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December 24, 2019

Honorable Freda L. Wolfson, Chief Judge
United States District Court

Clarkson S. Fisher Building & US Courthouse
402 East State Street

Trenton, NJ 08608

Re: InRe: Johnson & Johnson Talcum Powder Products Marketing,
Sales Practices and Products Liability Litigation (MDL No. 2738)

Dear Chief Judge Wolfson:

The PSC writes to bring to the Court’s attention four peer-reviewed
publications that have been published since the Daubert hearing and that support the
PSC’s general causation experts’ opinions that Johnson & Johnson’s talcum powder
products can cause ovarian cancer:

= Steffen, JE., et al. Serous Ovarian Cancer Caused by Exposure to Asbestos in
Cosmetic Talc Powders — A Case Series Serous Ovarian Cancer Caused by
Asbestos in Cosmetic Talc. Journal of Occupational and Environmental
Medicine. DOI: 10.1097/JOM.0000000000001800. (published ahead of print)
(Dec. 23, 2019) (attached as Exhibit A). Investigators, including PSC experts
Drs. Longo and Rigler, reported on 10 cases of serous ovarian cancer among
users of Johnson & Johnson’s asbestos-containing talcum powder products.
They performed an asbestos exposure assessment during talc application. The
Investigators analyzed the surgical tissue of the patients as well as the talc
containers used by the patients. Platy talc was found in the tissue of 9 out of
10 cases; fibrous talc was found in 8/10 cases; tremolite and/or anthophyllite
asbestos was found in 8/10 cases. The asbestos fibers found in the cosmetic
talc containers matched those found in tissues. The estimated inhaled asbestos
dose ranged from 0.38 to 5.18 fiber years. None of the cases reported in the
series had any known history of alternative asbestos exposure. The study
provides evidence that the inhaled asbestos/fibrous talc from the application
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of cosmetic talc can cause ovarian cancer. “The unique combination of the
types of asbestiform minerals detected in cancerous tissue and ‘cosmetic’ talc
Is a fingerprint for exposure to asbestos-containing talc.”

= O’Brien, KM, et al. Genital Powder Use and Risk of Ovarian Cancer: A
pooled analysis. ASPO Abstracts (American Society of Preventive
Oncology). Dec. 17, 2019 (attached as Exhibit B): One of the Johnson &
Johnson Defendants’ primary arguments in support of their position that the
epidemiologic literature does not support causation is that the cohort studies
do not show a statistically significant increased risk between genital powder
use and ovarian cancer, and therefore, are inconsistent with other study
designs. The National Cancer Institute’s Ovarian Cancer Cohort Consortium
conducted a pooled data study from the four large cohort studies. The data
included 2,073 cases of ovarian cancer. The investigators observed that there
Is a statistically significant 9% increase in ovarian cancer with ever powder
use, compared to never use (hazard ratio [HR] = 1.09, 95% confidence interval
[CI] = 1.00, 1.20). “The strongest association was observed among women
with patent reproductive system, e.g. had a uterus and had not had tubal
ligation, at the time powder exposure was assessed (HR=1.15, 95% CI: 1.03,
1.29). There were no clear differences by ovarian cancer subtype.” The 11
investigators who conducted the study are from institutions such as the NCI,
Harvard Medical School, Johns Hopkins University, among others, and their
work was funded by the NCI.

= Mandarino, A., et al. The effect of talc particles on phagocytes in co-culture
with ovarian cells. Environmental Research 180 (2020) 108676 (attached as
Exhibit C): The investigators in an in vitro study evaluated the immunotoxic
effect of talc as compared to a control. Using macrophage cells, similar to
those used by Dr. Saed, the investigators “found that murine ovarian surface
epithelial cells (MOSEC), a prototype of certain forms of ovarian cancer, were
present in larger numbers after co-culture with macrophages treated to a
combination of talc and estradiol than to either agent alone or vehicle. Control
particles did not have this effect. Co-exposure of macrophages to talc and
estradiol led to increased production of reactive oxygen species and changes
in expression of macrophage genes pertinent in cancer development and
iImmunosurveillance.” These results, from independent scientists from
Harvard University, the University of Rochester, and Brown University, are
consistent with and support Dr. Saed’s research and opinions regarding the
biological effects of Johnson’s Baby Powder in cell cultures.
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= McDonald, SA., et al. Migration of Talc from the Perineum to Multiple Pelvic
Organ Sites: Five Case Studies With Correlative Light and Scanning Electron
Microscopy. Am J Clin Pathol 2019;XX:1-18 (attached as Exhibit D). The
investigators reported data from five patients with documented perineal
talcum powder use. In each instance involving exposed patients, talc (talc
particles and in some instances, talc fibers (i.e., fibrous talc)) was documented
by polarized light microscopy and scanning electron microscopy in multiple
pelvic sites distant from the perineum. These sites included pelvic region
lymph nodes, cervix, uterine corpus, fallopian tubes and ovaries. The
existence of morphologically demonstrated talc in multiple pelvic organ sites,
including pelvic tissues and lymph nodes simultaneously, reported in this
publication has not been reported in the literature previously and confirms the
“biologic potential of talc, its inflammatory potential, and its migration via
pelvic lymphatics from the perineum.” This publication supports the opinions
of each of the PSC’s general causation experts that talcum powder can migrate
from the perineum to the upper genital tract.

Thank you for your consideration of these additional scientific publications.
Should the Court have any questions or require additional information, please let us
know. We hope you have a happy holiday.

Very truly yours,

/sl Michelle A. Parfitt /sl P. Leigh O'Dell
Michelle A. Parfitt P. Leigh O'Dell

cc:  All counsel of record via ECF notification
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ABSTRACT

Objective:

Asbestos is a known cause of ovarian cancer. We report 10 cases of serous ovarian cancer among users of

Johnson & Johnson (J&J) asbestos-containing “cosmetic” talc products.
Methods:

We conducted an asbestos exposure assessment during talc application and analyzed surgical tissues and

talc containers for asbestos and talc.
Results:

Talc was found in all cases and tremolite and/or anthophyllite asbestos was found in 8/10 cases. The
asbestos fibers found in the “cosmetic”™ talc containers matched those found in tissues. We estimated

inhaled asbestos dose ranged from 0.38 to 5.18 fiber years.
Conclusion:

We provide evidence that the inhaled dose of asbestos/fibrous talc from “cosmetic” talc use causes
ovarian cancer. The unique combination of the types of asbestiform minerals detected in cancerous tissue

and “cosmetic™ talc is a fingerprint for exposure to asbestos-containing talc.

KEYWORDS

Ovarian Cancer; Asbestos; Talc; Baby Powder; Cosmetics; Johnson & Johnson
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INTRODUCTION

Known amongst oncologists as a “silent killer,” ovarian cancer is the leading cause of death from
all gynecologic cancers and the fifth leading cause of cancer-related deaths among women in the United
States.' The American Cancer Society estimates that about 22,000 American women will be diagnosed
and 13,850 will die of the disease in 2019.7 In 2010, the agency determined that perineal tale powder use

is possibly carcinogenic to humans (group 2b).’

Epidemiological studies have examined the relationship between perineal talc use and ovarian
cancer. In a 1982 case-control study, Cramer et al. first reported an association between genital talc use
and ovarian cancer.® At least 32 subsequent epidemiologic studies have examined the association between
talc powder use and ovarian cancer.”* High-grade serous carcinoma (HGSC) is the most common form
of ovarian cancer and the type of ovarian cancer that has been most consistently associated with perineal

6-8,10,12,14,15,24,27,29,32,33,36,37

use of cosmetic talc products. Meta-analyses have consistently shown an

increased risk of HGSC of about 1.3 for perineal talc use.'*"**

Asbestos exposure by inhalation occurs during cosmetic talc use. *"** TARC concluded in 2009
that asbestos was a group 1 ovarian carcinogen.”* Dr. H. Wyers’ first reported a case of ovarian cancer
in a woman with asbestosis in 1949. * Twenty-seven epidemiologic studies have since examined the
relationship between asbestos exposure and ovarian cancer.*®” Nine of these 27 studies report a

46-48.51.61,62,68,69,71 . : . .
k. : Epidemiologic findings have

statistically significant elevation in ovarian cancer ris
demonstrated consistency in different populations: studies of asbestos and ovarian cancer have shown a
statistically-significant association among women in different countries with exposures to different types

6-48,51,61,62,68,69 ]Epldemlologlc

of asbestos fibers and in various occupational and environmental settings.
research also suggests a dose-response relationship for asbestos and ovarian cancer when comparing low-
exposure and high-exposure subgroups.‘”ﬁ2 Camargo et al. (2011) performed a meta-analysis of 18 cohort
studies of occupational asbestos exposure and reported a pooled standardized mortality ratio (SMR) for

ovarian cancer of 1.77 (95% CI, 1.37-2.28).”

Epidemiologic studies of talc and ovarian cancer have generally accepted representations by talc
mining and manufacturing companies that consumer talc has been asbestos-free since 1976.%
8.10.12.14.15.24.25.27.29.32.36 Hwever, studies show that consumer talc contains asbestos and a review of the
world’s largest talc producers records indicated that talc mines contained asbestos, that asbestos cannot be
removed from talc, and that talc used in cosmetics was not asbestos-free.*"”’*** Case control and cohort
studies of talc use and ovarian cancer have not differentiated inhalation and perineal talc exposures, and

have not considered inhalation exposures in their analyses; this has contributed to misclassification of
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exposed cases and inaccurate dose-response assessments.* In addition, industry marketing studies from
the 1970s indicate that up to 85% of women used talc powders thus many “controls” were probably

exposed to asbestos containing talcs. ****

We report ten cases of serous ovarian cancer among users of asbestos-containing J&J cosmetic
talc products. Unlike most previous studies on talc and ovarian cancer, we focused on inhalation
exposures to asbestos during various talc uses and not perineal exposure. “*'*** We measured inhalation
exposures during perineal application of asbestos-containing cosmetic talc. Based on exposure histories,
we estimate the dose of inhaled asbestos and the increase in ovarian cancer risk for each case. Our case
series also includes tissue analysis for talc and asbestos in both product and cancer tissue. By synthesizing
current knowledge of asbestos carcinogenicity and evidence of asbestos in consumer talc products, our

case series provides novel insight into the link between cosmetic talc use and ovarian cancer.

MATERIALS AND METHODS

We report ten cases of serous ovarian cancer in women who primarily or exclusively used a
variety of Johnson & Johnson (J&J) cosmetic talc products including Johnson’s Baby Powder (JBP),
Shower to Shower (STS), and STS Shimmer. *'These cases were identified among a group of 22
plaintiffs in Ingham et al. vs. Johnson & Johnson et al. All plaintiffs were diagnosed with ovarian cancer
after exposure to J&J cosmetic talc products and TEM tissue analysis for talc and asbestos was performed
for 10 of these plaintiffs. We only report on the ten plaintiffs for whom TEM tissue analysis was

completed.

There was no requirement for ethics review or institutional review board approval because this
research was not experimental and patients participated voluntarily in conjunction with a lawsuit.
Informed consent for publication was obtained from all living patients. One patient (Case #8) passed
away after her exposure history was collected but before consent for publication was obtained. In this
case, consent was obtained from the surviving spouse. For the remaining 2 deceased patients (Case #4
and Case #9), authors relied only on public information revealed during court proceedings. For the
exposure assessment, the researcher wore a respirator and was decontaminated post-assessment. The
researcher was not exposed to any risk, required to reveal personal information or subjected to specimen

collection. The assessment did not meet the requirements to necessitate IRB approval. ®

PATIENT HISTORIES
Medical histories, exposure histories (history questionnaire attached as Appendix 1,
http://links.lww.com/JOM/A685), and physical examinations were collected for all living patients (8/10

cases). Exposure histories included questions about talc powder use and other sources of asbestos
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exposure. We analyzed the frequency and duration of talc uses for each case. For the two deceased
patients (Case #4 and Case #9), a rough exposure history was compiled from the testimony of relatives

who were familiar with each patient. Available medical records were also reviewed for all cases.

EXPOSURE ASSESSMENT- PERINEAL APPLICATION

The exposure assessment was completed in a 15°x15°x8’ room with appropriate negative asbestos
airflow technology. The experiment was videotaped using two Sony Model HDR-CX900 cameras with
alternating Tyndall and standard lighting. (See Appendix 2, http://links.lww.com/JOM/A686.) Area and
background samples were collected using four high-volume area sampling pump stations set up 5’ to 6’
from the talc user; these pump stations used 25mm air cassettes containing 0.8um pore size mixed
cellulose ester (MCE) filters with 5.0pm backing pads and were calibrated to run at 10 liters/minute.
Personal samples were collected using four low-volume pumps affixed to the talc user with the cassettes
adjusted to be in the breathing zone of the investigator; the “personal” pumps were calibrated to 2.5

liters/minute. During the experiment, air samples were collected for 5 minutes from all sources.

A researcher wearing personal protective equipment and “personal” air pumps used a metal
container of JBP for the experiment. Based on JBP advertisements featuring product images, we
estimated that the JBP used in this test had been manufactured sometime in the 1950s and sourced from

the Val Chisone mine. ***(See Appendix 3, http://links.lww.com/JOM/A688 for images of JBP product

tested and for full written report on exposure assessment.) J&J used this mine source from 1946 until
1968 and 1980-1981. *** From 1969 to 2003, J&J used Vermont talc in their powder products and later

42,89

switched to Chinese. Using t-test analysis, the asbestos content (fibers per gram) in all the bottles

tested were statistically comparable across these three talc sources. (See Appendix 4,

http://links.lww.com/JOM/A689)

The JBP can was weighed before the experiment using a Fisher Scientific balance. The
researcher wore a bikini bottom over an inner pair of boxer briefs and sat on a chair in the middle of the
room for the experiment. To simulate perineal talc application, the researcher shook the talc powder into
his hand twice and then rubber the powder into the upper leg area. This was repeated for the other leg.
Then, the researcher stood, pulled the bikini bottom down and away from the body, and applied 2
squeezes of talc powder into the bikini bottom. The researcher released the briefs into place and sat
down on the chair for the remainder of the study. The metal container of JBP was weighed again

following the study. After the study, 2 field blanks were opened inside the study room.

A total of four background samples, four personal samples, and four area samples were collected along

with two field blanks. All twelve air samples were analyzed for asbestos by the NIOSH 7400 PCM
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method using “A” counting rules and by the NIOSH 7402 TEM method.”®”' For TEM analysis,
amphibole asbestos fibers or bundles with substantially parallel sides and an aspect ratio of 3:1 or greater,
at least longer than 5.0 pm in length and greater than 0.25 pum were counted as per NIOSH 7402 asbestos
structure sizing rules.”’ The four personal air samples were also analyzed by the NIOSH 7402 method for
fibrous talc particles.” The two field blanks were analyzed for asbestos by PCM and TEM in accordance
with NIOSH 7400 and NIOSH 7402.”*"'

DOSE CALCULATIONS

For each case, we calculated asbestos dose in environmental fiber years (for consistency with the
EPA risk assessment model) and in total fibers inhaled (to account for changes in respiratory intake in
infancy vs. adulthood).”” We used the asbestos dose in environmental fiber years to calculate the excess

risk. (See section on Dose-Response Risk Assessment.)

We calculated total asbestos dose based on the four most common usages of J&J talc powder
reported among the ten cases: perineal application (10/10), upper body powdering (9/10), exposure as an
adult during diapering (8/10) and exposures as an infant during diapering (7/10). For each of these
scenarios, we incorporated the intensity of the exposure (f/cc), duration of each exposure (minutes) and
total number of applications (from exposure histories) to calculate the dose. Although we did not adjust
for latency, we excluded exposures that occurred after ovarian cancer diagnosis. Fibrous talc exposures
from powdering was excluded from our calculations except exposure from baby diapering."' Dement et

al. (1972) did not differentiate type of fiber detected. **

For perineal powdering exposures, we relied on measurements from our exposure assessment.

(See above.) Air samples were collected over the course of 5 minutes in this test.

For upper body powdering, we used Gordon et al.’s (2014) measurements for shaker application
of cosmetic talc powder to the underarm, shoulder, and upper arm area.'' Gordon et al. (2014) used
Cashmere Bouquet, which used the same Italian mine source as J&J (Val Chisone) from 1940 until 1992.
949 Gordon et al. (2014) found that users were exposed to 1.9 fice of asbestos fibers over the course of 5

minutes.*!

For exposures during diapering, Dement et al. (1972) from NIOSH found that an adult is exposed to 2.2
f/cc and that a baby is exposed to 1.8 f/cc over the course of two minutes.”> When subjects reported that
their parents had used talc on them during diaper changes as an infant, we relied on diaper changing
norms to estimate infant exposures. US market research and survey data shows that diaper changes

typically occur 8-10 times per day for infants (0-6 months) and 4-6 times per day for toddlers (6-24
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months).”**® Diaper changing frequency in the US also changed over time: the average number of diaper
changes per day over the first 2 years of life dropped from eight times per day in the 1960s to 5-6 times
per day by the 1980s due to improvements in disposable diapers and reduction in cloth diaper use.”””’
Since all of the women in our series were born prior to 1975, we assumed that diaper changes occurred

eight times per day for two years.

