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\elEPA EPA’s Integrated Risk Information System (IRIS)

IRIS assessments contribute to EPA
decisions such as:

®* Health-based national standards

* Health-based clean-up levels at
local sites

* Health-based advisory levels

* Ranking across chemicals

* Information for the general public
* Cost-benefit analyses
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Triangulation

® The integration of results from different approaches taken to address a research
qguestion, where each approach involves different sources of bias, ideally not all in
the same direction. (Lawlor et al., 2016, IJE 45:1866—86; Pearce et al., 2019, Epidemiology 30:311-16)

® In the context of IRIS: Tool that would potentially enable us to include and use as
much information as possible and appropriate.

® For chemical health assessments, triangulation may be applied at multiple levels:

Established approach in

— Integration across evidence streams (e.g., toxicological, }
U.S. EPA risk assessment

epidemiologic, and mechanistic) informing causal determinations.
— Multiple analyses within a single study

— Synthesis of results within a single stream of evidence [~ Less formalized in IRIS process
(e.g., within the body of epidemiologic studies)

—



Example 1: Libby Amphibole Asbestos (LAA)

 The IRIS assessment for Libby amphibole asbestos (LAA) derived a toxicity

value to quantify risk for lung cancer.
* Forinhalation exposure, this value is the “inhalation unit risk” (IUR)
* The IUR is the upper-bound excess lifetime cancer risk estimated to result from
continuous exposure to an agent at a concentration of 1 pg/ms3 in air

e Data used to derive the IUR came from an occupational cohort study with
incomplete smoking data.

 The potential for uncontrolled confounding by smoking was evaluated

using a method (Richardson, 2010) which utilizes a negative control
outcome.

Richardson, D. Epidemiology, 2010. DOI: 10.1097/EDE.0b013e3181c6f7d9



https://doi.org/10.1097/ede.0b013e3181c6f7d9

Example 1: Libby Amphibole Asbestos (LAA)

e Why use a negative control? Basically, you examine an association you
expect to be null.

e [fitISindeed null, this lends confidence to the results.
e [fitis NOT null, this raises concern for bias in the results.
* Negative control exposures
e Control exposure-outcome association has the same common causes as the target
exposure-outcome association
e Example: Placebo in a controlled exposure trial

e Negative control outcomes

e Exposure-control outcome association has the same common causes as the
exposure-target outcome association

e Example: Cancer at a different (unrelated) site than the cancer of interest
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Example 1: Libby Amphibole Asbestos (LAA)

LAA Exposure

LAA Exposure
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Negative
Control Smoking
Outcome

Lung Cancer —[ Smoking ]

If the exposure (LAA) can be used to predict both lung cancer and another smoking-related outcome
(not related to LAA), confounding may be present.



Example 1: Libby Amphibole Asbestos (LAA)

e If the exposure (LAA) can be used to predict both lung cancer and another

smoking-related outcome (not related to LAA), confounding may be present.
e Negative control outcome: chronic obstructive pulmonary disease (COPD) is related to
smoking but not believed to be associated with LAA exposure
e EPA evaluated the relationship between LAA and COPD mortality using an extended Cox
proportional hazards model. Depending on the exposure metric, the estimated slope
(beta) for COPD was small (B = —-0.056 or -0.135 per fiber/cc-yr) and not statistically
significant (p-value =0.102 or 0.116).

* This analysis provides greater confidence that the relationship between LAA
and lung cancer is not due to uncontrolled confounding by smoking.

U.S. EPA. IRIS Toxicological Review of Libby Amphibole Asbestos (Final Report). U.S. Environmental Protection Agency, Washington,
DC, EPA/635/R-11/002F, 2014. 11



Example 2: Trichloroethylene (TCE)

e Associations between TCE and multiple types of cancer were investigated

in the National Toxicology Program’s 2014 Report on Carcinogens (RoC),
and in the 2011 IRIS Toxicological Review

e Evaluating consistency across studies

e RoC analyses addressed consistency in results among studies; following slides show
results grouped by:

e Exposure range or level
e Study evaluation confidence and direction of expected bias

* |RIS performed a meta-analysis and evaluated the role of confounders
within and across studies

12
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Example 2: TCE and Kidney Cancer (RoC)

Stratification of studies by exposure level

e When grouped by level of exposure, the RR
estimates showed the expected pattern (highest
RRs for highest exposure group)

NTP (National Toxicology Program). 2014. Report on
Carcinogens, Thirteenth
Edition. http://ntp.niehs.nih.gov/pubhealth/roc/roc13/

