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Time Presenter Title
13:00-13:15 Host Introduction to the Symposium and Instructions

13:15-13:30 Milene Gonzalez-
Verdecia Tamoxifen as a risk factor for uterine cancer

13:30-13:45 Katherine Lach Epidemiology of melanoma
13:45-14:00 Lara Richer You be the judge: Can talc powder cause ovarian cancer?
14:00-14:15 Enrico Ripamonti Is bladder cancer associated with pioglitazone use?
14:15-14:30 Mehdi Mousavi Air pollution as a carcinogen

14:30-14:45 Mariana Usatii Do genetically modified foods cause cancer? The challenges 
of investigating the association

14:45-15:00 Talia Malagon What criteria were used in Canadian recommendations for 
cervical cancer screening

15:00-15:15 Coffee Break
15:15-15:30 Ali Samkari Oral contraceptives and breast cancer: What is the evidence?
15:30-15:45 Michel Wissing Arsenic in drinking water and bladder cancer
15:45-16:00 James Man Git Tsui Radiation Exposure and Cancer

16:00-16:15 Arif Awan Risk factors for febrile neutropenia in breast cancer: A 
retrospective cohort study

Buffer time
16:30-17:00 Catch-up with content, exam, and end of course: Have a Happy Summer!



MILENE GONZALEZ-VERDECIA
PGY2   - AP



¡ Most common invasive cancer of 
the female genital tract and the 4th

most common cancer in women.
¡ In 2015: 6,300 women  (diagnosed 

with EC and 1,050 (deaths)
¡ Two types:

-Type I (80%) Endometrioid histology, 
Estrogen driven, better prognosis, may 
be preceded by endometrial 
hyperplasia / IEN

- Type II (10-20%) patients 10 years 
older, arise in the setting of endometrial 
atrophy, poorly differentiated tumors, 
poor prognosis, histology: grade 3 EEC, 
Serous, clear cell, MMMT… 





Canadian Cancer Statistics 2015 





¡ Tamoxifen is a  SERM with agonist and antagonist properties 
depending upon the organ target and the estrogen serum 
level.

¡ 1966 - First synthesized: Dr. Walpole team at ICI 
pharmaceuticals (looking for a contraceptive pill)

¡ 1971- Introduced to treat advanced breast cancer
¡ 1978- Aprooved by FDA to treat advanced BrCa
¡ 1980 - Introduced in the treatment of early BrCa
¡ 1998 - the meta-analysis of the EBCTCG showed definitively 

that tamoxifen saved lives and showed:

-41% reduction in the risk of BrCa recurrence (RRR = 0.59) 
-34% reduction in mortality (DRR = 0.66)
-1/3 reduction incidence in contralateral BrCa > leading to FDA
approving it as chemoprevention in high risk women



EBCTCG 2011



¡ Minor side effects:  Vasodilation (41%), flushing (33%), 
hypertension (11%), peripheral edema (11%), Mood 
changes (12% to 18%), pain (3% to 16%), depression (2% 
to 12%), Skin changes (6% to 19%), rash (13%), Hot flashes 
(3% to 80%), fluid retention (32%), altered menses (13% to 
25%), amenorrhea (16%), Nausea (5% to 26%), weight loss 
(23%), vomiting (12%):, Vaginal discharge (13% to 55%), 
vaginal bleeding (2% to 23%), Weakness (18%), arthritis 
(14%), arthralgia (11%), Pharyngitis (14%), Lymphedema
(11%)

¡ Main life-threatening SE:
-DVT
-Pulmonary embolism
-Endometrial carcinoma



¡ As early as 1967 –ICI pharmaceuticals realized that 
“tamoxifen persists for some days in the uterus” and 
that it exerts an estrogenic effect in the endometrium

¡ Since 1970’s   hundreds of studies have been 
conducted to prove the association of Tamoxifen and 
Endometrial cancer

¡ Most of them showing (among other side effects)
-Increase incidence of EC in Tamoxifen treated patients
-Increase incidence of more aggressive forms of EC
-Increase mortality due to EC in Tamoxifen treated patients



Do still the benefits outweigh the risks?



Period
studied

Data from Type of study Patients 
enrolled

RR (95% 
CI)

1976-1990 SBCS RCC (Tamoxifen40mg 2-
5years vs placebo in BrCa
patients independent of H 
status)

2738 6,4 (?)

1982-1988 NSABP-
B14

RCC (tamoxifen vs placebo 
in ER+, LN- BrCa

4063 7,5 (1,7-
32,7)

1976-1996 
A.Swerdlow

LSHTM Case control study 
comparing women with 
endometrial cancer and 
without and association to 
Tamoxifen exposure.

1880 OR: 2,4
(1,8-3,0)



But there was at least one extensive, well conducted study that 
showed some how slightly different results and that changed 

the recommendations of the ACOG (American Congress of 
Obstetricians and Gynecologists)



¡ Javaid Iqbal et al. searched for published data 
from January 1970 to December 2010 in 
Cochrane Central Register of Controlled Trials 
and National Library of Medicine >> inclusion 
and exclusion criteria.

¡ Criteria for inclusion:
-Studies that enrolled women <50 years high risk

(using modified Gail model)
-without previous invasive breast cancer or DCIS
-without previous hysterectomy, DVT or PE

Cancer Treatment Reviews , 2012



From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 2009;6(6):e100009
7. doi:10.1371/journal.pmed1000097 . (2) The CENTRAL represents The Cochrane’s Central Register of Controlled Trials; NLM represents National Library of Medicine.



¡ The studies included were Phase III randomized, double-blind, 
placebo-controlled clinical trials comparing tamoxifen (20 mg per 
day) vs placebo for five years: 
- Breast Cancer Prevention Trial or BCPT
- International Breast Cancer Intervention Study-1 (IBIS-1)
- Royal Marsden hospital tamoxifen breast cancer

prevention trial

¡ Objectives: To estimate incidence and mortality of EC, DVT and PE
in Tamoxifen treated patients

¡ The Cochrane Collaboration’s tool to assess the risk of bias was 
used to judge the credibility and applicability of included studies

¡ A value of kappa between 0.40 and 0.59 was considered a fair 
agreement between two authors



Study n, P/T Plac
ebo 

Tamo
xifen

RR (95% 
CI)

P-
value

Age-
years

Place
bo

Tamox
ifen

RR (95% 
CI)

P-value

NSABP
P-1

13,165
6599/6576

15 36 2.46 (1.35-
4.48)

0.003 <50 8 9 1.13 (0.44-
2.93)

0.9

=>50 7 27 3.86 (1.69-
8.86)

0.0002

IBIS-1 7154
3575/3579

11 17 1.51
(0.71-3.22)

0.3 <50 2 1 0.50
(0.05-5.54)

0.9

=>50 9 16 1.77
(0.78-3.99)

0.2

Royal 
Marsde
n study

2471
1233/1238

5 13 2.59
(0.93-7.24)

0.06 <50 No data

=>50 No data



¡ Tamoxifen has been approved by the U.S. FDA for adjuvant treatment of 
breast cancer, treatment of metastatic breast cancer, and reduction in 
breast cancer incidence in high-risk women. 

¡ Tamoxifen use may be extended to 10 years based on new data 
demonstrating additional benefit. Women taking tamoxifen should be 
informed about the risks of endometrial proliferation, endometrial 
hyperplasia, endometrial cancer, and uterine sarcomas, and any 
abnormal vaginal bleeding, bloody vaginal discharge, staining, or 
spotting should be investigated. 

¡ Postmenopausal women taking tamoxifen should be closely monitored 
for symptoms of endometrial hyperplasia or cancer. 

¡ Premenopausal women treated with tamoxifen have no known increased 
risk of uterine cancer and require no additional monitoring beyond 
routine gynecologic care. 



