Medical Care and Personal Choices
Web site: http//www.wnet.org/bid/index.htmi

City of Hope Pain/Palliative Care Resource Center
Web site: hitp//www.cityofhope.org/pre

Dying Well: Defining Wellness Through the End of Life
Web site: http//www.dyingwell.org

End of Life/Paliiative Education Rescurce Center
Web-site: http//www.eperc mow.edy

Endiink Resource for End of Life Care Education
Web site: http:/endlink. lurie.northwestern.edu

underway.*** Until these results become available,
there is insufficient evidence to recommend for or
against routine screening,

Prevention

Perhaps the primary care physiciar’s most important role
is preventing lung cancer by encouraging smoking ces-
sation. The most effective cessation therapies (with quit
rates ranging from 16 to 21 percent} are nicotine replace-
ment, bupropion (Wellbutrin), nortriptyline (Pamelor),
and structured telephone counseling. % Combining
nicotine replacement, bupropion, and social or behav-
joral support can increase the quit rate to 35 percent.>
Informal counseling by physicians has also been shown
to modestly increase quit rates, >

The Authors

LAUREN G. COLLINS, M.D., is an assistant professor iy the Department
of Family Medicine at Thomas Jefferson University Hospital and Jeffersan
Medical College, Philadelphia, Fa. She rereived her medicai degree from
tefferson Medical Coflege, and completed & family medicine residency
and geriatrics fellowship at Thomas Jefferson University Hospital.

CHRISTOPHER HAINES, M.D,, is a clinical instructor In the Department of
Family Medicine at Thomas Jefferson University Hospital and Jefferson
Medical Coliege. He received bis medical degree from Jefferson Medical
College and completed a family medicine residency at Thomas Jefferson
University Hospital.

62 American Family Physician

www.aafp.org/afp

ROBERT PERKEL, M.D., is & clinical professor in the Department of Family
Medicine at Themas Jefferson University Hospita) and Jeferson Medical
College. He received his medical degree from the Albert Einstein College
of Medicine of Yeshiva University, Brenx, N.Y., apd compieted 2 famity
medicine residency at Thomas Jefferson University Hospitat,

ROBERT E, ENCK, M.D., is a clinical professor in the Department of Family
Medicine at Thomas Jefferson University Hospital and jefferson Medical
College. He received his medical degree from Hahnemann Medical
College, Philadeiphia, Pa., and completed a family medicine residency at
Hahnemann University Hospital, He completed a medical oncology fallow-
ship at the University of Rochester (N.Y.).

Address correspondence to Lauren G. Collins, M.D., Thomas Jefferson
University, 1015 Walnut S, Suite 401, Philadelphia, PA 19107 (e-mail:
gustaurie@yahoo.com). Reprints are not available from the authors.

Author disclosure: Nathing to disclose

REFERENCES

1. American Cancer Society. Statistics for 2006. Accessed October 6,
2006, at: it /Awww . cancer.org/docroot/stt/stt_0.asp.

2. Centers for Disease Control and Prevention. Cigarette smoking among
aduits—United States, 199% [Published correction appears in MMWR
Morb Mortal Wiy Rep 2001;50:1066], MMWER Morb Morta) Wkly Rep
2001;50:869-73.

3. American Cancer Society. Statistics for 2003, Accessed October g,
20086, at: h‘ctp:/;’www.cance!.orgfdocroot/sttfstt,om2003.asp

4. Vaporciyan AA, Nesbitt JC, Lee J, Stevens C, Komaki R, Roth JA. Can-
cer of the lung. In: Cancer Medicine, 5th ed. Lewiston, NY - Decker,
2000

- Vincent RO, Pickren JW, Lane WW, Bross |, Takita H, Houten L, et al
The changing histopathology of fung cancer: a review of 1,682 cases,
Cancer 1977,39:1647-55,

6. Centers for Disease Control and Prevention. The health conseguences
ot smoking. A report of the surgeon general. 2004, Accessed October
6, 2006, at: htp/fwww.cde.gov/tobacco/sar/sgr_2004/index. i,

- Bilello KS, Murin S, Matthay RA. Epidemiciogy, eticiogy, and preven-
tion of lung cancer. Clin Chest Med 2002;23:1-25.

&, Fontham £7, Correa P, Reynolds P, Wu-Williams A, Buffler PA, Green-
berg RS, et al. Environmental tobacco smoke and lung cancer in non-
smoking women. A muiticenter study [Published correction appears in
JAMA 1994;272:1578). JAMA 1994:271:1752-9,

3. Respiratory riealth Effects of Passive Smoking: Lung Cancer and Gther
Disorders. Washington, D.C: Environmental Protection Agency, 1992,
Accessed November 27, 2006, at hup//cfpub.epa.govincea/ctm/
recordisplay.cfm?deid=2835.

10. Wu AH, Fontham ET, Reynolds P, Greenberg RS, Buffler P, Liff 1, at
al. Family history of cancer and risk of tung cancer among lifetime
nonsmoking women in the United States. Am | Epidemio! 1996:
143:535-42.

- Bofietta P, Agudo A, Alrens W, Benhamou F, Bernhamou &, Darby
3C, et al. Multicenter case-contrad study of exposure to environ-
mental tobacco smoke and lung cancer in Europe. § Nat! Cancer Inst
19598, 50:1440-50,

T2, Hammend £C, Selikoff 1), Seidman H. Asbestos exposure, cigarette

smoking and death rates. Ann N Y Acad Sci 1979:330:473-90,

13. Gillitand FD, Hunt WC, Pardilla M, Key CR. Uranium mining and lung
cancer among Navajo men in New Mexico and Arizona, 1969 o 1993,
§ Gocup Environ Med 2000,42:278-83

14, Travis WD, Pathoiogy of lung cancer. Clin Chest Med 2002,23.65-81,

15, Hoffman PC, Mauer AM, Vokes EE. tung cancer [Published correction
appears in Lancet 2000;355:1280). Lancet 2000:355 479-85.

(&)

=

1

s

Volume 75, Number 1 * January 1, 2007



17.

18

20.

21

22,

23,

24,

25.

26.

z7.

28.

28.

30.

3

32.

Ly
oy

34,

35,

36.

37

Tanuary 1, 2007 * Volume 75, Number I

- Mauntain CF. Revisions in the International System for Staging Lung

Cancer. Chest 1997:111:1710-7,

Travis WD, Travis LB, Devesa S5, tung cancer [Published correction
appears in Cancer 1995;75:2979]. Cancer 1995,75(} supp!:191-202.
Patz EF Ir. tmaging bronchogenic carcinoma. Chest 2000;117(4 suppl
1):908-558.

- Midthun DE, Jett IR. Clinical presentation of lung cancer. in: Lung

Cancer. Principles and Practice. Philadeiphia, Pa.. Lippincott-Raven,
1886:421.

Beckles MA, Spiro 5G, Colice GL, Rudd RM. Initia! evaluation of the
patient with fung cancer: symptoms, signs, laboratory tests, and para-
neoplastic syndromes. Chest 2003;123(1 supp!):975-1045.

Paulson DL. Carcinomas in the superior pulmonary sulcus. § Thorac
Cardiovasc Surg 1875,70:1095-104.

Rodriguez-Panadero F, Borderas Maranjo F, Lopez Mejias |, Pleural met-
astatic tumours and effusions. Frequency and pathogenic mechanisms
in a post-mortem series. Eur Respir § 1989;2:366-9.

Wudel L) Jr, Neshitt }C. Superior vena cava syndrome. Curr Treal
Options Oncel 2001:2:77-91.

Press OW, Livingston R. Maragement of mailgnant pericardial effusion
and tamponade. JAMA 1987,257:1088-92.

Merchut MP. Brain metastases from undiagnosed systemic neoplasms.
Arch intern Med 1989,149:1076-80.

Patet AM, Davila DG, Peters 5G. Paraneoplastic syndromes associated
with lung cancer, Mayo Clinic Proc 1993,68:278-87.

Rivera MP, Detterbeck F, Mehta AC, for the American College of Chest
Physicians, Diagnosis of fung cancer: the guidelines. Chest 200312301
supphh1295-365.

Arroliga AC, Matthay RA. The role of branchoscopy in lung cancer. Ciin
Chest Med 1983,14:87-98.

Mazzone F, lain P, Arroliga AC, Matthay RA. Bronchoscopy and needle
biopsy technigues for diagnosis and staging of lung cancer. Clin Chest
Med 2002,23:137-58.

Mentzer §), Swanson Si, DeCamp MM, Bueno R, Sugarbaker .
Mediastinoscopy, thoracoscopy, and video-assisted thoracic surgery
in the diagnosis and staging of iung cancer. Chest 1997,112(4 suppll:
2395-415.

. Silvestri GA, Littenberg 8, Colice GL. The clinical evaluation for detect-

ing metastatic lung cancer. A meta-anaiysis. Am 1 Respir Crit Care Med
1995:152:275.30,

Yasufuku K, Nakajima T, Motooti K, Sekine Y, Shibuya K, Hiroshima K, et
al. Conmparison of endobronchiat ultrasound, positron emission tomog-
raphy, and CT for lymph node staging of lung cancer. Chest 2006,
130:710-8

- Feingtein AR, wells CK. A dlinical-severity staging system for patients

with lung cancer, Medicine 1990;69:1-33,

Guhimann A, Storck M, Kotzerke §, Moog F, Sunder-Plassmann |, Reske
SN. Lymph node staging in non-smail cell lung cancer: evaiuation by
[18F}FDG positron emission tomography (PET). Thorax 1997,57:438-47,
Lardinais D, Weder W, Hany TF, Kamel EM, Korom $, Seifert B, et al, Staging
of non-smati-cell king cancer with integrated positron-emission tomogra-
phy and computed tomography. M £ng!  Med 2003;348:2500-7

Spira A, Ettinger DS. Multidisciplinary management of lung cancer.
N Engl | Med 2004,350:379-93.

Beckles MA, Spirc 5G, Colice GL, Rudd R, for the American Col-
lege of Chest Physicians. The physiofogic evaluation of patients with
lung cancer being considered for resectional surgery. Chest 2003;123
{1 suppl):1055-145.

38.

35,

40,

4t

43,

44,

45,

46.

47.

48,

49,

50.

Uy

52.

54,

5

L

56.

www.aafp.org/afp

Lung Cancer

Nationa! Comprehensive Cancer Network. Non-small cell lung cancer.
Version 2.2006. Accessed October 6, 2005, at: httpi/fwww.neen.org/
professionals/physician_gis/PDF/nscl pdf#tsearch=%22abstract%20n0
3ALBATIZ %22

Sandler AR, Gray R, Brahmer }, Dowlati A, Schiller JH, Perry MC,
et al. Randomized phase 1/Hli tial of paclitaxe! (P} plus carboplatin
(C) with or without bevacizumab (NSC # 704865) in patients with
advanced non-squamous non-small cefl lung cancer (NSCLCY: an East-
ern Caoperative Oncology Group (ECOG) trial—E4598. Accessed Octa-
ber 6, 2006, at hittp:/fwww.asco org/portal/site/ ASCO/menuitern.
34d60f5624ba07fd506fe310ee37a01d/ ?vanextoid=76{8201e
b81a7010VgnVCM100000ed730ad IRCRD &vmview=abst_detail_view
&contiD=34&abstractiD=33325.

Humphrey LL, Tewtsch S, Johnson M, for the 1.5, Preventive Services
Task Force. Lung cancer scregning with sputum cytologic examination,
chest radiography, and computed tomography: an update for the U.5.
Preventive Services Task Force. Ann Intern Med 2004:140:740-53.

U.5. Preventive Services Task Force. LuRg cancer screening: recommen-
dation statement. Ann Intern Med 2004;140.738-9.

-Manser RL, irving LB, Stone C, Byrnes G, Abramson M, Campbell D.

Screening for lung cancer. Cochrane Database Syst Rev 2004:(1):
ChGo199t.

Gohagan JK, Prorok PC, Hayes RB, Kramer BS, for the Prostate, Lung,
Colorectal and Cvarian Cancer Screening Trial Project Team. The Pros-
tate, Lung, Colorectal, and Ovarian (BLCOS Cancer Screening Trial of the
Natonal Cancer Institute: history, organization, and status. Conirof Clin
Trials 2000,21(6 suppi); 2515-725.

National Cancer Institute. National iung Screening Trial. Accessed
October 2, 2008, af: hitp://www.cancer.gov/nlst/what-is-nist.

Kripke C. Antidepressants and smoking cessation. Am Fam Physician
2005;71:67-8.

Talwar A, Jain M, Vijayan VK. Pharmacotherapy of tobacco depen-
dence. Med Clin North Am 2004:88:1517-34,

Simon JA, Carmody TP, Hudes ES, Shyder E, Murray 1. Intensive smok-
ing cessation counseling versus minimal counseling among hospitalized
smokers treated with transdermal nicotine replacement: a randomized
trial. Am § Med 2003;114:555-62.

Jimenez-Ruiz C, De Granda Onve Il Success rates for nortriptyline.
Chest 2003;124:768-9.

Osinubt OY, Moline I, Rovner E, Sinha S, Perez-Lugo M, Demissie K, et
al. A pilot study of welephone-hased smoking cessation intervention in
asbestos workers, ] Occup Environ Med 2003;45:569-74.

Hughes J, Stead L, Lancaster 7. Antidepressants for smoking cessation.
Cochrane Database Syst Rev 2004;(4):CDO00031.

T. Lancaster T, Stead LF. individual behavioural counseling for smoking

cessation. Cochrane Database Syst Rev 2005;(2):CD0OOT292.

Stead LF, Lancaster T. Group behaviour therapy programmes for smak-
ing cessation. Cochrane Database Syst Rev 2005:(2):CDO01007.

- Sitagy C, Lancaster T, Stead L, Mant D, Fowler G. Nicotine replacement

therapy for smoking cessation. Cochrane Database Syst Rev 2004;(3):
CDO00146.

Jorenby DE, Leischow 54, Nides MA, Rennard $f, Johnston A, Hughes
AR, et al. A controlled trial of sustained-release bupropion, a nicotine
patch, or both for smoking cessation. N Engl J Med 1999,340:685-91.

- Jorenby DE, Fiore MC. The Agency for Health Care Poiicy and Research

smoking cessation chinicel practice guidetine: basics and beyond. Prim
Care 1999;26°513-28.

Matlin R. Smoking cessation: integration of behavioral and drug thera-
pies. Am Fam Physician 2002;65:1107-14,

American Family Physician 63



SCIEENINg I0r Lung Lancer: For Patients at Increased Rusk for Lung Cancer, [t Works

Annais of internal Medicine
www.annals,org

First published September 5, 2011 on annals.org.

In the Balanee

Secreening for Lung Cancer: For Patients at
Increased Risk for Lung Cancer, It Works

farnes R jett, MD; and David E. Midthun, MD
+ Author Affiliations
Abstract

A BZ-year-old woman with a history of well-controlled hypertension presents for
routine follow-up. She is asymptomatic and feels well. She has Jogged 3 miles 3
times weekly for years, with no recent change in exercise tolerance. She has a 30-
pack-year fiistory of cigarette smoking but stopped smoking 10 years ago. There
is no personal or family history of cancer.

Physical examination is normal. She read a recent study that found a benefit ro
screening for lung cancer with computed tomography and inguires whether you
think screening is appropriate for her, Whar shoutd vou recommend’

Screening for lung cancer is not currently recommended, even in persons at kigh
risk for this condition, Most patients with fung cancer present with sympltomatic
disease that is usually at an incurable, advanced stage. The recently reported NLST
{(National Lung Screening Trial) showed a 20% decrease in deaths from lung cancer
in high-risk persons undergoing screening with low-dose computed tomography
of the chest compared with chest radiography.

The high~risk group included in the trial comprised asym ptomatic persons aged

55 ta 74 years, with smolking history of at least 30 pack-years. Screening with
low-dose computed tomography detected more cases of eariy-stage lung cancer
and Tewer cases of advanced-stage cancer, confirming that screening has shifted
the stage of cancer at diagnesis and provides mare persons with the opportunity
for curative treatment. Although computed tomagraphy screening has risks and
limitations, the 20% decrease in deaths is the single most dramatic decrease aver
reported for deaths from lung cancer, with the possible exceation of smoking
cessation. Physicians should offer computed tomography screening for jung cancer
to patients who fit the high-risk profile defined in the NLST.

Would we recommend that a 62 -year-old woman with a 30-pack-vear history of
smoking undergo screening for lung cancer with low-dose computed tamography
{LDCT)? Yes, but we would also discuss the potential risks and Hmitations as well
as the potential benefits of screening before scheduling the tast, If the patient
currently smoked, we would strongly recommend a smoking cessaticn
consultation and schedule it before or concurrent with LDCT (1), Smoking
cessation significantly reduces the risk for lung cancer over timea (2).

Most persons with lung cancer present with symptomatic disease at an advanced
stage (stage Il or IV) and at that point have little chance of curative treatment (3).
Oniy 15% of patients with lung cancer in the United States are diagnosed with
early-stage (stage | or 1} disease, which is usually discovered incidentatly on chest
imaging studies done for other reasons (2, 4), Five-year survival with localized
(early-stage) disease is 50% but only 4% in those with distant (stage IV} disease (3).

The NLST (National Lung Screening Trial} was a randomized, controlled trial of

http://www.annals.org/content/early/201 1/09/02/0003-4819-155-8-2011101 80-00367 long
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LDCT versus chest radiography screening in persons at high risk for lung cancer
{5). High-risk persons were defined as being 55 to 74 years of age; having a
smeking history of at least 30 pack-years; and, in fermer smokers, having quit
smoking in the past 15 vears, Participants recelved haseline and annual screening
for 2 additional years and were followed for a madian of 6.5 years. The patient
framing our discussion meets the eligibility criteria for the NLST.

In the computed tamography (CT) group of the NLST, 63% of cases of lung cancer
diagnesed fram a positive finding on a screening test were stage | and 70% were
stage | or I (early stage). In 92.5% of cases, stage | lung cancer was treated with
surgery (5). Treatment of stage | luno cancer offers the best chance of cure, with a
S-year survival rate of 70% to 80% (8). In the NLST, the LDCT group had fewer
cases of stage IV cancer than did the chest radiography group at the second and
third rounds of screening. These data show that, compared with chest
radiography, screening with LDCT can shift the diagnosis of cancer from
advanced- to early-stage disease and provide a better opportunity for curative

traatment.