Estimated exposure level groups RR (95% CI)
High to very high
Charbotel 2006 I | 3.34 (1.27-8.74)
Briining 20032 : . | 5.91 (1.46-24)
Vamvakas 1998 } ® i 11.42 (1.96-67)
Henschler 19952 . ! 9.66 (3.14-22.55)
Moderate to high
Hansen 20132 I . : 2.04 (0.81-5.17)
Moore 20102 —e— 2.41 (1.05-5.56)
Radican 2008° . 1.16 (0.31-4.32)
Zhao 2005/Boice 2006° b . ! 4.9 (1.23-19.6)
Raaschou-Nielsen 20032 —— 1.9 (1.4-2.6)
Morgan 19982 H—— 1.89 (0.85-4.23)
Low
Bove 2014° ——— 1.52 (0.64-3.61)
Christensen 20139 F . 0.6 (0.1-2.8)
Vlaanderen 2013® M 1 (0.95-1.07)
Lipworth 2011°¢ . { 0.85 (0.33-2.19)
Pesch 2000¢ H—e— 1.4(0.9-2.1)
1 I | | | | | | |
01 02 05 1 2 5 10 60
RR (95% Cl)

13
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Example 2: TCE and Kidney Cancer (RoC)

Stratification of studies by overall confidence

e The studies with higher overall confidence all had
elevated, statistically significant RR estimates

* Moderate confidence studies also had elevated RRs,
but these were not always statistically significant, and
showed greater spread

e Studies with lower overall confidence showed the
expected pattern based on direction of bias (toward or
away from the null)

NTP (National Toxicology Program). 2014. Report on Carcinogents,
Thirteenth Edition. http://ntp.niehs.nih.gov/pubhealth/roc/roc13/

Study

ID

High

Zhao 2005 —_—
Charbotel 2006 —_—
Moore 2010 ———
Moderate

Hansen 2013 -
Radican 2008  A—
Morgan 1998 T
Brining 2003 _—
Low to Low/Moderate with overall bias towfards null
Raaschou-Nielsen 2003 ——
Vlaanderen 2013 *

Lipworth 2011 —

Bove 2014 —_—r—
Christensen 2013 +

Pesch 2000a T

Low with overall bias towards a positive effect

Henschler 1995

Vamvakas 1998

RR (95% CI)

4.90 (1.23, 19.56)
3.34 (1.27, 8.76)
2.41 (1.05, 5.55)

2.04 (0.81, 5.15)
1.16 (0.31, 4.33)
1.89 (0.85, 4.22)
5.91 (1.46, 23.96)

1.90 (1.39, 2.59)
1.00 (0.94, 1.06)
0.85 (0.33, 2.19)
1.52 (0.64, 3.61)
0.60 (0.11, 3.17)
1.40 (0.92, 2.14)

9.66 (3.60, 25.89)

> 11.42 (1.95, 66.77)

I I

2 51 2 5
RR (95% Ci)

I

I


http://ntp.niehs.nih.gov/pubhealth/roc/roc13/

\eIEPA Example 2: TCE and Kidney Cancer (IRIS)

TCE Exposure and Kidney Cancer - highest exposure groups

Study Relative Risk and 95% CI RR LCL ucL

Boice (1009) I 060 0.22 2.12

Morgan (1998) 0 1.50 0.68 371

Raaschou-Nielsen (2003) —— 1.70 1.10 2.40

Meta-a nalysis of highESt Radican (2008) i 1.11 0.35 3.40
Zhao (2005) i 7.40 0.47 116.0

exposure groups Bruning (2003) i 260 0.84 8.66
Charbotel (2006) b 334 1.27 874

Maoore (2010) o 223 1.07 464

Pesch (2000) — 11— 1.40 0.90 2.10

Siemiatycki (1981) | 0.80 0.20 3.40

Anttila (1995)null | 1.00 0.25 4.00

Axelson (1984null | 1.00 0.14 7.10

Hansen (2001)null I 1.00 0.32 3.10

OWERALL FooH 1.58 1.28 1.98

[ T T 1 T rrrj T T LN B B B B B |
0.1 1 10

Figure C-7. Meta-analysis of kidney cancer and TCE exposure—highest
exposure groups, with assumed null RR estimates for Anttila et al. (1995),
EPA’s Toxicological Review of Trichloroethylene Axelson et al. (1994), and Hansen et al. (2001) (see text). Random-effects
(U.S. EPA, 2011). model: fixed-effect model same. Rectangle sizes reflect relative weights of the
individual studies. The summary estimate is in the bottom row, represented by
the diamond.