¡ Javaid J Iqbal. Endometrial cancer and venous thromboembolism in women under 
age 50 who take tamoxifen for prevention of breast cancer: a systematic review. 
Cancer Treatment Reviews , 2012.  Volume:38 , Issue:4. p 318-328

¡ Committee of Gynecologic practice.  Tamoxifen and Uterine Cancer.  ACOG. 
Number 601, June 2014

¡ EBCTCG.  Relevance of breast cancer hormone receptors and other factors to the 
efficacy of adjuvant tamoxifen: patient-level meta-analysis of randomised trials. 
Lancet. 2011 Aug 27; 378(9793): 771–784.

¡ J. Tubiner et al. Clinicopathological and molecular analysis of endometrial 
carcinoma associated with tamoxifen. Modern Pathology. (2008) 21, p 925–936

¡ A. J. Swerdlow et al. Tamoxifen Treatment for Breast Cancer and Risk of 
Endometrial Cancer: A Case–Control Study. Lancet

¡ O. Lavie et al. The risk of developing uterine sarcoma after tamoxifen use. IJGC. 
Volume 18(2), March/April 2008, p 352–356

¡ Ju-Yin Chen et al. Endometrial Cancer Incidence in Breast Cancer Patients 
Correlating with Age and Duration of Tamoxifen Use: a Population Based Study. J 
of Cancer. 2014; 5(2):p 151-155.
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Melanoma

• Malignant, aggressive disease histologically derived from melanocytes; 
responsible for >75% of  skin cancer deaths1

• Initial: radial growth phase 
• Horizontal growth: through superficial (papillary) dermis à irregular 

contours and variegated pigmentation.

• Later: vertical growth phase
• Dermal invasion signals metastatic potential à papules, nodules

• Vertical DEPTH is the most important prognostic indicator:
• Highly curable when detected at early stage i.e. less than 1mm thickness; 
• Five-year survival rates decline steadily as tumour thickness & cancer stage 

increase

1. Bolognia, Jean et al. Dermatology, 3rd edition. Claus Garbe and Jurgen Bauer, Melanoma. Elsevier, 2012: 
1885.



AJCC & Prognosis
• Thickness of  tumor (“Breslow

depth”), 
• T1: equal to or <1mm, 

• T2: 1.01 to 2mm

• T3: 2.01 to 4mm

• T4: >4mm

• Stage I and II cancers (no 
regional/distant mets): surgical 
excision often cures
• even T1aN0M0 has 10-year disease-

specific mortality of  5 - 10%

• Thick melanomas (stage IIB and 
IIC) have 10-year survival of  32.3 –
53.9%2

5-year relative survival1

1. SEER Stat Fact Sheets, Melanoma of  the Skin. Percent of  Cases & 5-year relative survival by stage at diagnosis 
www.seer.cancer.gov/statfacts/html.melan.html Accessed: 14 May 2016 

2. Bruce A. Chabner, Dan N. Longo. Harrison’s Manual of  Oncology, 2nd edition. New York: McGraw-Hill, 2014.



Epidemiology of 
Melanoma

• Dramatically rising incidence reported worldwide since the 1970s: doubling in 
rates per decade; annual 3 – 7% increase until 1990s1 – now 1.4% in last 10 years

• USA SEER statistics: now 6th most common cancer among men and women2

• Estimated new cases in 2016: 76,380
• 4.5% of  all new cancer cases

• Estimated deaths in 2016 due to melanoma: 10,130
• 1.7% of  cancer deaths

• 1992 – 2012: incidence increase - average annual percent change of  2.0% (males); 
0.9% (females)3

• 1992 – 2012: mortality – average annual percent change + 0.3% (males)  vs. –
0.5% (females)

1. WHO Skin Tumours. Lyon: 2006: 53. 
2. SEER Stat Fact Sheets, Melanoma of  the Skin. Number of  New Cases and Deaths. 

www.seer.cancer.gov/statfacts/html.melan.html Accessed: 14 May 2016 
3. Rebecca L. Siegel et al. Cancer Statistics, 2016. CA: Cancer J. Clin. 66, 1: Jan/Feb 2016: 7-30. 



Trends – incidence & 
mortality (U.S.)

Year 1975 1980 1985 1990 1995 2000 2004 2008
5-year 
survival 81.8% 83.9% 86.1% 89.2% 90.1% 92.0% 93.1% 93.3%

SEER Stat Fact Sheets, Melanoma of  the Skin. New Cases, Deaths and 5-year Relative Survival. 
www.seer.cancer.gov/statfacts/html.melan.html Accessed: 14 May 2016 



Risk factors – who 
gets melanoma?

• Common pigmentation genes responsible for light complexion, poorly tanning 
skin, red or blonde hair, numerous melanocytic nevi in complex interplay with 
environmental risk due to UVR, both UVA and UVB  

• Genetics: Familial melanomas make up 10% of  cases
• Germline genetic mutations and polymorphisms that predispose to 

melanoma; CDKN2A Encodes p16 and p14ARF – regulatory mechanisms 
on cell cycle through Rb and P53 à ~2% of  all melanomas

• Pigmentation genes: germline mutations in melanocortin1 receptor (MCR1) 
gene convey risk in addition to phenotypic susceptibility 
• Risk 1.5- to 3-fold of  any cutaneous melanoma1

• BRCA 2: relative risk 2.582

• Substantial change in genetic risk factors in most populations unlikely to account 
for observed increases in melanoma. 

1. Bolognia, Jean et al. Dermatology, 3rd edition. Claus Garbe and Jurgen Bauer, Melanoma: 
1885 – 1914. Elsevier, 2012: 1889. 
2. Bruce Chabner, Dan L. Longon. Harrison’s Manual of  Oncology: 729.



Who is affected: 
Worldwide

• Incidence greatest in 
Australia/New Zealand

• Caucasian populations with 
proximity to equator
• Possible relationship with 

latitude – conflicting studies. 
Ex: relationship to latitude 
not reproducible in N.A. 

• Higher ambient sunshine 
levels, lighter-skinned 
population, with high wealth 
– corresponding high 
melanoma rate & low 
mortality.

Paul Kleuhues, editor, et al. Pathology and Genetics of  Skin Tumours. Lyon, France. IARC Press: 2006.  



Who is affected? 
(USA)

SEER Stat Fact Sheets, Melanoma of  the Skin. www.seer.cancer.gov/statfacts/html.melan.html
Accessed: 14 May 2016 



Who is affected? Men 
vs women

Rebecca L. Siegel, Kimberly D. Miller, Ahmedin Jemal. Cancer Statistics, 2016. Ca
Cancer J Clin 2016; 66: 7-30.



Who is affected? 
race

• Although incidence much 
greater in whites in USA, 
blacks are more likely to be 
diagnosed at later stage

• 80% of  cutaneous 
melanomas in black 
population Acral lentiginous
(vs. 2% in whites); 
• Clinical misdiagnosis 

common à delay
• Aggressive type with rapid 

clinical evolution from radial 
to vertical growth phases

Rebecca L. Siegel, Kimberly D. Miller, Ahmedin Jemal. Cancer Statistics, 2016. 
Ca Cancer J Clin 2016; 66: 7-30.



Who is affected? 
deaths

Rebecca L. Siegel, Kimberly D. Miller, Ahmedin Jemal. Cancer Statistics, 2016. Ca
Cancer J Clin 2016; 66: 7-30.



Primary prevention
• Known link with UVR: melanoma attributed to sun exposure est. > 

90% in Canada, Australia, USA; 78-90% in other European countries1

• Sunscreen: widely promoted; clear preventive, proven effects against 
squamous cell carcinoma

• Despite clear link with UVR and melanoma, some studies showed 
sunscreen increased sunbathing time, contributing formation; others 
with no significant effect

• Only RCT (finally) in 2011, Australia
• 1621 adults randomized to sunscreen +/- from 1992 – 1996, followed until 

2006
• All melanomas Hazard ratio 0.50; 95% CI 0.24 – 1.02 p0.051
• Invasive Hazard ratio 0.27; 95% CI 0.08 – 0.97 p0.045

Howard L Kaufman, Janice M. Mehnert, eds. Melanoma. New York: Springer, 2016. 