Screening with LDCT showed a 20% decreass in lung cancer deaths compared with
chest radiography, To date, screaning with chest radiography has not bean shown
to be superior to no screening. Patients who choose CT screening must
understand that screentng will diminish but not aliminate their chance of death

due to lung rancer.

in the CT screening group, 356 deaths from fung cancer occurred (247 per

100 000 person-years) compared with 443 deaths (309 per 100 000 person-
vears) in the chest radiography group. This 20% decrease in lung cancer deaths is
arguably the single greatest advance in decreasing lung cancer deaths ever
reparted, with the possible exception of smoking cessation (7).

The NLST also demonstrated an all-cause mortality reduction of 6.7%, although
this predominantly resuited fram reducing deaths from hung cancer. Lung cancer
caused 60% of the 1271 excess deaths in the chest radiography group (5%

Screening for fung cancer has been shown to be a “teachable moment” for smoking
cessation. Quit rates of smokers participating in screening trials have exceeded
the 4% background quit rate per vear in smokers. The 1 ~year quit rate for smokers
in C7 screening trials varies from 12% to 20% (7-9). To date, studies have not
shown an increased smoking rate in persons with negative screening rasults and
indicate that participants are not using negative findings to rationalize continuing

or resuming smoking.

The tay madia and opponents of screening have emphasized the risk for cancer
from medical imaging studies but have routinely faifed to quantify real fisi. The
radiation dose associated with CT screaning of the chast is generally less than 2
m5v, whereas the dose of standard non-contrast-enhanced chest CTis 7 mSv (10},

tnvestigatians of the NLST have estimated that the risk for radiation exposure from
LOCT screening in 55-year-old smokers is 1 to 3 deaths from lung cancer per

10 000 persons screened and 0.3 new cases of breast cancer per 10 000 women
screened. The cumulative mortality reduction in the NLST was 20 cases of lung
cancer per 10 000 persons screened. The benefit-risk ratio clearly demonstrates
bereflt (3, 11, 12). The American College of Radiology and the Radiological Society
of North America have rated the additional Hfetime risk for fatal cancer from LDCT
as "very low" (1 per 10 DOO to T par 100 000 persons) twww radiologyinfo.org).

i results from the initial LDCT are negative, should this 63-year-old former
smoker have additional vearly LDCT screeming, and if 5o, for how long? The NLST
participants underwent 3 vearly CTs. Tha 3 rounds of screening did not
demonstrate a substantial decrease in the cases of itng cancer per year (270, 168,
and 211, respectively). An additional 367 cases of lung cancer were detected in the
CT group in the S-year follow-up period after the initial 2 years of screening. The
cumulative rate of new cases of and deaths fram bung cancer did not decrease

http://wvrw annals.org/content/early/2011/09/02/0003-4819-155-8-2011101 80-00367.long
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during the 8 years of observation aftar participants were randomly assigned to the
CT or chest radiography screening group (3). Therefore, the NLST data support
yearly screening for at least 3 to 5 years; perhaps by that time, new information
will be available to guide decisions on the fangth and frequency of screaning.

We recommend LDCT screening for this high-risk patient on the basis of age and
smoking history alone. In the future, we are likely to use a fung cancer risk
prediction algorithm to better assess individuat likefthood of developing lung

cancer.

Persons at higher risk are more likely to benefit from screening. Current risk
prediction models are approximately 70% accurate {13-1 5). A risk model recently
developed on the basis of the PLCO (Prostare, Lung, Colorectal, and Ovarian
Cancer Screening Trial) accounts for the age, education jevel, body mass index,
famity histary of lung cancer in first-degree refatives, history of chronic
obstructive pulmonary disease, recent history of chest radiography, smoking
status {current or farmer), paci-years smoked, and smoking duration (i 6, 17).

Each component contributed to the accuracy of the model. The risk mode! had
good accuracy with an area under the receiver-operaling characteristic curve for
predicting lung cancer of 0.805. When the model was used in an external
validation sample, the area under the receiver-operating characteristic curve was
C.784 for predicting the S-vear risk for lung cancer, This model doss not work
wel for predicting risk in never-smokers,

Refinement of future models may include the presence or absence of genetic
susceptibility variants for lung cancer (18-27}, Extensive investigation is under way
for serum biomarkers associated with lung cancer that are also likely to improve
risk models (23-26), Measured pulmenary function data compared with a history
of chronic obistructive puimonary disease also will further augment risk prediction

models (27-23).

In summary, we recommend LDCT screening for this patient at high risk for tung
cancer to decrease her risk for death from this condition. Medicare and insurance
companies presently do not reimburse patients for LDCT screening, but this
decision is likely to change on the basis of the NLST resuits. The positive trial
results strongly advecate that physicians discuss CT screening with patients who

fit the risk profile of the NLST.

Screening should be done when desired by an informed patient only in a center
with expertise in interpreting imaging studies, evaluating lung nodules, and
diagnosing and treating fung cancer. We do not recommend that CT screening be
done at the neighborhood shopping mal or medical facility without the
appropriate expertise to pursue the resufts and maximize the benefits of this

testing (30, 31}
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The early diagnosis of lung cancer.

Absiract

Lung cancer is the most common fatal malignancy in both men and women, both in the United States and
elsewhere in the world. Today, lung cancer is most often diagnosed on the basis of sympioms of advanced
disease or when chest x-rays are taken for a variety of purposes unrelated to iung cancer detection.
Unfortunately, in the United States no society or governmental agency recommends screening, even for
patients with high risks, such as smokers with airflow obstruction or people with occupational exposures,
including asbestos. The origins of this negative attitude toward lung cancer screening are found in 3 studies
sponsored by the National Cancer Institute in the migd-1970s and conducted at Johns Hopkins University Schoal
of Medicine, the Mayo Clinic, and the Memorial Sloan-Kettering Center. These studies concluded that early
identification of lung cancer through chest x-rays and cytologic diagnosis of sputum did not alter disease-
specific mortality. However, patients with earlier stage disease were found through screening, which resulied in
a higher resectability rate and improved survival in the screening aroup compared with a controf group of
patients receiving ordinary care. Patients in the control group often received annual chest x-rays during the
course of this sfudy, which was the standard of care at the time. Thus no true nonscreening canirol group
resulted. The patients at highest risk were not enrolled in this study. No specific amount of pack-years of
smoking intensity was required. Only men were screanad. The studies were nadeguately powered to show an
improvement in mortality rate of less than 50%. Ninety percent of lung cancer occurs in smokers. The
prevalence of lung cancer is 4 to 6 times greater when smokers have airflow obstruetion than with normal
airflow, when all other background factors, including smoking history. occupational risk, and family history, are
the same. Screening heavy smokers (ie, > or = 30 pack-years) with airflow obstruction {forced expiratory velume
in one second < 70% of normal) will yield 2% or more patients with lung cancer (prevalence cases) and, over
the course of 5 years, probably from 2% to 3% of patients with additional cancers, yielding an overall incidence
of 5%. New technologies include low-dose helical computed tomographic scans for smaf peripheral
adenocarcinomas that cannot yet be visualized by standard chest x-rays and cytologic diagnosis of sputum for
central squamous cell lesions. These tests are complementary. A new health care initiative, the Nationa! Lung
Health Education Program, recommends spirometric testing for ali smokers 45 vears or older, as well as for
patients with symptoms of lung cancer. Screening for lung cancer in such patients will find many cancers af an
early stage when they are amenable to cure. Today, we have the knowledge and the technology that could
change the outcome of lung cancer. '
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Lung eancer is an aggressive and heterogensous disease. - Advances in surgical, radiotherapeutic,
and chemotherapeutic sppreaches have baen made, but the tong-term survival rate remains low.3
After the Surgeon General's 1964 feport on smoking and health, mortality from lung cancer Fmong
men peaked and then fell; among women, the peak occurred later and & slight decline has occurred
more recently. Even though the rate of heavy smoking continues to deciine in the Uniled Statas,> 94
miliian current or former smokers remain at slevatad risk for the disease,” and lung cancer remains
the leading cause of death from cancer in this country.Z The prevalence of smoking is substantially
higher in developing countries than in the United States, and the worldwide burden of ung canceris
projectsd to rise considerably during the coeming years.”

Although effective mass screening of high-risk greups could potentially be of benefit, randomized
frials of screening with the use of chest radiography with or without cytotogic analysis of sputum
specimens have shown no reduction in lung-cancer mortality.2 Molecular markers in bloed, sputum,
and bronghial brushings have been siudied but are currently unsuitable for clinical application.?
Advanzes in multidetector computed tomography (CT), however, have made high-resolution
volumetric imaging possible in a single breath hold at acceptable levels of radiafion exposure ¥
aliowing its use for certain lung-specific appiications. Several observational studies have shown that
low-dose helical CT of the lung detects more nodules and fung cancers, including early-stage
cancess, than does chest radiography.® Therefore, the National Cancer institute (NCI} funded the
Mational Lung Screening Trial (NLST), & randornized trial, 1o determine whether screening with low-
dose CT, as compared with chest radiography, would reduce mortality from lung cancer among high-
risk persons. The NLST was iniliated in 2002.1% in October 2010, the available data showed that
there was a significant reduction with iow-dose CT screening in the rates of both death from iung
cancer and death from any cause. We report here the findings of the NLST, including the
performance characteristics of the soreening technigues. the approaches used for and the resuits of
diagnostic svaluation of positive screening results, the characteristics of the lung-cancer cases, and
mortality. A comprehensive description of the design and operations of the trial. inctutling the
coliection of the data and the acquisition variables of the screening technigues, has been published
pravigusly .

METHODS

Trial Oversight

The NLST, a randomized triat of screening with the use of low-dose CT as compared with screening
with the use of chest radiography, was a coilaborative effort of the Lung Screening Study (LSS),
adminisiered by the NCI Diviston of Cancer Prevention, and the American College of Radiology
Imagirng Network {ACRINY, sponsared by the NCI Division of Cancer Treatment and Diagnosis,
Cancer imaging Program. Chest radiography was chosen as the screening method for the contro
group because radiographic screening was being compared with community care (care that a

http:/fwww nejm.org/doi/full/10. 1056/ NEMMoal 102873
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participant usually receives) in the Prostate, Lung, Colorectal and Qvarian (PLCO) Cancer Screening
Triaf (ClinicaiTrials.gov number, NCTG0002540). 1 The NLST was approved by ine institutional
review board at each of the 33 pamcmatmg medical institutions. The study was canducted in
accordance with the protocol: both the i and the statistical analysis plan are available with the
fulf text of this article al NEJM.org.

Participants

We enrofled pariicipants from August 2002 through April 2004; screening took place from August
2002 through September 2007. Participanis were followed for avents that acourrad through
December 31, 2009 (Fig 1 in the ¢ . available at NEJM.org),

Eligible participants were between 55 and 74 years of age at the time of randomization. had a history
of cigaredte smoking of at least 30 pack-years, and, if formar stokers, had quit within the previous 15
years. Persons who had previously received z diagnosis of lung cancer, had undergone chest CT
within 18 months before enroliment, had hemoptysis, or had an unexplained weight loss of more than
6.5 kg (15 Ib} in the preceding year were excluded. A lotal of 53 454 persons were enrolted, 26,722
werg randomiy assigned to screening with low-dose CT and 28,732 to screening with chest
radiography. Previousty published arficles describing the NLSTI0. ! reported an enroliment of 53 456
parficipants (26,723 in the low-dose CT group and 26,733 in the radiography group). Tha number of
enrolied parsons is now reduced by 2 owing to the discovery of the duplicate randomization of 2
participants.

Pariicipants were enrolled at 1 of the 10 LSS or 23 ACRIN centers. Before randomization. each
participant provided written informed consent, After the pariicipants underwent randomization, they
completed a questionnaire that covered many topics, inciuding demographic characteristics and
smoking behavior. The ACRIN centers coflected additional data for planred analyses of cost-
effectiveness, quality of fife, and smoking cessation. Participants at 15 ACRIN centers were also
asked to provide serial blood, sputum, and urine specimens. Lung-cancer and other tissug
specimens were oblained af both the ACRIN and LS5 centers and were used to construct fissue
microarrays. Alt biospecimens are available to researchers through a peer-review process.

Screening

Participants were invited to underge three screenings (T0. T1, and T2) at 1-year intervals, with the
first sereening (T0) performed soon after the time of randomization. Participants in whom lung cancer
was diagnosed were not offered subseguent screening tests. The number of lung-cancer screening
tests that were performed oulside the NLST was estimated through seff-administered guestionnaires
that were mailed to a random subgroup of approximately 500 pariicipants from LSS centers annualy.
Sample sizes were selected to vield a standard eror of 0.025 for the estimate of the proporton of
pariicipants undergoing lung-cancer screening tests outside the NLST in each group. For participants
from ACRIN centers, infermation on CT examinations or chest radiagraphy performed outside the
trial was obtained, but no data were gathered on whether the examinations were performed as
screening tests.

All screening examinations were performed in accordance with a standard protocol, developed by
medical physicists associated with the trial, that specified acceplable characteristics of the machine
and acquisition variables, 171314 Ajl Jow-dose CT scans were acguired with the use of mullidetector
scanners with @ minimum of four channels. The acquisition variables were chosen {o reduce
expasure 10 an average effective dose of 1.5 m3v. The average effective dose with diagnostic chest
CT varies widely but is approximately 8 mSv.10.12.14 Chest radiographs were obtainad with the use
of either screen-film radicgraphy or digital equipment. Alt the machines used for screening met the
technical standasds of the American College of Radinlogy. 37 The use of new equipment was aliowed
after certification by medical physicists.

NLST radiologists and radiotogic lechnologists were certified by appropriaie agencies or beards and
completed training In image acquisition; radiolagists also completed training in image quality and
standardized image inferpretation. images were interpreled first in isolation and then in comparison
with available historical images and images from prior NLST screening examinations. The
comparative interpretations were used to determine the outcome of the examination. Low-dose CT
scans that revealed any noncalcified neduie measuring af least 4 mm in any diameter and
radiographic images that revealed any noncalcified noduie or mass were classified as positive,
“suspicious for” lung cancer. Other abnormalities such as adenopathy or effusion could be classified
as & positive result as well. Abnormalities suggesting clinically significant conditions other than iung
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cancer also were noted, as were minor abnormalities. At the third round of screerming (T2},
gbnormalities suspicious for lung cancer that were stable across the three rounds coidd, according to
the protoco!, be classified as minor abnormatities rather than positive resuits.

Results and recommendations from the interpreting radibfogist were reported in writing to the
participant and his or her health care provider within 4 weeks after the examination. Since there was
ne standardized, scientifically vafidated approach to the evaluation of nadules, frial radiclogists
developed guidelines for diagnastic foliow-up, but no specific evaluation approach was mandated.

Medical-Record Abstraction

Medicai records documenting diagnostic evaluation pracedures ang any associated complications
were cbtained for participants wha had positive screening tests and for participanis in whom fung
cancer was diagnosed. Pathology and tumor-staging reparts and records of operative procedures
and initiaf treatment were also obtained for participants with lung cancer, Pathotogy reporis were
cbiained for other reperted cancers to exclude the possibility that such tumors reprasented fung
metastases. Histologic fealures of the lung cancer wers caded according to the international
Classification of Diseases for Oncology, 3rd Ediiion (ICD-0-3), % and the disease stage was
determined according to the sixth edition of the Cancer Staging Manual of the American Joint
Committee on Cancer.’s At ACRIN sites, additionai medical records were also obtaimned for a number
of substudies, including studies of heaith care ufilization and cost-effectiveness, 1

Vital Status

Participants completed & questionnaire regarding vital status either annuaily (LSS participants) or
semiannuaily (ACRIN participanis). The names and Social Security numbers of pariicipants who
were lost 1o follow-up were submitted to the National Death index to ascertain probable vital status,
Death cerfificates were obiained for participants who were known to have died. An end-poini
verification team determined whether the cause of death was lung cartcer. Atthough a distinction was
made between a death caused by lung cancer and a death that resulted from the diagnostic
evaluation for or freatment of lung cancer, the deaths from the latter causes were counted as lung-
cancer deaths in the primary end-point analysis. The members of the team were not aware of fhe
group assignmenis (see Section 2 in the Supplemantary Appandix),

Statistical Analysis

The primary analysis was a comparison of lung-cancer mortaiity between the two screening groups,
according o the intention-to-screen principle. We estimated that the study wouid have 90% power to
detect a 21% decrease in mortality from lung cancer in the low-dose CT group, &s compared with the
radiography group. Secondary analyses compared the rate of death from any cause and the
incidence of lung cancer in the two groups.

Event rates were defined as the ratio of the number of events 1o the person-years at risk for the
event. For the incidence of lung cancer, person-years were measured from the time of randornization
to the date of diagnosis of lung cancer, death, or censoring of data (whichaver came first); for the
rates of death, person-years were measured from the time of randomization to the date of death of
censoring of data {whichever came first). The latest date for the censoring of data on incidence of
king cancer and on death from any cause was December 31, 2009; the latest date for the cansoring
of data an death from lung cancer for the purpose of the primary end-point analysis was January 15,
2009. The earfier censoring date for death from lung cancer was established to aflow adequate time
for the review process for deaths 1o be performed to the same, thorough extent in each group. We
caiculated the confidence intervais for incidence ratios assuming a Poisson distribution for the
number of events and a normal distribution of the logarithm of the ratia, using asymptotic methods.
We caiculzied the confidence intervals for mortality ratios with the weighted method that was used fo
monior the primary end point of the trial, 77 which allows for a varying rate rafio and is adjusted for
the design. The number needed to screen ta prevent one death from iung cancer was estimaied as
the reciprocal of the reduction in the absolute risk of death fram lung cancer in ¢ne group as
comparad with the other, among participants who had at least one screening fest. The analyses were
performed with the use of SAS/STAT !5 and R1% statistical packages.

interim analyses were performed to monitor the primary end paint for efficacy and futility. The
analyses involved the use of a weighted log-rank statistic. with weights increasing finearly from no
weight at randormization to full weight at 4 years and thereatter. Efficacy and fulility boundaries were
built on the Lan-DeMsts approach with an O'Brien—Fleming spending function. =% inderim analyses
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were performed annually from 2008 through 2008 and semiannually in 2010,

Anindependent data and safety monitering boars met avery & months and reviewed the
accumulating data. On October 20, 2010, the board determined that a definitive result had been
reached for the primary end point of the wial and recommended that the results be reported.2t The
board's decision took Into consideration that the efficacy boundary for the primary end point had
been crossed and that there was no evidence of unforessen screening effects that waranted acting
contrary o the trial's prespecified monitoring plan. The NCI director accepied the recommendation of
the data and safely monitoring board. and the trial resulis were announced on November 4, 2010,

RESULTS

Characteristics of the Participants

The demographic characteristics and smoking history of the participants were virtually identicat in the
two groups (Tabis 1), As compared with respondents to a 2002--2004 U.S. Census survey of fobacco
use?’ who met the NLST eligibility criteria for age and smoking history, NLST
participants were younger, had a higher level of education, and were mare
tkely to be formar smokers. 'z As of December 31, 2009, vital status was
known for 87% of the participants in the low-dose C7 group and 96% of
thaose in the radiography group. The median duration of foliow-up wag 6.5
years, willh & maximum duration of 7.4 years in each group.