Example 2: TCE and Kidney Cancer (IRIS)

® The meta-analysis used a priori criteria to select studies with greater overall confidence
and yielded a summary RR of 1.58 for the highest exposure groups.

® (Can this be explained by confounding from co-exposures? Job titles such as a degreaser
often have potential for several exposures, including mineral oils, hydrazine, and other
solvents.

— Mineral oils and other co-exposures were included as covariates in some of the studies.

— Cutting oil exposure did not appear highly correlated with TCE exposure, and cutting oils and mineral oils
have not been associated with kidney cancer in other cohort or case-control studies

— Conclude that potential co-exposure to other solvents and other chemicals is unlikely to provide an
alternative explanation for kidney cancer findings, as the studies included in the meta-analysis varied in
the pattern, level, and specific types of co-exposures

16



Example 2: TCE and Kidney Cancer (IRIS)

® Can this be explained by confounding? Obesity, high body mass index (BMI), and smoking
are known risk factors for kidney cancer.

Any confounding in cohort studies related to obesity is likely small given the generally healthy nature of
an employed population.

Five of the nine cohort studies used internal controls, which minimizes potential confounding since
exposed and referent subjects are drawn from the same target population.

Obesity is less of a concern in occupational cohorts (generally healthy nature of employed population)

Most of the case-control studies controlled for BMI (4 out of 6), and for smoking (5 out of 6). The one
study that adjusted for neither, did report that these factors did not significantly change their results.

Smoking: There was no pattern of increased lung cancer risk in the cohort studies (summary RR from
meta-analysis was 0.96 overall and 0.95 for high TCE exposure).

These observations suggest that the association with kidney cancer is not fully explained by uncontrolled
confounding

17



Example 2: TCE and Kidney Cancer (IRIS)

Potential confounding by smoking?

N | RRm 95% CI
e The meta-analysis summary RR =1.27 (95% ClI: Kidney Cancer
1.13, 1.43), with no significant heterogeneity. All studies 15 | 1.27 1.13,1.43
: . . . Highest exposure group 10 | 1.64 1.31, 2.0
Cohorjc studlfes had no mformatpn on. smoking Cohort studies 9 1116 0.96, 1.40
behavior while case-control studies did evaluate Case-control studies 6 | 148 1.31, 2.04
confounding by smoking.
e The summary RR was Stronger in the case- Lung Cancer (COhOft StUdieS) 9 0.96 0.76,1.21
control studies that did account for smoking Highest exposure group 6 |06 0.72,1.27
* The RR for lung cancer was NOT elevated, Note: Cohort studies included all kidney cancers, while case-control studies

included only renal cell carcinoma.

indicating that the effect of TCE was not being
driven by correlation with smoking.

18



Summary

® Utility of negative control outcomes and/or exposures to identify potential for
residual or uncontrolled confounding

® Look at results within and across groups of studies to see if there is an
expected pattern of results by study attributes

— Study confidence

— Study design

— Level of exposure

— Study setting (e.g., occupational versus general population)

® Evaluate potential for confounding across study populations

19



Conclusion

® Triangulation is the integration of results from different approaches taken to
address a research question, where each approach involves different sources

of bias, with the goal of including and using as much information as possible
and appropriate.

® We presented two examples in the spirit of triangulation from the IRIS

program, with the goal of synthesizing results with an evidence stream
(epidemiology studies) to arrive at causal conclusions.

Thank you

20
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wEPA 3232?532323\ Evidence synthesis primary considerations

Risk of bias and
sensitivity (across Consistency
studies)

Effect magnitude
and imprecision

Directness of
Dose-response outcome/endpoint Coherence
UEEHIES
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Study
ID

High

Zhao 2005
Charbotel 2006
Moore 2010

Moderate

Hansen 2013
Radican 2008
Morgan 1998
Brining 2003

Low to Low/Moderate with overall bias towards null

Raaschou-Nielsen 2003
Vlaanderen 2013
Lipworth 2011

Bove 2014

Christensen 2013
Pesch 2000a

Low with overall bias towards a positive effect

Henschler 1995
Vamvakas 1998

Synthesis Example: Epidemiology

RR (95% CI)

4.90 (1.23, 19.56)
3.34 (1.27, 8.76)
2.41 (1.05, 5.55)

2.04 (0.81, 5.15)
1.16 (0.31, 4.33)
1.89 (0.85, 4.22)
5.91 (1.46, 23.96)

1.90 (1.39, 2.59)
1.00 (0.94, 1.06)
0.85 (0.33, 2.19)
1.52 (0.64, 3.61)
0.60 (0.11, 3.17)
1.40 (0.92, 2.14)