We calculated the dose for each case in fiber years (j—c . yea‘r) using the same conversions as

Anderson et al (2017)."” For consistency with the EPA dose-response curve used for our risk assessment,
we calculated the total duration of exposure based on a continuous, 24-hour exposure period (525,600

min/year) until date of diagnosis.””
Formula 1

We also calculated the total number of asbestos fibers inhaled in each case. For adults, we used
the National Research Council (NRC)’s estimate of “an annual inhaled air volume of 7,300 m’” and

formula to convert the dose from fiber years to total fibers.'”"

We relied on measurements of infant lung
volume from Hall (1955) and on median infant respiratory rates calculated by Fleming et al. (2011) to
estimate the total inhaled air volume for infants from age 0 to 2.'"*'” Using time-weighted averages for
tidal volume and respiratory rate, we calculated that infants breathed 11,025,072,000 ccs in the first 2

years of life, or 5,512,536,000 ccs per year on average.

Formula 2 & 3:

We added together adult and infant exposures to calculate the exposures in total number of

asbestos fibers. See Appendix 5, http://links.lww.com/JOM/A 690 for the full dose calculations for each

case.

DOSE-RESPONSE RISK ASSESSMENT

We developed a method to apply the EPA dose-response curves for inhaled asbestos and
mesothelioma risk to ovarian cancer risk. °* First, we examined the EPA dose-response table for
mesothelioma from environmental asbestos exposure (24-hours, 365 days per year). * Utilizing the EPA

dose-response estimates, we extrapolated a formula for the line of best fit for mesothelioma risk.
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We then identified studies that reported mesothelioma and ovarian cancer rates in the same cohort
and calculated comparative risk of mesothelioma versus ovarian cancer for each study.’**>*%"! (See

Table 1.)

Using these studies, we calculated the geometric mean comparative risk of contracting
mesothelioma versus ovarian cancer from the same asbestos exposures. We applied this comparative risk
to the line of best fit for mesothelioma based on the EPA dose-response data to determine a formula for

risk of ovarian cancer.

The subjects of the EPA occupational exposure study were entirely men.”> Since women are
more susceptible to cancer from asbestos exposure, we used Lacourt’s (2014) findings comparing the
mesothelioma odds ratio (OR) in men versus women with the same exposures to adjust the formula for
the increase in cancer risk for women.'™ At total doses >0-0.1 fiber years, women were 1.725 times more

104

likely to have mesothelioma than men. ™ At total doses =0.1-1 fiber years, women were 2.855 times

104

more likely to have mesothelioma than men.™ We applied these ratios to the EPA dose curve calculated

to obtain a better estimate of the ovarian cancer dose-response in women.

The resulting dose-response curve for inhaled asbestos and ovarian cancer is shown in Figure 1.
We used each case’s asbestos dose estimate in fiber years to identify their relative lifetime risk of
developing ovarian cancer along the dose-response curve. We then compared each case’s risk of
contracting ovarian cancer due to inhaled asbestos exposure to the expected incidence of ovarian cancer
for those without asbestos exposure: 11.4 per 100,000 from the National Cancer Institute’s Surveillance,

Epidemiology, and End Results (SEER) Program.'"®

TISSUE ANALYSIS FOR ASBESTOS AND TALC
Samples from a combination of the left and right ovaries, left and right fallopian tubes, and left
and right pelvic lymph nodes were obtained from the hospital for each of the ten patients. Tissues were

analyzed to identify and quantify talc and asbestos content in the tissue.

For tissue analysis, a small portion of the tissue in each block was removed with a clean razor
blade and placed in a pre-weighed 20-30 mL borosilicate glass vial. The vial was filled with ten mL of
filtered extraction solvent (hexane) and placed in a 60°C water bath. The filtered extraction solvent was
replaced every twenty minutes for a total of three changes. After the last extraction solvent change, two
changes of filtered ethanol (10 mL, each) ten minutes each were performed, then the tissue piece(s) were
dried at 110 — 120°C.
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Tissue samples were digested with 15-30 mL of filtered sodium hypochlorite (appx. 8.0%
bleach). After digestion, the remaining digested material was filtered through a 25 mm, 0.4 micron
polycarbonate (PC) filter. The filter containing the tissue residue was dried and subsequently prepared for

TEM examination.

A paraffin control sample (wax blank) was obtained by dissolving a known quantity of the
paraffin blocks (devoid of tissue) in ten mL of filtered extraction solvent and the dissolved solvent/wax
solution was then filtered onto a twenty-five mm, 0.4 micron PC filter. The filter was allowed to dry and
then prepared for TEM analysis. A process blank (sample vial) was prepared in the same manner and

followed the wax blank and tissue sample vials through all steps.

For TEM analysis, 100 - 300 grid openings were analyzed for all asbestos and talc structures at a
magnification of between 4,000 and 20,000X. As per standard TEM analysis protocols, asbestos
fiber/bundle identification was done by morphology (substantially parallel sides and length to width ratio
of at least 5:1), length (greater than 0.5 pm in length), selected area electron diffraction (SAED), and

106-112

energy dispersive X-ray spectroscopy (EDS). Talc structures (platy and fibrous) were identified

morphologically, by selected area diffraction (SAED), and energy dispersive spectroscopy (EDS).
RESULTS

EXPOSURE ASSESSMENT

Total weight used during the application process was 4.05g of talc powder. For the 5 minute
sampling time, the average total fiber exposure was 4.52 ficc (5.86, 4.38, 3.85, and 3.98 f/cc), the average
asbestos exposure was 2.57 flec (4.51, 1.88, 2.07, and 1.81 ficc) and the average talc exposure was 1.95
f/cc (1.35, 2.50, 1.78, and 2.16 f/cc) for the talc user personal samples. For area samples, the average
total fiber exposure was 0.41 f/cc (0.52, 0.28, 0.42, 0.40 f/cc), the average asbestos exposure was (.2 f/cc
(0.31, 0.20, 0.13, and 0.16 f/cc) and the average fibrous talc exposure was 0.19 f/cc (0.13, 0.08, 0.29, and
0.24 f/cc). The type of asbestos fiber identified in all samples was tremolite asbestos. No fibers were
detected in the background samples or field blanks. The complete exposure assessment report, including

count sheets and fiber images, is available as Appendix 3, http://links.lww.com/JOM/A688.

DOSE CALCULATIONS AND RISK ASSESSMENT

Results for dose calculations, risk assessment and tissue analysis are summarized in Table 2. See
Appendix 5, http://links.lww.com/JOM/A690 for complete past medical history, history of present illness,

other ovarian risk factors, exposure history, and dose calculations for each case.
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STS was comprised of talcum powder mixed with cornstarch. The STS products contained
between 80% to 100% talc sourced from the same mines as JBP.** Only 4 cases used these products for
brief or unknown periods of time. Case #3 reported infrequent use of unidentified facial make-up powder,
and Case #6 reported infrequent use of generic store-brand talcum powder. We could not calculate

exposures for the brief use of these unknown products,

All cases had pathologically confirmed serous ovarian cancer. Age at diagnosis ranged from 41
to 78 years, with a mean age at diagnosis of 51.1 years and median age at diagnosis of 50 years. By
contrast, the median age of ovarian cancer diagnosis in the United States is 63 with most cases occurring
in women aged 55 to 64. Seven of 10 cases tested negative for BRCA mutations; 2 cases were never

tested (#2 and #5) and one case (#8) tested positive for BRCA2 variant L771V.

All cases reported perineal talc application; the frequency of perineal powdering with talc ranged
from once per day to ten times per day and the duration ranged from 24 years to 47 years. Nine of ten
cases reported upper body powdering with talc ranging from 1 to 5 times per day and lasting from 20 to
47 years. Seven of 10 cases reported that their parents used talc powder on them during diaper changes
and eight of 10 cases used talc powder during diapering. The total asbestos dose from talc powder use
ranged from 2,774,000,000 to 37,742,501,440 asbestos fibers (0.38-5.18 fiber years) and the average dose
was 9,308,551,008 asbestos fibers (1.28 fiber years). No other known asbestos exposure was identified
for any of the cases. Based on EPA dose dose-response estimates, the risk of developing ovarian cancer
due to inhaled asbestos exposure was calculated to be 2.3 to 31.1 times greater in these cases compared to

baseline risk for ovarian.'”® On average, the risk of ovarian cancer increased 7.7-fold among these cases.

TISSUE ANALYSIS

Talc and/or asbestos was identified in the tissue from all cases. Platy talc was found in 9/10 cases
(90%) with an average concentration of 264,487 structures per gram (s/g) (range: 0 — 2,057,640 s/g).
Fibrous talc was found in 8/10 cases (80%) with an average concentration of 5,878 s/g (range: 0 — 21,545
s/g). Tremolite asbestos was found in 6/10 cases (60%) with an average concentration of 6,488 s/g (range:
0 — 22,000 s/g). Anthophyllite asbestos was found in 4/10 cases (40%) with an average concentration of
2,393 s/g (range: 0 — 12,000 s/g). Ferro-anthophyllite asbestos was also identified in 2 cases (20%),
winchite and richterite asbestos were identified in 1 case (10%), and crocidolite asbestos was identified in
one case (10%). Two tremolite structures with aspect ratios less than 5:1 were observed in one case, but

were not counted as asbestos.

In the ‘possible fallopian tube B’ tissue of case #2, a cluster measuring 20.0 x 16.0 pm was identified

composed of 36 counted talc plates, two fibrous talc structures and one tremolite fiber. (See Figure 2.)
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DISCUSSION

This case series identified asbestos and/or talc in the tissue of ten women diagnosed with serous
ovarian cancer and exposed to J&J cosmetic talc products. Prior to their ovarian cancer diagnosis, these
women were exposed to as much as 2,774,000,000 to 37,742,501,440 asbestos fibers (0.38-5.18 fiber
years) due to their use of J&J cosmetic talc products. In all reported cases, asbestos exposures due to J&J
talc use resulted in a substantial increase in ovarian cancer risk (2.3-31.1) based on our model. Early
median age of diagnosis (50 in this case series versus 63 nationally), and the EPA dose response table,
indicates that asbestos exposure in infancy may cause ovarian cancer to oceur sooner than it would have

. 2
occurred absent this exposure. ** .

The asbestos type found in the perineal talc use inhalation exposure assessment (tremolite
asbestos) and the predominant asbestos types identified in these tissue samples (tremolite and

anthophyllite asbestos) matched the fiber types previously identified in cosmetic talc products and in talc

41,74,75,77-81

mines. (See Table 3.) Researchers have previously identified anthophyllite asbestos in

Johnson’s Baby Powder (by TEM analysis),” amphibole needles and fibers in baby powder sourced from

76,77

Vermont, ™"’ and tremolite asbestos fibers in commercial talc produced prior to 1975 from J&J’s talc

source in Val Chisone, Italy.""*

In 2017, a bundle of tremolite asbestos fibers was found in a bottle of JBP purchased by Case #3
in 2014. (See Appendix 6, http://links.lww.com/JOM/A691 for full purchase report.) Tremolite asbestos

was also identified in Case #3’s right pelvic lymph node. (See Figure 3.) Winchite and richterite asbestos
were found in the tissue in 1 case. However, richterite was called sodium tremolite prior to 1978.'"
Winchite is found in talc from the Allamoore, Texas mine and may have contaminated J&J Italian talc
processed at the same plant in the 1970s."'*"" Similarly, Transite pipes present in Royston Plant may

119 120

have contaminated J&J talc with crocidolite. Furthermore, Colgate acknowledges that there is

crocidolite in some talc."'

The most common structures identified by tissue analysis (platy talc, fibrous tale, tremolite and
anthophyllite asbestos) strongly indicate talc powder as the source of asbestos exposure in these cases.
Tremolite asbestos has had minor commercial production in India and Italy and is mainly found as an
accessory mineral in talc, vermiculite, and chrysotile.'”"'** Anthophyllite asbestos, which occurs as an
accessory mineral in talc and chrysotile, has also had limited commercial use.'”*"'** Anthophyllite and

tremolite together account for less than 1% of asbestos production and consumption worldwide.'**

None of the cases reported in this series had any known history of alternative asbestos or

vermiculite exposure and no chrysotile or vermiculite was found in any of the tissue samples. Churg and
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Warnock (1979) performed a population study of lung asbestos and noted that “... in women a major
source [of asbestos fibers] may be cosmetic talc, which is often contaminated with anthophyllite and
tremolite.”'*® Finkelstein’s (2018) analysis of mesothelial tissue found a statistically significant
association for tremolite detected with talc in tissue."’ This association was higher for females, 82% of
whom had talc in their tissue compared to 68% of males. '*° The increased use of talcum-based cosmetics
by females, and the similar fiber type combination is a fingerprint of cosmetic talc migrating to the
peritoneum. The combination of talc with tremolite and/or anthophyllite asbestos, as identified by
Finkelstein (2018) and the ten cases reported here, are a fingerprint for exposure to asbestos-containing

talc. 127-129

(Appendix 7, http:/links.lww.com/JOM/A692: a chart of fibers detected in J&J compared with
fibers in tissue). These results indicate that perineal use can result in important inhalation exposure to

asbestos, which is accepted route of transmigration to the peritoneum and ovary."'

Our exposure assessment found that cosmetic talc users can be exposed to 2.57 f/cc asbestos in
the breathing zone during perineal talc application; this finding was generally in agreement with previous
studies of asbestos exposures during talc use. *"* The bottle of JBP used in this exposure assessment was
tested by TEM which detected 15 million fibers per gram. Further analysis found asbestos in 56/90 JBP
bottles with a range of 4,400 to 15,100,000 asbestos fibers per gram (appendix 4,
http://links.lww.com/JOM/A689). For comparison, Gordon et al. (2014) conducted exam on 50 samples
of a single brand of cosmetic talc, sourced from either Montana, North Carolina or Val Chisone. Gordon
et al. (2014) found a range of 1,840 to 200 million asbestos fibers per gram.*' Asbestos is not evenly

distributed in talc ores and sampling cannot be completely representative of exposure. *'**

Gordon et al. (2014) selected a bottle with 18 million asbestos fibers per gram for the inhalation
study. The results Gordon et al.’s (2014) simulation for body powdering 1.9 f/cc, comparable to our
assessment of 2.57 f/cc asbestos exposure per application. Application of cosmetic talc varies greatly,
including differences in product, application time, grams per use and location of application. In addition,
talc is mined and milled prior to sale, potentially modifying fiber size or dispersing asbestos unequally in
finished product. '** Talc was sourced from various mines and processing methods changed over time,
adding to the variability of asbestos content in talc-containing cosmetic products. However, our findings
of an asbestos fingerprint in the tissue reveal that regardless of the dose, exposure to talc-containing

cosmetic products is sufficient to cause ovarian cancer.

We relied on NIOSH measurements by Dement et al. (1972) to calculate exposures during
diapering, however these measurements did not account for airborne asbestos exposures that continued

after the sampling time.”’ Dement et al. (1972) collected air samples for two minutes during a simulated
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diaper change with JBP, but another experiment in the same study indicated that exposures continued for
at least three minutes and likely persisted for even longer.” Dement et al. (1972) used phase contrast
microscopy and did not differentiate between asbestos and fibrous talc. °* However, in 1968, NIOSH
injected asbestos containing “cosmetic” talc into hamsters and detected tremolite asbestos bodies but no
fibrous talc in the animal lungs.'** Anderson et al. (2017) reported much lower levels duting body dusting
with talc (0 to 0.0039 f/cc). However, the microscopist in the Anderson et al. study originally identified 4
anthophyllite asbestos fibers in the air samples by TEM, but changed the result to transition fibers at the

request of the project supervisor due to concern that the results would be used in litigation. {015

Both our study and Gordon et al.’s (2014) exposures assessment used less talc powder than the
average user: these experiments used 4.05 and 0.37 grams of talc respectively, but J&J’s unpublished
studies found that women used 8.16 grams and men used 13.02 grams of talc powder on average during

#1136 Anderson et al. (2017) reported that subjects used 11.6 grams of talc on average to

body powdering.
powder their bodies after showering.'"’ Therefore, our use estimates were 3 to 20 times lower than

Anderson et al. (2017) and J&J’s.

We also excluded many reported talc uses from our dose calculations due to a lack of exposure
data. For instance, three cases (#1, #3, and #5) regularly used talc powder on their sheets and pillows;
several other cases also reported seeing and smelling dust in the air while cleaning the room where they
regularly applied talc. (See Appendix 5, http://links. lww.com/JOM/A690 for complete exposure
histories.) Although our findings indicate that asbestos is present in consumer talc products at a level
sufficient to cause disease, our dose estimates may under or over estimate the total exposure to

carcinogens in talc in these cases.