TABLE 1

Adherence fo Sereening

The rate of adherence to the scrasning protacal across the three rounds was Satected Bassline

high: 95% in the fow-dase CT group and 83% in the radiography grou Characteristics of the
g 29 gioup a ° N graphy group. Study Participants.

Among LSS participants in the radiography group, the average annual rate of

helical CT screening outside the NLST during the screening phase of the trial was 4.3%, which was

well below the 10.0% rate estimated in the trial power calculations.

Results of Screening

in all three rounds. there was a substantially higher rate of positive screening tests in the low-dose
CT group than in the radiography group (T0, 27.3% vs. 8.2%: T4, 27.6% vs. 8.2% and T2, 16.8% vs.
5.0%) (Tabis 2). The rate of positive tests in both groups was noticeably lower at T2 than at TO or T4
because the NLST protocot allowed tests showing sbnormalities at T2 that
were suspicious for cancer but were stable across all three rounds to be
categorized as negative with minor abnormalites. During the screening
phase of the trial, 39.1% of the participants it the low-dose CT group and
16.0% of ihose in the radiograpiy g-roup had at !gast c.}ne posui.iv.e screening Results of Thres
resull. The percentage of all screening tests that Kentified a clinically Raunds of Screening.
significant abnormality other than an ahnormality suspicious for lung cancer

was mote than three times as high in the low-dose CT group as in the radiography group (7.5% vs.

2.4%).

TABLE 2

Foliow-up of Positive Resulis
More than 90% of the pasitive screening fests in the firsi round of screening (T0) led to a diagnostic
evaluation (Table 3). Lower rates of follow-up were seen at later rounds. The diagnostic evaluation

most often consisted of further imaging. and invasive procedures were

performed infrequently. Across the three rounds, 88.4% of the posifive T{J.‘BLE 3

resulis in the low-dose CT group and 94.5% of those in the radiography

group were false positive results. These percentages varied littie by round.

Of the total number of low-dose CT screening tests in ihe three rounds,

24.2% were classified as positive and 23.3% had faise positive results: of the

totat number of radicgraphic screening tests in the three rounds, 8.9% wers Diagnastic Follow-up

classified as positive end 6.5% had false positive results. of Positive Scraening
Results in the Three

Screening Rounds.
Adverse Events
Adverse events from the actual screening examinations were few and minor. The rates of
complications after a diagnostic evaluation procedure far a positive screening test (listed by category
it Table 1 in the Suppiem i} were fow; the rate of at least one compiication was 1.4%
in the low-dose CT group and 1.6% in the ratiography group (Tanle 4). A total of 0.06% of the
positive screening tests in the low-dose CT group that did not result in a
diagnosis of lung cancer and 11.2% of those that did resuit in a diagnosis of

TABLE 4
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lung cancer were associated with a major complication afier an invasive
procediure; the correspanding percentages in the radiography group were
0.02% and 8.2%. The frequency of major complications varied according o
the type of invasive procedure, A totai of 16 participants in the low-dose CT
group (10 of whom had lung cancer) and 10 in the radiography group {all of
whom had lung cancer} died within 80 days after an invasive diagnostic
procedure. Although it is not known whether the compiications from the
diagnostic procedure caused the deaths, the low fraquency of death within
60 days afier the procedure suggests that death as a result of the diagnostic
avaluation of posifive screening tests Is a rare occurrence.

incidence, Characteristics, and Treatment of fung Cancers

Reduced Lung-Cancer Mortality with Low-Dose Computed Tomographic Screening — NEJM

Complications after
the Most Invasive
Screening-Related
Diagnostic Evaluation
Procedure, According
to Lung-Cancer
Status.

A total of 1060 lung cancers (645 per 100,000 person-years) were diagnosed in the low-dose CT
group, as compared with 941 (572 per 100,000 person-years) in the radiography group {rate ratio,
1.13; 95% confidence interval [C1], 1.03 to 1.23). in the low-dose CT group, 649 cancers were
diaghosed afler a positive soreening test, 44 after a negative screening test, and 367 among
participants who either missed the screening or received the diagnosis afler their iria screening

phase was over (Tehi
screening test, 137 after a negalive screening test, and 525 among
participants whe either missed the screening or received the diagnosis after
their trial screening phase was over, - 14 shows the cumiiative number
of iung cancers through December 31, 2009, accosding to the screening
group. Detailed calcuiations of sensitivity, specificity, positive predictive
value, and negafive prediciive velfue are not reporied here,

In each group. the percemtage of stage 1A and stage 1B g cancers was
highest among cancers that were diagnosed after a positive screening test
{Taiiz I). Fewer stage IV cancers were seen in the low-dose OT group than
in the racimgraphy gmug at the second and thirg screening rounds (Table 2
inihe & 5 iy, Low-dose CT screening identified a
preponderance of adenocarcinomas, including bronchicioatvealar
carcinomas. Although the use of the term bronchicloaivesiar carcinoma is no
longer recommended, 23 while the NLST was ongoing, the term was used to
denote In situ, minimally invasive, or invasive adenacarcinoma, lepidic
predominant {i.e., neoplastic celf growth reséricied to preaxisting alveoiar
structure]. in both groups, many adenacarcinemas and squamous-cell
carcinomas were detected at either stage | or stage If, although the stage
distribution was more favorable in the low-dose CT group than in the
radiography group (7abie 8}, Smali-cell tung cancers were, in general, not
detected at early stages by either low-dose CT or radiography. A totat of
82.8% of stage IA and stage IB cancers in the low-dose OT group and 87.5%
of those in the radiography group were treated with surgery alone or surgary
combined with chemotherapy, radiation therapy, or both {Table 3 in the

Supplamantery Appendix).

Lung-Cancer-Specific Mortality

After the acorual of 144,103 person-years in the low-dose CT group and
143,368 person-years in the radiography group, 356 and 443 deaths from
lung carcer in the two groups, respactively, had cccurred, corresponding to
rates of death from lung cancer of 247 and 309 deaths per 100,008 person-
years, respactively, and a refative reduction in the rate of death from lurg
cancer with low-dose CT screening of 20.0% {95% Cl, 8.8 o 26.7. P=q. 0G4). ¥

). In the radiography group. 278 cancers were diagnesed after a positive

TABLE 5

Stage and Mistologic
Type of Lung Cancers
in the Two Screening
Groups, According (o
the Result of
Screening.

FIGURE 1

Cumulative Numbers
of Lung Cancers and
of Deaths from Lung
Cancer.

TABILE §

Histologic Type of
Lung Cancers in the
Two Bereening
Groups, According to
Tumor Stage.

gire 1B shows the

cumulative number of deaths from lung cancer in the wo screening groups through January 18,
2009. When oniy participants who underwent at least one screening test were included, there were
348 deaths from lung cancer among 26,455 participanis in the fow-doss CT group and 425 deaths
among 26,232 participants in the radiography group. The number needed to screen with low-dose

C7 to prevent one death from lung cancer was 320,

Overall Mortality

There were 1877 deaths in the low-dose CT group, as compared with 2000 deaths in the

radiography group. representing & significant reduction with low-dose CT screening of 6.7%.(85% CI,

http:/fwww.neim.org/doi/full/10.1056/NEJMoal 102873
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1.2 to 13.6) in the rate of death from any cause (P=0.02). We ware unable to obiain the death
ceriificates for two of the participants in the radiography group wha died, but the: cceurrence of death
was confirmed through a review by the end-polnt verification team. Although lung cancer accounted
for 24.1% of all the deaths in the frial, 60.3% of the excess desths in the radiography group were due
to lung cancer (7 ). When deaths from lung cancer were excluded from the comparison, the
reduction in overall mortality with the use of iow-dose CT dropped to 3.2%

and was not significant (P=0.28}. TA_‘BLE?., .
DISCUSSION

in the NLST, a 20.0% decrease in mortalify from fung cancer was cbserved

in the low-dose CT group as compared with the radiography group. The rate Gause of Death on the
of positive results was higher with low-dose CT scresning than with Bgiéfdﬁzfgmte'
radiographic screening by a factor of more than 3. and low-gose CT Scresning Group.

screening was associated with a high rate of false positive results; however,

the vast majority of false positive results were probably due to the presence of benign intrapulmonary
fymph nodes or noncalcified granulomas, as confirrned noninvasively by the stability of the findings
on follow-up CT scans. Complications from invasive diagnestic avaluation procedures were
uncommon, with death or severe complications occurring onty rarely, particulariy ameng pariicipants
who did nol have lung cancer. The decrease in the rate of death from any cause with the use of low-
dose CT screening suggests that such screening is not, on the whole, deleterious.

A high rate of adherence to the screening. low rates of jung-cancer screening outside the NLST. and
thorough ascertainment of lung cancers and deaths coniributed to the success of the NLST,
Maoraover. because thére was no mandated diagnostic evaiuation algarithm, the follow-up of positive
screening tests reflected the practice patterns at the participating medical centers. A multidisciplinary
team ensured that all aspects of the NLST were conducted rigorousty,

There are several limitations of the NLST. First, as is possible in any clinical study, the findings nay
be affected by the “healthy-volunteer” effect, which can bias results such that they are more
favorable than those that will be ebserved when the infervention is implemented in the communify 24
The role of this bias in sur results cannot be ascertained at this fime. Second. the scanners that are
currently used are technologically more advanced than those that were used in the trial, This
difference may mean that scraening with teday's scanners wilt result in a larger reduction in the rate
of death from iung cancer than was observed In the NLST: however, the ability to detect more
abnormalities may resuit anly in higher rates of false posifive results.?5 Third, the NLST was
conducted at a variety of medical institutions, many of which are recognized for their expertise in
radiology and in the diagnosis and treatment of cancer. Itis possible that community facilities will be
iess prepared fo undertake screening programs and the medical care Hat must be associated with
them. For example, ane of the most important factars determining the succass of screening will be
the mortality associated with surgical resection, which was much lower in the NLST than hias been
reported previously in the general U.S. population (1% vs. 4%).28 Finally, the reduction in the rate of
death from lung cancer associated with an ongoing low-dose CT screening program was not
estimated in the NLST and may be larger than the 20% reduction ebserved with only three rounds of
screening.

Radiographic screening rather than community care {care that a participant usuaily receives} was
chosen as the comparator in the NLST because radiographic screening was being evaluated in the
PLCO trial at fhe ime the NLST was designed. ' The designers of the NLST reasoned that if the
PLCO trial were to show a reduction in jung-cancer mortality with radicgraphic screening, a trial of
fow-dose CT screening in which a community-care group was the conirol would be of less value,
since the standard of care would have betome screening with chest radiography. Nevertheless, the
choice of radiography preciudes a direct comparison of low-dose CT with community care. Analysis
of the subgroup of PLCO participants who met the NLST criteria for age and smoking history
indicated thai radiography, as compared with communily care, does not reduce mortality from iung
cancer.”’ Therefore, a simiar reduction in lung-cancer mortafity- would probably have been obssrved
in the NLST if community care had been chosen instead for the control group.

I addition 1o the high rate of faise positive resuits, two ather potentially harmiful effects of law-dose
CT screening must be mentioned. Qverdiagnosis, a major source of controversy surrounding tow-
dose CF lung-cancer screening, results from the detection of cancers ihat never wouid have become
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overdiagnosis in the NLST, a comparison of the number of cancers diagnosed in the two trial groups
suggests that the magnitude of overdiagnosis with iow-dose CT as compared with radiographic
screening is not large. The other hanmful effect, the association of low-dose CT with the developmeant
of radiation-induced cancers, could not be measured directly, is 3 long-term phenomenon, and must
be assessed in future analyses 79

A number of smafler, randomized trials of low-dosa CT sCreening are under way in Europe.
Because none of these triais have sufficient stafistical power to detact a reduction in fung-cancer
mortaiity of the magnitude seen in the NLST, it is expected that meta-analyses of the findings from
these trials will be performed. The European studies are gathering types of data that were not
collected by the NLST and will be able o address additional Yuestions about low-dose CT screening,
including the best strategies for the management of nodutes observed with scraening. 7

The observation that low-dose T screening can reduce the rate of death from lung cancer has
generated many questions. Will popuiations with risk profiles that are different from those of the
NLST participants benefit? Are less freguent scresning regimens equatly effective? For how long
should screening continue?® Would the use of different criteria for a positive screening resulf, such as
a larger nodule diametsr, sl result in 2 benefit? itis uniikely that large, definifive, randomized triats
will be undertaken to answer these questions, but modeling and microsimutation can be used 1o
address them. Although some agencies and organizations are contemplating the establishment of
lung-cancer screening recommendations on the basis of the findings of the NLST, the current NLST
data alone are, in our opinion, insufficient to fully inform such important decisions.

Before pubtic policy recommendations are crafiad, the cost-effectiveness of low-dose CT screening
must be rigorously analyzed. The reduction in fung-cancer mortality must be weighed against the
harms from pesitive screening resulis and overdiagnosis, as welt as the costs. The cost component
of fow-tdose CT screening inciudes not only the screening examination itself but also the diagnostic
follow-up and treatment. The benefits, harms, and costs of screening will ali depend on the way in
which low-dose CT screening is implemented, specifically in regard to the eligibility criteria, screening
frequency, intarpretation threshold, diagnostic foltow-up, and treatment. For example, alihough there
are currently only about 7 miflion persons in the United States who wouid meet the eligibifity criteria
for the NLST, there are 94 million current or former smokers? ang many maore with secondhand
exposure to smoke or other risk factors. The cost-effectiveness of low-dose T scraening must also
be considered in the context of competing interventions, partcuiarly smoking cessation. NLST
invesfigaiors are currenfly analyzing the quality-of-life effects, costs, and cost-effectivenass of
screening in the NLET and are planning collaborations with the Cancer Intervention and Surveitlance
Modaling Network to investigate the potential effect of low-dose CT screening in a wide range of
SCENETINS,

Other strategies for early detection of lung cancer — in paricular, melecular markers in biood,
sputum, and uring, which can be studied in specimens that were obtained as part of ACRIN's NLST
activities and are available to the research community — may one day hielp select persons who are
best suited for low-dese CT screening or identify persons with positive low-dose CT screening fesis
whe should undergo more rigorous diagrostic svaluation.

The American College of Radiclogy Imaging Network component of the National Lung Screening
Trial {(NLST; was funded through grants {UD1-CA-BO0SS and U4 -CA-79778) under a cooperative
agreement with the Cancer imaging Program, Division of Cancer Treatment and [Giagnosis. The
Lung Secreening Study sites of the NLST were funded hrough coniracts with the Early Detection
Research Group and Biometry Research Group, Division of Cancer Prevention: University of
Colorado Denver (NO1-CN-25514), Georgetown University (N01-CN-25522), Pacific Heaith
Research and Education institute (NO1-CN-25515), Henry Ford Health System (NO1-CN-25512),
Unidversity of Minnesota (NO1-CN-255813), Washington University in St. Louis (ND1-CN-25516),
Universify of Pittsburgh (NO1-CN-25511), University of Utah (NG1-ON-25524), Marshfield Clinic
Research Foundation {NO1-CiN-25518), University of Alabamae at Birmingham (NO1-CN-75022),
Westat (NO1-CN-25476), and information Management Services {NO2-CN-63300).

Mr. Clapp reports holding a financial interast in Human Genome Sciznces; and Dr. Gatsonis,
receiving consuiting fees from Wilex, MELA Sciences, and Endocyte, lecture fees from Baver
HealihCare, and support from the Radiological Society of North America for developing educational
presentations. No other potentiaf conilict of interast relevant fo this article was reported,
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ABSTRACT

Purpose. The Early Lung Cancer Action Project
{ELCAP) is designed to evaluate baseline and annua)
repeat screening by low radiation dose compited tomogra-
phy (low-dose CT) in persons at high-risk for lung cancer.

Methods. Since starting in 1993, the ELCAP has
enralied 1000 asymptomatic persons, 60 vears of age or
older, with at least 10 pack-years (1 pack per day for 10
years, or 2 packs per day for 5 years) of cigarette snoking,
no prior cancer, and medically fit to undergo thoeracic
surgery. After a structured inferview and informed consent,
baseline chest radiographs and low-dose CT were obtained
on each subject. The diagnostic work-up of screen-detecied
nenealcified  pulmonary nedules (NCN) was guided by
ELCAP recommendations which included short-term high-
resolution CT follow-up for the smailest nodules. _

Boseline Results, On low-dose CT at baseline compared

to chest radiography, NCN were detected three times as
commmonty {23% versus 7%), malignancies four times as
commonly (2.7% versus 01.7%), and stage I malignancies
six times as commonly (23% versus 04%). Of the 27 CT-
detected cancers, 96% (26/27) were resectable; 85% 23727y
were stage I, and 83% (19 of the 23 stage I} were not seen
on chest radicgraphy. Fellowing the ELCAP recommenda-
tions, biopsies were perforined on 28 of the 233 subjects
with NCN; 27 had a malignant and one 2 benign NCN.
Another three individusds underwent biopsy outside of the
ELCAY recommendations; all had benign NCNs. No ene
had thoracotomy for a benign nodule,

Conclusion. Baseline CT screening for lung cancer
provides for detecting the disease at earlier and presum-
ably more commonly curable stages in a cosi-effective
manner. The Oncologist 2001 :6.:147-152

INTRODUCTION

in the United States, the cure rate of lung cancer is a
dismal 10%, and the 5-year survival rate is only slightly
higher than the cure rate. In stage I fung cancer, by contrast,
the 3-year survival rate upon resection is as high as 70%:;
but if feft unresected, that rate is again of the order of a
mere [0% [1, 2]. While these rates imply that the cure rate
of Jung cancer can he substantially enhanced by screening
and its associated earlier imervention, results of random-
ized trials have been interpreted as indicating that this is not
the case [3].