Secondary 
prevention

• AAD: Has offered education and free screening since 1985 in the U.S.: 
1992 – 1994 found higher percentage of  lesions <1.50mm than in cases 
in SEER: 10% vs 2% 

• USPSTF: there insufficient (I) evidence to assess balance/harms of  
FBSE or patient self-examination for early detection of  melanoma

• No randomized studies directly examined whether screening à
reduced morbidity, mortality

• However “screening consistently identifies thinner melanomas than 
usual care;” suggests that high-risk populations may benefit from 
screening

• Canadian Task Force on Preventive Health Care (1994): poor evidence 
to warrant including/excluding skin cancer screening from PHE; fair 
evidence to support whole-body skin exam for very select group. 

U.S. Preventive Services Task Force. Final Recommendation Statement. Skin Cancer: Screening, February 
2009. http://www.uspreventiveservicestaskforce.org/Page/Document/RecommendationStatementFinal/skin-
cancer-screening Accessed: May 19, 2016. 



So, why the increase?

• Some theories: 

• Rising incidence of  melanoma due to genuine increase in disease: 
particularly men >50
• Deaths (in USA) at plateau while incidence rising
• Increased awareness & vigilance, patient education à caught in earlier 

stages à mortality plateau despite surge in incidence
• Also possible: change in biology of  melanoma? Tendency toward less 

aggressive biology consistent with rising incidence, corresponding 
stabilization of  mortality. 

• Increase correlates with lifestyle changes post 1950s, generation in 
whom incidence has peaked 
• “induction time” 20-40 years
• More common in higher SES: outdoor sports, beach holidays, Western 

countries.
• Suntan as symbol of  health & wealth.

Paul Kleuhues, editor, et al. Pathology and Genetics of  Skin Tumours. Lyon, France. IARC Press: 
2006: 55.
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You be the judge
Does talc powder increase the risk 

of developing ovarian cancer?
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Background

• There are approximately >1000 law suits pending 
against a pharmaceutical company alleging that 
talc found in their baby powder contributes to 
ovarian cancer

• About ovarian cancer
– 14000 deaths in USA yearly
– Highest mortality of gynecological malignancies
– Inflammation involved in ovarian carcinogenesis

• About talc
– Mineral that absorbs water
– IARC considers it a “possible” carcinogen (since 2006)



History

• 1960s
– Asbestos found in some talc powders

• 1970s
– Talc particles found in ovaries and uterii of women 

with those malignancies

• 1980s
– Case control study linked talc use and ovarian 

malignancy



Exhibit A: case-control

• 2041 women diagnosed with epithelial ovarian cancer between 
18 and 80yo

• 2100 controls found via random digit dialing, driver licenses and 
town residents matched by area of residence and within 5 years 
of age

• Asked about “regular” or “at least monthly” applied powder to 
genital or rectal area, sanitary napkins, or other, type of powder, 
frequency of use, years used



Exhibit A: case-control



Cross examination

• NHS
– Causality: no data for these women of finding talc 

in the diseased ovaries 
– Recall bias: self-reported use 

• Would need 18% misclassification to lose OR of 1.3
• OR are decreasing over the years, whereas publicity 

about potential danger of talc use increasingà expect 
higher OR in more recent studies 

– Confounding
• Addressed in table 2



Exhibit B: cohort

• 61285 women from Women’s Health Initiative-
Observational Study
– 29066 never used perineal powder, 32219 ever used 

perineal powder
– Avg age 65, followed for avg 12.2-12.6 yrs
– Caucasians, obese, less than a college degree

• Aim: to assess different areas of perineal powder 
use and durations of use on ovarian cancer 
diagnoses



Exhibit B: cohort





Cross examination

• WHI-OS: 
– Did not recollect data after baseline

• Prophylactic oophorectomy
• Women who started using powder
• Therefore, misclassification risk from erroneous 

reporting

– Only duration data, no frequency of use data
– No data on the content of talc or asbestos in 

perineal powder



Exhibit C: meta-analysis

• Eight studies with a combined 8525 patients with ovarian, 
FT or peritoneal cancer and 9859 controls

• Harmonized data by comparing questionnaires 
• Aim: to assess “association between genital powder use and 

risk of ovarian cancer overall, by invasiveness and by 
histologic type in a pooled analysis of eight population-
based case control studies with relevant data from the 
OCAC” 



Exhibit C: meta-analysis



Exhibit C: meta-analysis



Cross examination
• Relation is less than what is shown by 

previous studies
– Used published and unpublished data

• No dose-response relationship: difficult to get 
accurate assessment of exposure

• Meta-analysis
– Questionnaires differed
– Missing data excluded



You’ve been selected for jury duty!

• Does talc powder use increase the risk of 
ovarian cancer?

• Was the pharmaceutical company negligent 
for not warning consumers about the 
potential dangers of talc powder?

• Is the pharmaceutical company 
responsible for increasing the cancer risk 
in these women?



Real verdicts

• GR vs Johnson & Johnson
– 62yo F , used talc on genitals for many years and 

developed ovarian cancer
– Awarded $55 million 

• JF vs Johnson & Johnson
– 62yo F, history of talc use on genitals, died of 

ovarian cancer
– Family awarded $72 million



Sources
• BBC News. May 3, 2016. http://www.bbc.com/news/world-us-canada-36191495
• The associated press. May 3, 2016. 

http://www.nytimes.com/aponline/2016/05/03/us/ap-us-talc-lawsuit-verdict.html
• Cramer DW, Vitonis AF, Terry KL, Welch WR, Titus LJ. The association between talc 

use and ovarian cancer: a retrospective case-control study in two US states. 
Epidemiology Epidemiology 2015.

• Houghton SC, Reeves KW, Hankinson SE, et al. Perineal powder use and risk of 
ovarian cancer. J Natl Cancer Inst Journal of the National Cancer Institute 
2014;106.

• Narod SA. Talc and ovarian cancer. Gynecologic Oncology Gynecologic Oncology 
2016.

• Terry KL, Karageorgi S, Shvetsov YB, et al. Genital powder use and risk of ovarian 
cancer: a pooled analysis of 8,525 cases and 9,859 controls. Cancer prevention 
research (Philadelphia, Pa) 2013;6:811-21.

• Wentzensen N, Wacholder S. Talc Use and Ovarian Cancer: Epidemiology Between 
a Rock and a Hard Place. JOURNAL- NATIONAL CANCER INSTITUTE 2014;106:N/A.



Is bladder cancer associated with 
pioglitazone use?

Montréal- May 20, 2016 - McGill University
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The rise of pharmacoepidemiology
Montréal, May 20, 2016



Bladder cancer at a glance
Montréal, May 20, 2016

US National Program of Cancer Register, in Cancer incidence in five continents, IARC, Lyon, 2014

Descriptive epidemiology (EU-US):
•4th most common malignancy in men 

•Accounts for 5% to 10% of all malignancies in men 

•The risk of developing bladder cancer at 75 years of age is 2% to 4% for men and 0.5% to 
1% in women

Epidemiology, Staging and Grading, and Diagnosis Committee of the Bladder Cancer Consensus Conference, 2005



Risk factors
Montréal, May 20, 2016

Well-established risk factors:
•Tobacco smoking
•Exposure to β-naphthylamile, 4-aminobiphenil (ABP) and benzidine, principally among 
workers in the textile dye and rubber tyre industries
•Chronic urinary tract infection
•Schistosoma haematobium infection
•Use of cyclophosphamide, an agent used in the treatment of malignant neoplasms
•Radiotherapy/chemotherapy 

Possible risk factors:
•For workers and former workers in the dye, rubber, chemical industries, following exposure 
to amines
•Exposure to constituents of paints, such as benzidine
•Diesel exhaust exposure

Uncertain risk factors:
•Coffee consumption
•Use of artificial sweeteners
•Use of hair dyes
Epidemiology, Staging and Grading, and Diagnosis Committee of the Bladder Cancer Consensus Conference, 2005