Burns et al. (2019) created a dose estimation-model for cosmetic talc, relying on previous
assessments to predict asbestos exposure, including Moon et al. (2011), Gordon et al. (2014), Russell et
al. (1979), and Anderson et. al. (2017). *"'®*¥Burns et al.’s (2019) assessment was based on an
assumption of .1% level of asbestos in talc mathematical model that incorrectly reduced the exposure
estimate by 1000. "*” For example, Gordon et al. (2014) reported, 4.8 f/cc, however, Burns et al.’s (2019)
math model reduces this figure to 0.0048 f/cc. *"'"*" In comparison, Addison et al. (1988) reported that
dusts containing 0.1% asbestos may release 1.17-2.79 asbestos fibers/cc into the air, consistent with our

measurements.'>’

Our tissue analysis results were consistent with previous reports of asbestos and/or talc in ovarian

136,140-144

tissue. (See Table 4.) The number of asbestos structures per gram, however, were approximately

one order of magnitude lower in our study than in previous quantitative studies of asbestos in ovarian
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tissue.'*® This discrepancy may be due to differences in tissue preparation and analytical procedures.
Other quantitative studies relied on wet tissue weight for their analysis whereas we used a dry weight
procedure.'*® Additionally, we counted 100-300 grid openings in our study while other studies appear to
have counted the entire grid area.'*> We also found that some tissue samples contained “hot spots” with
very high concentrations of asbestos and/or talc compared to the surrounding tissue. (See Figure 2.) The
occurrence or absence of “hot spots” may also account for variability in reported asbestos concentrations
in tissue. The predominant types of asbestos identified in our series (tremolite and anthophyllite asbestos)

are the same as those most commonly reported in past studies.'*""'**'*

We did not consider latency in our risk estimate because our calculations followed the EPA risk
assessment, which did not consider latency.” In addition, Pira et al. found that for asbestos-caused
ovarian cancer “...the SMRs increased monotonically with time since first employment, although the
number of deaths was small in several categories...”* Our omission of latency from this study is to
remain consistent with the EPA assessment and reflect the lack of effect demonstrated by Pira et al.’s
analysis.

We omitted fibrous talc from our risk assessment due to a lack of dose-response data in the published
literature. IARC has previously classified fibrous talc as a Group 1 carcinogen and OSHA regulates
fibrous talc per the asbestos standard.™*'**'* Further research on the relationship between talc powder

use and ovarian cancer should include studies of fibrous talc toxicity.

CONCLUSION

Of the ten reported cases of serous ovarian cancer, all were found to have talc and 8 were found
to have asbestos in their tissue samples. The main types of asbestos identified in tissue, tremolite and
anthophyllite, constitute a fingerprint for talc containing asbestos and indicate that “cosmetic” talc powder
as the source of asbestos exposure in these cases. IARC has concluded that asbestos is an ovarian
carcinogen.” IARC has likewise classified talc containing asbestiform fibers (including both asbestos and
fibrous talc) as a carcinogen.”*'* These cases provide more evidence of the causal link between
asbestos, tale, and ovarian cancer and indicate that asbestos is present in consumer talc products at a level

sufficient to cause disease.

In 1973, J&J told the FDA that “Johnson & Johnson's policy of full cooperation with
FDA and that if the results of any scientific studies show any question of safety of talc, Johnson &
Johnson will not hesitate to take it off the market” and their corporate position is that there is no known
safe level of exposure to asbestos.'* J&J’s studies have shown that asbestos has been present in its

cosmetic talc ores since the 1950s. In 2019, the FDA has found asbestos in JBP sourced from Vermont
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and China and Claire’s cosmetics ."**'*' At least three retailers of cosmetic talc accept the causal
relationship between talc use and ovarian cancer: Angel of Mine, Perfect Purity, and Assured Body and
Foot Powders warn that “frequent application of talcum powder in the female genital area may increase
the risk of ovarian cancer.”*” In addition, J&J’s talc supplier Rio Tinto Minerals has warned its
customers since 2006 of this risk in Material Safety Data Sheets (MSDS) for talc: “perineal use of talc-
based body powder is possibly carcinogenic to humans.”"**'** J&J removes this warning from its talc
MSDS and cosmetic talc products.'”” Because talc powder is a cosmetic product with no medical benefit,
these warnings still do not warrant the sale of a products when the benefits cannot outweigh the risks,

especially when there is a safer substitute.'>® '

J&J should comply with its self-proclaimed obligation to take talc-containing cosmetic products

off the market “if the results of any scientific studies show any question of safety of talc, Johnson &

Johnson will not hesitate to take it off the market.” '*

SUPPORTING INFORMATION

Appendix 1: Exposure history questionnaire

Appendix 2: Perineal exposure assessment video

Appendix 3: Full report of perineal exposure assessment
Appendix 4: Analysis of historical samples of JBP
Appendix 5: Detail on reported cases

Appendix 6: Report on analysis of JBP purchased by case #3

Appendix 7: Fiber Comparison chart
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FIGURE LEGENDS

w i . L oo i

Cumulative exposure (Fiber years)

Figure 1: Ovarian cancer dose response (adjusted for difference in female mesothelioma risk)
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Figure 2: TEM image of cluster measuring 20.0 x 16.0 um composed of 36 counted talc plates, 2 fibrous

talc structures and 1 tremolite fiber identified in “possible fallopian tube B” tissue of case #2.
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Figure 3: TEM images of a tremolite asbestos fibers in Case #3 right pelvic lymph node tissue (left) and
in sample of JBP purchased by Case#3 in 2014 (right).
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Table 1: Studies with both mesothelioma and ovarian cancer rates in the same cohort and calculated

comparative risk of mesothelioma to ovarian cancer in female-only cohorts.

Study Mesothelioma risk (RR) | Ovarian cancer risk Comparative risk
(RR) M/OC

Loomis 2009 10.92 1.23 8.88

Magnani 2008 51.49 2.27 22.68

Pira 2016 51.3 3.03 16.93

Wang 2013 166.67 7.69 21.67

Wilczynska 2005 22.67 1.76 12.88

Geometric mean of comparative risk 15.69
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Talc Exposure History Rela Pathological Examination
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Talc Exposure History Rela Pathological Examination
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2,774,000 ;
differe Tremolite (604
. 1x/d ,000 Ovary (L)
ntiated unk | unk | unk s/g)
ay, fibers, -
4 | serous 78 now | now | now 2.3 Fallopian Platy talc
43y (0.38
adenoc n| nY n| tube (R) (30,000 s/g)
\ 1s fiber
arcino Fallopian Fibrous talc
years)
ma tube (L) (868 s/g)
Pelvic
Platy talc
Lymph Node
(12,600 s/g)
®)
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Talc Exposure History Rela Pathological Examination
Infa | Adul tive
U nt t Incr
Ca Age P
Peri | er | expo | expo | Calculate | ease
se at
Diagno neal | bod | sure | sure d in Findings
Nu Diag Tissue
sis | pow | y | duri | duri | Asbestos | Ovar (structures per
mb nosi . examined
deri | pow | ng ng Dose ian gram of tissue)
er s
ng | deri | diap | diap Can
ng | erin | erin cer
g g Risk
. Platy talc
Pelvic
(17,600 s/g),
Lymph Node
Tremolite
(L)
(2,510 s/g)
Platy talc
(10,900 s/g),
Ovary (R) )
Fibrous talc
(1,810 s/g)
Platy talc
(25,000 s/g),
7,812,501 Fibrous talc
Low Ovary (L)
Ix/d| 1x/d 10x/ 440 (5,000 s/g),
grade 8x/d
ay, | ay, day, fibers, Tremolite
5 | serous 52 ay, 6.5
' 47y | 47yr 10yr (1.08 (5,000 s/g)
carcino 2yrs
rs s s fiber Platy talc
ma
years) (77,200 s/g),
Fibrous talc
Int. [liac
(7,720 s/g),
lymph node
®) Tremolite
(3,860 s/g),
Anthophyllite
(3,860 s/g)
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103076
Talc Exposure History Rela Pathological Examination
Infa | Adul tive
U nt t Incr
Ca Age P
Peri | er | expo | expo | Calculate | ease
se at
Diagno neal | bod | sure | sure d in Findings
Nu Diag Tissue
sis | pow | y | duri | duri | Asbestos | Ovar (structures per
mb nosi . examined
deri | pow | ng ng Dose ian gram of tissue)
er s
ng | deri | diap | diap Can
ng | erin | erin cer
g g Risk
Comm. liac
Platy talc
lymph node _
(50,600 s/g)
(R)
Adnexa,
Platy talc
tumor/ovary
(21,300 s/g)
(R)
Adnexa,
Platy talc
tumor/ovary
(4,720 s/g)
, (L)
High
7,009,501 Platy talc
grade
Ix/d | 1x/d 10x/ 440 (12,000 s/g),
serous 8x/d Adnexa,
ay, | ay, day, fibers, ] Tremolite
6 | papillar | 51 ay, 5.8 | fallopian tube
40y | 40yt 10yr (0.97 (12,000 s/g),
y 2yrs (R) .
) rs 8 s fiber Anthophyllite
carcino
years) (12,000 s/g)
ma
Adnexa,
) Platy talc
fallopian tube
(13,700 s/g)
L)
Pelvic
Platy talc
Lymph Node
(11,500 s/g)
L)
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103077
Talc Exposure History Rela Pathological Examination
Infa | Adul tive
U nt t Incr
Ca Age P
Peri | er | expo | expo | Calculate | ease
se at
Diagno neal | bod | sure | sure d in Findings
Nu Diag Tissue
sis | pow | y | duri | duri | Asbestos | Ovar (structures per
mb nosi . examined
deri | pow | ng ng Dose ian gram of tissue)
er s
ng | deri | diap | diap Can
ng | erin | erin cer
g g Risk
Platy talc
_ (8,740 s/g),
Ovary (R) e
5,183,000 Fibrous talc
Serous 1x/d | 1x/d L 7.5x ,000 (1,090 s/g)
un
adenoc ay, | ay, /day fibers, Platy talc
7 56 now 43 Ovary (L)
arcino 37y | 37yr , (0.71 (10,500 s/g)
n
ma Is s 6yrs fiber Fallopian Platy talc
years) tube (R) (8,500 s/g)
Fallopian Platy talc
tube (L) (10,900 s/g)
Platy talc
(3,340 s/g),
High 2,993,000 )
Ferro-
grade Ixd | 1x/d 3.5x ,000 )
unk Ovary (R) anthophyllite
ovarian ay, | ay, /day fibers,
8 44 now 2.5 (1,670 s/g),
serous 24y | 24yr , (0.41 o
n Crocidolite
carcino rs s 4yrs fiber _
(1,670 s/g)
ma years)
Platy talc (799
Ovary (L)
s/g)
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Talc Exposure History Rela Pathological Examination
Infa | Adul tive
Ca Age Upp | nt t Incr
Peri | er | expo | expo | Calculate | ease
* Diagno “t neal | bod | sure | sure d in Findings
Nu Diag Tissue
sis pow | v | duri | duri | Asbestos | Ovar (structures per
mb nosi . examined
deri | pow | ng ng Dose ian gram of tissue)
“ ’ ng | deri | diap | diap Can
ng | erin | erin cer
g g Risk
Platy talc
(9,690 s/g),
Fibrous talc
Fallopian (1,380 s/g),
tube (R) Tremolite
(1,385 s/g),
Anthophyllite
(1,385 s/g)
Platy talc
Fallopian (7,400 s/g),
tube (L) Tremolite
(1,850 s/g)
Poorly Ovary (R) NSD*
di.ffere 4.965.501 Ovary (L) NSD*
ntiated Ix/d | 1x/d | 8x/d 440 Fallopian NSD*
ser(')us ay, | ay, | ay, fibers, tube (R)
9 | papillar | 41 sy | 4291 | 2y1s n/af 0.69 4.1 Fallopian SD
ade};loc rsY | sY 1 fiber tube (L)
arcino years) Pelvic Fibrous talc
Lymph Node
mas O (8,770 s/g)
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103079
Talc Exposure History Rela Pathological Examination
Infa | Adul tive
U nt t Incr
Ca Age P
Peri | er | expo | expo | Calculate | ease
se at
Diagno neal | bod | sure | sure d in Findings
Nu Diag Tissue
sis | pow | y | duri | duri | Asbestos | Ovar (structures per
mb nosi . examined
deri | pow | ng ng Dose ian gram of tissue)
er s
ng | deri | diap | diap Can
ng | erin | erin cer
g g Risk
Ovary,
: Platy talc
fallopian tube
(10,800 s/g)#
High- (R)
grade 8,177,501 Ovary,
) Platy talc
ovarian 2x/d | 2x/d ,440 fallopian tube
8x/d | 8x/d (5,520 s/g)
papillar ay, | ay, fibers, (L)
10 42 ay, | ay, 6.8
y 32y | 32yr (1.13 Pelvic
2yrs | 4yrs Platy talc
serous rs s fiber Lymph Node
) (79,300 s/g)
carcino years) (R)
ma Pelvic
Platy talc
Lymph Node
(84,400 s/g)
(L)

Table 2 Legend:

* No asbestos or talc structures detected.

1 Tissue received, but not analyzed.

1 Winchite and richterite asbestos were considered tremolite prior to 1978.

9 Patient deceased; exposure history based on recollections of family and friends.

§ The final pathology report also noted minor components of transitional cell and mucinous carcinoma.

# 2 tremolite structures were reported with an aspect ratio of less that 5:1 that were not counted.
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Table 3: Summary of studies reporting asbestos in consumer talc products

Study Test Method Summary of Findings

Rohletal (1976) | XRD, PLM, 0.1-14% tremolite and anthophyllite (mostly fibrous) by weight
TEM, SEM in 10 of 20 consumer talc products tested

Paoletti et al TEM 0.5-1.6% tremolite asbestos in 2 of 6 Italian cosmetic talc

(1984) powders tested

Trace to 0.15% chrysotile in 3 of 14, 18.7-21.7% anthophyllite
asbestos and tremolite asbestos in 2 of 14, and 0.13% tremolite
asbestos & chrysotile in 2 of 10 samples provided by the
European Pharmacopeia

Blount (1991) PLM 10 to 341 structures per mg amphibole fibers, needles, cleavages
and ‘prismatic pieces’ in 9 of 14 samples of pharmaceutical and
cosmetic-grade talc powders tested

Jehan (2004) PLM Qualitative identification of tremolite asbestos in 13 of 28,
chrysotile in 12 of 28, anthophyllite asbestos in 3 of 28, and a
mixture of asbestos fibers in 4 of 28 cosmetic talc powder
products used in Pakistan

Floyd (2004) TEM 0.20% anthophyllite asbestos by weight in Johnson’s Baby
Powder

Mattenklott SEM 0.001-0.0073% asbestos by weight in 13 of 57 samples of talc

(2009) powders sold on the German market from 1996 to 2005

Gordon et al. PLM 1,840-1,104,000 fibers per gram asbestos in 50 of 50 historical

(2014) samples of one brand of cosmetic talc powder tested (40 of 50

contained anthophyllite asbestos only, 4 contained tremolite
asbestos only, 4 contained tremolite and anthophyllite asbestos, 2
contained tremolite, anthophyllite, and chrysotile asbestos)

TEM 0.004-0.9% amphibole asbestos by weight in 9 of 9 samples of
the same cosmetic talc product

Ilgren et al (2017) | TEM 3.687 x 10° tremolite asbestos fibers/gram in an authentic sample
of commercial talc produced prior to 1975 from the talc mine in
Val Chisone, Italy
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Table 4: Summary of studies finding asbestos and/or talc in ovarian tissue from cosmetic talc use

Study Tissue | Test Summary of Findings
Weight | Method
Type

Henderson | n/a TEM Qualitative identification of talc in 10/13 ovarian tumors

et al.

(1971) Qualitative identification of talc in 12/21 cervical tumors

Langer n/a Unknown | Qualitative identification of talc and chrysotile asbestos in Henderson

(1971) et al (1971) samples

Heller, Wet PLM 26-464 talc particles per gram in 12/12 samples of benign ovarian

Westhoff | weight neoplasms from 12 women with history of adult perineal talc use

et al.