This paradox points to the possibility that the negative
resalts of the randomized trials were a consequence of flaws
in their design, execution and/or analysis. To quantify the

full cffect of screening in a randomized trial, the experimen-
tal regimen of screening and early intervention is o be con-
trasted with no screening; close adherence (o those regimens
is to be achieved in the implementation of the protacol; the
anatysis is to focus on the ratio of the respective rates of
death from lung cancer in the relevant subsegment of the
total period of follow-up in which the full effect of screen-
ing and early intervention can be expected to prevail [4].
These requirements were not met in the one and only ran-
domized trial that contributed to the various anthoritative
recommendations against roentgenographic (CXR) screen-
ing for lung cancer |3}, In that trial {5}, the experimental reg-
imen of CXR screening every 4 months was contrasted with
tire routine Mayo Clinic recommendation, which at that time

Correspondence: Claudia 1. Henschie, Ph.D., M.D., Department of Radiology, New York Presbyterian Hospital-Weill
Cornell Medical Center, 525 East 68th Street, New York, NY 1002], USA. Telephone: 212-746-2529; Fax: 212-746-287 1
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was to perform annual screening for high-risk persons; the
rates of adherence to these two regimens were about 75%
and 50%, respectively [6], and the analysis never focused
on the relevant subsegment of follow-up. Moreover, the
experimental regimen of quarter]y screening in the Mayo
study was so weak that it led to the detection of resectable
malignancy in onty 29% of the cases of lung cancer {3).

Our review of the previous studies of lung cancer screen-
ing led us to the conclusion that resection of screen-detected
early-stage fung cancer commonly is curative, and that this has
already been demenstrated beyord guestion [1, 2, 4]. Inspired
by the enhanced potential of computerized tomography (CT)
in screening for lung cancer, we developed the swdy design to
assess the usefulness of annual CT screening for lung cancer
in 1992 [7] and started basetine screening in 1993, The princi-
pal objective of the Early Lung Cancer Action Project
(ELCAP) was to assess the extent 1o wiich the screening shifts
the distribution of diagnosed cancers toward smaller sizes and
thus toward earlier stages. We refer (o (his as the diagnostic
mission. An added major objective, the interventive mission,
was 16 quantify the corability of iung cancer as it depends on
tumor size and disease stage at diagnosis. Botk of these objec-
tives may be taken to refer (o all lung cancers diagnosed under
screening, irrespective of whether the diagnosis actually is
prompted by the screening or interim symptoms. The diagnos-
tic and interventive components jointly determine the overall
rate of curability for cases detected under screening. To us,
therefore, the real question remaining to be answered by the
ELCAP is whether the diagnostc shift sowards smaller and
earlier-stage lung cancers and the resuliant gain in curability
are large enough to provide for cost-effective screening, given
suitable specifications of both the screening regimen and
its recipients,

The results of baseline screening have been published
in The Lancet [B]. Here we present a summary review of
these findings.

ENROLLMENT

Enroltment into the ELCAF was confined to a cohort of
1,060 persons (522 at Comnell University Medical College
and 478 at New York University Medical Center), 60 YEars
of age or older with a history of at least 10 pack-vears of cig-
arette smoking, no history of cancer (other than nonmelanotic
skin cancer), and fit to undergo thoracic surgery. Fit to undergo
thoracic surgery means that the candidate does nol require
oxygen and can hold hisher breath for up to 20 secands while
obtaining the CT scan.

Baseline screening, imitiated in 1993, was completed in
1968, Of the 1,000 persons at high risk for lung cancer that
were enrolied, 46% were females, 54% males; 31% were
white, 5% African-American, and 2% Hispanic (2% other).
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Median age at admission was 67 years, the median number
of pack-years of smoking was 45, and the history of asbestos
exposure was positive in 4%,

TaE ScrepNivG TEST

The screentng test was defined in terms of the equip-
ment, how the images are viewed, and by whom they are
read. Finally, the definition of the test also includes the
resuits, both positive and negative for the test.

Al hageline, a posterior-anterior and lateral standard CXR
was obtained using Insight (Kodak; Rochester, NY) film. At
baseline, low-dose CT (LDCT) images were obtained 1sing a
HighSpeed Advantage scanner (GE; Milwaukee, W) at 140
kVp, 40 mA, 2:1 pitch with a coffimation (slice thickuess) of
10 mm. The images, covering the entire lung region, were
acquired in a single breath-hold at end-inspiration follow-
ing hyperventilation, and they were reconstructed with
overlapping 5-mm intervals,

While images were initially read on film, 12 images per
{1lm, the readings were done on monitors once they became
avaitable with the images being viewed one at a time using
maximum magpification. Two dedicated chest radiologists,
each one blinded to the reading of the other, read tie
images. The respective findings with regard to the presence
and number of nodules were separately recorded and then
discussed, and the consensus findings were documented for
the study, When the two readers could not reach a consen-
sus, the case was presented to a third expert reader, and the
adjudicated reading became the final one.

A positive test result at baseline was defined ay the pres-
ence of one (o six noncalcified nodules (NCN). If no NON
were identified, the result was classified as negative,
Instances of more than six NCN, diffuse bronchiectasis and/
or ground-glass opacities were classified as diffuse disease.

For ali jnstances of positive results, defined character-
istics of the relevant nodules were recorded: size (length
and width), location (lobe), and calcification {benign, other),
A nodule was classified as noncalcified if it did not show a
“benign pattern of calcification” [9]. The following defini-
tions were used: size was defined as the average of length
and width.

Other measures were also obtained, but not analyzed
for purposes of this paper. They were: distance from the
costal pleura, shape {round, nor-round), edge (smooth,
non-smooth}, and texture {pure ground-glass, othen); loca-
tion as peripheral if any part of the nodule was within 2 cm
of the costal margin, otherwise central; shape as round if
the nodule’s width-to-length Tatic was greater than two-
thirds, otherwise non-round; and texture as pure ground-
glass if the nodule did not obscure the lung parenchyma and
had no solid component, otherwise “other.”
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Post-TeST Work-Up

Recommendations were made for the work-up of posi-
tive resuits of baseline and annuai repeat screening,
However, it was not a requirement for the validity of the
ELCAP that these recommendations be followed, as long as
the final diagnosis became firmly established. Thus, the
decision as to how to proceed was left to the referring physi-
cian, and the zemal work-up was recorded. If malignancy
was diagnosed and resectable, lobar resection was coupled
wilk complete mediastinal lymph node dissection and label-
ing of all lymph node stations, and the deflated tung was pal-
pated for any additional nodules. All cyiologic and
nistologic findings from any biopsy or surgical procedure
were documented.

For the instances in whichk NCN were detected on the
baseline LDCT, additional deployment of 4 standard-dose,
diagnostic CT scan of the chest with high-resolution imag-
ing (HRCT) of the nodule(s) was reconmended for man-
agement purposes. For all nodules detected on HRCT, the
same nodule characteristics previousky specified were doc-
umented. It the HRCT demonstrated benign calcifications
not identified in the LDCT, both i terms of extent and dis-
tribution, in a nodule with smooth edges whese size was
less than 20 mm, the nodule was considered to be benign.

If those criteria were not met by all of the NCN
detected in the subiect, the ELCAP protocol recommended
further work-up according to the size of the largest nodule;

A) For NCN 5 mm or iess in size (average of length.and
width}, follow-up by HRCT 3 moniths later, and given
RO growth, at 6, 12, and 24 months. If no growth was
noted over 7 years, the nodule was considered to be
benign.

B) For NCN 6-10 mm in size, assessment on a case-by-
case basis of the possibility of obtaining a biopsy using
either percutaneous transthoracic CT-guided fine-nee-
dle aspiration or video-assisted thoracoscopic biopsy
procedures. For instances of no biopsy, follow-up for
growth, as described above.

C) For NCN 11 mm or more in size, biopsy according
to current standards of care, by fine needle aspira-
tion, video-assisted thoracoscopy, bronchoscopy, or
a combination of these.

KESULTS

Chest radiography found 68 subjects with one to six
NCN, among whom fewer than half (33) actually bad a nod-
ule or LDCT. The remaining 335 subjects had false-positive
chest radiography-detected nodules as they were not real
but merely apparent ones caused by a confluence of shad-
ows. LDCT identified 233 subjects as having one to six

Early Laing Cancer Action Project

NCN; in only 33 of these subjects was the nodule(s) also
apparent on chest radiography.

Following the ELCAP recommendations, biopsics were
performed on 28 of the 233 subjects with NCN; 27 had a
malignant nodule and one had a berign one. Anather three
individuals underwent biopsy outside of the ELCAP reg-
ommendations; all had benign nodules. No one had thora-
cotomy for a benign nodule. The diagnostic work-up was
based on the size and appearance of the nodules. Those of
suspicious appearance with non-smooth edges, for the most
part NCN 10 mm or larger in size, were identifiable on the
LDCT or baseline HRCT, and tmmediate biopsy was confi-
dently recommended for these. In smailer nodules, docu-
mented growth was recommended a3 a prerequisite for
biopsy, based on follow-up HRCT when compared with
baseline HRCT. Additionatly, given the concern about over-
diagnosis, that is, the detection of malignancies whose
growth is so slow that death is caused by diseases other than
lung cancer, we determined growth per se, as well as the rate
of growth in the smaller malignancies, using carefu] HRCT
measurements [10, 111, The growth rate of the smaller
malignancies was all within the known range for malignant
tummors of the lang [12-147 (Fig. 1),

Armong the 233 subjects with one to six NCN found on
LDCT, 27 {12%) had a nodule-associated malignancy.
Among the 68 subjects with one t0 six NCN found on chest
radiography, only seven (10%) were found to have a malig-
nancy; therefore, 20 (74%) of the CT-detected malignan-
cies were not seen on chest radiography. On the other
hand, all of the chest radiographic-detected malignancies
were detected on LDCT. Of these 27 CT-detecied malig-
nancies, 85% (23) were stage I and 83% (19/23) of them
were missed on chest radiographs. The sizes of the CT-
detected makignancies were 2-5 mm for one, 6-1¢ mm for
14, 11-20 mm for eight, and greater than 26 mm for four.

Pathologically, one of the noduie-associated malignancies
was classified a8 an atypical carcineid, one as a Squamous-
cell carcinoma, three as mixed sghamous-adenocarcinoma,
three as bronchioloalveolar carcinoma, two malignancies (in
one lobe) were found in one person, one of them classified
as adeno-squamous carcinoma and the other as bronchi-
oloaiveolar carcinoma, and the remaining 18 were classified
a8 adenocareinoma,

Discussion

Ity suramary, on baseline screening, NCN were detected
three times as commonly (23% versus 79%), malignancies four
times as cormonly (2.7% versus 0.7%), and stage 1 malig-
nancies six times as commonly (2.3% versus 0.4%). Careful
assessment of growth, and more particularly, growth rates
prior to any invasive procedures permitted identification of
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Figure 1. HRCT obtained at time of initial detection af the left upper lobe NCN {A). Repear HRCT of the nodule obigined 20 days later (B),
Three-dimensienal reconstruction of the nodule ar time of the initial CT (C) and three months later (D). Initial volume was 240 mm® and on
repeat CT, it was 314 mm’, a marked change 0y 31% when compured with the normal variation of 2%. The resuiting doubling time was 51 days.
The growth is best documented by viewing the niodule at both times on the same grid (E),
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the matignancies without anyone undergoing lobectomy for
benign disease. We thus showed that baseline screening
markedly enhanced the detection of small NCN and con-
firmed our expectation that, relative o traditional chest radi-
ography, CT-based screening markedly enhances the
detection of lung cancer at earlier and more curable stages rel-
ative to what is known to prevait in the absence of screening.

The diagnostic distribution was markedly shifted
toward earlier stages and smaller sizes as we found 22
(80%) of the 27 nodule-assaciated malignancies to be of
stage 1A. This is in marked contrast o 7% of all those diag-
nosed with [ung cancer as scen by the cases in the End
Results and Surveilience Registry, a national registry spon-
sored by the National Cancer Institute. The tmobile CT
screening sudy by Sone et al. {15] alse showed that LBCT
markedly enhanced the detection of malignancies; 14 times
as many were detected on CT as on CXR. Their overall
malignancy raies were lower than ours, predominately due
to the fact that they screened individuals from the general
population, not high-risk people.

Translation of this diagnostic distribution to its corre-
sponding overall rate of cuzability under screening requires
information on the stage- and size-specific rates of curabiliry.
The S-year survival rate of stage IA non-small-cell malig-
nancies of size less than 20 mm, detected by CT, has been
reported to exceed 0% |16, 17] suggesting a curability rate
of these malignancies in excess of 80%. Curability of the
screen-defected smali but later-stage non-small cell and
limited stage smail-cell malignancies is yet to be quantified.

As these results and inferences mainly pertain to very
small lesions, the question of overestimation on the grounds
of potential “overdiagnosis™ is prone to arise. Convincing evi-
dence against overdiagnosis for lung cancer detected by tradi-
tional radiggraphy was given by Flehinger et al. [1] and
Sobue et al. [2]. But as the CT-detected lesions are distinctly
smaller, the concern remains legitimate; and indeed, it was a
concern of ours. In an effort to avoid the problem, we paty-
rafly have been very carefu] with the pathologic (cytologic
and histologic) criteria for rule-in diagnosis of malignancy;
but beyond this, we had interimo growth in all cases, and this
was supplemented by documentation of further growth before
biopsy. As it turned out, ail cytologic diagnoses of malig-
nancy {rule-in) were confirmed by the histologic specimens
from surgery; and further, afl of the calculated rates of growth
were in accord with those of definite cancers of the fung {12-
14]. Ultimately, once there are sufficiently many cases that,
for various reasons, were not resecied within the ELCAP and
its “sister” projects, it will be possible to empiricaily estimate
the proportions overdiagnosed (specific to size), if any,

Following the ELCAP recommendations, only a single
biopsy of a benign NCN, 18 mum in size, was performed.

Early Lung Cancer Action Project

Another three subjects underwent biopsy despite the ELCAP
recomenendations for foliow-up HRCT as no growth could
be documented, and all of these had a benign nodule. No
subject had lobectomy for a benign NCN. Thus, our recom-
mendations, intended to prevent overuse of invasive proce-
dures and their attendant marbidity and cost, turned out to
be quite successful.

For evaluation of annual CT screening for lung cancer,
ol baseline results must be supplemented by the results of
anmual repeat LDCT screenings in the subjects in whom no
matignant nodules were detected on baseline screening.
This will provide data on the frequency of finding new nod-
ules, the frequency with which these are malignant, and,
eventually their cure rate. We expect to find few instances
of new nodules with a rate of about five malignancies per
1,000 subjects on each 1-year repeat CT screening, with the
majority of these in nodules whose size is 10 mm or less. We
are pursuing this repeat screening in all subjects whose hase-
line screening was negative or positive with a diagnosis of
benign nodules.

We plan to incorporate smoking cessation programs
into our future screening program, as we found that review
of the LDCT with those subjects who were still smoking
provided considerable motivation for smoking cessation
[181. Additional considerations for future investigations, in
conjunction with future CT sereenings, include chemopre-
vention and perhaps even chemotherapy, possibly adminis-
tered by inhalation rather than oral or intravencous
methods.

Even if a given regimen of CT screening for lung cap-
cer, perhaps a variant of the one addressed in the ELCAP,
does serve to raise the overall rate of curability for lung
cancer among the screenees, this does not in and of itself
Justify the use of that regimen of screening. It needs to be
applied or indications such that the prospect of early diag-
nosis and its associated curability translate to a gain in life
expectancy sufficient to justify the cost of the “screening.”
that is, of the screening test together with the result-con-
tingent definitive diagnostics. The issues here are some-
what complex, but it is evident that, with suitable
specifications of both the screening and its recipients, the
cost of life-year saved can be as low as $10000 or even
lower [19]. Such 2 cost per life-year saved is well below
that for existing programs of screening for breast cancer
{20] or cervical cancer [21] and well below the benchsnark
of $50,000 used in the U S. .

The particuiars of potential screening for Jung cancer
constituie, at present, an actively evolving topic in respect
to all of its principal clements-the screening test(s), the
diagnostic work-up of screening posifives, intervention on
early cancer, and identification of suitable candidates for
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screening, The accruing evidence from the ELCAP and
others [22], while still insufficient, is continuing Lo heighten
the prospects for cost-effective screening Tor the cancer that
is now the main cause of cancer deaths in both genders.
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ABSTRACT

BATKSROUND
The outcome among patients with clinical stage I cancer that is detected on annual
screening using spiral computed tomography (CT) is uaknown.

METHCES

In a Jarge collaborative study, we screened 31,567 asymptomatic persons at risk for
lung cancer using low-dose CT from 1993 through 2005, and from 1994 through
2005, 27,456 repeated screenings were performed 7 to 18 months after the previ-
ous screening. We estimated the 10-year lung-cancer-specific survival rate among
participants with clinical stage I lung cancer that was detected on CT screening and
diagnosed by biopsy, regardless of the type of treatment received, and among those
who underwent surgical resection of clinical stage I cancer within 1 month. A pathol-
ogy panel reviewed the surgical specimens obtained from participants who under-
went resection.

RESULTS
Screening resulted in a diagnosis of lung cancer in 484 participants. Of these par-
ticipants, 412 (85%) had clinical stage T lung cancer, and the estimated 10-year sur-
vival rate was 88% in this subgroup (95% confidence interval [CT), 84 to 91). Among
the 302 participants with clinical stage I cancer who underwent surgical resection
within 1 month after diagnosis, the survival rate was 92% (95% CI, 88 to 95). The
8 participants with clinical stage I cancer who did not receive treatment died within
5 years after diagnosis.

CONCLUSIONS
Annual spiral CT screening can detect lung cancer that is curable.
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"TN 1993, THE EARLY LUNG CANCER ACTION

. Project (ELCAD) initiated a study of the early
~..dlagnosis of lung cancer in cigarette smokers
with the use of annual screening with spiral com-
puted tomography (CT).%* The principal finding
was that more than 80% of persons given a diag-
nosis of lung cancer as a result of annual CT screen-
mg had clinical stage I cancer.® This result has
been confirmed by others* who have adopted the
updated protocol.>¢ The question remains, how-
ever, whether early intervention in such patients
1s sufficiently effective to justify screening large
asymptomatic populations who are at risk for lan g
cancer,™ We report the results of al} patients in the
study with stage 1 lung cancer detected with the
use of spiral CT screening, including those who
underwent surgical resection.