Oral therapies for type-2 diabetes:
A brief history

Montréal, May 20, 2016

• 1997: the oral antihyperglycaemia market was significantly affected by 
the launch of troglitazone, the first drug in a new class of agents known 
as thiazolidinedione (or glitazones)

• 1999: two other drugs of this class were launched: rosiglitazone and 
pioglitazone

• 2000: the FDA withdrew troglizatone from the market because of 
hepatotoxicity

• 2010: the FDA restricted the use of rosiglitazone and the European 
Medicines Agency suspended it from the market due to safety concerns 
(hearth failure)

• 2016: Pioglitazone is the only thiazolidinedione commonly used 
worldwide today



Current controversies:
Association of pioglitazone use with bladder cancer

Montréal, May 20, 2016

• 2000s: animal models showed an association with bladder neoplasia
• 2003: the FDA and the manufacturer agreed to this 10-year 

observational study to evaluate the potential risk of bladder cancer with 
pioglitazone use in humans

• 2003: the European Medicines Agency requested a second 
postmarketing investigation of pioglitazone use and risk of cancer at 
other sites 

• 2011: A 5-year interim analysis (Lewis et al., 2011) showed no 
increased risk of bladder cancer overall. However, persons receiving 
more than 2 years of pioglitazone treatment had a small but statis-
tically significant 1.4-fold elevated risk of bladder cancer (hazard ratio 
[HR], 1.4; 95% CI, 1.0-2.0)



Current controversies:
Association of pioglitazone use with bladder cancer

Montréal, May 20, 2016

• 2011: both the European Medicines Agency and FDA requested 
updates to the product safety information and allowed continued 
marketing of pioglitazone 

• 2013: A metanalysis (Ferwana et al., 2013) confirmed the risk of 
bladder cancer for pioglitazone users

• 2015: Lewis et al. (2015) at the end of their study reported that 
pioglitazone use is not associated with statistically significant increased 
risk of bladder cancer. They report increased prostate and pancreatic 
cancer, which deserve further investigation 



Commentary on Lewis et al.’s results
Montréal, May 20, 2016

Although the authors present their results as conclusive, excluding concerns with 
respect to pioglitazone use association with bladder cancer, their paper presents with 
several limitations. In particular:

•It has to be explained the difference in the results between the 5-years 
interim analysis (positive result) and the 16-years total follow-up (negative 
result). The authors exclude that this difference can be due to chance or to 
methodological differences, but no other hypotheses are set forth

•In 16 years (period of observation) pioglitazone had a different degree of 
popularity among physicians (very high at the beginning, lower at the end, 
also due to the alarms for its association with cancer). This popularity –
prescription relation could have led to non-proportional hazards along the 
period of observation, and this could explain the difference in the results at 
different thresholds



Two meta-analyses
Montréal, May 20, 2016



Montréal, May 20, 2016

Two meta-analyses



Conclusions
Montréal, May 20, 2016

• Thiazolidinedions have become a very popular drug for treatment of 
type II diabetes

• The association of pioglizatone with bladder (and other types) of cancer
is currently a hot topic of pharmacoepidemiology

• Recent results from a 16-years observational study by Lewis et al. 
(2015) seem non-conclusive and present with methodological
drewbacks

• Two meta-analyses (Ferwana et al., 2013; Turner et al., 2014) failed to 
present accurate evidence in favor of the association, as biased and 
very heterogeneous studies were pooled together

• In conclusion, this still remains a debated topic and a challenging field
of future research
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Montréal, May 20, 2016
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Sources in air pollution

• Anthropogenic: Transport, power generation, 
industrial activity, biomass burning, and domestic 
heating and cooking

• Particulate matter with diameter <10 μm (PM10)
• Fine particulate matter (<2.5 μm) (PM2·5)
• Nitrogen dioxide (NO2)
• Sulfur dioxide (SO2)
• Ozone (O3)
• Nitrogen oxides (NOx) 



European Study of Cohorts for Air 
Pollution Effects (n=312 944) [1]

• Risk for lung cancer
PM10: HR 1.22 [95% CI 1.03–1.45] per 10 μg/m³
PM2.5: HR 1.18 (0.96–1.46) per 5 μg/m³
Nox: HR 1.01 [0.95–1.07] per 20 μg/m³
• Adenocarcinomas of the lung 
PM10: HR  1.51 (1·10–2·08) 
PM2.5: HR  1.55 (1·05–2·29)
• ↑ in road traffic of 4000 vehicle-km per day 

within 100 m of the residence 
HR for lung cancer 1.09 (0.99–1.21). 



European Study of Cohorts [1]

Hazard ratio (HR) for 
lung cancer according 
to PM10 
concentration (A)
HR for lung cancer 
according to PM2·5 
concentration (B) 
Data points show HR; 
lines show 95% CI; 
boxes show the weight 
with which each 
cohort  contributed to 
the overall HR; vertical 
dashed line shows 
overall HR. 



Cancer Prevention II study, American Cancer 
Society, (500 000 out of 1.2 million) [2]

• Fine particulate (PM2.5) and sulfur oxide 
(SO2)-related pollution were associated with 
all-cause, lung cancer, mortality.

• Each 10 μg/m³ ↑ in PM2.5 → ~ 8% ↑ risk of 
all-cause, lung cancer mortality

• Coarse particle fraction and total suspended 
particles were not consistently associated with 
mortality.



Cancer Prevention Study II (American 
Cancer Society) [3]

• RRs against estimated daily dose of PM2.5 
• Risk ↑ linearly, reaching maximum RRs > 40 

among long-term heavy smokers for lung 
cancer mortality



Cancer Prevention Study–II by ACS 
(188,699 lifelong never-smokers) [4] 

• Each 10 mg/m3 ↑ in PM2.5 → 15–27% ↑ in 
lung cancer mortality.

• The association between PM2.5 and lung 
cancer mortality was similar in men and 
women and across categories of attained age 
and educational attainment, but was stronger
in those with a normal body mass index and a 
history of chronic lung disease at enrollment
(P = 0.05)



Meta-analysis 21 cohort studies [5]

The risk of lung cancer mortality or morbidity 
• 7.23 (95% CI: 1.48–13.31)% /10 μg/m3 ↑ PM2.5
• 13.17 (95% CI: 5.57–21.30)%/10  ppb ↑ NO2 
• 0.81 (95% CI: 0.14–1.49)% 10 ppb ↑ NOx
• 14.76 (95% CI: 1.04–30.34)%/10 ppb ↑ SO2 
The association of fine particles with lung cancer 
was suggestively stronger among never smokers 
• RR per each 10 μg/m3=1.18, 95% CI: 1.06–1.32.
Null association for carbon monoxide and ozone.



Carcinogenicity of outdoor air 
pollution 

• Evidence from many studies [1, 2,3, 5].
• Increased risk was also seen in studies restricted 

to never smokers [4,5].
• Occurrence of cancer in animals exposed to 

outdoor air pollution [6].
• Changes in the expression of genes involved in 

DNA damage and repair, inflammation, immune 
and oxidative stress response, as well as altered 
telomere length and epigenetic effects such as 
DNA methylation [7]



IARC Working Group [6]

• The IARC unanimously classified outdoor air 
pollution and particulate matter from outdoor 
air pollution as carcinogenic to humans (IARC 
Group 1).

• Particularly, an increased risk of lung cancer
• limited epidemiological evidence for bladder 

cancer (occupational and residential 
exposure)



Canadian multi-site population-
based case– control study [7]

• Positive associations between incident breast cancer and all 
three measures of NO2 exposure from 1975 to 1994. (1) 
satellite-derived observations; (2) satellite derived 
observations scaled with historical fixed-site measurements 
of NO2; and (3) a national land-use regression (LUR) model. 

• 10 ppb increase in NO2 exposure ORs of 1.26 (95% CIs: 
0.92–1.74), 1.32 (95% CI: 1.05–1.67) and 1.28 (95% CI: 
0.92–1.79). 