(1996) 69-420 talc particles per gram in 11/11 samples of benign ovarian
neoplasms from 12 woemen with history of talc diapering during
infancy
6-2,200 talc particles per gram in 6/7 samples of benign ovarian
neoplasms from 12 women with no history of adult perineal talc use
and an unknown history of other talc uses

TEM 151,300-7,565,000 talc particles per gram in 5/12 samples of benign
ovarian neoplasms from 12 women with history of adult perineal talc
use
151,300-1,600,288 talc particles per gram in 6/11 samples of benign
ovarian neoplasms from 12 women with history of talc diapering
during infancy
63,042-1,669,000 talc particles per gram in 3/7 samples of benign
ovarian neoplasms from 12 women with no history of adult perineal
talc use and an unknown history of other talc uses

Crameret | n/a PLM & Qualitative identification of birefringent particles consistent with talc

al. (2007) SEM in pelvic lymph nodes of a 68-year-old woman with stage Il ovarian

papillary serous carcinoma and a 30-year history of perineal talc use
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ASPO Abstracts

Genital Powder Use and Risk of
Ovarian Cancer: A pooled
analysis

Authors: Oa€™Brien KM, Tworoger SS, Harris HR, Weinberg CR,
Trabert B, Da€™Aloisio AA, Sandler DP*, Wentzensen N* on
behalf of the Ovarian Cancer Cohort Consortium

Category: Lifestyles Behavior, Energy Balance &
Chemoprevention
Conference Year: 2019

Abstract Body:

Purpose: The relationship between genital powder use and risk
of ovarian cancer is not well-understood. Positive associations
reported in case-control studies generally have not been
confirmed in prospective cohort studies, which though not
subject to recall bias, may lack sufficient power to identify
modest associations. Methods: To address this, we pooled data
from four large prospective cohort studies: Nurses’ Health

https://aspo.org/abstracts/abstract-details/?pdb=2403 1/3
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Study, Nurses’ Health Study Il, Sister §9§8§,4and Women’s Health
Initiative Observational Study. Altogether, we had data from
250,641 women, including 2,073 who developed ovarian cancer.
Results: Genital powder use was common (38% of non-cases
ever used, versus 45% of cases) and varied somewhat by study
sample (26%-53%). Using Cox proportional hazards models
adjusting for potential confounders, we observed that ever
powder use was associated with an 9% increase in the hazard of
developing ovarian cancer, compared to never users (hazard
ratio [HR] = 1.09, 95% confidence interval [CI] = 1.00, 1.20). The
association was similar in frequent users (HR=1.10, 95% Cl: 0.96,
1.25 for use >1/week versus none), but not among long-term
users (HR=1.04,95% Cl: 0.84, 1.29 for >20 years of use versus
none). The strongest association was observed among women
with patent reproductive system, e.g. had a uterus and had not
had tubal ligation, at the time powder exposure was assessed
(HR=1.15, 95% Cl: 1.03, 1.29). There were no clear differences by
ovarian cancer subtype. Conclusions: This large, well-powered
prospective study observed a weak association of genital
powder with ovarian cancer risk, which appeared to be limited
to women with patent reproductive tracts.

Keywords: ovarian cancer, powder, talc

The American Society of Preventive Oncology (ASPO) is a multi-disciplinary society which, through a variety
of professional education activities which take place surrounding its annual meeting, is primarily committed
to serving as an advocate for cancer prevention and control research.

https://aspo.org/abstracts/abstract-details/?pdb=2403 2/3
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ARTICLE INFO ABSTRACT

Talcadiai di ideae a all cc ig aei Ilble ied dec all a ailablei hef
Talc f aiclae a e.Thi d a edb eide i1 gical be ai gge i g ha eieal e f
Tiai di ide alc deia ciaed ihiceaed ik f aia cace, aiclal i a ilie ihhighe e ge .We
C ce aed ba ai aiclae ai ed e heee falc .c 1 a icle he abili  f ical ac hagecelllie ¢ b
gleaie?:ce a icle he g h f aia cacecell i cl ei he eece fe ge.
Mac hage Wef d ha ie aia face e i helial cell (MOSEC), a e fce ai f f aia
Phag ¢ e cace, ee ee i lage be afe c ¢l e ih ac hage eaed ac biai f alca d
1 eilla ce e adil ha eihe age al e ehicle. C 1 aicle (iai di ide,c ce aed ba ai
T icidal a iclae die ele ha a icle ) did hae hi e ec.C e e f ac hage alca de adil
ha led iceaed dci f eacie ge ecie adchage i e e i f ac hage ge e
eie i cace deel e adi eilla cee. Thee dig gge hai i e e alc,
aiclal i ahighe ge e i e, ac iei eilla ce f ci f ac hage
ad f he die el cidae hi echa i
he IARCc cl ded ha e e alc c aiigabe i ibl
caci ge ic h a (cla 2b) (Baa e al, 2006), h e e he
Macrophages (M®) phagocytize foreign particles and destroy ma- echa i ee e iel clea.D e feide il gic die
lig a cell (D e al., 2004);h ee,ii fe ha hee (B he al, 1989; Cha ga d Rich, 1997; Che e al, 1992; C k
aciiie aea al edi he a ec e .Thi d a edb e al., 1997; Ca e e al, 1999; G dade al., 1998, Hal e al,
he e ide il gical be ai ha ¢ eic alc de a be 1992; Hal a d Wei , 1989; Mill e al, 2004; Ne e al., 2000a;
[ ib ig he ik f aia cace (OC) (Pe ikila iad P die e al, 1995; R e bla e al, 1998; T e al., 1993;
E lick, 2018): e e ed heh hei hai eaci ih alc a Whi e e e al, 1988, W g e al, 1999; Ge ig e al., 2000;
ticles compromises the M®s by reducing their anti-tumor abilities. Ha ki e al, 1993) ha eide i ed a 35% i ceaei a ia
Talc (h d ag ei ilicae)i a ied b acec ideed cace (OC) ik f e h ed c eic alc de i he
ie ad edi c eic dc 1icldig bab de. U il geialaea(Ca e e al, 2016; La geh e al, 2008). While he
1970' alc de a haebee ¢ a iaed ihabe , a ciai i bei gaci el debaed(M ca a dH cha ek, 2008), a
hich ed he I e ai al Agec f Reeach Ca ce ece eide ilgic d gge he a ciai i ge f
(IARC) declaei caci geic h a (ca 1).Sicea i e h ee e e a al ee e a alb akig
ael hi i e alcha bee h gh be a be fee; e e hele e ge elace e hea (Ca e e al,2016).1ie i aed ha
*C e di ga h .Al e MedicalSch 1 fB Uiei ,Dea e fS ge ,Diii fS gicalRe each,Rh deIla dH i al, NAB 210, 593
Edd S ee,P ide ce, RI, 02903, USA.
ale e @b .ed (AV.Fed 1 ).
h ://d i. g/10.1016/j.e e .2019.108676

Recei ed 6 J 1 2019; Recei ed i
Available online 22 August 2019
0013-9351/ © 2019 Elsevier Inc. All rights reserved.

eiedf 15J 1 2019; Acce ed15A g 2019
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5

geial e f alc igh acc f 10 11% fOCcae i hi c
each ea (Ca e e al,1999);0Cha a igi ca ¢ ib i he
ali flifead gicalb de fdieae.
The echai behid hi li ki k ;b heeae e
i igh .Fi , heei clea e ide ce ha a icle he ie f alc, if
he ae ee 1 he agia eail aee he e fe ale
ge ial ac (He de e al.,, 1971; Helle e al.,, 1996; Edel a e al.,
1997;Sj e e al.,2004;Ca e e al, 2007; McD alde al., 2019a,
2019b). Sec d, he alc a ciai a ea ae i e
e a al e ad h e e a al e h ee
aki ge ge elace e hea (Ca e e al,2016) gge ig
highe e ge a igie he ah ge ei (Be gee al., 2018). Thi d,
eb alle ei e aldaa gge ha alc a icle ae
[ leel i ¢ : (NTP, 1993; Ha il e al, 1984; F a ie
Je e e al, 1996).
Thee ide il gicdaaaea dd ih he ece i f alc
de a a elaiel i e ,i 1blec eic b ace ha a ea

ha ebee ell e eda d afe a ache icalH ee ii ible
ha alc, hilei a be di ecl age ic a a che ical c
d@B a a dSeel ,1995; Pick ell e al., 1989),i aha ad
fac a a a icle. The a acha da a e edhee e f
i i ee i aiclae aeadh ac hage i eac

ih a icle (e.g. (Zha ge al, 2015;Fed | e al, 2008));hee e
fc ed he ce fcaci geei b ahe he i
ice e f alec.cO h hei i ha,i ahighe ge
environment, exposure to talc particles alters M® functions to permit
iceaed ial f aliga cell.We lae hi ¢ 1d cc ia
a eleae fi eda agi gfac (e.g. eaci e ge  ecie,ROX)
and/or by compromising immunosurveillance abilities of the M®s and
hei icidale eciee .

We ed hag c ic iecell li e J774a dIC2la di e
e ei e RAW264.7 (ATCC; Ma a a, VA)a hag c e. Thee
li e ha ebee hi icall ed e hee ec ffe aleh e
on M®s with success (Be e e al., 2001la;Pie k a dS e ce, 2011;
Ha a hi e al.,, 1998). The J774cell ae ch all fe ale a d
h aeabe e ical ac hage f e ig fe ge ef
fec . The IC21celllie a baiedb a f ai f al
C57BL/6 e ei eal ac hage (Ma el a d Defe di, 1971).
This line shares many properties with normal mouse M® and displays
M®-speciffc antigens. IC-21 cells have phagocytic and cytolytic prop-
e ie,ca l e age i i (Ca f de al,1990)a da ea

bea e iall di ee iaed ac hageli e (Walke a dDe s

1975; Walke a dGa d ,1980).He ce he ae e ele a 0OC,
h ee he aegeeical aleadh a bele e ie
e ge alh gh he al e e e ge ece ade d

e ge i lai (Be e e al,2001b).
Theecell ee ai ai edi 100
J774) RPMI 1640 (f IC21)fee f he

10% FBS, 2 M Lgl a ie, e icilli
(100 ug/mL) and 10 mM HEPES.
Tumoricidal eff ciency of the M® was tested in a standard M®-

Pe idi he i DMEM (f
1 ed, le e ed ih
(100 U/ L), e ci

ccl e ig he ie aia face e i helial cell li e
(MOSEC) ID8 (R b e al., 2000) ided b D. KaheieRDb
(Uie i fKa a).ID8cell cl el ee bleh a e ihelial

f f OC, hichc ib e 90% f hecae (R b e al., 2000;
Gee a a e al, 2008). We have transduced these cells with an EFla-
GFP le iial ¢ c (GeTage, I c) ¢ aiig Bla icidi S
dea i aead alidaed ha ece ce a a acce abl able
le el i eli ia die (Fig. 5). Theecell ee ai ai edi
DMEM ih able LGl a ie (10101CV, C ig) ad le
mented with 10% FBS, penicillin (100 U/mL), streptomycin (100 pug/
mL), Blasticidin S (10 ug/mL, Gibco) and ‘ITS media supplement’ con-
aiigl0 g/ L ec bia h a i 1li,055 g/ Lh a
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transferrin (substantially iron-free), and 0.5pug/mL sodium selenite
(1:100) f Sig a Ald ich.

Talc (Mggsi4010(OH)2, CAS Regl N be : 14807 96 6, USP
grade, particle diameter < 10 um, was obtained via JT Baker (Batch
N : 0000184513) a di ce i eda a be fee. The a icle ee
suspended in PBS and ffltered through 30 um nylon mesh fflters (no

iible 1 f aeialha cc ed). Wedid ea c e cial
alc dc .

Tiai di ide(TiO,), CAS Regi N be 1346367 7,c 1
particles (with mean particle size of ~1pum) were a gift from Dr. L.
Kbik(Ha adSch 1 fP blicHeal h,B ,MA); hee ee ed

ei 1 i die (Zha ge al, 2015;Fed 1 e al., 2008).

C ce aed ba ai a icle (CAP) ee bai ed iaHa ad

Sch 1 f P blic Healh a iclec ce a (bach #816) a d e

ee ba ¢ aia icall ee i B ai (Zh ad

K b ik, 2007; I ich e al.,, 2000; Siga d e al., 2007). The ee
ededi PBSad edai ih lei g eili ai

Die el e ha a icle (DEP) eege e 1 idedb D.]Ia
Gil a heUS.E i e alP eci Agec ad edb i
ea lie die (Fed 1 e al., 2008; G eg e al., 2017). The ee
al ededi PBSad edai ih lei g eiliai

All a icle ee fc a able e iealh gh ide 1ical,
ee Fig. 1. All a icle ee icaed ice beak «cl ig
Q ica Q55 be ica .

Pi e ei e he cell
Mac hage SFM ( e fee edi )(Gibc /Life Scie ce ). Adhe e
cell (i black alled 96 ell i ecl e eaed lae,C 1ig)
were then treated to 17-f estradiol (E2) (cell culture grade, Sigma
Aldrich) in a range of concentrations from 10 to 0.0001 ug/mL; ethanol
e ed a ehicle ¢ 1. Tale ( ¢ 1 a icle) e i a
added at the same time as estradiol in doses from 0.1 to 20 pg/well in
dose-response experiments and in dose 10 pg/well otherwise. Detection

f eaci e ge ecie (ROX) a ef edafe 4h ia Cell ROX

Gee Fl C e A a (Mlecla P be). Viabili a al i a d
cell c eicai eed eafe 24h fic bai ia aiig
ihA ei Vads (I i ge ) RNAi lai (iaRNEa ki,
Qiage )f geee e i eig ad eafe 24ha ell

Ccl e ihMOSECGFPcell ¢ i edf 72h; MOSEC GFP
cells were added at 5:1 (M®:MOSEC) ratio; particles were almost en-
tirely phagocytized by M®s by this time (Fig. 1 Pa el2) heef e ed

a e ha MOSECcell eee ed a icle . Medi ih

ee e a edf 24h i

fehe adil(a he a ec ce ai a he igial) a e laced
ee 24h ¢ e aef hee adi ldeca.A 72h hecell ee
de ached (T LE,L a), ahed ce ih he 1 ed feeRPMI
c aiigl0%FBSad e e dedi c e (FACS)b e
(PBS + 0.5% b ie e alb i ,Gibc )f a al i.

Fl ¢ e a ef ed igMACSQa Aal e c

ee (Mile i) ig MACSQ a if Sf ae V211. Sa le

ee gaed baed hei f adad ide ca e e cl de he

alle debi a d lage cl . The aal i egi (gae) di
tinguished GFP-bright MOSEC cells from mildly autoffuorescent M®;

ecalc laed ece agea d ea ece cei e i (MFIDi he
GFP cha el f he GFPbigh MOSEC egi . Thei eg al e
ce ceide a calclaedaa dc f ece iie li lied

b MFI ale ad ee he ai f i i g GFP MOSEC cell
normalized to the number of M®s in combination with the extent of
GFP a geee e i (Ce egie al,2018;Ka a e al, 2001).
Talc a icle did [ ib e he e ce ce ig al (Fig. 5).
Mic ¢ .T i alieeglf e f alc a icle hecell ee
eaed ih alc e i a de cibed. Afe 24h hecell ee
de ached b iiai ,adce if ged adad ic ¢
lide (VWR) ia C i I (Shad ). The lide ee &ed ih
eha lad ai edb Di Q ik,a e i fR a ki ai . The
i age ee ade a Ol BH2ligh ic c e iha ach
e f laied ligh ic ¢ ada Ol QCl1l 5
ca ea. All ic e ee ake ih he a e degee f a iall
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Mic ¢ ic be ai f a icle hag c

i.
Pael I: Feeli g a icle. Pa icle e i

ee icaedad laedfeel i 300 L f PBS,
all ed e le he b f 1h ad h
gahed igNik Ecli eTi2 ic c¢ e 400X
Pa el II: Pa icle hag ¢ iedi hea ached cell
afe 24h .A achedcell ee eaed a icle

e i adall ed24h hag ¢ ie.

Nik  Ecli e Ti2; 400X.