METHODS

Screening was defined according to the Interna-
tional ELCAP (-ELCAP) protocol® so that data
from participating institations could be pooled.
Each institution was required to docurment the
initiation of screening in each participant and all
subsequent screenings of that participant for as
long as the screening continued, transmit the data
and images to the coordinating ecenter at Weill
Medical College of Cornell University by means
of the study’s Web-based management system for
CT screening for lung cancer,? submit pathologi-
cal specimens to the coordinating center, and fol-
low quality-assurance procedures specified by the
protocol. All participants gave written informed
consent, and the instirutional review board at
each participating institution approved the pro-
tocols (Fig. 1).

The protocol specified a common regimen of
screening but allowed each participating institu-
tion to specify its criteria for enrollment. The regi-
men included the technical variables for the initial
low-dose spiral CT scan, which were the same for
the baseline and annual screenings. However, the
definition of a positive result on the initial CT scan
and the diagnostic workup leading to 2 diagnosis
of lung cancer were different for the baseline
screening and anmual screening.

For baseline screening, a positive result on the
initial low-dose CT scan was defined as the iden-
tification of at least one solid or partly solid non-
caleified pulmonary nodule 5 mim or more in diam-
eter, at least one nonsolid nonealcified pulmonary

nodule 8 mun or more in diameter, or a solid en-
dobronchial nodule.* If none of the noncalcified
nodules identified met the study criteria for a posi-
tive resuit or if the test was negative, CT was re-
peated 12 monthis later. The diameter of the nodule
was defined as the average of the length and width
of the cross-sectional area of the largest nodule
in the CT images. The consistency of the nodule
was defined as solid if the nodule obscured the
entire ling parenchyma, partly solid if it obscured
part of the lung parenchyma, and nonsolid if it
obscured none of the parenchyma.i* If the result
was positive, the type of workup depended on the
diameter of the largest nodule. For nodules 5 to
14 mm in diameter, the preferred option was to
perform another CT at 3 months; if the images
showed growth of the nodule,*? then biopsy, ide-
ally by fine-needle aspiration, was to be performed,
whereag if there was no growth, the workup was
stopped. The other option was to perform posi-
tron-emission tomography (PET) immediately,
and if the results were positive, biopsy was to be
performed; otherwise, CT was to be performed
at 3 months. For nodules 15 mm in diameter or
larger (whether solid, partly solid, or nonsolid),
immediate biopsy was an option in addition to the
options already specified for smaller nodules.
When infection was suspected, 2 2-week course
of antibiotics followed 1 month later by CT was an
alternative to all the options mentioned,** and
if no resohition or growth was observed, biopsy
was to be performed; otherwise, the workup was
stopped. For all participants for whom the worlcap
was stopped or for whom the biopsy did not lead
to a diagnosis of lung cancer, CT was to be re-
peated 12 months after the baseline CT,

For annual screenings, 2 positive result was
considered to be any newly identified noncalci-
fied nodule, regardless of size. If no new nodule
was identified, CT was to be repeated 12 months
later. If one or more new nodules were identified,
the workup depended on the diameter of the larg-
est nodule. If all nodules were less than 3.0 mm
in diameter, or if the largest nodule was more
than 3.0 mum but less than 5.0 mm in diameter, CT
6 or 3 months later, respectively, was to be per-
formed. If no growth was seen in any of the nod-
ules, the workup was stopped. If at least one of
the noncalcified nodules was 5.0 mm or larger in
diameter, then an immediate 2-week course of a
broad-spectrum antibiotic was prescribed, followed
1 month later by CT. If the nodules showed no
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CT SCREENING

31,567 Asymptomatic patticipants
underwent baseline screening

l l

27,456 Annual screenings

4186 Had at least 1 solid or
partly solid nodule =35 mm
in diameter or had at jeast
1 nonsolid nodule = mm

a positive result

27,381 Had no nodule or
nodules not qualifying as

1460 Showed newly identified
nencaicified nodules

25,996 Showed no newly identi-
fied noncalcified nodules

in diameter

i ,

;

Baseline management
algorithm

by symptoms

Workup within 12 mo after
inftial CT prorpted

Annual management algorithm

Workup within 12 mo after
previous CT prompted
by symptoms

405 Found to have lung

cancer on baseting (T of tung cancer

5 Received interim diagnosis

74 Showed tung cancer
on gnnyatl CT

None recelved interim diagnosis
of lung

cancer

484 Received a diagnasis
of lung cancer

412 Had clinical stage
lung cancer

Figure 1. Diagnoses of Lung Cancer Resulting from Baseline Screening and Annual Screening with CT,

A description of the $-ELCAP management algorithm for baseline CT and repeated CT screening is available in the study protocol.®

resolution or growth, biopsy was to be performed;
otherwise, the workup was stopped. PET was an
alternative to immediate biopsy; if the result was
positive, biopsy was to follow. If the result was
indeterminate or negative, CT was to be performed
3 months later, and if the scans showed growth,
biopsy was to follow. Otherwise, the workup was
stopped. For all patients for whom the workup was
stopped or when biopsy did not result in a diag-
nosis of lung cancer, CT was to be repeated 12
months after the previous anmuaal CT.

The protocol provided recommendations for
the diagnostic workup in participants with a posi-
tive result on CT, with the decision regarding how
to proceed left to each participant and the refer-
ring physician. The -ELCAP protocol did not re-
guire that its recommendations for the wotkup
of a nodule be followed, but it did require a firmly
established final diagnosis of lung cancer and

N ENGL | MED 35517 WWW.NEJM.ORG

documentation of the workup in the management
system. After the diagnosis of lung cancer was
established, the type of intervention, if any, was
left to the discretion of the participant and the
physician. Documentation in the management
system of the timing and type of intervention, if
any, and follow-up with respect to manifestations
of spread or death up to 10 years after diagnosis,
were reguired.

A total of 31,567 asymptornatic men and wom-
en underwent baseline screening between 1993
and 2005 (median, 2001). The participants, who
were 40 years of age and older, were at risk for lung
cancer because of a history of cigarette smoking,
occupational exposure o asbestos, beryllinm, ura-
nitmn, or radon, or exposure to secondhand smoke
without having smoked themselves; in Azumi,
Japan, they participated as part of the annual
health screening program (Table 1). All partici-
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Table 1. 1-ELCAP Participants, According to the Smoking Status, Expasure
to Secondhand Smoke, and Occupational Exposures.
Participants
Program {N=31,567}
) no. (%)
Azumi Health Care Prograrn in apan
Current or former smokers 3,087 {10}
Persons who had never smoled with exposure 3,299 {10)
to secondhand smoke
Programs in the United States, Furope, Israel, and Ching
Current or former smokers 23,052 (73}
Persons who had never smoked
Occupational exposure® 1690 {5)
Exposure to secondhand smoke with or without 438 (1)
family history of lung cancer

* This category includes exposure to asbestos, beryllium, urarium, or radon,
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pants were considered fir to underge thoracie
surgery. A total of 27456 anmual screenings were
conducted between 1994 and 2005 (median, 2002),
each of which was performed 7 to 18 months
after the previous screcning. At baseline, the me-
dian age of the participants was 61 years (range,
40 to 85}, and the median number of pacleyears
of smoking was 30 {tange, { to 141); on annual
CT, the median valies were an age of 62 years
{range, 41 to 86) and 35 pack-years (range, 0 to
141). Among the participants, 13% (4186 of 31,567)
who underwent baseline CT and 5% (1460 of
27,456) who underwent annual CT had a positive
result that required immediate furcher workup.
A biopsy of a pulmonary nodule as recommended
in the protocol was performed in 535 of the par-
ticipants with a positive resuit on the bascline
or anoual OT and led to a diagnosis of malignant
disease in 492 of the participants (lung cancer was
diagnosed in 479 and lymphoma or metastases
from cancers other than lung cancer in 13) and no
evidence of malignant disease in 43. The diagno-
sis was classified as having been identified dur-
ing baseline screening when the nodule was first
identified on the baseline CT, even for cases not
meeting the criteria for a positive result, regardless
of when the diagnosis was made. When the nod-
ule was first identified on an annual CT, it was
attributed to the annual screening. If the result on
the baseline or annual CT was negative and a di-
agnostic workup was subsequently prompted by
suggestive symptomms {or incidental findings) be-
fore the next scheduled annual CT, the finding was
classified as an interim diagnosis. To fully docu-

ment interim diagnoses of lung cancer, the proto-
vol required that each enrolled participant who
had not returned for rhe next scheduled screen-
ing be contacted 1 year after the previous screen-
ing. If contact could not be made either directly or
through relatives of the participant, the referring
physician was contacted to ascertain whether 2
diagnoesis of lung cancer had been made,

We determined the distribution of the base-
line and annual screenings and the resulting diag-
noses according to age and median pack-years
of cigarette smoking {Table 2). Each diagnosis
of lung cancer was classified according to clinical
stage with the nse of standard criteria based on
the clinical examination and the resules of imag-
ing.** The presence or absence of lymph-node (N)
and distant metastases (M) was assessed on the
most recent CT obtained before diagnosis and
from PET (performed in 166 of the 484 partici-
pants who received a diagnosis of lung cancer).
The cancer was classified as NOMO if on CT the
widths of all mediastinal lymph nodes were less
than 160 mm and no hilar lymph nodes or distant
metastases were identified (and PET, if performed,
showed no abnormal uptake). For the purpose
of this study, stage I cancers included those clas-
sified as NOMO with more than 1 adenocarcinoma
so long as all adenocarcinomas were 30 mm or
less in diameter.®

The specimens obtained from participants who
underwent surgical resection were examined at
each institution according to the FELCAP pathol-
ogy protocol,*s which specified the preparation
of the specimen and the findings that were to be
documented by the pathologist at the hospital
where the resection was performed. The protocol
also specified the review process: a five-member
pathology-review panel consisting of expert pul-
monary pathologists was to reach a consensus
diagnosis for each case of cancer and identify
lymph-node involvernent, additional cancers, and
pleural, lymphatic, vascular, bronchial, and base-
ment-membrane invasion by the cancer. For 22 of
the 411 participants who underwent resection
{5%), specimens could not be obtained from a non-
participating hospital, and the pane! therefore re-
viewed the detailed surgical and pathological re-
ports for the relevant information.

All patients given a diagnosis of lung cancer
were followed annually by the principal invest-
gator and by the study coordinator at each partici-
pating institution, who submitted the informarion
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Table 2. Frequency Distribution of Lung-Cancer Diagnoses on Baseline and Annyal CT Screening,

According to Age and Median Pack-Years

of Cigarette Smoking,
Age Baseline Screening Annual Screening
Smoking History No. Screened  Diagnosis of Lung Cancer Smoxing Histary No, Screened  Diagnosis of Lu ng Cancer
median pack-yr no. (%) median pack-yr no. (%}
4049 yr i5 4,066 8 (<1} 20 1,324 1{<l)
5059 yr 28 9,948 67 {1} 30 6,678 7 (<1}
6069 yr 38 12,184 206 (2) 40 11,879 29 {«1}
70-79 yr 38 4,840 116 {2) 40 6,692 33 (<1}
BO-86 yr 30 529 134{2) 37 833 4 (<1}
Total 30 31,367 430 (1% 35 27,456 74 (<1)

* The number indludes five participants with interim diagnoses.

required by the protocol to the coordinating center,
When a participant was known to have died, the
date and cause were obtained from the participant’s
physician, family members, or both. Death result-
ing from treatment was considered o have been
caused by lang cancer. Follow-up from diagnosis
to death from lung cancer, the last conzact, or May
30, 2006, whichever came first, was document-
ed for each participant. The duration of follow-
up ranged from 1 to 123 months (median, 40).
Kaplan~Meier curves were calculated for kung-
cancer—specific survival as of the date of diagno-
sis, irrespective of the type of treatment, includ-
ing no treatment, for all participants with lung
cancer, irrespective of the stage of the cancer, and
for the subgroup with clinical stage 1 cancer. Sur-
vival curves were also calculated for participants
who underwent resection of clinical stage I can-
cer within 1 month after diagnosis and those who
did not receive trearment. On the basis of these
curves, we estimated the 10-year survival rates.
The curves were constructed with the use of SAS
statistical software (version 8), which also pro-
duced the standard error for the estimates.

RESULTS

Baseline screening of 31,567 asymptomatic per-
sons who were at risk for lung cancer and annual
screening of 27,456 resuted in the diagnosis of
lung cancer in 405 and 74 participants, respec-
tively (Fig. 1). Another five participants received
interim diagnoses of lung cancer that were prompt-
ed by the development of symptoms within 12
months after the baseline screening. Of these

NENGL ) MED 35517 WWW. NEJM.QRG

484 participants given a diagnosis of lung cancer,
411 underwent resection; 57 received radiation,
chemotherapy, or both; and 16 received no treas-
ment. Because survival rates among the partici-
pants who underwent baseline screening and those
who underwent annual screening did not differ
significantly, Kaplan-Meier estimates of lung-can-
cer—specific survival were caleulated for all 484
participants (Fig. 2). The estimated 10-year sur-
vival rate for all participants, regardless of tamor
stage and treatment, was 80% (95% confidence
interval [CI}, 74 to 85); as of May 2006, 75 of the
484 participanss had died of lung cancer, includ-
ing 2 who died within 4 weeks after surgery, yicld-
ing an operative mortality rate of 0.5% (2 of 411
participants).

Of the 484 participants who received a di-
agnosis of lung cancer, 412 (85%) kad clinical
stage 1 lung cancer. In this subgroup, the esti-
mated 10-year survival rate regardless of treat-
ment was 38% (95% CI, 84 to 91); as of May 2006,
39 of these 412 patients had died of lung carncer.
Of these 412 participants, 375 had undergone
surgical resecrion (284 lobectomy, 60 wedge re-
section, 21 segmentectomy, and 10 bilobectomy);
29 did not undergo resection but received che-
motherapy, radiation, or both; and the remaining
8 did not receive treatment. Figure 2 also shows
the lung-cancer—specific survival rate among the
302 participants who underwent resection with-
in 1 monrh after diagnosis, among whom the es-
timated 10-year survival rate was 92% (95% CI,
88 to 95). All eight untreated patients died within
5 years after diagnosis.

Among the 412 participants with clinical
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lDO—-lM;. Reseciir.:lﬁinical stage ! Céncer‘ 92% [95% (1, 2?3*95}

80 All lung cancers, 80% {93% CI, 74-85)
£ 6o
%
E
L 404
wt
20+
0 T T 1 T H T T T ¥ T
0 1224 36 48 60 72 84 96 108 120
Months
No. at Risk
All participants 484 433 356 286 183 90 50 28 15 g 2
Participants 302 280 242 191 120 59 34 18 12 7 1
undergoing
resection

Figure 2. Kaplan—Meier Survival Curves for 484 Participants with Lung
Cancer and 302 Participants with Clinical Stage | Cancer Resected
within 1 Month after Diagnosis.

The diagroses were made o the hasis of CT screening at basefine com-
bined with cycles of annual €T,

Table 2. Types of Cancer among 412 Participants with Clinical Stage | Lung
Cancer Detected on Baseline or Annual CT Screening.

Type of Cancer

Adenocarcinoma

Bronchioloalveolar subtype 20 1

Other subtypes 243 30
Squamous cell 45 14
Adenosquamous 3 0
Non—small-celi* 5 2
Neuroendocrine

Atypical carcinoid 2 3

Large cell 15 8

Smail celt 9 7
Other § 1

Diagnosed on Bazeline  Diagnosed on
Screening Annual Screening
(N =348) (N = 64}

no. of participants

* if this cell type can
wise specified.”

not be differentiated, the category is known as “not other-

1768

stage I cancer, the distribution according to the
type of cell is shown in Table 3. The median to-
mor diameter was 13 mm at baseline and 9 mm
on annual CT. The pathology-review panel con-
firmed the diagnosis of clinical stage I cancer in
the specimens obtained from the 375 participants

N ENGLJ MED 35517  WWW.NEJM.ORG

who underwent resection according to World
Health Organization criteria of 2004.26 With re-
gard to spread or invasion (Table 4}, the panel
identified lymph-node metastases (hilar or ipsi-
lateral mediastinal) in 28 participants {7%) and

‘more than one cancer, either in the same or in

different lobes, in another 35 (9%). Among the re-
maining participants, each with a solitary cancer,
the panel identified invasion of the pleura in 62
{17%); bronchial, vascular, or lymphatic invasion
or a combination in another 28 {7%); invasion of
the basement membrane alone in 203 (54%), and
ne invasion in the remaining 19 (5%. {Because of
rounding, percentages may not total 100.) Thus,
of the 375 participants who underwent resection,
347 had pathological stage 1 cancer, and their es-
timated 10-year survival rate was 94% (95% CI,
91 to 97}

DISCUSSION

In making decisions about instituting CT screen-
ing for lung cancer, 2 major consideration is the
outcome of treating a cancer detected on screen-
ing. In our study, the estimated 10-year lung-can-
cer—specific survival rate among the 484 partici-
pants with disease diagnosed on CT, regardless
of the stage at diagnosis or type of treatment (in-
cluding no treatment), was 80% (95% CI, 74 to 85)
(Fig. 2). Among the 412 participants with clini-
cal stage I lung cancer — the only stage at which
cure by surgery is highly likely — the estimared
10-year survival rate was 88% (95% CI, 84 ro 91),
and among those with clinical stage I lung cancer
who underwent surgical resection within 1 month
after the diagnosis, the rate was 92% (95% CI, 88
to 95}. The diagnosis of lung cancer of one type
or another was verified by a panel of five expert
pulmonary pathologists. In our series, the opera-
tive mortality rate was low ~— 0.5% — and was less
than the 1.0% reported with lobectomy in a large
cooperative study.’”

Sobue et al.™® reported a S-year survival rate of
100% in their series of 29 patients who underwent
resection afer pathological stage I cancer was
detected on CT. Before CT screening, reports based
on registries showed 10-year survival rates of 80%
among 17 patients with pathological stage T hung
cancer 20 mm or less in diameter™ and 93% among
35 patients with pathological stage I cancer less
than 10 mm in diameter.?° The National Cancer
Instituee’s Surveillance, Epidemiology, and End
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Table 4. Extent of Spread of Cancer in 375 Participants Who Underwent Resection of Clinical Stage | Lung Cancer
According to Whether Cancer was Detected on Baseline or Annual CT Screening,
Biagnosed on Diagnosed on
Baseline Screening Annual Screening
Extent of Spread {N =320) {N=55)
no, of participants
Metastases to lymph nodes 22 &
Ne metastases tc lymph nodes
More than 1 cancer 29 6
Solitary cancer with invasion
Pleural invasion 51 1l
No pleurat invasion but lymphatic, vascular, or bronchial spread 24 4
{or a combination}
Baserment membrane only 175 28
Solitary cancer without invasion is o

Results (SEER) registry, the largest U.S. cancer
registry, reported an $-year survival! rate of 75%
among patients with pathological stage 1 cancer
with nodules less than 15 mm in diameter who had
undergone resection.® Although the lung cancers
in these three series were not detected on CT
screening, most were presumably incidentally de-
tected on imaging performed for other reasons
in people who had no symptoms of hing cancer.