• For postmenopausal breast cancer, ORs of 1.10 (95% CI: 
0.88–1.36), 1.10 (95% CI: 0.94–1.28) and 1.07 (95% CI: 
0.86–1.32). 

• Some support for association of traffic-related air pollution 
and breast cancer, especially in premenopausal women. 
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Agricultural GMO’s 1995-2010

Combined 
effects ??? 
insertion 

mutagenesis 
???, metabolic 
interferences 

???

Herbicide 
tolerance 60%

Roundup -
Glyphosate

Both -Tolerates 
herbicides and 

produces 
insecticides 

20%
Produce an 

insecticide 20%
Bt-modified 

toxins



How do we discover 
carcinogens ?

2 approaches

Non-
Epidemiological

Mechanistic

Toxicology

Epidemiological
Observational(6)

Experimental(1)



Mechanisms of carcinogenesis 
for diet

• Direct ingestion of carcinogens
• Carcinogens formed in the body

– Altered bacterial flora (fecopectins)
• Transport of carcinogens
• Promotion (vitamin deficiency)
• Storage of carcinogens (fat)



Observational studies

• Non-inferential, descriptive (case reports)
• Population based

– Surveillance (documentation of baseline)
– Ecologic studies

• Coarse verification of correlation between 
exposure and disease burden.

• Individual studies - do not fit the situation
• Cross-sectional, Case-control, Cohort



Who is exposed ? 
To What, since When and Where ?





Ecologic studies
• METHODOLOGIC PROBLEMS

– Ecologic Bias 
• Within-group bias 
• Confounding by group 
• Effect modification by group 

– Problems of Confounder Control 
– Within-Group Misclassification 
– Other Problems 

• LACK OF ADEQUATE DATA 
• TEMPORAL AMBIGUITY 
• COLLINEARITY 
• MIGRATION ACROSS GROUPS 



Criteria to Establish Causality

• Most important
– Experimental evidence
– Strength of association
– Consistency
– Biologic gradient

• Least important
– Coherence, Plausibility, Analogy, Specificity

» Hill, 1965



Glyphosate use by year and crop (Next slide)





Evidence of carcinogenicity
• De Roos AJ, Zahm SH, Cantor KP, et al. Integrative 

assessment of multiple pesticides as risk factors for non-
Hodgkin’s lymphoma among men. Occup Environ Med
2003; 60: E11.

• WHO/FAO. Glyphosate. Pesticides residues in food 
2004 Joint FAO/WHO Meeting on Pesticides Residues. 
Part II Toxicological. IPCS/WHO 2004; 95–162. 
http://www.who.int/foodsafety/areas_work/chemical-
risks/jmpr/en/(accessed March 6, 2015).

• Bolognesi C, Carrasquilla G, Volpi S, Solomon KR, 
Marshall EJ. Biomonitoring of genotoxic risk in 
agricultural workers from five Colombian regions: 
association to occupational exposure to glyphosate. J 
Toxicol Environ Health A 2009; 72: 986–97.



Evaluation of carcinogenicity 
(IARC vol. 112, WHO)

• Glyphosate is in Group 2A category.
• Group 2A: exposure circumstance is 

probably carcinogenic to humans (N=66)
– Limited evidence in humans but sufficient in 

experimental animals.
– Inadequate evidence in humans but sufficient 

in experimental animals and strong evidence 
that in exposed humans the agent acts 
through a relevant carcinogenic mechanism.



Evaluation of carcinogenicity 
(U.S. Environmental Protection Agency)

• Group A: Human carcinogens
– Sufficient evidence from epidemiologic 

studies

– There is virtually no epidemiologic evidence 
regarding GMO carcinogenicity and it’s 
practically impossible to obtain with currently 
applicable methods.



Conclusion

• At this moment there is no clear cut 
answer if GMO’s will directly hurt us.
– High quality animal studies are missing
– Epidemiological studies remain challenging
– Accurate labeling of GMO’s is imperative.

• There is an important concern that the 
increased use of glyphosate will increase 
the cancer incidence, particularly in 
countries where GMO’s are cultivated.
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Cervical cancer screening in Canada

§ Started in 1949 in British Columbia.

§ Coverage increased across Canada mostly in 60-70s.

§ In 2013, Canadian Task Force on Preventive Health Care (CTFPHC) 
updated 1994 recommendations for cervical cancer screening.

§ Do recommendations follow criteria for a screening program?

CMAJ. 2013 Jan 8;185(1):35-45.



What to consider when evaluating a 
screening program?
§ Wilson and Jungner criteria (1968):

1. The condition sought should be an important health problem.
2. There should be an accepted treatment for patients with recognized disease.
3. Facilities for diagnosis and treatment should be available.
4. There should be a recognizable latent or early symptomatic stage.
5. There should be a suitable test or examination.
6. The test should be acceptable to the population.
7. The natural history of the condition should be adequately understood.
8. There should be an agreed policy on whom to treat as patients.
9. The cost of case-finding  should be economically balanced in relation to possible expenditure on medical care.
10. Case-finding should be a continuing process and not a “once and for all” project. 

§ Additional criteria proposed (WHO 2008) (subset): 
1. There should be scientific evidence of screening programme effectiveness. 
2. The programme should ensure informed choice, confidentiality and respect for autonomy. 
3. The programme should promote equity and access to screening for the entire target population. 
4. The overall benefits of screening should outweigh the harm. 

1. Wilson, Jungner. WHO 1968. 2. Andermann et al. WHO 2008.



What to consider when evaluating a 
screening program?
§ Wilson and Jungner criteria (1968):

1. The condition sought should be an important health problem.
2. There should be an accepted treatment for patients with recognized disease.
3. Facilities for diagnosis and treatment should be available.
4. There should be a recognizable latent or early symptomatic stage.
5. There should be a suitable test or examination.
6. The test should be acceptable to the population.
7. The natural history of the condition should be adequately understood.
8. There should be an agreed policy on whom to treat as patients.
9. The cost of case-finding  should be economically balanced in relation to possible expenditure on medical care.
10. Case-finding should be a continuing process and not a “once and for all” project. 

§ Additional criteria proposed (WHO 2008) (subset): 
1. There should be scientific evidence of screening programme effectiveness. 
2. The programme should ensure informed choice, confidentiality and respect for autonomy. 
3. The programme should promote equity and access to screening for the entire target population. 
4. The overall benefits of screening should outweigh the harm. 

1. Wilson, Jungner. WHO 1968. 2. Andermann et al. WHO 2008.



Natural history of disease

§ The natural history of the condition should be adequately understood. þ

§ Not explicitly discussed in 2013 guidelines. 

§ 1994 guidelines: cervical cancer “possibly” associated with HPV infection and 
there were “uncertainties concerning the progression of dysplasia to invasive 
cancer”.1 

§ There should be a recognizable latent or early symptomatic stage. þ
§ Persistent HPV infection, CIN

Normal 
cervix

HPV infected 
cervix

Pre-cancer 
(CIN)

Cancer

1. Morrison. Public Health Agency of Canada 1994.



Screening test/treatment properties

§ There should be a suitable test or examination. þ
§ “Screening for cervical cancer using the Pap test detects precursor lesions.” 

CMAJ 2013

§ There should be an accepted treatment for patients with recognized 
disease.þ
§ “The colposcopist may then biopsy the cervix. If the biopsy shows CIN, the 

colposcopist may treat the cervix by excising the transformation zone.” CMAJ 2013

§ The test should be acceptable to the population.þ
§ Not considered in 2013 guidelines.

§ High screening coverage in Canada (72-80%)1 suggests Pap tests are generally 
acceptable.

1. Canadian Partnership Against Cancer 2011



Importance of health problem + 
effectiveness
§ The condition sought should be an 

important health problem. (?)