Pa el III: Pa icle hag ¢ i edi hedeacheda d
ai ed cell afe 24 h . J774 cell ih a
icle (A)a dafe 24e e TiO, (B), alc (C),
CAP (D) a d DEP (E). C i lide.Saii g Di
Q ik, igi al agicai f alli age:400X,
all i age ba: 20 . Ol BH 2 ligh ic
c e ihaach e f laiedligh ic
c ada Ol QC1l 5ca eaAll ic e
ee ake ih he a edegee f a iall ¢ ed
laie ha black a icle, biefi ge ce f
a icle,a d hecell ¢ ldbe ee .N e ha alc
a dTiO, a icle aebiefi ge ,ad iglebi
efige aice ee ee i CAPa dDEP e
aai

1 aicle e edNik Ecli eTi2 ic ¢ e

f ae.

a achie ed iaCa ce Pah a Fi de

lig
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RT2P le PCRA a (Qiage ) hichi e gae 84cace e i e cdei acell la fac eie i eilla ce, ee Di
e gee i g he CFX96 eal i e PCR e (Bi Rad) a d CFX c i f deail. Ma f hegee (b al) eea eced i
Ma age 2.0 f ae (Bi Rad) Ra C ale f all gee (GOD ilal i all hee i f he h ee cell e e e ed
ee alied a aeage f5h ekeei gge e (HKG): Acb, I a , alcal eade ecial i ¢ biai ih E2
B2m, Gapdh, Gusb and HSP90abl (NormACq = (Cq(GOI) - Ave Cq dcedchage i geee e i ha a e i
(HKG)). E e i al e ee Dbaied ig f la 2" ge ice i e adle e cie eilla ce ( icidal) aci i
(-NormACq)*1000. These values were assembled into a matrix to be- f he ac hage.

c ea i lef ai icala al i iaTIGRMe 4.9 (Saeede al.,
2003). Daa ee a al ed ia Palidi Te lae Machi g (PTM)
eh d(Pa lidi a dN ble,2001) i g he hehlId al e0.05.1
hehea a , edcl i dicae highe e e i , gee 1 e
e i ; aliedcl i e i i i al he al ef
eachge ei each a le.
Allc cl ee ei e ee e eaed e ha 3 i e.Each

ea e e ad ei d licae ilicae. TilicaeRNA a
le ee eleced f e e ee aiee ei e f geee
ei aal i.Daaae ee eda Mea SEM.Daa 1 ig
ad aiicalaal i ( he ha a a daa) a ef ed ig
E cel 2007 (Mic f)adPi 7.02(Ga hPadS f ae); ai ical
igi cace a acce ed he < 005 T ei ae igicace f
di eece be ee g e ed he aa e icMa Whi e

e, e a a ANOVA ihT ke ,Fihe H 1 eSidak
e , K kalWwalli ANOVA ihD ' D e ' e adicaed
b he be fg ,daa ali ade ei e al e

3.1 ff

Mds were treated with vehicle alone (ethanol), talc alone, estradiol
(E2) al e, hec biai fE2a d alc(Fig. 1).C i lai f
M®s with estradiol (E2) and talc produced an additive effect on ROX

d ci (Fig. 2). While ¢ 1TiO, a icle eeal hag c

ied, he dci fROX a 1 lighl i ceaedi J774cell
ad iceaedi IC2lcell ( e edi RAW264.7).

Geee e lig a ef ed iaPCRa a ai eda
de ec i fgee elea i cace ah a (ee Qiage PAMM
033ZD f he f Il 1i ). Fig. 3B de ae acl e fgee ig

ical eglaedb alci he e f hagc e:i e
e igl i J774cell hee ec f alc a ie ih ih

E2, he i IC21cell hec e ec f alca dE2i be e ee .Whe
ea iigb hcel e, ef d ace fiilai i hei
ceaede e i fhi e fgee.Qie abl hi cl e i
le gee fe acel la, e e baead eleaable a e
ha ae eie i caci geei (eeDic i f deail).

Fig. 3A de ae acl e fgee c ihibiedb alca dE2,

gge i ga gc ee f aicle ad heh e, b al
( e f J774cell) hee ec f alcal e Ma f heegee

P dci fROXa 4h( c e )
***p < 0.05 (T ke ).

a e ha cedb eihe E2

Exposure of M®s to talc or E2 did not lead to signiffcant increases in
aiig ihA ei V S (Fig. 4) a iceable cha ge i
cell be i he24h eid; heece i all highd e did ¢

casionally decrease the viability of the M®s (however slightly), hence

e did e 1 heec ce ai i f hee eie .S e
aiabili i hi aiigi e edi Fig. S2.
3.2. ff 8
Wild e MOSECID8 cell ee a dced e e GFP de
EFla e.GFP" MOSECID8 cell eeaddedf 72h ihad
dii ffehE2ee 24h f ha eid Vi aliai f hec
cl e a ef ed iaa Ecli eTi2UV ic ¢ e(Nik ) ih
a ciaed ca ea ad f ae (Fig. 5. Deeci f iig

GFP" MOSECcell a ef ed ia c e .
M®s were treated with particles in the presence of estradiol (E2) or

ehicle,a bef e;i c la le alc a e lacedb TiO,, CAP
DEP a icle .
I d ee ee ei e e be ed ha alca d E2 ha e

potentiated the effect, the magnitude varied depending on the M® cell
lieb he dig (Fig.6) eec ha b h b ace hadd e e
eki eic.IC21 cell did a eaa e iie E2a J774.

Fig. 7 de ae ha eihe a iclehad a ai icall ig
niffcant cytotoxic effect at 10 ug/well with or without E2 at 24 h (im-
edia el bef e MOSEC cell e e added). We e a ic c ic

be ai ha alc eaed cell a eaed e fagile ha a

c l.Mic c icall ad ia c e eal e ha
aicle ee hagc ieda hi i e i, ih 1 1igle

aiclae e aiig ide he cell . MOSEC GFP cell ee he

addeda dc c1 edf 72h.

O ke di gi ee edi Fig.8.Ac biai f alca dE2
(b fc 1 a icle a dE2)ha all ed igica |l i ceaed
MOSEC GFP eadi g ¢ aed e eciall he ehicle 1 c 1

he e MOSECcell eeeli i aedf hec ¢1 e Of e
alcal e e ded bee eci e (albei ai icall ig i ca i all

e ei e led da a), e eciall f 1IC2lcell. The a icle
alone (when no M®s were present) did not signiffcantly affect the
be fMOSEC cell afe 72h; hee a a e d ad a ligh
dec eaei cell be (Fig. 7G).
I a be fe ei e ( ihIC21lcell) e ec ded he be
alcal e, hee ec a addiie. = 2/g . *P < 0.05, **P < 0.01,
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a 24he e.Ge ee e i ale eeaal ed igPalidi Te laeMachi g(PTM) iha hehld ale f0.05.Cl

i i ae geee e i (gee =1 e , ed=highe ). A I hibi e ec:Weai ed ide if ge e i hibiedb hec biai fe ge
adale,b al aecedb alc a icle al e hee e i ae fA ka e eda he e laef RAW264.7cell a le; achige lae ale
(c 1:0.9,e ge :09, alc:0.4,b h:0) ee edf J774a dIC21lcell a le.B.Si 1la e ec:Si ilal, hee lae(c 1:0,e ge :0, alc:0.8,

b h:1l)ai ed ide if age eg laedb hec biai fe ge adale,b a ellh eiceaedb alc a icle al e Each a le e edi
h idiidal:N=3 e g , alN = 36.



Case 3:16-md-02738-FLW-LHG Document 11620-3 Filed 12/24/19 Page 7 of 13 PagelD:
103092

, . Environmental Research 180 (2020) 108676

.Talca dE2 ee igical ic ac hage al e i c biai ed. J774 cell IC2lcell ee
exposed for 24 h to either increasing doses of estradiol in presence of 10 ug/well of talc, or to increasing doses of talc in presence of 2 ug/mL of estradiol. Cells were
ai edf a iade i iaA ei VadsS a a ki; c e dee ied he ece age f iiecell 1 edheeP leddaaf h ee
e ei e aeh . =6 8 eg .*P < 0.05; **P < 0.01 (D ).

:ccl e fIC21 ac hage ih ild e(l) GFP* MOSECcell (2) ih alc h gaheda he a e eigi he
FITC/GFP cha el. Mag i cai X400; Nik Ecli e Ti2.

f GFP* MOSEC (e ic lie fec e b e)adi a c a icle al e i ¢ biai ihE2f 24hadaal ed ia
sistently (with ffuorescence) higher in the wells where M®s were S Gee adA ei VPE aiigN=3 e g
ea ed ih Talc+E2 b ih TiO,+E2 E2 al e

(S le e a Fig. 1).
I a alidai e ei e e eda ale aiea ach hich

did not involve a GFP transgene. RAW 264.7 M®s were treated to talc Thi i he d li ki g he ac hage, alc a icle a d
a icle adE2 i ilal adc cl ed ih ild e MOSECcell. e ge i a e jal echai e lai hee ec f alcbehid
Afe a72hc ¢l e he MOSEC ee labeled ih Calcei AM he aia cace aiic ee i eide il g die . Hi 1g f
whereas the M®s were labeled with anti- Ly6-C and anti-CD45; a pro- gicall eecedi e h hai heeig fk e e,
lifeai ai calclai e ealed ha hec biai f alca d E2 alcha bee ca able f igai gf he eie el icl h
all ed alage i f MOSEC cell ha eihe age al e de, a ,fall ia be, e adce i (Ca e e al, 2007;

(Fig. S3). McD ald e al, 2019a, 2019b); h e e caci ge ici die i
I a ,ac biai f alca dE2e eciall ,a di e dicaed ha 1 ged e e alc i halai b ee ei

cases talc alone, affected the M®s to permit higher MOSEC-GFP sur- e alai al de idcecace (Ha il e al,61984;F a ie
ial Je e e al., 1996; B a a d Seel , 1995; Pick ell e al., 1989)
C, D: C ici aal i.IC21 J774cell ee eaed alh gh e , like h 1 gical cha ge a d
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. J774 cells or IC21 cells were exposed for 24 h to either increasing doses of estradiol in presence of 10 ug/well of talc,

or to increasing doses of talc in presence of 2 pg/mL of estradiol. After preincubation, ffuorescent MOSEC ID8 GFP™* cell
e ec ded he e ce age fGFP
led, = 4/g

ee e lacede e 24h.Fl ¢ e a heed fc cl

ece ).Daa ale f f e eie ee alied aeagead
ac hageaci ai ee e ed (Shi e al., 2015; NTP, 1993;
Ha il e al., 1984).
Thee aicla lie feideceage ha hee ge ilie
a dee ie hee e falc:A)i h a , he alca ciai a
ea ae i e e a al e ad h e e a al
e h weeakige ge elace e hea (Ca e e al,
2016); B) i de ,1 g de el edi fe ale, ale a

e ed alc (NTP, 1993); a d C) ki dicai g ha e
tradiol (E2) affects M® uptake of particles (Zha g e al., 2015). N
abl , heei liea e gge a be fee alc de
ca ea cace i e .

Here we focused on the M® because A) M®s are the ffrst to en-
c e adeglf alc a icle; ce hagc ied, hee a icle
persist inside the M® (G Id e a d Ada , 1977); B) M®s are part of

i aei i e ible f he e al fabe a , alig a
cell (D e al., 2004); he ae e eciall aci e he i ed
(Hage a e al., 2008). C) M®s produce aggressive molecules capable
fdiig eie i eda agsadD)i aie ih aia
tumors, talc is observed within M®s (C a e e al., 2007).

Of e heliea ede gge a a ciai fch ic
elici a a dieae ih eieal alc e (Me i e al,
2008),1 dicai g ha icalc ki e ah a ae likle ake a

ca beac ib ig
del, he

igica ¢ ib i (ah ghi a ai
fac i OC (Ne e al, 2000b)).M e e,i a ical

eeaddedf 72h; edi a de adil
ii ecell a d hei MFI; he 1 e ee he dc MFIX
. *P < 0.05; **P < 0.01; ***P < 0.005 (D ).

M®s are co-cultured over a large amount of tumor cells which leads to
ale aieaciai (M2) he e, al called a ciaed
M®s (Hage a e al, 2006). Thee cell haedi ic e e i
le ad a bea iable del d ce e i

, heea eaefc ed he f he ce .Wee
haie ha E2 e ea e de a ec hi laiai
(Wa ge al, 2015); i eli ia die ake M1 .M2
he e ee cha ged ( h > Thi i ¢ i e ih
hypothesis that combination of talc and E2 produces an effect in M®s

haidiicf he hea il died ale a i
Hee eh heied ha i ahighe ge e i e he alc
particles alter M® function and decrease the killing of OC cells. We
laed hi ¢ Id cc 1iaeihe a eleae fda agi gfac ha
e f ai f abe a (OC) cell, a d/ ia ¢ ied
immunologic surveillance (tumoricidal) ability of the M®, which could
all abe a «cell (ha eglal a ea i 1 be i he
gai ) deel i cli ical .Thelae e ie a

ported in part by a report that exposure of M®s to talc can inhibit their
hag ¢ icacii (Becke al., 1987).

Wef d ha alca de adi l1c e ha ced he dci f ROX
hich a ici aei cell g h/ lifeai ,di ee iai |, ei

hei,glc e eabli ad ial f aliga cell (Li ad

S ,2010); ROX 1la i a lei he ah geei fOC (Saed

e al., 2017). Thi digic ie ihi i daa(Shi e al,
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C ici a al i.IC21 cell
(A,B) J774cell (D,E) ee eaed
aicleal e i c biai ihE2
f 24h adaal ed ia$S G ee
adA ei VPE aiig =3 e
g . Cell be : IC21 (C) J774
cell (F) ee i all ¢ edi ahae

c ee afe 24h i c bai ih
aicle ad e ge. N alied
aeage f3 eeae ei e ;N=6
eg f IC2Icell, =7 e g
f J774 cell . G: Thee ec f a icle

cell ¢ f MOSEC cell eaed
al e. MOSEC cell ee i all
c edi ahae ¢ ee afe 72h
icbai ih aicle ade ge.
N aliedaeage f3 eea e ei
e ; =6eg
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Thee ec f alcadc 1 aiclei c cl
ture of M® and MOSEC cells. J774 cells or IC21 cells
were exposed for 24 h to 2 pg/mL of E2 (or vehicle) and
to 10 pg/well of talc, TiO,, CAP DEP a icle,
c biai . Afe 24h eicbai , e ce
MOSECID8 GFP* cell e eaddedf 72h; edi a d
e adil ee elacede e 24h.Fl ¢ e a he
ed fc ¢l e ec ded he ece age fGFP iie
cell a d hei MFI; he 1 e ee he d ¢ (MFIX
ece ). Daa ale f hee ei e ee
alied ¢ lad led, = 3/g .*P < 0.01
. Vehicle ( a ANOVA ihT ke H 1 Sidak).
2015). I ccl ee ei e , edee ied ha c e e f he
M e e, alcal e,ad ee e i c ce ihe adil M® to talc and E2 permits higher numbers of OC (MOSEC ID8) cells to
ha eglaedacl e fgee ha e c defac f elea able, ie We dee ied hehe E2a d alchada e ec he
e acell la e e bae a e h eiceaeale hee M® viability in monoculture. Talc or E2 had no toxic effect seen as
acell la ilie adc ib e g had eaai:1) either apoptosis or necrosis rate, aside of a slight change at 20 pg/mL
Cab icahdae :e ha ce e acell la acidi a d e E2; ehae ed hi ece iec ce ai f he a e ha
g h (S ie ache al, 2007, 2009); 2) HMOX1: ac hageal the viability of pre-exposed M®s is the same in all samples. We noted
he e geael i ic e i e ca dicae ca ce that M®s, which especially avidly phagocytized talc, had a slight
g had ea ai (Ne ehe al,2015);3)S 1 eca ie fa il 2 h 1 gicalcha gei a eaa ce,a ee i Fig.1, hichh ee
faciliaed gl c e a e e be 1 (SLC2A1),a e bae did lead igica chage i c (Fig. 7).
ei  hich e cell lifeai ad ea ai (Ya Hence, we treated the M® with a combination of 10 pg talc per well

e al., 2015); 4) CFLAR, age e ha e c de Cell la FLICEi hibi
ei (CFLIP), e akabl a ciaed ihcaci geei icldig

OC(L ea e al,2015);5)Si i 2(SIRT2) ak hea e ic
agei cace (Ji ga dLi, 2016).

A he a ei e,ad eha ei al, ef dha alc
ade ge c ihibiede e i fach e fgee e ible
f i acellla,i e al ei laiga lei ai i

eilla ce. Theel e i cl de 1) A aki aeA a

i acell la ei  hich eg lae lifeai a d abili de
velop the ‘anti-tumor’ M1 phenotype by the M®s (Di g e al., 2015;
Sica a d Ma a i, 2012). 2) 45 G ha e a dDNAda
mage-inducible 45, an intracellular protein involved in M® maturation;
i de ciec ca e le e cie i eilla ce (Sch i ,
2013);alh gh hee e i chagef hi gee a cell ede
ede ;3)Ca 7 (Ca ae7) a ei laig e 1 i
apoptosis, but also important in M® phagocytosis: Casp7-deffcient
ac hage h i ededc le i f hagc i (Akhe e al,
2009); 4) CDC20 (Celldi ii c cle20) a eg la ei h
be upregulated in M® recruited into the tumor and, comparatively,
downregulated in those M® not engaging with the tumor (P ¢ b
e al., 2016); 5) Mki67 a k life a i ake; 6) S 1
(Sah i 1)ii 1ledi cellccle eglai a di ihibii lead
adeceacei lifeai aiii ledi ic b le abili
i ide hecell (R bi a d A eh, 2004); Stmnl affects how M®s are
aciaed(X adHa i ,2015);i ee igl, ic RNA ageig
Stmn1 can be transferred from M®s to tumor cells (A che e al., 2013);
7) XIAP (X 1i ked i hibi fa i ei )i i a i e
sistance to cell death in M®s and is generally involved in M® innate
i ef ci (Rijal e al., 2018).