CT screening according to the FELCAP regimen
can deteet clinical stage [ lung cancer in a high
proportion of persons when it is curable by surgery.
In a population at risk for lung cancer, such screen-
ing could prevent some 80% of deaths from lung
cancer. In comparison, in the United States at pres-
ent, annually approximately 173,000 persons are
diagnosed with lung cancer and 164,000 deaths
are attributed to this disease,” so that approxi-
mately 95% of those who are diagnosed with lung
cancer die from it.

Are these results sufficiently effective to justify
screening people who are at risk of lung cancer?
As compared with mammographic screening for
breast cancer, for lung cancer the rates of detec-
tion amonyg the participants in this study who
were 40 years of age and older were 1.3% on base-
line CT screening and 0.3% on annual screening
(Table 2, values that were slightly higher than
those for the detection of breast cancer (0.6 o
1.0% on baseline screening) and similar to those
for annual screening (0.2 to 0.4%) among wom-
en 40 years of age and older.** The rate of cancer
detection depends on the risk profile of those un-
dergoing screening; the higher the risk, the more
productive the screening. Thus, as expected, CT
screening of the original participants in ELCAD,

who were former and current smokers 60 years
of age and older,* was more productive in detect-
ing lung cancer (detection rates, 2.7% on baseline
screening and 0.6% on annual screening) than
among participants in the expanded study. The
cost of low-dose CT is below $200,235 and sur-
gery for stage I lung cancer is less than half the
cost of late-stage treatment.*2? Using the origi-
nal ELCAP data and the actual hospital costs for
the workup, we found CT screening for lung can-
cer 1o be highly cost-effective.2* Other estimares
of the cost-effectiveness of CT screening for lung
cancer for various risk profiles®*2%2% gre similar
to that for mammography screening 295
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APRENDIXN

The following investigators participated in T-ELCAP: Joan and Sgnford . Weill Medieal College of Cornell University, New York: C.1, Henschke
(principal investigator}, D.E. Yankelevirz, D.1, McCauley; Azumi General Hospital, Negano, Japen: S. Sone, T, Hanaocka; Centerfor the Biology of
Natural Systems, City University of New York at Queens College, Qurens; S. Markowitz, A. Miller; LungenZentrum Hirslanden, Zurich: XK. Klingler, T.
Scherer, R. Inderbitzi; Clinica Universitarie de Navarra, Pamplona, Spain: . Zulueta, L. Moentaenga, G. Bastarriles; Nationsl Cancer Institie Re-
gina Elena, Rome: §. Giunta, M. Creceo, P. Pugliese; H. Lee Moffitt Cancer Center and Research institute, Tampa, FL: M. Tockman; Hadossah Medial
Organization, Jerusalem, Israel: D. Shahawy; Swedish Medical Center, Seattle: K. Rice, R. Aye; University of Toronte, Drincess Margaret Hospital, Toronto:
H. Roberts, D. Patsios; Christians Care Helen F. Graham Cancer Genter, Newark, DE: T. Bauer, 1. Lally; Columbin University Medical Genter, News York;
JHM, Austin, G.D.N. Pearson; New York University Medieal Center, New York: 0. Naidich, G, McGuinness; State University of New York at Stony
Brook, Stany Breok: M. Rifkin, E. Flore; Maimonides Medical Contet, Brooklyn, NY: S. Kopel; Roswell Park Cancer Instinate, Buffale, NY: D. Kippen-
stein, A, Livwin, P.A. Loud; State Univarsity of New York Upstate Medical University, Syracuse: L.J. Kohman, B.M. Sealzeti; Nook Shore~Long Island
Jewsish: Health System, New Hyde Park, NY: A, Khan, R. Shab; Geotgia Fnstiture for Lung Cancer Rescarch, Alante: MLV, Smith, H.T. Williams, L.
Lovett; Mount Sinai School of Medicine, New York: D.8, Mendelson; Jackson Memorial Hospital, University of Miami, Miami; R. Thurer; Memerial
Sloan-Kettering Cancer Genter, New York: R.T. Heelan, M.S. Ginsberg; Holy Crass Hospital Cancer Instinute, Situer Spring, MD: F. Sullivan, M. Ot-
tinger; Bisenhower Lucy Curc Cancer Center, Rancho Mirage, CA: D. Vafai; New York Medical College, Valhalla: T.A.S. Matalon; Mount Singi Compre-
hensive Cancer Center, Miami Beagh, FL; 8.-L. Odzer; Fifth Affilinted Hospital (Zhuhai Hospital), of Sun Yat-Sen Unfoersity, Zhuhai, China: X. Liu; Dorothy
E. Schneider Gancer Center, Mills-Peninsula Health Services, San Matee, CA: B. Sheppard; St. Agnes Cancer Coater, Baltimore: . Cole; Our Lady of Mercy
Medical Center, Bronx, NY: P.H, Wiernik; Evanston Northwestern Healtheare Medical Group, Evenston, IL: D. Ray; Kormanos Cancer Instinete, Detroit: H.
Pass, C. Endress; Greemwich Hespital, Greenwich, CT: D. Mullen; Sharp Memorial Hospital, San Disgo, CA: M. Kalafer; Gity of Hope National Medical
Center, Duante, CA: F. Grannis, A. Rotter; ProHealth Care Regional Canger Center, Wankeshs and Oconomows: Memotial Hospitals, Oconpmpwec, Wi
M.K. Thorsen, R. Hansen; Comprehensive Cancer Center, Desert Regional Medical Genter, Palm Springs, CA: E. Camacho; St Joseph Health Cemter, 5.
Charles, MO: D. Luedke; Coordinating Cemter: C.1. Henschke, N. Altorki, A. Faroog, 1. Hess, D. Libby, DL McCauley, 0.8, Miettinen, J.
Ostroff, MW, Pasmantier, A.P. Reeves, I.P. Smith, M, Vazguez, D.E, Yankelevitz, R, Yip, L. Zbang, K. Agnello; Pathology Review Panel:
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cuts the risk of death from the disease by 20 percent,
according to a new study by the National Cancer
Institute published in the New England Joumnat of
Medicine.

Meanwhile, medical centers across the country
currently offer lung cancer screening programs for
high-risk patients and pack-a-day smckers. Below is
a list of institutions that offer such services.

CALIFORNIA

Cedars-Sinai Medical Center, Los Angeles

Cedars-Sinai Medicat Center performs lung cancer
screenings and is currently developing a formal
program 1o help patients in Southern California who
have CT results showing one or more small
pulmonary nodules.

CONNECTICUT

Yale University Cancer Center, New Haven, Conn.

Smilow Cancer Hospital &t Yale-New Haven and Yale
wanver Center offer screening for people at high risk
of developing lung cancer through the Thoracic
Oncology Program. CT scans are read by dedicated
radiologists and any suspicious areas are reviewed
by a multidisciplinary team of fung cancer experts.

COLORADO

National Jewish Hospital, Denver

S

National Jewish offers low-dose helical CT
screening to patients at high risk for jung cancer.
Thus far, patients have only been seen via internal
‘eferrals and/or on a self-pay premise.

1itp://abenews.go.com/Health/hospitals-offering-lung-cancer-ct-scans/story 2id=1396073 [ &page=2

ffering Lung Cancer CT Scans

University of Colorado Hospital, Denver

[

University of Colorado Hospital is developing a

fung cancer screening program for high-risk patients
based on the NLST frial results. However, until official
recommendations regarding lung cancer screening

are made by the 1.8, Preventative Services Task Force
next year, the hospital does not anticipate that
insurance companies will cover lung cancer

screening costs.

FLORIDA

Moffitt Cancer Center, Tampa, Fia.

s

Moffitt Cancer Center pians to develop a lung
cancer screening program with spiral CT later this
year.

University of Miami Miller Schoo! of Medicing, Miami,
Fla.

&

The Milier School of Medicine will be offering a
screening program at University of Miami's Sylvester

= Chrisfiane Amanpour
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Comprehensive Cancer Center.
GEORGIA

‘Emory University Hospital, Atlanta

Emory University Hospital is offering lung cancer
CT screening beginning on Aug. 1, 2011.

iLLINGIS

Northwestern Memorial Hospital, Chicago

=

Northwestern Memaoriat offers a lung cancer CT
screening program for patients considerad at high
risk for lung cancer. The Northwestern Pulmonary
Nodule Clinic provides appropriate monitoring and
diagnostic intervention for individuatls in whom the
CT screening reveals indeterminate or suspicious
lung noduie(s).

Rush University Medical Center, Chicago

"

Rush University Medicaf Center offers a lung cancer
screening program.

MARYLAND

Johns Hopkins Medical Institution, Baltimore

w

Johns Hopking offers spiral CT lung cancer
screening per the NIM/NCI guidelines. Hopkins is the
only Maryland hospital that participated in the
National Lurg Screening Trial.

MASSACHUSSETTS

Brigham and Women's Hospital, Boston

&

Brigham and Women's Hospital's Department of
Radiology offers lung cancer CT screening to eligible
patients. Current or former long-term smokers over
the age of 50 can speak with their doctor about the
scan and eligible patients can undergo a scan with a
doctor's referral.

MICHIGAN

University of Michigan Comprehensive Cancer

http://abenews.go.com/Health/hospitals-offering-lung-cancer-ct-scans/story 2id=13960731 &page=2

Center, Ann Arbor, Mich.

3

The University of Michigan Comprehensive Cancer
Center is developing a lung screening program for
high-risk patients based on the NLST trial results.

MINNESOTA

Abbott Northwestern Hospital, Minneapolis, Minn.

"

Abbott Northwestern Hospital offers iow-dose CT
lung cancer screening to patients aged 55-74 and
who have smoked at ieast one pack of cigarettes per
day for 30 years.

Mayo Clinic, Rochester, Minn.

B

Mayo Clinic offers low dose CT in patients at high
risk for lung cancer in an attempt to identify cancer at
its earliest stages.

NEW YORK

Continuum Cancer Centers of New York

™

Continuum partners with Beth Israel Medical Center,
Roosevelt Hospital, St. Luke's Hospital and New York
Eve and Ear infirmary. Beth Israel currently has a
screening program. Philanthropy suppart defrays
some of the cost of the screenings for patients, as
this screening is currently not covered by insurance.
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Memorial Sloan-Kettering Cancer Center, New York

&

Memorial Sloan-Kettering Cancer Canter offers low-
dose hetlical CT screening for people with no history
of cancer or who have been cancer-free for five years,
aged 55-74, and who have smoked at least one pack
of cigarettes per day for 30 years (30 pack years).

Mount Sinai Medical Center, New York

5

Mount Sina! Medical Center offers low-dose CT
scanning for lung cancer screening in high-risk
patients. Mount Sinai's Lung Disease and Lung Cancer
Treatment Programs ensure a seamiess iransition {o
the best possibie care should it become necessary.

NORTH CAROLINA

Wake Forest Baptist Medical Center, Winston-Salem,
NC

#

Wake Forest Baptist Medical Center offers lung
cancer screening with low-dose spiral CT scanning.
Patients who are aware and interested can call a tolk
free number to set up an appointment; (877) 243-
0563.

OHIO

University Hospitals Seidman Cancer Center,
Cleveland

®

University Hospitals Seidman Cancer Center offers
$99 lung cancer screenings to patients aged 55-74,
who have smoked af least one pack of cigarettes per
day for 30 years and to other high-risk patients.

PENNSYLVANIA
Temple University Hospital, Philadeiphia

©

Temple University Hospital offers a lung cancer
prevention (smoking cessation}, annual low-dose CT
screening program and nodiule work-up program.

Thomas Jefferson University Hospital, Philadelphia

3

Thormas Jefferson Universily Hosoital offers lun
¥

cancer screening and a Pulmonary Nodule Clinic for
patients with suspicious screening results.

TEXAS

MD Anderson Cancer Center, Houston

"

MG Anderson Cancer Cerier offers lung cancer
screening for smokers over the age of 50 who have
smoked the equivalent of one pack of cigarettes a day
for at ieast 20 years. Along with screening, MD
Anderson offers risk assessment counseling for those
who do not have lung cancer and low-cost tobacco
cessation programs to help smokers quit.

WASHINGTON, D.C.

Georgetown University Hospitat, Washington, D.C,

&

Georgetown University Moznital offers a lung cancer
screening program to patients over the age of 55 who
have smoked at least one pack of cigarettes per day
for 30 years. Georgetown University Hospital's
comprehensive Lung Cancer Program provides the
full spectrum of available and emerging radiation,
chemotherapy and surgical options and support
services. it uses a multi-disciplinary approach to
treatment and has potential access to a variety of
clinical research trials.
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Medical Screening and Surveiliance

Introduction

Madical screening and medical surveillance are two fundamental strategies for optimizing employee health. Although the
terms are often used interchangeably, they are quite distinct concepts. Medical screening is, in essence, only one
component of a comprehensive medical surveiliance program. The fundamental purpose of screening is early diagnosis and
treatment of the individuat and thus has a dlinical focus. The fundamental purpose of surveillance is to detect and eliminate ™
the underlying causes such as hazards or exposures of any discovered trends and thus has a prevention focus. Both can
contribute significantly to the success of worksite heatth and safety programs. However OSHA "madical survelllance”
requirements are generally dlinically focused (e.g.,medical and work histories, physical assessment, biologicat testing) with
information obtained from the dlinical processes used in the monitering and analysis elements of medical surveillance.

Medical screening and surveillance are addressed in specific standards for the general industry.

OSHA Standards

This section highlights OSHA standards, directives (instructions for compliance officers), and standard interpretations (officiat letter
related to medical screening and surveillance.

Note: Twenty-five states, Puerto Rico and the Virgin Istands have OSHA-aporoved State Plans and have adapted thelr own standa
most part, these States adopt standards that are identical to Federat OSHA., However, some States have adopted different standar
have different enfarcement policies.

General Industry (28 CFR 1510)

= 1914 Subpart H, Hazardous materials
» 1910.120, Hazardous waste operations and emergency response [refated topic page]

® 1310 Subpart I, Personal protective equipment [related topic page)
= 1910.134, Respiratory protection [related topic page]

w 1910 Subpart Z, Toxic and hazardous substances [related topic page)
& 1910.1001, Asbestos [related topic page]
& Appendix H, Medical surveilllance guidelines for asbestos (Non-mandatory)

w 1810.1003, 13 Carcinogens (4-nitrobiphenyl, etc.)
& 12101004, alpha-Naphthylamine
e 1910,1006, Methyl chloromethy! sther

http://www.osha.gov/SLTC/medicalsurveillance/index himl 9/3/2011
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1810.1007, 3,3-Dichlorobenzidine (and its salts)

1910,1008, bis-Chioromethy! ether

1916.1009, beta-Naphthylamine

1910.101¢, Benzidine

1610.1011, 4-Aminodipheny!

1810.1012, Ethyleneimine

1910.1013, beta-Propiolactone

®m 1910,1014, 2-Acetviaminofluorene

1910.1015, 4-Dimethylaminoazobenzene

1510.1016, N-Nitrosodimethylamine

1910.1017, Vinvl chioride

1910,1018, Inorganic Arsenic [related topic page]
® Appendix C, Medical surveillance guidelings

w 1910,1025, Lead [related topic page]
= 1910.1027, Cadmium [related topic page]
w 1910.1028, Benzene [refated topic page]
e Appendix C, Medical surveillance guidelines for benzene

w 1910.1029, Coke oven emissions
e Appendix B, Indusirial hygiene and medical surveillance guidelines

® 1310.1030, Bloodborne pathogens [reiated topic page]
® 1910.1043, Cotton dust [related topic page]
® 1910.1044, 1,2-dibromo-3-chioropropane
® Appendix C, Medical surveillance guidelines for DBCP

= 19101045, Acrylonitrile
e Appendix C, Medical surveiliance guidelines for acryionitrile

» 1910.1047, Ethylene oxide [related topic page]
& Appendix C, Medical surveillance guidelines for ethylene oxide {Non-mandatory)

® 1910.1048, Formaldehyde [rejated topic page]

§ B Appendix C, Medical survelllance guidelines for MDA

® 19101450, Occupational exposure to hazardous chemicals in the laboratories
Directives

= National Emphasis Program ~ Microwave Popcosn Processing Plants. CPL 03-00-005, (2007, July 27). Also available as a 21¢
policies and procedures for implementing a National Emphasis Program to identify and reduce or eliminate exposures to but
microwave popcorn manufacturing facifities.

® OSHA Medical Surveillance Regulations - Genetic Testing. STD 01-23-004 [STD 1-23.4], {1980, August 22). Provides an int
that require medical survelflance programs specifying a medical history with family and occupational background, including

= Search all available directives,

Stanaard Interpretations
= Medical surveiilance is not required for terminated employees. (1984, February 29).

® Access to employee exposure and medical records. {1997, October 29).
= OSHA policy regarding medical survelilance requirements. (1987, August 6).

http://www.osha.gov/SLTC/medicalsurveillance/index. html 9/3/20611
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m Respiratory protection, medical surveiliance, and training requirements under HAZWOPER., (2002, September 24).
8 HAZWOPER medical examinations must be offered at a reasonable time and without cost to the employee. {2002, Septemb
= Search all availlable standards interpretations.

Medical Screening

Medical screening is 8 method for detecting disease or body dysfunction before an individual would normally seek medical care. Sc
administered to individuals without current symptoms, but who may be at high risk for certain adverse health outcomes. The foliov
about medical screening and clinical evaluation.

& Screening and Surveillance: A Guide to OSHA Standards [365 KB PDF", 40 pages]. OSHA Publication 3162, (2000). Provides
and implement the screening and surveillance requirements of the QSHA standards.

® Proceedings of the VIIth International Preumoconioses Conference. US Department of Human Health Services {DHHS), Nat
and Health (NIOSH) Publication No. 90-108.

= Part 1, (1988, August).
m Part II. (1950, November),

Clinical Evaluation

= Wiley Online Library. American Journal of Indusirial Medicine. 37.1(2000, January); 1-157. Offers a series of dlinical practice
for clinicians, on a variety of occupational diseases.