§ “Lifetime incidence was 1.5% in 1972, and is now 
0.7%.” CMAJ 2013
§ 12th most incident female cancer.1

§ There should be scientific evidence of 
screening programme effectiveness.þ
§ Systematic review of RTCs and observational 

studies evaluating screening effectiveness 
against cancer incidence and mortality.2

§ “The evidence suggests substantial protective 
effects for screening women 30 years and older.”2

§ “More research is needed on the effectiveness and 
optimal use of HPV screening.” CMAJ 2013

Dickinson et al. BMC Public Health 2012, 12:992

Age-standardized mortality and incidence of 
cervical cancer in Canada

1. Canadian Cancer Statistics 2015. 2. CTFPHC 2013.

Screening started in 
British Columbia

Coverage 
increases



Ethical considerations

§ Facilities for diagnosis and treatment should be available. þ

§ Case-finding should be a continuing process. þ

§ The programme should ensure informed choice, confidentiality and 
respect for autonomy. (?)
§ “The potential harms and benefits should be discussed between patient and provider 

for informed decision-making.” CMAJ 2013

§ The programme should promote equity and access to screening for the 
entire target population. (?)
§ Cervical cancer screening covered by public health care.

§ “Certain subgroups of women are less likely to receive adequate screening, 
including immigrant groups, Aboriginal women and women with very low 
socioeconomic status.” CMAJ 2013



Balance of harms, costs, and benefits

§ The cost of case-finding  should be economically balanced in relation to 
possible expenditure on medical care. þ
§ Not a traditional consideration for cervical cancer screening.

§ “A Canadian economic modelling study suggests that screening with either cytology 
or HPV testing is highly cost-effective compared with no screening.” CMAJ 2013

§ The overall benefits of screening should outweigh the harm. þ
§ “The benefits of screening must be balanced against its potential harms.” CMAJ 2013

Benefits Harms

§ Reduced cervical cancer incidence
§ Reduced cervical cancer mortality

§ Anxiety
§ Stigmatization 
§ Bleeding, pain from treatment 
§ Overtreatment
§ Adverse obstetric outcomes (preterm births, 

underweight births, fetal loss)



Balance of harms and benefits

Dickinson et al. BMC Public Health 2012, 12:992

Incidence of cervical cancer by age and time period



Balance of harms and benefits

Dickinson et al. BMC Public Health 2012, 12:992

Incidence of cervical cancer by age and time period

Incidence reduction 
between 1972-2006



Balance of harms and benefits

§ <25 years:
§ BENEFITS

“No reduction in mortality due to cervical 
cancer among women aged 20–24 years in 
Canada since the 1970s”
§ HARMS

“High incidence of minor harms and the 
potential for future early pregnancy loss or 
premature labour for women in this age 
group.”
§ “We conclude that the harms of screening 

for cervical cancer in women aged 20–24 
years outweigh any potential benefits” 
CMAJ 2013

Dickinson et al. BMC Public Health 2012, 12:992

Incidence of cervical cancer by age and time period



Balance of harms and benefits

§ 25-29 years:
§ BENEFITS

“Higher incidence and mortality due to 
cervical cancer in this age group.”
§ HARMS

“High incidence of minor harms and the 
potential for future early pregnancy loss or 
premature labour for women in this age 
group.”
§ “For women aged 25–29 years, we 

recommend routine screening for cervical 
cancer every 3 years. We assigned a weak 
recommendation for this age group, 
reflecting our concerns about the harms of 
overtreatment.” CMAJ 2013

Dickinson et al. BMC Public Health 2012, 12:992

Incidence of cervical cancer by age and time period



Balance of harms and benefits

§ 30-69 years:
§ BENEFITS

“Screening was associated with a decrease in 
incidence of cervical cancer.”
§ HARMS

“Pregnancy-related harms become less 
important as women complete their 
childbearing.”
§ “The desirable effects of screening 

outweigh the undesirable effects and most 
women would be best served by [routine 
screening for cervical cancer every 3 
years].” CMAJ 2013

Dickinson et al. BMC Public Health 2012, 12:992

Incidence of cervical cancer by age and time period



Balance of harms and benefits

§ >69 years:
§ BENEFITS

“Mortality from cervical cancer in Canada 
increases with age.”
“There is limited evidence for the benefits of 
screening in older women.”
§ “For women aged 70 years and older who 

have undergone adequate screening, we 
recommend that routine screening may 
end” CMAJ 2013

Dickinson et al. BMC Public Health 2012, 12:992

Incidence of cervical cancer by age and time period



Conclusion

§ Most important considerations in CTFPHC recommendations:
§ Effectiveness
§ Balance of harms/benefits

§ Further considerations:
§ Equity of access for underserved populations
§ HPV testing (meets most criteria but was not recommended)

§ Criteria which may no longer be met in the future due to HPV 
vaccination:
§ The condition sought should be an important health problem. ý
§ The cost of case-finding  should be economically balanced in relation to possible 

expenditure on medical care. (?)
§ The overall benefits of screening should outweigh the harm. (?)











Side Effects of OCPs
1. Bloating, nausea, and breast tenderness.
2. Breakthrough bleeding and amenorrhea.
3. CHD, HTN and stroke.
4. Venous thromboembolic disease.
5. Risk of cancer
6. Liver disorders and pancreatitis
7. Weight gain



0 Cohort study
0 Statistically significant lower rates of cancers of the 

large bowel or rectum, uterine body, and ovaries.
0 Statistically significant trends of increasing risk of 

cervical and central nervous system 
0 Oral contraception was not associated with an overall 

increased risk of cancer





0 17032 women aged 25–39 years recruited from 1968 
to 1974

0 Breast cancer findings (1087 cases) were entirely 
negative; the rate ratio (RR) comparing ever users of 
OCs with never users was 1.0 [95% confidence 
interval (CI): 0.9–1.1]



0 3,383 cases of breast cancer from 1976 to 1992 among 1.6 
million person-years of follow-up

0 no overall relationship between duration of OC use and 
breast cancer risk, even among women who reported using 
OCs for 10 or more years

0 The risk associated with five or more years of OC use prior 
to a first full-term pregnancy compared with never-use 
was 0.96 (CI=0.65-1.43)



0 A population-based, case-control study
0 4574 women with breast cancer and 4682 controls
0 The relative risks (RRs) of breast cancer for current or previous 

OC use were 1.0 (95% CI 0.8-1.2) and 0.9 (95% CI 0.8-1.0)
0 Breast cancer risk was not associated with estrogen dose, 

duration of use, initiation at a young age (age <20 years), or race.



0 Historical cohort study of 426 families of breast cancer probands
diagnosed between 1944 and 1952 at the Tumor Clinic of the 
University of Minnesota Hospital. Follow-up data on families 
were collected by telephone interview between 1991 and 1996

0 The elevated risk among women with a first-degree family 
history of breast cancer was most evident for OC use during or 
prior to 1975, when formulations were likely to contain higher 
dosages of estrogen and progestins (RR, 3.3; 95% CI, 1.5-7.2). A 
small number of breast cancer cases (n = 2) limited the statistical 
power to detect risk among women with a first-degree relative 
with breast cancer and OC use after 1975.



0 Eight studies examining breast cancer risk in BRCA1/2 mutation 
carriers.

0 meta-analysis showed a non statistically significant association 
with breast cancer (OR, 1.21; 95% CI, 0.93 to 1.58), Data were 
inadequate to perform meta-analyses examining duration or 
timing of use.

0 For women with a family history of breast cancer, three studies 
were identified. The differences between them precluded 
combining the data for meta-analyses, and no overall pattern 
could be discerned.