I ¢ biai , ge ee e i daai dicaeb ha ad
eec :idci f elea ablee acell la dele e i fac ,a ell
a a ie aleec:ihibii fi a i acell la fac
He ce, hi e 1 a li gha ided ihah hei ha

gehe heee ec ca ceae efee ialc dii f he ial
fOCcell i c cl e O e e lig a c e
he ieca hle a ci eaal i i eeded c e fllde
tails of the deregulation in the M®s. We also did not aim to determine

hehe hechage ef dae i e alc. The f ¢ f
e ei e a de ae hehe alci ie he hagec
iedi highe ge ilie,ad ec clde haii ie.

and 2 pg/mL E2, and in subsequent co-culture the ffuorescence of
GFP* MOSEC ID8 cell a d hei ece age ee highe afe 72 h
(indicating their better survival) compared to controls where M® had
bee eaed ih ehicleal e iheihe age al e. Whe alc

a elaced ihec 1 a icle TiO,, CAP DEP, hee ec a
al ee (Fig. 8).
I d ee ee ei e , he J774cell, ch all fe
ale,a eaedd e e iel ce ible hee ec fE2ad
alc, he ea he ch all ale IC21 ee 1 ce ible
alc.T b hecell, e e,ee hel e d e fE2(1 g/ L)ha
b ed (albei igica l) hee ec f alc
Beca e he i al fMOSECcell i de e de he be f
ac hage i a ell e 1 elied he ecece aa ee
i he FITC/GFP cha el, hich ake i acc he ai fb h
cell ea ella hebigh e fheGFP a geeaa ea e

f iabili (Ce egie al, 2018, Ka a e al,2001).H ee,i a
be f e ei e e al h icall ¢ ed he MOSEC
GFP*' cell (eeea lef ee ei e i Fig.Sl)ad eda
a geeide e de eh d (Fig. S3) ad hee aa ee gae
c ie e 1.
We note that a bolus of 2 ug/mL of E2, although realistic, is likely at
he highe ed fc ce ai age.l al iceadh a
c ce ai fciclai gE2i e ii heagef g/ L g/
L(W de al, 2007; Zha ge al,1999).H ee i eleel f
e id h e a eceed la ab 2030f1d (Ba a, 1976;
Akel de al.,1981;S a b,2007)a d aia i ec ce ai f
E2 i e ha 100 f 1d highe ha i e (Li dg e e al, 2002).

Thi a bea i dicai f h alc ei a ciaed ih aia
cace ahe ha a he ie.I i al h ig ha

bi a ailabili f heh ef aiglead ii ai ca be
diecl i e laedd e ie he aiedi ee e f he
e ide cell . We al e ha i deli g hee ec fE2

ei e ee highe d e haebee e 1 ed akef a efl
h e del (De a dCha i, 2000).
(0] e ai e ablih he he e fdeceaed a i

(a i MOSEC) aci i f he hag c e afe alca dE2¢c

bi ai e ea e ;ial al deli eae ha f he die ae
eeded el cidae he eic ah a i ledi he i hibi i
f ac hagealacii .I d edid i e igaecaci

ge ic e ie f alc .S die f he ce a dbache f
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alc a ell a ih he cell e ae eeded f a ec e c ce ai fe adill17ba d ge e ei eg a e.
he ieealai f heee.F he eeachi eeded de € ace i 23,447 455 PMID: 7273763,
. Akhe,A,Ga ili ,MA,Fa ,L,Wahig ,S,Di ,C,L Ili,D.,Da,C,Saka,
e ie hehe ad ha e e heeec f alc hag c e A,Ne la d,C,B cha,J,Ma h,CB,We e ,MD,Tida da a i,S.,
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ABSTRACT

Objectives: Genital talc use is associated with increased
risk for ovarian carcinoma in epidemiologic studies.
Finding talc in pelvic tissues in women with ovarian
carcinoma who have used talc is important in documenting
exposure and assessing talc’s biologic potential, but tissue
based morphology studies have been rarely reported.

Methods: We report five patient cases with documented
perineal talc use, each of whom had talc (by both polarized
light and scanning electron microscopy) in multiple pelvic
sites distant from the perineum. Six negative exposure
control patients were also analyzed.

Results: Tualc particles were found in exposed patients,
typically within two or more of the following locations:
pelvic region lymph nodes, cervix, uterine corpus, fallopian
tubes, and ovaries.

Conclusions: Our report adds new insights into the
biologic potential of talc and suggests additional anatomic
sites that should be closely examined for talc by oncologic
surgical pathologists in the setting of perineal talc use.

© American Society for Clinical Pathology, 2019. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com

Of great current medical, public health, and
medicolegal importance is the epidemiologic associ
ation of ovarian malignancy and the use of talc cos
metic products in the genital area. Relevant data from
epidemiologic studies have shown a clear excess of
women with ovarian malignancy who had used talc in
their genital area prior to developing cancer compared
with control women.'® In 2006, the data were evaluated
by the International Agency for Research on Cancer,
which concluded that the data were sufficient to classify
the use of talc (not containing asbestos) in the genital
area as possibly carcinogenic (class 2B).® A recent sum
mary of the epidemiologic data, as they existed cumula
tively up to 2017, found that genital talc use may increase
ovarian malignancy risk by about 30%.” A recent Health
Canada assessment® resulted in a proposed recommen
dation that talc meets the criteria under paragraph 64(c)
of the Canadian Environmental Protection Act and may
constitute a danger in Canada to human life or health.

Although the hypothesis about talc and ovarian
cancer took its origin, in part, from descriptions of talc
in ovarian tissue,’ the presence of talc in the tissues of the
genital tract from women with ovarian malignancy has not
been a component or focus of interest in epidemiologic
studies. Published histopathologic data showing talc in
pelvic organs are very limited. Finding talc in the tissues
of exposed patients is part of a larger key principle: the
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quantification of foreign material in tissue is critical to
assessing the disease occurrence, causality, and severity
related to that tissue (reviewed by Abraham'’). This is
perhaps best known for asbestos and mesothelioma or
pulmonary fibrosis."" The most complete quantification
is yielded through the digestion of a tissue sample, be
cause this procedure uses much greater amounts of tissue
than could be assessed in a histologic tissue section."
The procedure can be used to identify and quantify in
dividual particles by transmission electron microscopy
(TEM) or scanning electron microscopy (SEM), which
are then characterized by energy dispersive X ray anal
ysis (EDX), to verify that their elemental compositions
are consistent with a specific type of foreign material ex
posure.'” Applying TEM and/or SEM and EDX to tissue
sections cut from paraffin blocks also yields meaningful
quantification when the concentration of particles in
tissue is high enough for this detection."*'* This procedure
can also show the cellular location where the foreign ma
terial resides in a tissue section, for example, exogenous
particles in macrophages within lymph nodes.” Foreign
particulate exposure can be estimated by studying his
tologic tissue sections under polarized light microscopy,
which shows birefringent material, including its size and
shape.'™!"” Besides the utility of these methods from a
scientific point of view, they have also been applied to
medicolegal contexts stemming from injuries in various
exposure settings, including asbestos."

Tissue digestion must be paired with a good un
derstanding of local histomorphology to be effective
and for its data to be properly evaluated in context.
Contamination from laboratory or other sources can po
tentially complicate tissue digestion procedures, in which
the anatomic landmarks are necessarily dissolved in the
process. A study by Heller et al'® was done with tissue di
gestion and subsequent TEM on ovaries from 24 women
having hysterectomy/oophorectomy to treat conditions
other than ovarian malignancy. Birefringent particles
were found in digestates of all 24 patients by light micros
copy and talc in approximately half of the patients by
TEM, and talc particle counts were unrelated to reported
levels of perineal talc use. This suggested to the authors
that unassessed exposures, including infant diapering,
might help explain the apparently widespread nature of
the finding. Also, even though the authors stated they
used talc free gloves, contamination from laboratory pro
cessing sources outside the authors’ own environment
could have also played a role, given the widespread occur
rence of talc in many settings.

In a woman with ovarian carcinoma, looking for talc
in benign residual ovarian tissue is a good initial way to
find evidence of historical exposure, but in many cases,
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the ovary is largely replaced by the new growth of tumor,
and in such situations, there is often little residual ovary
found in resected specimens. A subset of authors from the
present study has previously described a case report" in
which a woman with serous carcinoma of the ovary and
who had used talc in her genital area was shown to have
talc in three of four examined pelvic lymph nodes. A sub
sequent recent study by the current authors' examined
the presence of talc in a series of talc exposed women
with ovarian carcinoma and available pelvic region lymph
nodes. This study showed that measurements of talc from
digestion of nodes may be adversely influenced by con
tamination, which may spuriously raise measured talc
counts and obscure differences between patients that are
related to clinical history and that would otherwise be de
tectable and significant. Instead, our study demonstrated
that polarized light microscopy and in situ SEM/EDX are
recommended for the assessment of talc in lymph nodes
and, by extension, other exposed tissues as well. The
main reason is that in situ SEM/EDX preserves anatomic
landmarks and so enables a much better assessment of
what is likely to be contamination and what is not.

Until now, the presence of migrated talc in multiple
locations in the female pelvis/genital tract in the same pa
tient has not been reported. Such a finding, if present,
would add new insights into the potential of talc present
in the perineum to enter the upper genital tract and dem
onstrate the importance of a more careful examination of
pelvic tissues from women with epithelial ovarian cancer
to correlate with clinical history of talc exposure. We re
port here a series of five patient cases with documented
talc exposure of the genital area and with surgically
resected pelvic tissues that were examined by polarized
light microscopy, SEM, and EDX for the presence of talc
that had migrated from the perineum. These results are
compared with examination of surgical material from six
patients with ovarian carcinoma who had no genital ex
posure to talc.

Materials and Methods

Five patient cases were received for consultative
purposes, each representing a patient with ovarian carci
noma and a history of perineal talc use. Clinical history,
including surgical pathology reports, was provided for
each patient with the consultative materials; also, addi
tional history, including surgical history and perineal talc
use, was obtained directly from the patients. All patient
identifiers, including the 18 recognized Health Insurance
Portability and Accountability Act identifiers,” were
removed from the study data prior to final assembly of
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the data and publication. Histologic H&E stained slides
from the oncologic surgical treatment procedure (typ
ically a total abdominal hysterectomy [TAH]/bilateral
salpingo oophorectomy [BSO] and various other auxil
iary procedures) were provided by the outside hospital.
All slides were analyzed with an Olympus BH 2 light
microscope equipped with polarizing filter capabilities
(analyzer and rotating polarizer with specimen slide in
between). Each tissue slide was first reviewed to verify
the histologic features, tumor type (if present), and tissue
site (ovary, cervix, uterus, lymph node, etc). Then, each
slide was scanned systematically and completely at X200
under polarized light, and all birefringent particles were
counted that were in the same plane of focus as the tissue.
Birefringent particles were counted only if they were
located more than a few cell widths’ distance deep relative
to the surface to avoid including any surface contamina
tion in the analysis. Birefringent particles such as paper,
organic debris, starch, and other clearly recognizable
contaminants were not counted if they were in any way
interpretable as related to the surface.

Paraffin blocks corresponding to histologic slides
of interest were obtained from the treating hospital. The
tissue blocks were handled with a procedure for in situ
SEM/EDX, which was first described by Thakral and
Abraham,"” for assessment of particulate materials in
paraffin embedded tissue. The full details of this proce
dure as it was applied in our laboratory are available else
where.”! Importantly, to protect against contamination,
the tissue blocks were handled with particle free gloves on
precleaned surfaces and sectioned removing ~30 pum of
tissue and paraffin using a rotary microtome with a fresh,
clean stainless steel blade. This sectioning was intended to
remove any surface contamination from previous storage
and handling. After the fresh surface was exposed, the
block surfaces were washed in distilled, deionized water
for 30 seconds to remove soluble surface materials such
as sodium chloride and sodium phosphates used in pro
cessing for histology. The blocks were mounted for SEM
examination and always kept in closed containers to limit
any environmental contamination. A Hitachi SU6600
field emission SEM was used, with an Oxford EDX with
Aztec version 2.0 to 3.3 software, EDX detector model
X Max 50 SDD, and electron beam penetration depth
estimated at 2.5 pm, with an X ray microanalysis range of
0.5 to 2.5 pum in depth. Talc particles were characterized
by magnesium (Mg) and silicon (Si) peaks falling within
5% of the theoretical atomic ratio of 0.750 and atomic
weight percent ratio of 0.649 (representative talc spec
trum is shown in Elmage 11).

Because all patients in this study were born before
1970, which was the time point when talc manufacturers

© American Society for Clinical Pathology

IImage 10 Representative spectrum of talc, showing charac
teristic magnesium (Mg) and silicon (Si) peaks. The charac
teristic Mg Si atomic ratio is 0.75 and atomic weight percent
ratio is 0.649, and particles are considered to be talc if their
Mg Si ratio falls within 5% of this theoretical value (0.649).

claimed to voluntarily remove asbestos contamination
from commercial talc preparations (establishing a cos
metic grade “free of asbestos” vs industrial grade that may
contain it),”** and because these patients had talc expo
sure extending across many years, we re reviewed all SEM
backscattered electron images generated on each patient
specifically for fibers or fiber like particles (defined as a
5:1 aspect ratio). We separately tallied and categorized
them (one caveat being that plate like particles, when
viewed on edge, could give the impression of being a fiber,
whereas with another orientation, they might not). The
EDX spectrum for any particle meeting the fiber criterion
was reexamined to determine its chemical composition,
and where necessary, atomic weight percent calculations
were done to determine fit (or lack of fit) with known
classes of inorganic fibers.

To provide a set of nonexposed controls for the
five patients in this case series, six patients with ovarian
carcinoma were identified (see Results section and
Supplementary Table 1; all supplemental materials can be
found at American Journal of Clinical Pathology online)
who were part of a large case control study of ovarian
cancer in eastern Massachusetts and New Hampshire.’
Patients completed structure interviews and provided
written informed consent allowing for review of pathologic
material from their surgery. The study was approved by
the Dana Farber/Harvard Cancer Center Ethical Review
Panel. Patients were selected who stated that they had not
used talc, either in their perineal area or as a general body
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powder. These patients had a distribution of tumor types
(five serous carcinomas, one endometrioid carcinoma),
ages (47 58 years), and remote surgical history (ie, prior
to the development of cancer) similar to the five patients
in the main study, and all had undergone TAH/BSO as
part of their surgical oncologic treatment. In addition,
patients from the Brigham and Women’s Hospital were
selected to facilitate retrieval of archival materials. H&E
slides were examined by regular and polarized light mi
croscopy. A count of birefringent particles was made by
systematic, complete review at X200 of each H&E slide
under polarized light microscopy, the same as for the pa
tient slides in the main study. Subsequently, and also sim
ilar to the main study, tissue blocks were examined with
SEM/EDX, using the same in situ method previously
described, and with all talc or other backscattered elec
tron imaging positive particles characterized.

Results

ITable 10 shows key clinical details of the five talc
exposed women in this series. Ages fell within a fairly

M 103103
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narrow range (47 59 years). Three patients had serous
carcinoma, one endometrioid carcinoma, and one clear
cell carcinoma. All these histologic types have been
identified as being included in the general increase in risk
with talc exposure in epidemiologic studies.” Pathologic
International Federation of Gynecology and Obstetrics
staging ranged from IA (one patient) to IC (one patient)
to ITIC (three patients). All patients had BSO, and four of
the five had accompanying TAH. Four of five had pelvic
region lymph nodes excised for staging and/or treatment
purposes.

ETable 20 shows the findings from polarizing light mi
croscopy of key sections from the talc exposed patients’
resected tissues. All patients had significant numbers of
birefringent particles in tissue sections from two or more
pelvic region sites, ranging from two (case 1, exocervical
soft tissue and right pelvic lymph node) to four (case 2,
with large numbers of particle accumulations in uterine
serosa, pelvic lymph nodes, ovaries [right > left], and
the fibromuscular tissue surrounding the right fallopian
tube). Case 3 showed birefringent particles in the uterine
serosa, bilateral fallopian tubes, and ovaries. Cases 4
and 5 had birefringent particles in the tissues of multiple

ITable 10
Talc-Exposed Patients’ Clinical Histories
Exposure
Case Pathologic History
No. Age,y Tumor Type Stage Surgical Procedure Type (Talc Years)® Comments
1 47 Endometrioid pT1c NO TAH/BSO with multiple pelvic/para aortic 42 No history of surgeries
carcinoma, MX (FIGO lymph node excisions, with omentectomy/ prior to TAH/BSO
G3 (poorly stage IC) appendectomy (February 2009)
differentiated)
2 50 Serous carcinoma, pT3c N1 TAH/BSO with multiple pelvic/para aortic 31 Diagnostic cervical,
high grade MX (FIGO lymph node excisions, with omentectomy pelvic mass, and
stage IIIC) (October 2013) pelvic lymph node
biopsies performed
a few months prior
to TAH/BSO; tubal
ligation at age
20 years
3 59 Serous carcinoma,  pT3c NX TAH/BSO with omentectomy (June 2010) 58 Diagnostic omental
high grade MX (FIGO mass biopsy 2
stage IIIC) weeks prior to TAH/
BSO; tubal ligation
and cesarean section
at age 32 years and
cholecystectomy at
age 45 years
4 49 Serous carcinoma, pT3c NO BSO with multiple pelvic/para aortic lymph 31 No history of surgery
low grade MX (FIGO node excisions, with omentectomy, prior to BSO
stage IIIC) appendectomy, and right hemi
diaphragmectomy (March 2013)
5 56 Clear cell carcinoma, pT1a NO TAH/BSO with multiple pelvic/para aortic 51 No history of surgery
grade 2 MX (FIGO lymph node excisions, with omentectomy/ prior to TAH/BSO
stage |A) appendectomy (March 2009)

BSO, bilateral salpingo oophorectomy; FIGO, International Federation of Gynecology and Obstetrics; TAH, total abdominal hysterectomy

*Talc year = daily (at least) application of talc containing hygiene product to the genital area for 1 year. Patients 3 and 5 had reportedly experienced talc exposure since
birth and/or early in infancy.
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pelvic sites (fallopian tubes, ovaries, pelvic region lymph
nodes), but due to the logistics of case review, processing,
and send out, we were not able to quantify these retro
actively with additional light microscopy after the in situ
SEM data had been obtained on the same blocks.