9.66 (3.60, 25.89)

> 11.42 (1.95, 66.77)

NTP (National Toxicology Program). 2014. Report on Carcinogens, Thirteenth Edition. Research Triangle Park, NC: U.S. Department of Health and

2 51 2 5
RR (95% CI)

Estimated exposure level groups

RR (95% Cl)

High to very high
Charbotel 2006 b ® i 3.34 (1.27-8.74)
Briining 2003% I ad 5.91 (1.46-24)
Vamvakas 19982 ' ® { 11.42 (1.96-67)
Henschler 19952 b * 9.66 (3.14-22.55)
Moderate to high
Hansen 20132 I & : 2.04 (0.81-5.17)
Moore 20102 e 2.41 (1.05-5.56)
Radican 2008 . { 1.16 (0.31-4.32)
Zhao 2005/Boice 2006° b ® 4 4.9 (1.23-19.6)
Raaschou-Nielsen 2003 —a— 1.9 (1.4-2.6)
Morgan 19982 H—— 1.89 (0.85-4.23)
Low
Bove 2014° —t—— 1.52 (0.64-3.61)
Christensen 20134 b ® i 0.6 (0.1-2.8)
Vlaanderen 2013¢ [ | 1(0.95-1.07)
Lipworth 2011° ® ! 0.85 (0.33-2.19)
Pesch 2000¢ H—e— 1.4 (0.9-2.1)
] ] | I ||
01 02 05 1 2 5 10 60
RR (95% ClI)
23
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http://ntp.niehs.nih.gov/pubhealth/roc/roc13/

Example 3: Formaldehyde (Draft IRIS assessment)

e External peer review draft reviewed by the NASEM
* Document available at:
https://ordspub.epa.gov/ords/eims/eimscomm.getfile?p dow
nload _id=544587
e Associations between inhalation exposure to formaldehyde and
adverse health effects. For this example, focus on:
* nasopharyngeal cancer (NPC)
 myeloid leukemia (ML)



<vEPA Example 3: Formaldehyde (Draft IRIS assessment)

e Can consistent findings across studies
be explained by a common confounder?

 Considerations:
e Risk factor for disease?
e Associated with formaldehyde exposure?
 Not in causal pathway (not a mediator)?
e Strength of potential confounding effects?

C: potential confounder

X: exposure (formaldehyde)
Y: health outcome

B: magnitude of association

25



o EPA Example 3: Formaldehyde and Nasopharyngeal
g Cancer (NPC) Confounder Evaluation

e Known risk factors for NPC: childhood consumption of Chinese salted fish, wood dust,
smoking, alcohol consumption, Epstein-Barr virus

e Are the risk factors associated with exposure?
e Some unlikely to be associated with formaldehyde; therefore not expected to be consistent confounders
across all of the studies (dietary exposures, alcohol consumption).
e Multiple studies controlled for wood dust exposure and for smoking, but neither were found to be a
confounder of the association with formaldehyde.

Dietary Factors C C Wood dust
Alcohol , /\ ‘B/\B‘ Smoking
/ -
X =y X ——

Common
Source? /
C 26



Py Example 3: Formaldehyde and Myeloid
’EPA Leukemia (ML) Confounder Evaluation

 Known risk factors for ML: benzene, ionizing radiation, and smoking

e Associated with exposure to formaldehyde?

* Benzene not used in the embalming process; not a chemical co-exposure in the garment plants. In other studies,
benzene was evaluated and not found to be a potential confounder.

* lonizing radiation can be a co-exposure for embalmers but limited extent of such radiation exposure unlikely to
explain the observed association in this group. lonizing radiation not known to be a coexposure for industrial or
garment workers in the studies considered.

* Smoking controlled for in some of the studies. In others, smoking was not included in analyses, but no evidence
that smoking rates in the industrial or garment worker cohorts were correlated with formaldehyde exposures.
Further, the use of internal comparison groups should mitigate any potential confounding effects of smoking
because smoking rates within a cohort are likely to be more similar than compared to the general population.

X —p Benzene
Common lonizing RadiationJ
Source? / /\ Smoking
° T;;T;n Radiation g Y
6 2’7

Smoking ‘



Example 3: Formaldehyde (Draft IRIS assessment)

e Can consistent findings across studies of formaldehyde and NPC
and ML be explained by a common confounder?

e Consistency across multiple studies is demonstrated by a
pattern of increased risk in different populations, exposure
scenarios, and time periods.

 Unmeasured confounding or chance unlikely alternative
explanations for the observed associations.

28
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