Conclusion 
0 Unlike the use of hormone replacement therapy, there 

is no evidence to support any relation between the 
use of OCP and breast cancer even in high risk groups 
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Arsenic (As)
o Natural metalloid
o Pesticide
o Growth stimulant in 

animal industry
o Cigarettes
o Strengthening alloys of copper and 

lead
o Semiconductor
o Pigment



Arsenic and its role in cancer
o Sufficient evidence in humans (group 

1) for its role in lung, skin and 
bladder cancer

o Limited evidence in humans (group 
2A/B) in kidney, liver and prostate 
cancer

IARC monographs on the evaluation of carcinogenic risks to 
humans volume 100C – Arsenic, metals, fibres, and dusts (2009)



Arsenic in drinking water and 
bladder cancer
o Dose-response relationship in incidence, 

with a RR up to 40 with high levels of 
exposure (up to >1mg/L)

o Incidence RR:
n 10 µg/L: 1.4 (0.35-4.0) / 2.7 (1.2-4.1)
n 50 µg/L: 2.3 (0.59-6.4) / 4.2 (2.1-6.3)
n 150 µg/L: 3.1 (0.80-8.9) / 5.8 (2.9-8.7)

o Mortality SMR:
n 10 µg/L: 1.0 (0.15-38)
n 50 µg/L: 1.7 (0.49-40)
n 150 µg/L: 2.2 (0.54-41)

IARC monographs on the evaluation of carcinogenic risks to humans volume 100C – Arsenic, metals, 
fibres, and dusts (2009); Saint-Jacques et al., Environ Health, 2014 Jun 2:13:44, PMID 24889821



Arsenic in drinking water -
guidelines
o Canada/EU: 10 µg/L
o WHO guideline: 10 µg/L

o WHO/JECFA 2010: 
n >50 µg/L: some evidence of adverse 

effects
n 10-50 µg/L: possibility of adverse effects
n <10 µg/L: adverse effects too low to 

measure in epidemiology studies

WHO Factsheet Arsenic (Dec 2012), http://www.who.int/mediacentre/factsheets/fs372/en/; Government of Canada Guidelines for Canadian Drinking 
Water Quality: Guideline Technical Document – Arsenic (Jan 2008), http://healthycanadians.gc.ca/publications/healthy-living-vie-saine/water-arsenic-

eau/index-eng.php?page=3#a2



Low-level arsenic exposure and 
bladder cancer – meta-analysis (1)
o Inclusion criteria:
n Case-control or cohort studies
n Water-arsenic concentration <100µg/L or 

biomarkers that would be within the low-
level range

n Available RR and measures of variability
n Analysis of varying levels of arsenic 

exposure and bladder cancer
n Control for smoking (if needed)
n Nutritionally sufficient regions

o 9 studies included

Tsuji et al., Toxicology, 2014 Mar 20:317:17-30, PMID 24462659



Low-level arsenic exposure and 
bladder cancer – meta-analysis (2)

Tsuji et al., Toxicology, 2014 Mar 20:317:17-30, PMID 24462659

Referent population: lowest arsenic dose category



Low-level arsenic exposure and 
bladder cancer – meta-analysis (3)

Tsuji et al., Toxicology, 2014 Mar 20:317:17-30, PMID 24462659



Increased levels of arsenic in bladder 
cancer patients – case-control
o Cases: 124 male bladder cancer patients
o Controls: 220 male controls
o Median arsenic concentration in blood in cases is higher 

than in controls (0.48 vs 1.44 µg/L, p<0.02)

Feki-Tounsi et al., Environ Sci Pollut Res Int, 2013 Jun,20(6):3923-31, PMID 23184132



Low-level arsenic in drinking water 
and bladder cancer – Baris et al. (1)
o Bladder cancer incidence is about 20% 

higher in New England, cause is unknown
o 1079 histologically confirmed bladder 

carcinoma patients (incl. CiS):
n Diagnosed 2001-2004
n Age 30-79
n White race
n Known information on arsenic exposure

o 1287 randomly selected control patients, 
matched by state, sex, age at diagnosis, 
race

Baris et al., JNCI, 2016 May 2, 108(9), PMID 27140955



Low-level arsenic in drinking water 
and bladder cancer – Baris et al. (2)
o Interview:
n Ancestry, smoking, occupation, use of wood-

burning stoves, shellfish & bracken fern 
intake

n Average water intake during lifetime
n Wells used

o Arsenic levels in wells (modelled)
o ORs adjusted for age, sex, Hispanic 

ethnicity, state of residence, smoking, 
education, high-risk occupation and 
exposure to THM

Baris et al., JNCI, 2016 May 2, 108(9), PMID 27140955



Low-level arsenic in drinking water 
and bladder cancer – Baris et al. (3)

Baris et al., JNCI, 2016 May 2, 108(9), PMID 27140955



Low-level arsenic in drinking water 
and bladder cancer – Baris et al. (4)

Baris et al., JNCI, 2016 May 2, 108(9), PMID 27140955



Low-level arsenic in drinking water 
and bladder cancer – Baris et al. (5)

Baris et al., JNCI, 2016 May 2, 108(9), PMID 27140955



Low-level arsenic in drinking water 
and bladder cancer – Baris et al. (6)

Baris et al., JNCI, 2016 May 2, 108(9), PMID 27140955

PAR 13.8% (95% CI 0-29.2%)

Unlagged Lagged 40 years



Low-level arsenic in drinking water 
and bladder cancer – Baris et al. (7)

Baris et al., JNCI, 2016 May 2, 108(9), PMID 27140955

o Limitations:
n Exposure misclassification due to limited 

data on arsenic levels x years ago
n Recall bias on daily water intake
n Other water contaminant may be a 

confounder
n Selection bias
n Small OR differences



Conclusion – How low can it go?
While it has been proven that high 
levels of arsenic are a cause of bladder 
cancer, a first large-scale case-control 
study suggests that low levels of arsenic 
in drinking water (<10µg/L) may also 
increase bladder cancer risk, although 
the study has various limitations.



Discussion
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Intro
• Medical Imaging becoming more common

• More patients are exposed to radiation
• Diagnostic
• Surveillance
• Intervention
• Treatment

• Risk
• CT scan may account for 1.5 to 2% of all future cancers in the US1

• No large-scale epidemiological studies
• Estimates come from atomic-bomb survivors data 

• Radiation Effects Research Foundation (RERF)
• Linear no-threshold (LNT) model

Brenner and Hall, NEJM 20071



CT scan
• Single abdominal CT ≈ 400 chest x-rays
• Ionizing radiation

• Gray – absorbed dose 1Gy = 1J/Kg
• Sievert – equivalent dose

Brenner et al., PNAS 2003

ICRP 
International Commission on Radiological Protection

1 Svà 4-5% increased RR of fatal cancer
(~33 CT scan)



Atomic bomb survivors

• Exposure and Cancer incidence for 1958-1994
• RERF, Nagasaki tumor registries

• Cohort
• Exposed – survivors within 2.5km from ground-zero

• n = 54,000 (~half of all survivors within the distance)
• Individuals were interviewed

• Location
• Shielding

• Unexposed – survivors from 2.5-10km from ground-zero
• n = 40,000

Pierce and Preston, Radiation Research 2000



Atomic bomb survivors – cont’d
• Results

• Age at exposure >30
• Age-specific rates

• 1958-1994

• Confound
• Rural vs urban

• >3km VS proximal but 
not exposed –
5% higher cancer rates

• Smoking negligible
• Health care access 

negligible

Pierce and Preston, Radiation Research 2000



Multinational epi study

• Few small epidemiological studies - radiation workers and cancer risk
• Some increase in overall cancer mortality
• No consistent pattern for single cancer
• Small studies
• Subject to substantial uncertainty

• Largest analytical study – low-dose exposures
• Total duration 5,192,710 person-years
• Quantitative measurements – personal dosimeter

Cardis et al., Radiation Research 2007



Multinational epi study – cont’d
• Retrospective cohort study

• n = 600,000 in 15 countries
(Australia, Belgium, Canada, Finland, France, Hungary, Japan, Korea, Lithuania, Slovak Republic, Spain, Sweden, Switzerland, UK, US)

• Employed >1year
• Monitored for external radiation exposure 
• Doses to individual organs calculated
• Cumulated dose divided by 11 categories of exposure
• Cancer related mortality rate was calculated for each category, weighted by 

person-year
• Excess relative risk (ERR) / Sievert
• Expected mortality obtained from GETRATES module in Epicure (age, sex, calendar year –

specific mortality rates from the standard national population)