ETable 30 shows in situ SEM/EDX data on the same
patients as in Table 2, with 28 total blocks (across the five
patients) examined by SEM/EDX and included in our
case series (most, but not all, of the blocks in which bi
refringent particles were seen subsequently proceeded

ITable 21

to electron microscopy). As is shown, there were gen
erally substantial talc particle counts in the same tissue
blocks corresponding to where birefringent particles were
identified by light microscopy. For example, markedly
high light microscopic particle counts in Table 2 for case
1 (cervix and right pelvic lymph node), case 2 (right fal
lopian tube), and case 3 (uterine serosa) were all matched
by high talc particle counts by SEM/EDX for the corre
sponding cases and tissues in Table 3. Comparative exam
ination of the data in Tables 2 and 3, particularly the pairs

Polarizing Light Microscopy Findings in Pelvic Tissues From Five Talc-Exposed Patients

Distribution of Birefringent Particulates Within Tissue (Particles/Histologic Section), No.

Lower Tract

Case No. (Uterus/Cervix)  Fallopian Tube Ovary Lymph Nodes
1 Cervix: >100 Left tube: 3 Left ovary: 6 Right pelvic node: >500
Right tube: 3 Left pelvic node: >50
2 Anterior cervix: 6 Right fallopian tube: Right ovary, first block: 13 Right pelvic node: >100
Posterior uterus: >50, mainly in fibromuscular Right ovary, second block: 35  Left pelvic node, first block: >200
>50 tissues near the tube Right ovary, third block: 3 Left pelvic node, second block:
>100
Left ovary, first block: 1 Left pelvic node, third block: >100
Left ovary, second block: 6 (Note: first through third blocks
are together one node.)
3 Uterus: >200 Right tube: 15 Right ovary: 27 None surgically resected
Left tube: 14 Left ovary: 11
4 Tissue type not  Birefringent particles seen in Birefringent particles seen Birefringent particles seen in
made available left fallopian tube (one block) and in left ovary (two blocks) right pelvic lymph nodes (four
right fallopian tube (two blocks); and right ovary (two blocks) and left pelvic lymph
exact counts not available blocks); exact counts not node (one block); exact counts
available not available
5 No birefringent  Birefringent particles seen in left Birefringent particles seen in Birefringent particles seen in left
particles seen fallopian tube (one block) and right right ovary (one block) and pelvic lymph nodes, two blocks
in tissues fallopian tube (one block); exact left ovary (one block); exact (three nodes total by gross
counts not available counts not available examination report); exact
counts not available
ITable 31

In Situ Scanning Electron Microscopy Findings for Pelvic Tissues in Five Talc-Exposed Patients

No. of Talc Particles Found in Each Tissue Block by In Situ Scanning Electron Microscopy/EDX

Case No.  Lower Tract (Uterus/Cervix) Fallopian Tube Ovary Lymph Nodes
1 Cervix: b2 Left tube: no SEM done Left ovary: 8 Right pelvic node: 65
Right tube: no SEM done Left pelvic node: 61
2 Anterior cervix: 1 Right tube: 31 Right ovary, first block: 2 Right pelvic node: 18
Posterior uterus: 53 Right ovary, second block: 51 Left pelvic node, first block: 43
Right ovary, third block: 0 Left pelvic node, second block:
35
Left ovary, first block: 1 Left pelvic node, third block: 24
Left ovary, second block: 3 (Note: first through third blocks
are together one node.)
3 Uterus: 36 Right tube: 2 Right ovary: 24 None resected
Left tube: 1 Left ovary: 0
4 Not examined by SEM Not examined by SEM Right ovary, first block: 4 Right pelvic node: 28 (one
Right ovary, second block: 0 block examined)
5 Not examined by SEM Right tube: 0 Right ovary: 8 Left pelvic node: 13 (one block

Left ovary: O examined)

EDX, energy dispersive X ray analysis; SEM, scanning electron microscopy.
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of tissue blocks (generally in cases 1 through 3) for which
both polarized light microscopy and SEM/EDX numer
ical particle counts were available, showed an r value of
0.675 and a P value of .002 by linear regression analysis.
Where direct comparisons between the counts in Tables 2
and 3 were able to be made (generally the first three cases),
counts of birefringent particles by light microscopy were
generally higher than the corresponding counts by SEM.
This can be explained by the finding of other nontalc for
eign material in the blocks by SEM/EDX. EDX analyses
were performed of backscatter positive particles seen in
these blocks. Across the 28 blocks, this yielded an aggre
gate total of 503 talc particles and 945 foreign nontalc
particles. Of the latter, most (802, 8§5%) were nonspecific
mineral particles consisting generally of Si in various
combinations with sodium (Na), Mg, and especially alu
minum (Al). Where Mg and Si predominated in this group,
the spectral peak ratio fell outside the atomic weight per
cent range (0.649% * 5%) expected for talc, so they were
not classified as such. Occasionally, silicon oxide particles
were identified by SEM/EDX, which exhibits birefrin
gence.'” The remaining exogenous particles consisted of
various metals, either alone or in various combinations,
most notably copper, chromium, Al, titanium, zinc, nickel,
and manganese. Iron (Fe) was often combined with some
of these metallic particles. Besides talc and exogenous
metals and minerals, the other broad category of particles
seen in the case analyses included endogenous particles,
often in the form of dystrophic calcification, which is
common in serous ovarian malignancy. Particles with
calcium (Ca), Na, phosphorus (P), carbon, potassium
(K), and Fe in various combinations were considered en
dogenous. No asbestos fibers or ferruginous bodies were
found in the analyses. Based on the data, the nonspecific
mineral particles accounted for many of the birefringent
particulates seen under light microscopy that were not
talc. Such particles can be encountered in everyday living
and may presumably gain access to the perineum and as
sociated lymphatics in similar ways to talc. Based on data
from Jurinski and Rimstidt** for talc vs silica, these non
specific silicates could be reasonably expected to have a
slow dissolution rate (years or decades) and a long reten
tion time in tissue.

Tissue macrophages were a key particle location for
many sites and thus a key part of the tissue response to
the migrated talc. Such cells, with cytoplasm filled with
birefringent particles, were seen in the cervix (case 1) and
the uterine serosa and pelvic region lymph nodes of mul
tiple cases. In rare instances, the affected macrophages
were seen to coalesce into multinucleate giant cells as part
of the inflammatory response. Affected macrophages
often had grayish, faintly ground glass cytoplasm and
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were sometimes accompanied by a mix of other chronic
inflammatory cells (eg, in the soft tissues near the fal
lopian tube in case 5). Birefringent material was often
seen localized near small vasculature, particularly in the
uterine serosa (cases 1 and 3) and soft tissue near fallo
pian tubes (cases 2 and 5). For extranodal talc migration
sites, the concomitant presence of lymphatic vessels was
strongly suspected, but this was often difficult to ascertain
histologically since these vessels may be nonpatent and/or
otherwise hard to see in tissue sections. Of note, for three
of the four patients who had pelvic region lymph nodes
resected, none of their talc positive lymph nodes had
concomitant metastatic malignancy. However, case 2 had
two pelvic region lymph nodes (represented on slides as
multiple lymph node profiles) with both metastatic tumor
and abundant birefringent particles in macrophages,
often existing close to each other. An example is shown
in Mlmage 20. Because both are regarded as migrating via
lymphatic pathways, their coexistence in one of our pa
tient cases was not a surprise. lImage 30 emphasizes this
point from a different point of view by showing regular
H&E (Image 3A) and polarized light microscopy (Image
3B) of the same view of uterine serosa in case 3. Several
lymphovascular spaces are present, a larger one of which
is highlighted with the arrows and is seen to contain bi
refringent material in Image 3B. EDX of this patient’s
uterine serosa tissue showed that this birefringent mate
rial was talc (see next paragraph).

Blmage 41, Blmage S0, Blmage 60, llmage 70 and Blmage
81 (pertaining respectively to cases 1 through 5 in Tables
1 3) show representative correlative polarized light and
SEM (with backscattered electron imaging) micrographs.
For each case, EDX analysis of most of the backscattered
image positive particles (typically 1 10 pm diameter)
showed the characteristic spectrum of talc in Image 1, thus
confirming that most of the birefringent material seen by
polarizing light microscopy in these particular areas was,
in fact, talc. Considering each figure individually, Image
4 shows birefringent material clustered in macrophages
in deep exocervical fibrous tissue and comparable par
ticle morphology in the same region on backscattered
electron SEM imaging. Similar correlative morphology
is seen in the same figure for macrophages within pelvic
lymph node tissue. The exocervical tissues and lymph
node show rather unremarkable macrophage morphology
when reviewed by light microscopy without polariza
tion. Image 5 shows birefringent particle accumulations
in the uterine serosa (both macrophages and soft tissue
and near vascular spaces) and fallopian tube peripheral
tissue, ovary, and lymph node tissue (the latter frequently
in macrophages), with corresponding morphology in
the SEM backscattered electron images. Image 6 shows

© American Society for Clinical Pathology
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EImage 20 Regular light microscopy (A) and polarized light microscopy (B) of left pelvic lymph node in patient 2, same eld
of view, showing juxtaposition of birefringent particles in macrophages, metastatic carcinoma, and uninvolved lymph node
parenchyma. This particular area was not analyzed by scanning electron microscopy, but based on the ndings in other histo
logic regions, much of this birefringent material is likely talc. (H&E, x400)

IImage 30 Regular light microscopy (A) and polarized light microscopy (B) of the uterine serosa in patient 3, same eld of
view, showing serosal brovascular tissue and abundant birefringent particles that are seen in one lymphvascular space
(arrows). This serosal birefringent material was shown to be talc by scanning electron microscopy/energy dispersive X ray

analysis (see Image 6). (H&E, x200)

uterine serosa with numerous birefringent particles within
soft tissue and macrophages, as well as ovarian stroma
showing a birefringent particle within soft tissue but
close to a blood vessel, with corresponding SEM images
showing backscattered electron positive particles. Images
7 and 8 show birefringent particles in pelvic region lymph
nodes with corresponding backscattered electron positive
positive SEM images, as well as birefringent particle(s)

© American Society for Clinical Pathology

in auxiliary sites: ovary (Image 7) and soft tissue from
around the fallopian tube (Image 8). The latter was no
table for a mixed chronic inflammatory infiltrate in and
around the exogenous material.

Review of the backscattered electron SEM images
from all 28 tissue blocks from all five patients (typically
there were around 50 250 SEM images generated on each
block) showed a total of 52 fibers or fiber like particles,
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IImage 40 Representative photomicrographs for patient 1. A, Deep exocervical soft tissue with collections of macrophages
in dense collagenous tissue. A few macrophages were multinucleate and showed slightly glassy grayish cytoplasm (H&E,
x400). B, Same histologic eld as A, under polarized light microscopy, showing collections of macrophages with numerous
birefringent cytoplasmic particles 1 to 10 um in diameter (H&E, x400). C, Scanning electron microscopy (SEM, x500) with
backscattered electron imaging from the same general area as in A and B but a different histologic section, showing nu
merous backscattered electron positive particulates within the cytoplasm of macrophages, similar to A, the majority of which
had a spectrum characteristic of talc. D, Right pelvic lymph node with aggregates of intranodal macrophages (H&E, x400).

of which 18 (35%) were talc, 18 (35%) were nontalc min
eral silicates (typically Al Si often in combination with
other cations), six (11%) were metals or combinations
of metals, and 10 (19%) were endogenous (various
combinations of Na, P, sulfur, Ca, K, and Fe). Most of
the identified fiber like particles had aspect ratios ap
proximately or slightly greater than 5:1 (the threshold
we used), but there were four fibers identified with long
aspect ratios (>10:1) and strongly parallel sides. Three
of these were found in the right ovary of patient case

8 Am J Clin Pathol 2019;XX:1-18
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2, and the fourth was found in the left fallopian tube
of patient case 3. By EDX, these fibers were aluminum
silicates with Mg and Ca and, in two of the fibers, also
Fe. Atomic weight percent calculations on these fibers
showed that the Mg/Si and Ca/Si ratios were far out
side the ranges expected for tremolite asbestos fibers;
also, the presence of Al was additional evidence against
tremolite since it would not be expected to occur in the
latter. Asbestos fibers or ferruginous bodies, if present,
were below the level of detection of our analysis and

© American Society for Clinical Pathology
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IImage 40 (cont) E, Same histologic eld as D, under polarized light microscopy, with numerous birefringent particles similar
in size and appearance to those seen in the exocervix, within intranodal macrophages (H&E, x400). F, SEM (x500) from
the same general area as D and E but in a different histologic section, showing numerous backscattered electron positive
particulates within the cytoplasm of macrophages, similar to C, and the majority having a spectrum characteristic of talc.

hence not found. A representative sampling of the fibers
and fiber like particles we found is shown in Elmage 9N,
along with more details on the atomic weight percent
calculations.

Supplementary Table 1 shows the clinical, light mi
croscopic, and SEM data for the six control patients with
no history of perineal or body use talc exposure. Ten
ovary blocks and one fallopian tube block comprised the
six control patients’ materials. Polarizing light micros
copy, as shown in the table, revealed a range of two to 17
birefringent particles per slide; these values are compa
rable to the lower end of the polarizing light microscopy
results of the exposed patients in Table 2 but markedly less
than for tissues from those patients who had substantial
talc by subsequent SEM/EDX. Inflammatory infiltrates,
when seen in the control tissues, were generally attribut
able to the presence of nearby tumor and not to the pres
ence of the uncommon birefringent material. Giant cells,
such as were seen in some talc exposed patients, were not
observed in controls.

Correlative SEM/EDX of the control tissue blocks
showed a total of four talc particles across all patients:
two in patient 2 (right ovary) and two in patient 3 (right
fallopian tube). Of note, in Supplementary Table 1, both
these patients had pelvic surgery more than 30 years
prior to their ovarian cancer surgical procedure. The talc
particles represented a very small proportion (0.8%) of
the overall backscattered electron positive particles that
were found and analyzed across the 11 control tissue

© American Society for Clinical Pathology

blocks (494). Of those, most were endogenous, the most
common being calcium phosphate (202 [41%)] particles),
sodium salts (108 [22%] particles), and iron phosphate (56
[11%)] particles). Nonspecific minerals accounted for 105
(21%) particles; these may access the genitourinary tract
through hygiene practices and general living. No fibers,
talc or otherwise, were found in any control tissues by
SEM/EDX.

Discussion

The cases reported here show in vivo pelvic migra
tion potential for talc that has, to our knowledge, not
been reported previously. Within a set of five patient
cases, all with known talc exposure to the perineum and
all of which had groups of pelvic organs/tissues surgically
resected for the management of ovarian carcinoma, talc
was found in two pelvic organ sites (three patients), three
sites (one patient), and four sites (one patient) distant
from the original site of application (perineum). In four
of the five patients, pelvic region lymph nodes were one
of the sites affected. Talc has been described in one dis
tant pelvic organ site before'>'"” but, prior to this report,
not more than one such site in a given patient.