® Specific Medical Tests or Examinations Published in the Literature for OSHA-Reguiated Substances. National Institute for Oc
(NIOSH). Lists the specific medical tests published in the literature for OSHA regulated substances and includes updates of {
NIOSH/OSHA recommendations.

Related Literature

& Murthy, L.I. and W.E. Halperin. "Medical Screening and Biological Monitoring: A Guide to the Literature for Physicians.” Jowr
Environmental Medicine 37,2(1995, February): 170-184. Summarizies recommended medical tests (including biologic monitc
as well as OSHA and the National Institute for Occupational Safety and Health (NIOSH). Provides guidance to occupational |
pertinent literature,

= Terry, T.M. and G. Ryan. "Making Sense of OSHA Standards with Medical Requirements: Part 1." Applied Occupational and .
March): 144-148.

Medical Surveillance

Medicai surveillance is the analysis of health information to look for problems that may be occurring in the workplace that require t
surveillance serves as a feedback loop to the employer. Surveillance may be based on a single case or sentinet event, but more typ
group of employees being evaluated to look for abnormal trends in health status. Surveillance can also be conducted on a single er
results helps to identify potential problem areas and the effectiveness of existing worksite preventive strategies. The following reso
information inciuding specific hazards and surveillance guidelines.

= Surveillance. National Institute for Occupational Safety and Health (NIOSH) Safety and Health Topic.

® Indicators for Occupational Health Surveiiance. Centers for Disease Control and Prevention (CDC), Morbidity and Mortality \
7, (2007, January 19).

= Health Hazard Evaluations. National Institute for Cceupationat Safety and Health (NIOSH). NIOSH conducts investigations ¢
workplace to determine whether any substance normaliy found in the place of employment has potentially toxic effects in st

® The Work-Refated Lung Disease Surveillance Report, 2002. US Department of Human Health Services {DHHS), National Insi
Health (NIOSH} Publication No. 2003-111, (2002). Provides national and state-specific data of pneumoconiosis and other wi

& TLV/BEI Resources. American Conference of Governmental Industrial Hygienists (ACGIM). This organization of government .
biological exposure indices for use which can be used for criteria for evaluating biological samples coliected for medical sury

s Tracking Qccupational Injuries, Tlinesses, and Hazards: The NIOSH Surveiflance Strategic Plan. US Department of Human H
Institute for Occupation Safety and Health (NIOSH) Publication No. 2001-118, (2001, January). Also avallable as a 209 KB
process 1o assess cuirent surveillance needs and to identify Its goals for the next decade. The Surveillance Strategic Plan is

= Best Practices in Workplace Surveiliance: Identification and Tracking of Warkplace Injury, Hiness, Exposures, and Hazards. (

http://www.osha.gov/SLTC/medicalsurveillance/index html 8/3/2011
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Prevention (CDC), National Institute for Occupational Safety and Health (NIOSH). Includes presentations and handout mate
& Medical Surveillance Manual [411 KB PDF, 75 pages]. US Department of Defense (DoD). Provides minimum standard

help occupational health professionals and others recognize and evaluate health risks associated with specific workp!
& General Information. Chapter 1. Describes the general requirements for medica! surveillance, types of examin
& Medical Surveillance for OSHA-Regulated Exposures, Chapter 2. Describes OSHA refated medical surveitlance.

® Medical Survelllance Endorsed by the Department of Defense. Chapter 3. Includes additional medical surveilla
where OSHA does not provide guidance.

National Occupational Exposure Survey Analysis of Management Interview Responses. US Department of Humman He
Institute for Occupation Safety and Health (NIOSH) Pubtication No. 89-103, (1998, March). Provides data on the exte
exposure to chemical, physical, and biological agents,

A Guide for the Management, Analysis, and Interpretation of Occupationat Mortality Data. US Department of Human
Institute for Occupational Safety and Health (NIOSH) Publication No. 90-115, (1990, September). Provides guideline:
interested in occupational mortality surveiliance.

National Occupational Exposure Survey Sampling Methodology. US Department of Human Health Services (DHHS), N
Safety and Heaith (NIOSH) Publication No. 89-102, (1990, February). Describes the mathod used to select the samp!
estimation technigues used to project survey data to national estimates.

For additional information, see OSHA's Safety and Health Topics Pages on;
B Arsenic
Ashestos
Benzene
Bloodborme Pathogens and Needlestick Prevention
1,3-Butadiene
Cadmium
Carcinogens
Cotton Dust
Dermal Exposure
Emergency Preparedness and Response
Ergonomics '

=
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® Ethyvlene Oxide
-]
B
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]
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&

Formeidehyde

Hazardous and Toxic Substances
Hazardous Waste

Laboratories

Lead

Methylene Chioride

Noise and Hearing Conservation
Permissible Exposure Limits (PELS)
Respiratory Protection

Silica, Crystalline

Tuberculosis

Additional Information

Related Safety and Health Topics Pages

Accident Investigation
Medical Access Order

s Occupational Epidemioclogy

Occupational Health Professionals
Recordkeeping
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Other Resources

e National Cancer Institute (NCI). Provides information about screening and testing, clinical trials, and statistics,

Accessibility Assistance: Contact the OSHA Directorate of Technical Support and Emergency Management at (202) 653-2300 for assistance accessing

“These files are provided for downloading.

Freedom of Information Act | Privacy & Security Siatement | Disclaimers | Customer Tuvay | Imporrant Web Site Notices | Ini

| (B

Telephone: 800-321-0SHA (6742} | TTY: 877-889-5627

i
U5 Department of Labor | Occupational Safety & Heaith Administration ! 200 Constitution: Ave., NV, Washington, DC 2021(
www, OSHA.gov
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2. L MEDICAL MONITORING: WHAT IT 1S, WHAT IT IS NOT A. What Is “Medical Monitoring”? *Medical
monitoring” is a relatively new theory of liability in which persons with no ascertainable injuries or symptoms
seek 1o recover the costs of screening for health problems caused by exposure to hazardous substances. The 2005
alleged “injury” in medical monitoring lawsuits is most often characterized as an increased risk of disease, and L 477
the alleged damages are the costs of “monitoring” for disease. Instead of monetary damages, some plaintiffs ask '

for so-calied "equitable” refief in the form of a court-unded and court-established medical monitoring program. in

our view, such “programs” of medical monitoring amount to no more than disguised reguests for monetary relief.

As currently framed by the courts that recognize medical monitoring, tort liability for medicai monitoring arises Lout
when & person is involuntarily exposed fo a hazardous substance, due to a defendant’s negligence, thereby untit

creating an increased risk of the person’s developing some future disease, for which there is a cost-effective and pavi
medically efficacious screening test that will assist in the early detection and effective treatment of the targeted

disease.t Courts in a handful of states have recognized medical monitaring in the absence of a present physical _ Wiier
injury either as an independent tort claim or as a theory of “remedy” that substifutes for injury in otherwise - R

traditional negligence claims. Other courts have outright rejected medical monitoring without present injury, while
in many states medical monitoring remains an open question. B. Medical Testing Terminology While common
word usage refers to medical screening tests without differentiation, a more precise word usage is important in
medical monitoring cases because the categories have different legal meanings. In our experience, the proper
use and understanding of the terms is the foundation for the legal discussions. = Medical monitoring claims are
different from diagnostic testing, which is medical testing to determine the extent of a known injury {or to confirm
symptoms). Victims of a traumatic physical impaci, for example, may need diagnostic testing to evaluate the
extent of physical injuries. 1 See, e.g., Hansen v. Mountain Fuel Supply Co., 858 P.2d 870, 979-80 (Utah 1893);
Redland Soccer Ciub, inc. v. Dep’t of the Army, 696 A.2d 137, 145-46 (Pa. 1997). 2

3. Traditionafly, a piaintiff who has suffered a traumatic physical impact {(such as a plane crash2 or motorbike
accident3) may recover the costs of diagnostic testing, although the extent and severity of his injuries may not
be readily apparent.4 This is not the same thing as awarding medical monitoring damages in the absence of any
present injury. But medical monitoring plaintiffs at fimes will rely improperly on cases awarding the cost of
diagnostic testing as precedent supporting their claims. » Medical monitoring claims are different from
surveiliance testing, which is medicai testing to monitor the status of a known, existing disease or injury (or fo About this document
test for a re-emerging disease, such as for a cancer patient in remission). For example, personal-injury plaintiffs
with an existing physical injury often seek to recover future medical expenses that include surveillance testing.
Traditionally, a plaintiff with an existing physical injury may recover the costs of surveiliance testing.5 That is not
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monitoring plaintiffs at times wilt rely improperly on cases awarding the cost of surveillance testing as precedent

supporting their claims. « Screening is the type of testing implicated in medical monitoring cases. Screening is & {4
medical testing of an asymptomatic individual to chack for the presence of disease .6 Recovery for screening Favorites G
tests is not based on a physical injury or impact; by definition, a medical monitoring plaintiff has no existing 454 0
physical injury, disease, or symptom of disease. 2 Friends For All Childrer, Inc. v. Lockheed Aircraft Corp., 746 Views on Vi
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passengers received one-time diagnostic testing to determine scope of their injuries). 3 Bower v. Westinghouse

Elec. Corp., 522 5.E.2d 424, 430 (W. Va. 1999) (analyzing the hypothetical exampie of a motorbike accident); ACCESSIBIITY
Hansen, 858 P.2d at 977-78 (same). 4 See RESTATEMENT (SECOND) TORTS § 919, ili. 1 (1 979}). 5 See, e.q., View texi version

Metro-N. Commuter R.R, Co. v. Buckiey, 521 U.S. 424, 438 (1997). 6 *For the purpose of defining screening, a
person is asymptomatic if, at the time screening is done, he or she has no known signs or symptoms of the
target condition. . . . The crucial point is that, at the time of screening, neither the patient nor the practitioner is
aware of any signs or symptoms of the target condition.” DAVID M. EDDY, M.D., PH.D, (6.}, COMMON
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SCREENING TESTS 1-2 (1961). 3 Flag as nappropriate
) Flle a copyright complai
4. Traditionally, compensation for the screening of asymptomatic individuals with no existing injury or disease

(but rather an increased risk of disease) was not recoverable because of the usual tort law requirement that the Foliow SlideShars
piaintiff rmust show a present physical injury (or impact), But medical manitoring seeks recovery for these types

. . C . __ . Foltow @SlideShare
of screening tests without a present physical injury. Such screening tests are those implicated in the tegal theory

of “medical monitoring.” C. The Elements of a Claim for Medical Monitoring Plaintiffs have framed medical Fasebook
monitoring claims as both causes of action and remedies. Courts allowing recovery for medical monitoring as & SlideShare Rlog

new cause of action have embraced sometimes-varying elements of proof to establish the tort.7 The plaintiffe’
bar has sometimes convinced courts to allow recovery for medical monitoring by describing it as merely a
remedy 8 An amalgamation of these elements of proof—taken from various cases—is: » Exposure to a Proven
Hazardous Substance. Most courts hold that the exposure must be “significant.”9 Some courts have defined a
“significant exposure” as one that is “greater than normal background levels.”10 And at least one court has held
that 1o be deemed significant, the exposure must also be direct and discrete: otherwise it “is impossible to
approximate or quantify the extent o which [the plaintiff] may have encountered the subsiance . . . ."11 The
substance must have been proven hazardous to human health.12 7 See, e.g., Rediand Soccer Club, 696 A.2d
at 145-46; Hansen, 858 P.2d at 979-80; In re Paoli R.R. Yard PCB Litig., 916 F.2d 829 {3d Cir. 1990}, 8 See,
e.g., Bourgedis v. A.P. Green Indus., Inc., 716 So. 24 355 (La. 1998), superseded by LA. CIV. CODE ANN. art
2315 (2005); Potter v. Firestone Tire & Rubber Co., 863 P.2d 795 (Cat. 1993}, 9 See, e.q., Inre W. Va. Rezulin
Litig., 585 S.E.2d 52, 73 (W. Va. 2003); in re Paoli R.R. Yard PCB Litig., 916 F.2d at 852; Bower, 522 5.E.2d at
433. 10 Bourgeois, 716 So. 2d at 360; Rediand Soccer Club, Inc., 896 A.2d at 145, 11 Theer v, Philip Carey Co.,
628 A.2d 724, 733 (N.J. 1993) (noting that a claim for medical monitoring shouid not be available “for plaintiffs
who have not experienced direct and hence discrete exposure to a toxic substance”). 12 See Bourgeois, 716 So.
2d at 360 (“[T]he substance to which a plaintiff is exposed must have been proven hazardous to human
health.”); Bower, 522 5.E.2d at 433 (“The plaintiff 4

5. « Exposure Caused by the Defendant's Negligence. The defendant must have breached a duty owed fo the
plaintiff, which resulted ity exposure. 13 « Exposure Created an Increased Risk of Contracting a Serious Latent
Disease. Most courts purport {o reguire that the increased risk of disease be "significant,” 14 but no particular
level of guantification appears necessary to satisfy the reguirement of significantly increased risk; for exampie,
courts do not appear to require that the plaintiff prove he or she has a probability of actually contracting the
disease.15 Some courts, however, have heid that the plaintiff's increased risk must be greater than the chances
of meimbers of the public at large of developing the disease {s0 that exposures suffered by the entire population
do not form the basis of medical monitoring claims). 16 (continued...) must present scientific evidence
demonsirating a probabie link between exposure to a particular compound and human disease.”). 13 See inre
Welding Fume Prods. Liab. Litig., 245 F.R.D. 279, 292 (N.D. Ohioc 2007); Abuan v. Gen, Eiec. Co., 3F.3d 329,
334 (9th Cir. 1993); In re W. Va. Rezulin Litig., 585 S.E.2d at 5% (“West Virginia law allows a cause of action for
the recovery of medical monitoring costs, ‘where it can be proven that such E€Xpenses are necessary and
reasonably certain to be incurred as a proximate result of a defendant's tortious conduct.™) (internat citations
omitted). 14 See Meyer v. Fluor Corp., 220 S.W.3d 712, 718 (Mo. 2007) (“[A} plaintiff can obtain damages for
medical monitoring upon a showing that the plaintiff has a significantly increased risk of confracting a particular
disease relative to what would be the case in the absence of exposure.”) (intemal quotes omitted): in re Paoli
R.R. Yard PCB Litig., 916 F.2d at 852; Redtand Soccer Club, Inc., 696 A.2d at 145 (expert’'s testimony based on
increased cancer risk of one in a million); Bower, 522 S_E.2d at 433; Mansen, 858 P.2d at 979 (The term
“significantly increased risk,” however, is misleading because “Injo particular level of quantification is necessary .
..."); Bourgeois, 716 So. 2d at 360 (finding that any exposure ‘greater than normal background levels” is
sufficient}; see also Metro-N. Commuter R R, Co.. 521 U.S. at 427 {The plaintiffs’ experts characterized the
increased risk as one to five percent.); ¢f. In re Paoli R.R. Yard PCB Litig., 35 F.3d 717, 793-05 (3d Cir. 1994)
(Paoli 1) {noting that although the EPA set an acceptable cancer risk at one in 100,000, plaintiffs’ expert testified
that everyone, even those with PCBs in their blood at levels as low a one part per bilfion, should receive medicat
monitoring). 15 Hansen, 858 P.2d at 979; Bower, 522 S.E.2d af 433; Donovan v. Philip Morris USA, Inc., 914
N.E.2d 891, 801 (Mass. 2009). 16 See, e.g., Bourgeois, 715 So. 2d at 361, 5

http://www.slideshare.net/jrdoak/whai-is-medical-monitoring 9/20/2011



What Is Medical Monitoring Page 3 of 7

Screening Test. Courts reason that if no such test exists, the potential plaintiff is not harmed until the onset of
the actual iliness. 18 If a test is iater developed that will detect the disease, a plaintiff would retain the right to
dernonstrate at some later date the effectiveness of the test and be compensated for using it. 19 = Demonstrated
Clinical Benefit of Early Detection and Diagnosis. Many courts have held that there must be a proven clinical
benefit in the early detection and effective treatment of the {argeted disease, i.e., that “an existing treatment,
administered before the iliness becomes apparent to a layperson, is effective in curing or ameliorating the
consequences of the illness."20 A few courts, however, have held that a plaintiff need not demonstrate that a
treatment currently exists because it would unfairly prevent a plaintiff from taking advantage of future
developmenis in medical science.21 One court has even held that the benefit to a plaintiff iz nothing more than
‘certainty as to his fate, whatever it might be. Even # there is no treatment available, the plaintiff could get his
affairs in order and make peace with estranged ioved ones or with his religion.”22 « Screening Test |s Medically
Advisable. Courts have held that the medically advisable test “must be shown ta be ‘consistent with
contemporary scientific principles’ and ‘reasonably necessary.”23 This 17 See, e.g., Theer, 628 A.2d at 733
{noting that there were “muttiple factors that contribute to any future injuries that [plaintiff] may have” and
plaintiff's “exposure to asbestos, when coupled with her chronic smoking, make it difficult to determine if there is
a direct correlation between the asbestos exposure and future medical costs”™). 18 See, e.g., MHansen, 858 P.2d
at 979. 19 Hansen, 858 P.2d at 970 n.12; Bower, 522 S.E.2d at 433. 20 See Hansen, 858 P.2d at 979-80; see
also Donovan, 914 N.E 2d at 901. 21 See Redland Soccer Club, Inc., 596 A 2d at. 146 n.8; Bower, 522 S.E.2d at
433-34. 22 See Bower, 522 S.E.2d at 434 (internal quotations omitted). 23 Hansen, 858 P.2d at 980 (quoting
Ayers v, Township of Jackson, 525 A.2d 287, 309 (N.J. 1887)); see alsc Meyer, 220 S.W.3d at 718. 6