It is important to remember that, because the in situ
SEM technique examines only a very small volume of
tissue, the finding of even modest numbers of exogenous
particles (eg, talc) in tissue sections may translate into a
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BImage 50 Representative photomicrographs for patient 2. A, Uterine serosa showing numerous birefringent particles 1 to

10 mm in diameter within soft tissue and macrophages (H&E, x200). B, Scanning electron microscopy (SEM) corresponding
to A, showing numerous backscattered electron positive particles (x500), the majority with an energy dispersive X ray
analysis (EDX) spectrum characteristic of talc. C, Fibromuscular soft tissue near fallopian tube, showing a macrophage with
abundant intracellular birefringent material similar to that seen in A (H&E, x400). D, SEM of the same region as C, showing a
backscattered electron positive particle approximately 5 um in diameter that proved to be talc using EDX (x500).

significant exposure when calculated on a per gram of
tissue basis and when placed in appropriate clinical con
text. Or, to put it another way, seeing particles by in situ
microscopy (both light and SEM) requires a relatively
large amount of material distributed within the tissues
to make it possible to find it in this manner. Roggli and
Pratt” demonstrated this principle by showing that the
identification of one asbestos body in a tissue section
corresponded to at least 100 fibers per gram of tissue.
The six control cases supported the contention that
talc is rarely found in surgically resected pelvic tissues

10  AmJ Clin Pathol 2019;XX:1-18
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from patients with no prior perineal or body use ex
posure. The four talc particles found by SEM/EDX
were in two patients who had undergone pelvic surgical
procedures more than 30 years prior. Given that history
and timeline, the talc could have been introduced from
the ambient environment or from talc on instruments
or gloves. The latter was relatively common decades ago
when these patients had surgery.”® Birefringent particles
of other etiologies (endogenous or nonspecific mineral
particles) can be found in nontalc exposed patient tissues,
as was the case in our controls, with SEM/EDX useful in

© American Society for Clinical Pathology
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IImage 50 (cont) E, Birefringent particle seen in soft tissue of ovary, with mixed in ammation and brosis in the general back
ground (H&E, x400). F, SEM showing several backscattered electron positive particles within the same region as E (ovary).
The particles were irregularly shaped, less than 7 um in diameter, and on EDX analysis showed the characteristic spectrum
of talc (Image 1) (x500). G, Left pelvic lymph node with numerous birefringent particles similar in size and appearance to
those seen in the uterine serosa, within intranodal macrophages (H&E, x400). H, SEM from the same general area as E

but in a different histologic section, showing numerous backscattered electron positive particulates within the cytoplasm of
macrophages, similar to E, with most having an EDX spectrum characteristic of talc (x500).

the distinction. However, most of the numerous calcium
phosphate particles found in the controls would likely
have been nonbirefringent and thus not detected by po
larizing light microscopy.

The five cases described here were part of a larger
group of cases (all women with ovarian carcinoma and
with perineal talc exposure) that were received by us for
consultative purposes over a 3 to 4 year period. Among
34 consults recently reviewed by one author (S.A.M.), 29
(85%) had birefringent particles in more than one pelvic

© American Society for Clinical Pathology

organ site, and of the five that did not, three had substan
tially limited material for review. Most of these cases have
not yet had SEM/EDX performed on tissue blocks, so we
do not yet know to what extent these light microscopic
findings translate into sites of talc migration. But these
preliminary data suggest that a substantial fraction might
among patients with the appropriate exposure history.

A prominent finding in several of our cases and
tissue sites was the accumulation of numerous birefrin
gent particles in the cytoplasm of tissue macrophages
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IImage 60 Representative photomicrographs for patient 3. A, Uterine serosa showing numerous birefringent particles 1 to

10 um in diameter within soft tissue and macrophages (H&E, x400). B, Scanning electron microscopy (SEM) corresponding
to A, showing numerous backscattered electron positive particles (x500), most with an energy dispersive X ray analysis spec
trum of talc similar to Image 1. C, Ovarian stroma showing a birefringent particle within soft tissue but close to blood vessel.
Other birefringent particles were seen in different microscopic elds in this section. D, SEM showing several backscattered
electron positive particles within the same tissue (but different section) corresponding to €. These backscattered electron
positive particles showed a spectrum characteristic of talc (Image 1) (x500).

on both light microscopy and SEM, which, using EDX
analysis, proved to be talc. The H&E appearance of these
macrophages was often rather subtle, with grayish cy
toplasm and a faintly ground glass appearance; in our
opinion, they could be easily missed on a routine slide
review where just light microscopy is performed. This
therefore highlights the importance of doing polarizing
light microscopy on surgically resected pelvic tissues, not
necessarily in every case but indeed if or when the appro
priate talc exposure history is present.

12  AmJ Clin Pathol 2019;XX:1-18
DOI: 10.1093/AJCP/AQZ080

Talc is able to stimulate the phagocytic potential of
macrophages: a subset of the current authors and their
colleagues reanalyzed the slides from the study by Beck
et al,”” who did in vivo hamster studies using sonicated
intratracheally induced talc and granite exposure. It
was found that pulmonary macrophages phagocytize
talc more avidly than granite, especially in the initial 1
to 2 days following exposure (unpublished data). Beck
et al”’ showed that these macrophages that have ingested
talc are then unable to phagocytose radiolabeled particles

© American Society for Clinical Pathology
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Ilmage 70 Representative photomicrograph for patient 4. A, Tissue of the right ovary with a string like arrangement of mul
tiple birefringent particles (1 5 pm in greatest dimension) within ovarian stromal tissue (H&E, x400). B, Scanning electron
microscopy (SEM) showing an irregularly shaped particle, which in backscatter mode is about 6 um in diameter. Energy
dispersive X ray analysis of this particle showed the typical spectrum of talc (Image 1) (x1,000). C, Right pelvic lymph node
tissue with approximately eight birefringent particles (each ~2 um in greatest dimension or less) visible in the same plane of
focus with the cells of the lymph node. Many of these particles are clearly within macrophage cells in the lymph node. D,
SEM of the same right pelvic lymph node tissue (but a different section) showing numerous backscattered electron positive
particles within the cytoplasm of a macrophage, similar to the light microscopic morphology in €. These particles had the

characteristic spectrum of talc (Image 1) (x1,000).

as readily as macrophages that have ingested granite or
control macrophages, which may be why we also ob
serve talc particles in tissue outside of phagocytic cells.
This apparent initial avidity of macrophages for talc is
consistent with the morphologic findings in our case se
ries and may help explain the inflammatory potential of
talc. Full reviews of macrophage biology and inflamma
tory responses are available in the literature, including the

© American Society for Clinical Pathology

phenomena of reactive oxygen species generation and
opsonization.” *' Talc may remain long after the initial
inflammatory response has run its course, as evidenced
by studies showing that talc has a slow dissolution rate in
tissue.”* In addition to the macrophage activity described
earlier, mixed inflammatory infiltrates were sometimes
seen in our talc containing cases, for example, in the fal
lopian tube in patient 5 (Image 6) and the ovary in patient

Am J Clin Pathol2019,XX:1-18 13
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IImage 81 Representative photomicrograph for patient 5. A, Birefringent particle approximately 7 um in diameter, found in
the soft tissues around the fallopian tube, and associated with chronic in ammation (H&E, x400). B, Scanning electron mi
croscopy (SEM) showing numerous backscattered electron positive particles within the soft tissues around the same fallopian
tube tissue as in A but a different tissue section (x500). C, Two birefringent particles within a left pelvic lymph node (H&E,
x400). D, SEM of the same pelvic lymph node tissue as in €, showing an irregularly shaped, backscattered electron positive
particle less than 5 pm in diameter, which showed the characteristic spectrum of talc.

2 (Image 3). The understanding of talc’s ability to induce
inflammation is well established.”

Through the migration of particles to lymph nodes
as well as to other pelvic sites, the morphologic findings
in our study indicate the likely importance of lymphatic
pathways in the migration of talc. Talc may access
lymphatics directly in the perineum (its typical initial
exposure location) or at any point in its ascent through
the genitourinary tract toward the fallopian tubes and
ovaries. Among other possible mechanisms, this might

14 AmJ Clin Pathol 2019;XX:1-18
DOI: 10.1093/AJCP/AQZ080

occur through erosions in the superficial epithelial sur
face, thereby exposing the lymphatic channels directly un
derneath. Once talc particles reach ovaries and/or pelvic
region lymph nodes, they have access to a further network
of lymphatics present in those locations, thus yielding fur
ther migration potential. One example would be talc mi
gration to para aortic nodes, which we have seen in one
patient (not included as part of this series but included
in a separate report'’) and conceptually mirrors the
clinical finding that ovarian serous carcinoma tends to

© American Society for Clinical Pathology
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IImage 91 Representative flbers and flberlike particles (>5:1 aspect ratio) found in our patient analysis (all photos are scan-
ning electron microscopy with backscattered electron imaging, x500). A, Long aspect ratio bers (arrows) with a chemical
signature of calcium (Ca), magnesium (Mg), aluminum (Al), iron, and silicon (Si) found in patient case 2 (right ovary). Fiber at
right is seen to be extending into tissue where it disappears from view; thus, its aspect ratio may be higher than what is vis
ible. For the total of four long aspect ratio bers (10:1 or greater) that we found in our study, based on atomic weight percent
calculations, average Mg/Si was 0.241 and Ca/Si was 1.03, where the respective ratios expected for tremolite are 0.542 and
0.357 Average Al/Si for the four bers was 0.327, whereas no Al is expected for tremolite. B, Talc ber like particle (arrow)
with an approximately 6:1 aspect ratio from case 2 (uterus). C, Talc ber like particle (arrow) from case 3 (uterus), with an ap
proximately 6:1 aspect ratio. Particles in B and € had Mg Si spectra with atomic weight percent ratios within 5% of the theo
retical value of 0.649 for talc, similar to Image 1. In C, the other nearby backscattered electron positive particles were also talc
but did not meet the 5:1 aspect ratio threshold for a brous morphology.

metastasize early to para aortic nodes preferentially over
other node groups.” Theoretically, talc could even reach
distant extrapelvic sites through further lymphatic spread
and induce inflammatory reactions there, but in the
women with ovarian malignancy who we have evaluated,
this type of study opportunity has not arisen, simply be

cause these extrapelvic tissues do not become available for
examination as part of TAH/BSO surgery.

Besides the finding (with obvious implications) of
exogenous material in lymph nodes, in our set of cases,
evidence of lymphatic migration was seen in the distribu
tion of birefringent material around small blood vessels
in the uterine serosa (cases 2 and 3) and soft tissues at
the periphery of the fallopian tube (cases 2 and 6). These
areas are rich in lymphatics, and the clustering of exog
enous material there is strongly suggestive of migration
via such a route. Lymphatic vessels are highly distensible
and compliant and have an elaborate pumping mech
anism consisting of contractile lymphatic muscle cells
and one way valves that facilitate the transport of mate
rial (whether endogenous or exogenous) consistently via
an anterograde flow route.”* Initial lymphatics present in

© American Society for Clinical Pathology

peripheral locations, such as those likely to be encountered
in talc exposure, are typically tens of microns in diam
eter,”® well within the range of the 1 to 10 um size typi
cally seen for talc particles in exposure settings and also
consistent with the size of pathogens, malignant cells, and
other materials the lymph system typically collects and
transports.

Sentinel lymph node studies, although derived from
oncology, offer insight into the migration potential of
talc from the perineum or lower genital tract and help
explain the peculiar idiosyncratic specificity of talc mi
gration sites that is often seen in patient cases. The ge
neral principle from sentinel lymph node studies is that
usually there is one node or at most a small group of
nodes that represent the initial site of dissemination or
metastasis in a given patient, among many nodes that
in theory are part of the drainage basin,* and so if that
sentinel node is free of metastases, then remaining nodes
in the same nodal basin should be free also.’® The lym
phatic network of the ovary is known to be both rich and
complex and subject to frequent remodeling based on the
menstrual/hormonal cycle.”’” Based on studies of ovarian
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malignancy, the most common drainage sites from the
ovary are the pelvic, paraaortic, and iliac lymph nodes,™
so talc that migrates to the ovary would then be expected
to have access to these lymph node groups through a sim
ilar mechanism. A further study by Vanneuville et al®
using lymphoscintigraphy on 14 patients showed that
ovarian lymphatic drainage may be age dependent, with
premenopausal drainage likely to be both pelvic and
para aortic but postmenopausal drainage likely to be pre
dominantly para aortic. As for the lymphatic drainage
basin for the uterus, pelvic and para aortic nodes may be
come involved simultaneously, in contrast to those in the
cervix, where pelvic nodes become involved first and then
result in spread to para aortic nodes.” Further sentinel
lymph node studies have showed that within the uterus,
upper and lower drainage pathways exist, with the former
draining to external iliac and obturator lymph nodes
and the latter draining to the internal iliac and presacral
lymph nodes.” Furthermore, pelvic lymphatic pathways
are frequently anastomosing, idiosyncratic, and subject to
modification.”**

Taking all of this together, it seems prudent to con
clude that once talc gains access to the lymphatic system
anywhere in the female genital tract, it could potentially
be detected in any of the lymph node groups previously
described for which metastases and sentinel lymph node
tracers have been localized in the past, as well as in solid
organ sites (ovary, fallopian tube, uterus), which contain ef
ferent from those same lymphatic networks. This is entirely
consistent with the spectrum of histologic findings that we
report in this case series. It is also likely that patterns of
talc dissemination, like patterns of lymphatic drainage and
metastasis in other settings, are likely to be idiosyncratic
and patient dependent, without clear explanations in most
cases as to why a given patient localized foreign material in
a particular node or site and not other sites, other than a
given particular drainage pathway simply being what that
patient’s anatomy prefers. Other factors, such as the overall
burden of exposure, the exact sites of exposure and the na
ture of the physical application, and the size distribution
of the talc particle exposure, all also likely play roles in
whether and where pelvic migration pathways develop.

Among the five patients in the main study, two
had a history of tubal ligation (cases 2 and 3, Table 1).
In theory, this should reduce the risk of ovarian carci
noma from talc exposure by blocking the latter’s ascen
sion to the ovaries through the reproductive tract, thus
mitigating inflammatory effects. In fact, some but not all
studies have shown an increased risk in malignancy from
talc use in women who have not undergone tubal liga
tion.”*** What is interesting is that the two patients in
our study with tubal ligations had numerous talc particles
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in a strongly lymphovascular distribution in their uterine
serosal areas (Tables 2 and 3 and Image 3), with patient 2
also showing abundant talc in pelvic region lymph nodes
(nodes were not sampled in patient 3). Although the num
bers here are too small to draw definitive conclusions, an
interesting possibility is that blockage of the reproductive
tract passage may lead to countervailing greater access of
talc to the lymphatic system, especially if exposure levels
are high.

Talc found in our study was usually polygonal and
nonfibrous; nevertheless, 18 fiber like talc particles were
found across the main part of the study, with an as
pect ratio of 5:1 or more. These were typically found in
areas with large collections of talc particles overall (eg,
macrophages, lymph nodes) and so most likely simply rep
resent one end of the size distribution of naturally hetero
geneous particles in size and shape. Only four long aspect
fibers (210:1) were found, and these were nonasbestos.

The expanded understanding of talc’s biologic poten
tial, as evident in this set of cases, has implications for sur
gical pathologists who review TAH/BSO specimens from
patients with ovarian carcinoma. If a history of talc use is
known or suspected, it may be prudent to examine with po
larizing light microscopy the range of tissue types studied
in this case and not simply the ovaries (although the latter
is indeed a prudent place to start, especially if benign re
sidual stroma can be found). If birefringent particles are
identified in the tissue, the corresponding slides and blocks
can then be referred for SEM/EDX analysis for confirma
tion. Based on our surgical pathology experience, the mac
rophage, giant cell, and chronic inflammatory infiltrates
seen in some of our talc containing cases by light micros
copy are unlikely to be pathognomonic alone. Thus, while
their presence is of interest, especially in the right clin
ical setting (ie, history of talc use), the auxiliary studies
described here would be needed. Our concomitant study
of six patient controls supports the contention that talc is
rarely found in the pelvic tissues of nonexposed patients.
The findings in the main study, especially balanced against
the control tissue findings, further support the contention
that unexpected or unexplained inflammatory infiltrates
(especially chronic or macrophage rich), combined with
birefringent material on polarized microscopy, should
prompt SEM/EDX for confirmation of talc (or, if not talc,
whatever the exogenous substance may be).

Conclusion

The existence of morphologically demonstrated talc
in multiple pelvic organ sites, including pelvic tissues and
lymph nodes simultaneously, which is reported here in

© American Society for Clinical Pathology

610z AInr Lg uo woo'joe@gzsblll Aq GGeze55/080zbe/dole/ca01 01 /10pA0BIISqE-8|011IB-80UBAPE/dO[R/WO02 dNO"0lWapedk//:sdiy Wolj pepeojumoq



Case 3:16-md-02738-FLW-LHG Document 11620-4 Filed 12/24/19 Page 18 of 19 PagelD:

103116

multiple patients, has not been reported to our knowledge.
Given the ongoing concerns regarding talc, particularly
with regard to its epidemiologic association with ovarian
cancer, these findings are important and offer new insight
into the biologic potential of talc, its inflammatory poten
tial, and its migration via pelvic lymphatics from the peri
neum. Along with the available epidemiologic studies and
the few previous morphology based reports, the findings
suggest that clinicians may want to closely examine pelvic
organs and lymph nodes (when made available through sur
gical resection) for talc in patients with ovarian carcinoma
and a history of perineal talc use. The index of suspicion
is especially high in cases with birefringent material (by
polarizing light microscopy) and unexplained chronic or
macrophage rich inflammatory infiltrates in pelvic tissues.
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