7. means, in part, that the specific screening test must be medically advisable for the particular plaintiff.24 A few
courts have held for various reasons that this element is not required. In holding that plaintiffs need not make
this showing, The Supreme Court of West Virginia in 1999 explained that: [wihile there obviously must be some
reasonable medical basis for undergoing diagnostic monitoring, factors such as financial cost and frequency of
testing need not necessarily be given significant weight. Moreover, the requirement that diagnostic testing must
be medicaliy advisable does not necessarily preciude the situation where such a determination is based, at least
in part, upon the subjective desires of a plaintiff for information concerning the state of his or her health.25 -
Exposure Warrants Screening Beyond What Otherwise Would Be Recommended. Couris have required, for a
medical monitoring clafm, that the screening be greater than that recommended for the public generally.26 I1.
OVERVIEW OF STATE LAW ON MEDICAL MONITORING While some courts have recognized a cause of
action or remedy for medical monitoring, at least an equal number of courts have rejected medical monitoring
claims because the claimants lacked & cognizable injury. The trend has now turmed against recognizing the
claim, with six of the last eight state supreme courts deciding that the lack of sufficient injury prechudes recovery
in tort. 24 Bourgeois, 716 So. 2d at 361 (“Plaintiff must show that administration of the diagnostic test is
medically advisable for him or her specifically.”); Hansen, 858 P.2d at 980 (“{i}t is not enough that early detection
and treatment are shown to be theoretically beneficial. It also must be shown that administration of the test 1o a
specific plaintiff must be medically advisable for that plaintifi.”). 25 Bower, 522 S.E.2d at 433. 26 in re Fosamanx
Prods. Liab. Litig., 248 F.R.D. 389, 394 (3.D.N.Y. 2008} (applying Florida and Pennsylvania law). 7

8. A State Supreme Courts Adopting Medical Monitoring27 « New Jersey. Ayers v, Township of Jackson, 525
A.2d 287, 312 (N.J. 1987) (recognized claim for medical monitoring in toxic tort case with 339 plaintiffs whose
well water was contaminated by an illegally operated landfiil), limited by Theer v. Philip Carey Co., 628 A.2d 724
(N.J. 1993), and further limited by Sinclair v. Merck & Co., Inc., 948 A.2d 587, 593-94 (N.J. 2008} (rejecting
medical monitoring for future risk of harm associated with pain medication because state's Product Liability Act
requires physical injury). » Utah. Hansen v. Mountain Fuel Supply Co., 858 P.2d 970, 979 {Utah 1993)
{recognized claim for medical monitoring in case involving occupational asbestos exposure). « Caiifornia. Potter
v. Firestone Tire & Rubber Co., 863 P.2d 795, 823, 824-25 (Cal, 1993) {recognized claim for medical monitoring
in case involving asymptomatic landowners whose water was contaminated by carcinegens from disposal of
toxic waste at a tandfill). - Pennsylvania. Redland Soccer Club, Inc. v. Department of the Army, 696 A 2d 137,
145-46 (Pa. 1997) (recognized claim for medical monitoring in case involving 148 plaintiffs exposed fo toxic
substances at a contaminated landfill converted into a park and soccer fields). » Louisiana. Bourgeois v. AP,
Green Industries. inc.. 716 So, 2d 355. 360-61 (La. 1998) (recoanized claim for medical moniioring in case
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brought by asymptomatic plaintiffs occupationally exposed to asbestos), superseded by LA, CIV, CODE ANN.
art. 2315 (2005). » West Virginia. Bower v. Westinghouse Electric Corp., 522 S.E.2d 424, 426, 432-33 (W. Va.
1999} (recognized claim for medical monitoring in case of occupational exposure to toxic substances from a two-
acre pile of debris from light bulb manufacturers). « Missouri. Meyer v. Fluor Corp., 220 SW.3d 712, 717-20 (Ma.
2007) (recognized claim for medical monitoring in a case tnvolving children exposed to emissions from a lead
smelier), * Massachusetts. Donovan v. Philip Morris USA, Inc,, 814 N.E.2d 891, 900-03 (Mass. 2009)
{recognized claim for medical monitoring based on 27 Louisiana now rejects medical monitoring by statute. LA
CIV. CODE ANN. art. 2315 (2005). 8

8. evidence of subceliutar or other physiological changes caused by smoking that substantialiy increased risk of
contracting lung cancer). B. State Supreme Courts Rejecting Medical Monitoring « Nevada. Badillo v. American
Brands, [nc., 16 P.3d 435, 440-41 (Nev. 2001) (rejecting claim for medical monitoring in a case alleging
exposure to second-hand cigarette smoke). « Alabama. Hinton v. Monsanto Co., 813 So. 2d 827, 826-30 (Ala.
2007) (rejecting ctaim for medical monitoring in a case alleging exposure to PCBs). » Kentucky. Wood v. Wyeth-
Ayerst Laboratories, 82 $.W.3d 849, 852, 857-58 (Ky. 2002) {rejecting claim for medical monitoring in case
alleging harmful effects of appetite-suppressant diet drugs). » Michigan. Henry v. Dow Chemical Ca., 701
N.W.2d 684, 686, 691 (Mich. 2005) {rejecting claim for medical monitoring in a case of alleged expasure to
dioxin discharges from chemical plant). » Mississippi. Paz v. Brush Engineered Materials, Inc., 948 So. 2d 1, 4-5,
12, 20-21 (Miss. 2007) (declining to recognize an action for medical monitoring in a case alleging berylium
exposure). « Oregon. Lowe v. Philip Morris USA, inc., 183 P.3d 181, 184-185 {Or. 2008) {refusing to recognize a
significantly increased risk of contracting fung cancer as a cognizable injury in case seeking medical monitoring
for cigarette smokers). C. United States Supreme Court's Examination of Medicat Monitoring The United States
Supreme Court has rejected medical monitoring in the context of a FELA claim in a case that has been often
cited by courts rejecting medical monitoring: « Metro-North Commuter Railroad Co. v. Buckley, 521 U.§, 424,
428, 439, 442-44 (1997) (reversing a ruling that allowed an exposed, but uninjured, asbestos plaintiff to pursue a
medical monitoring under an FELA claim, because (i) the plaintiff, despite a “massive, lengthy, and tangible”
exposure, had no compensable injury that wouid aliow medical monitoring costs as a iraditional element of
damages, and (i} aliowing recovery for medical-monitoring costs in the absence of physical injury would create a
aumber of "systemic harms” for courts, the tort system, and society). &

101 MOTION TO DISMISS STRATEGY In medical monitoring lawsuits, defense lawvers must decide whether
to file a'motion to dismiss for failure to state a claim. This evaluation requires a careful weighing of the risks of an
unsuccessful motion to dismiss, with its potential negative impact on class certification, against the obvious
advantages of prevailing on the motion to dismiss. The jurisdiction’s class certification law and the chances of
later defeating class certification must also go into the mix when defense counsel decides whether an early
medion to dismiss is a good idea. A. Risks and Potential Disadvantages » Our experience indicates that it is
usually more difficult to win a motion to dismiss in a proposed class action. We suspect this is because courts
can be more reluctant to dismiss & proposed class action, which potentially coutd impact a large number of
ndividuals, than they would be to dismiss a lawsuit brought on beha¥f of & single individual. - The idea of medicai
monitoring claims, in the abstract, can be appealing to the court. Judges, like most peopie, are concerned about
toxic exposures that we all encounter in our daily lives, and they may be indlined to think that diagnasing a latent
disease early will always lead to a better medical outcome. + Recent public outcry over the new mammogram
guidelines may also be a factor to consider in weighing the strategy of a motion to dismiss. « i & defendant files
a motion to dismiss but does not prevail, the plaintiff will gain momentum as a result. This kind of momentum can
make it more difficult for the defendant to defeat class certification iater. For example, 2 trial court may interprat
an interlocutory decision affirming the denial of a motion to dismiss as a signal that a class action should be
certified. B. Advantages * Many states have existing precedent on the injury requirement for tort claims that can
be used successfully in an argument that medical monitoring ciaims should not be recognized. 10

11+ Defendants should now also consider whether the plaintiffs complaint fails to meet the heightened pleading
standards required in recent Supreme Court decisions.28 C. Defining the Injury in jurisdictions that have not yet
decided whether to recognize a medical monitoring claim, the most hotly contested issues may be whether
plaintiffs must demonstrate the existence of injury-—and what constitutes an injury. In an attempt to circumvent
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cases in a number of ways, with varying degrees of success. « Present, physical harm is traditionally required to
establish a cognizable injury under negligence and product liability theories. Indeed, “[firom the beginnings of our
negligence jurisprudence, ‘injury’ has been synonymeous with ‘harm’ and connotes physical impairment or
dysfinction, or mental upset, pain and suffering resutting from such harm.”28 Recent opinions from both state
and federal courts confirm this understanding.30 In June 2008, the Supreme Court of New Jersey affirmed the
dismissal of a medical monitoring claim brought against the manufacturer of the pain killer VIOXX by interpreting
the state’'s Product Liability Act as requiring a "personal physical injury,”31 and in August 2008 the United States
District Court for the Western District of Missouri dismissed a medical monitoring claim brought against the
maker of a medical device because there was no proof of physical injury.32 Most medical monitoring plaintiffs,
however, argue that something less than present, physical harm is required. 28 Ashcroft v. igbal, 126 S. Ct.
1937, 1948-50 (2009); Bell Afl. Comp. v. Twombly, 550 U.S. 544, 556-58 (2007). 26 James A. Henderson, Jr. &
Aaron D. Twerski, Asbestos Litigation Gone Mad: Exposure-Based Recovery for increased Risk, Mental
Distress, and Medical Manitoring, 53 S.C. L. REV. 815, 841-42 (2002). 30 See, e.g., Ratliff v. Mentor, 565 F.
Supp. 2d 926, 928-29 (W.D. Mo. 2008); Sinclair, 948 A 2¢ at 593-96. 31 Sinclair, 948 A.2d at 595. 32 Ratliff, 569
F. Supp. 2d at 928-29. The Ratiiff opinion declined to extend the Missouri Supreme Court's Meyer decision,
(atlowing medical monitoring for potential latent injuries resulting from exposure to {oxic substances), 1o the
produdct liability claim asserted by the Ratliff plaintiff. id. 11

12+ Exposure alone is typically insufficient to constitute an injury. The Michigan Supreme Court, for example,
racently reversed and remanded a case for entry of summary judgment on a medical monitoring ciaim,
reasoning: if plaintiffs’ claim is that by virtue of their potential exposure to [a hazardous substance] they have
suffered an ‘injury,’ in that any person so exposed would incur the additional expense of medical monitoring,
then their claim is also precluded as a matter of law, because Michigan law requires an actual injury to person or
property as a precondition to recovery under a negligence theory.33 « “Subceliular” and "subclinical” injuries
have been rejected by many courts as non-cognizabie injuries. Such alleged injuries are viewed with skepticism,
because the supposed “*harm” is uncertain.34 As a 2005 decision put i, “a *subdlinical' condition, lacking in any
contemporaneous physiclogical manifestations, is not a cognizable ‘injury’ under applicable tort law.”35 The
Supreme Judiciai Court of Massachusetts, however, recently held that “subcellular or other physiofogical
changes” provided a sufficient proof of “impact” to warrant medical monitoring, citing 1o the traumatic physical
impact cases where diagnostic testing was allowed and referred to by those courts as “medical monitoring.”36 »
Increased risk, coupled with exposure, has been asserted successfully as an injury in a few cases. in 2004, for
example, the Supreme Court of West Virginia, which first recognized medical monitoring in 19899,37 described
the injury this way: 33 Henry v. Dow Chem. Co., 701 N.W.2d 684, 689 (Mich. 2005) {emphasis added). 34 See,
e.g., Rainer v. Union Carbide Corp., 402 F.3d 608 {6th Cir. 2005) (holding that subcellufar damage to workers
from radiation exposure did not consfitute a present physical injury sufficient to support a Price-Anderson Act
claim). 35 Parker v. Brush Wellman, Inc.,, 377 F. Supp. 2d 1280 (N.D. Ga. 2005); Bumns v. Jaguays Min. Corp.,
752 P.2d 28, 31 {Ariz. Ct. App. 1987) (“Allowing plaintiffs to sue [for medical monitoring] for injuries when the
disease is still subclinical would be an abrogation of the discovery rule.”). 36 Donovan, 914 N.E.2d at 900-01. 37
Bower, 522 S.E.2d at 432-33 (W. Va. 1998). 12

13.The injury that underlies a claim for medical monitoring — just as with any other cause of action sounding in
tort — is the invasion of any legally protected interest. The specific invasion of a legally protected interest in a
medical monitoring claim consisis of a significantly increased risk of contracting a particular disease refative to
what would be the case in the absence of exposure.38 Similarly, the United States Court of Appeals for the Sixth
Circuit in 2005 found that the plaintifl had standing to assert a claim for medical monitoring associated with a
cardiac medical device, describing the injury as a risk of future harm: Instead of the injury in an enhanced risk
claim [being] the anticipated harm itself and the injury in a medical monitoring claim {being] the cost of the
medical care that will, one hopes, detect that injury we think i more accurate to find the increased risk of future
harm is the injury in bath types of cases. The difference lies in the remedy sought by the plaintiff. 39 A number of
cases, however, have gone the other way. For example, the Alabama Supreme Court in 2001 rejected a
medical-monitoring claim based on increased risk from exposure to PCBs, reasoning that “a cause of action
based on nothing more than an increased risk . . . would result in . . . cases [being decided] based upon nothing
more than speculation and coniecture.”40 And in Mav 2008, the Sunreme Court of Oreaon affirmed the
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dismissal of a medical-monitoring claim brought against tobacco comparnies. According to the court, the
proposed class representative’s allegation that “exposure to defendants’ products has significantly increased the
risk that she wilt 38 State ex rel. Chemtall Inc. v. Madden, 807 §.E.2d 772, 785 {(W. Va. 2004) (internal
guotations and citations omitied). 38 Sutton v. St. Jude Med. S.C., Inc., 419 ¥.3d 568, 572 {6th Cir. 2005)
{Tennessee law) {internal quotations and citations omitted). 40 Hinton v. Monsanto Co., 813 So. 2¢ 827, 829-30
{Ala. 2001). 13

14.contract lung cancer sometime in the future” was an insufficient fnjury to rmaintain a cause sounding in
negligence .41 + The cost of medical monitoring as a purely economic injury also has been successfully asserted.
Traditionally, the “economic loss” rule prohibits tort recovery based purely on economic iosses for a product's
defects or failures, resulting in no personal injury to the plaintiff or damage to plaintiff's other properiy.42 The
theory behind the rule is that contract taw is “regarded as the exclusive source far ascettaining when a seller is
subject to liabifity for damages if the claim is based on intangible economic loss not attributable to physical injury
te person or harm to a tangible thing other than the defeciive product itself "43 Despite this generally accepted
economic losses doctrine, some courts still permit medical monitoring claims based purely on economic losses.
The Hlinois Court of Appeals in 2003, in a case brought by family members of children allegedly exposed to lead
paint, equated medical expenses of screening for lead poisoning with madical expenses for treatment of an
actual physical injury: [if a defendant’s breach of duty makes it necessary for a plaintiff to incur expenses to
determine if he or she has been physically injured, we find no reason why the expense of such an examination is
any less a present injury compensable in a tort action than the medical expenses that might be incurred to treat
an actual physical injury caused by such a breach of duty 44 in 2007, the Missouri Supreme Court agreed,
holding that “[tthe injury for which compensation is sought is not a present physical injury. instead, medical
monitoring damages compensate the plaintiff for the quantifiable 41 Lowe v. Philip Morris USA, inc., 183 P.3d
181, 184-185 (Or. 2008); see aiso Paz v. Brush Engineered Materials, Inc., 949 So. 2d 1, 5 {Miss. 2007)
("Mississippi law does not recognize a claim for medical monitoring based on increased risk of future disease.”).
42 See MDU Res. Group v. WR Grace & Co., 14 F.3d 1274, 1278 n.6 (8th Cir. 1993); Apoclio Group, Inc. v.
Avnet, Inc., 58 F.3d 477, 480 (5th Cir. 1895). 43 Spring Motors Distributors, Inc. v. Ford Motor Co., 489 A.2d
660, 673 (N.J. 1985} (citing W. PROSSER & W. PAGE KEETON, HANDBOOK OF THE LAW OF TORTS § 95A
at 680 (5th ed. 1984). 44 Lewis v. Lead Indus. Ass'n, Inc., 793 N.E.2d B69, 874 {Hi. App. Ct. 2003); in re Pacii
R.R. Yard PCB Litig., 916 F.2d at 850 ("The injury in a medical monitoring claim is the cost of the medical care
that will, one hopes, detect the injury.”). 14

15.costs of periodic medical examinations reasonably necessary for the early detection and treatment of latent
injuries caused by the plaintiff's exposure to toxic substances 45 in a 2005 opinion, however, the Michigan
Supreme Court rejected an economic injury argument, reasoning: It is no answer to argue, as plaintifis have,
that the need tc pay for medical monitoring is iiself a present injury sufficient to sustain a cause of action for
negligence. in so doing, plaintiffs attempt to blur the distinction between “injury” and “damages.” While plaintiffs
arguably demonstrate economic losses that would otherwise satisfy the “damages” element of a traditional tort
claim, the fact remains that these economic losses are wholly derivative of a possible, future injury rather than
an actual, present injury. A financial “injury” is simply not a present physical infury, and thus not cognizabie
under our tort system. Because plaintiffs have not afleged a present physical injury, but rather, “bare” damages,
the medicai expenses plaintiffs claim to have suffered (and wili suffer in the future) are not compensable. 46 At
times, piaintiffs have switched theories of injury in the same case. In Lowe v. Philip Morris USA, Inc., for
example, after plaintiffs unsuccessfully argued to the trial court that a significantly increased risk of contracting
lung cancer was sufficient harm to state a negligence claim, they later argued on appeal that the economic cost
of the medical monitoring constituted a present injury.47 Neither argument carried the day with the Oregon Court
of Appeals or the Oregon Supreme Couri48 D. impact of the Science on Motion to Dismiss The state of the
science can affect the chances of success on a motion to dismiss. If the proposed medical screening fest is not
widely recommended in the medical community, defendants should atternpt to educate the court on this issue as
part of the motion to dismiss. 45 Meyer, 220 S.W.3d at 718 (“A physical injury regquirement is inconsistent with
the reality of latent injury and with the fact that the purpose of medical monitoring is to facilitate the early
diagnosis and treatment of latent injuries caused by exposure to toxins.™). 46 Henry, 701 N.W.2d at 891
femohasis in original). 47 Lowe. 183 P.3d at 184 (Or. 2008). 48 Id. at 184-87. 15
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16.IV. CONCLUSION Medical monitoring continues to be raised in complaints across the country. Because only
fourteen state supreme courts have spoken on the matter, the issue of cognizabie injury is likely to be the most
contested issue in the next decade, as plaintiffs continue fo ask couris fo depart from tradifional principles of tort
recovery. Defendants facing medical monitoring claims should carefully consider the risk of losing a motion to
dismiss when deciding whether to file such a mation. If defendants choose to file a motion to dismiss, they
shouid take care to see that the plaintiff specifically defines the alleged injury and the type of medical testing that

is being requested. DLI-B205059v2 16
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