Cardis et al., Radiation Research 2007



Multinational epi study – cont’d
• Results

Cardis et al., Radiation Research 2007



Multinational epi study – cont’d
• Results

• All causes death
• ERR 0.42/Sv (90% CI 0.07-0.79) à RR 1.04 at 100 mSv

• Statistically significant increasing trend with cumulative dose (p=0.02)

• Cancer mortality (excluding leukemia)
• ERR 0.97/Sv (90% CI 0.28-1.77) à RR 1.10 at 100 mSv

• Including leukemia does not change ERR

• Solid cancers
• ERR 0.87/Sv

• 30% of data driven by lung and pleural CA (for <200mSv)
• Smoking-related lung cancer showed a stronger association with cumulative radiation dose

• Non-cancer mortality 
• ERR 0.20/Sv (90% CI 0.19-0.63)

Cardis et al., Radiation Research 2007



Multinational epi study – cont’d

Cardis et al., Radiation Research 2007



Radiation exposure from CT in childhood
• Retrospective cohort study

• n = ~180,000
• < 22 yo, no prev cancer
• Great Britain 1985 to 2002

• Outcome
• Cancer incidence – Leukemia / Brain

• Findings
• Leukemia (74/174,604)

• ERR 0.036/mGy CI 0.005-0.12 p=0.0097
• <5mGy vs >30mGy RR 3.18 (95% CI 1.49-6.94)

• Brain tumor  (135/176,587)
• ERR 0.023/mGy CI 0.01-0.049 p<0.0001
• <5mGy vs 50-74mGy RR 2.82 (95% CI 1.33-6.03)

Pearce et al., Lancet 2012



Radiation exposure from CT in childhood
• Conclusion

• Triple the risk, but cancer relatively rare
• 10 years after first scan to patients younger than 10

• 1 excess leukemia & 1 excess brain
/ 10,000 head CT scans

Pearce et al., Lancet 2012



Questions?
• THANK YOU J



RISK FACTORS FOR FEBRILE NEUTROPENIA IN 
BREAST CANCER PATIENTS ON AC CHEMOTHERAPY: 
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May 20th, 2016



BACKGROUND

Breast cancer accounted for 521,907 
deaths in 2012, the highest among cancers 
in females.1

The lifetime risk of developing breast 
cancer is 1 in 8 women. 2

Mainstay of treatment is surgery for 
local/regional disease with a combination 
of chemotherapy, hormonal therapy and 
radiation therapy.
Adjuvant chemotherapy and hormonal 
therapy can reduce breast cancer mortality 
by approximately a half. 3

1FERLAY J, SOERJOMATARAM I, ERVIK M, DIKSHIT R, ESER S, MATHERS C, REBELO M, PARKIN DM, FORMAN D, BRAY, F. GLOBOCAN 2012 V1.0, CANCER INCIDENCE AND MORTALITY WORLDWIDE: IARC CANCERBASE NO. 11 [INTERNET]. LYON, FRANCE: 
INTERNATIONAL AGENCY FOR RESEARCH ON CANCER; 2013. AVAILABLE FROM: HTTP://GLOBOCAN.IARC.FR, ACCESSED ON 19/MAY/2016
2 HTTP://WWW.CANCER.ORG/CANCER/CANCERBASICS/LIFETIME-PROBABILITY-OF-DEVELOPING-OR-DYING-FROM-CANCER
3 EARLY BREAST CANCER TRIALISTS' COLLABORATIVE, G. (2005). EFFECTS OF CHEMOTHERAPY AND HORMONAL THERAPY FOR EARLY BREAST CANCER ON RECURRENCE AND 15-YEAR SURVIVAL: AN OVERVIEW OF THE RANDOMISED TRIALS. LANCET 365, 1687-1717.
.

2

Estimated Global Cancer Mortality – Females (2012)



ADJUVANT CHEMOTHERAPY

The mainstay chemotherapy is an anthracycline-based regimens with a taxane.

A common regimen is Adriamycin and cyclophosphamide (AC) followed by taxane (T). 

6-7 % of patients develop febrile neutropenia with this treatment regimen. 1

Febrile neutropenia is defined as: 2
 Fever (≥ 38.3 oC once or ≥38 oC) AND 
 Neutropenia (Absolute neutrophil count (ANC) < 500 cells/mm3 or projected to be in 48 hours).

2.6% in-patient mortality for breast cancer patients diagnosed with febrile 
neutropenia3.

1 SPARANO, J. A., ET AL. (2008). "WEEKLY PACLITAXEL IN THE ADJUVANT TREATMENT OF BREAST CANCER." N ENGL J MED 358(16): 1663-1671
2 FREIFELD, A. G., ET AL. (2011). "CLINICAL PRACTICE GUIDELINE FOR THE USE OF ANTIMICROBIAL AGENTS IN NEUTROPENIC PATIENTS WITH CANCER: 2010 UPDATE BY THE INFECTIOUS DISEASES SOCIETY OF AMERICA." CLINICAL INFECTIOUS DISEASES 52(4): 
427-431.
3 PATHAK, R., ET AL. (2015). "MORTALITY, LENGTH OF STAY, AND HEALTH CARE COSTS OF FEBRILE NEUTROPENIA-RELATED HOSPITALIZATIONS AMONG PATIENTS WITH BREAST CANCER IN THE UNITED STATES." SUPPORT CARE CANCER 23(3): 615-617. 3



RISK FACTORS FOR FEBRILE NEUTROPENIA

Patient-related Chemotherapy-related Disease-related

Age ≥ 65 Chemotherapy regimen Tumour type

Performance status Prophylaxis Advanced disease

Gender Genetic Risk Factor

Co-morbidities

Low pre treatment ANC/ 
ANC nadir

Body mass index/Body 
surface area

4



WHAT ARE THE RISK FACTORS FOR FEBRILE 
NEUTROPENIA IN BREAST CANCER PATIENTS ON AC 
CHEMOTHERAPY?
Not previously established in patients on AC chemotherapy. 

A retrospective cohort study with medical chart review.

We obtained the local Institutional Review Board approval.

ALL patients that received AC chemotherapy for breast cancer in the adjuvant/neoadjuvant setting between 
2008-2012 from pharmacy records (n = 419) 

Electronic and paper chart review until end of chemotherapy.

Identified patients with febrile neutropenia (n = 39, 9.3% of all patients)

Assessed risk factors for febrile neutropenia in all patients (no febrile neutropenia vs febrile neutropenia)
 Patient-related: age, Absolute neutrophil count pre-chemotherapy and in between chemotherapy
 Tumour related: ER/PR/Her-2/Tumour (T)/Node (N)/Histology/chemotherapy setting

Data analysis was performed using Microsoft Excel Data Analysis ® and PERL computer programming to 
determine odds ratios.

5



RISK FACTORS: HER2 STATUS ASSOCIATED WITH 
RISK OF FEBRILE NEUTROPENIA

No Febrile Neutropenia 
(n = 380)

Febrile 
neutropenia 
(n = 39)

OR (95% 
CI) or p-
value

Mean Age (years) 53.9 (SD 10.8) 55.3 (SD 9.0) 0.43
Estrogen receptor status

positive (%) 274 (72.1) 32 (82.1) 1.8 (0.8-4.1)
negative (%) 106 (27.9) 7 (17.9)

Progesterone receptor status
positive (%) 239 (62.9) 27 (69.2) 1.3 (0.7-2.7)
negative (%) 141 (37.1) 12 (30.8)

Her2 receptor status
positive (%) 113 (29.7) 20 (51.3) 2.6 (1.3-5.0)
negative (%) 261 (68.7) 18 (46.2)
equivocal (%) 6 (1.6) 1 (2.6) 6



No Febrile Neutropenia 
(n = 380)

Febrile neutropenia 
(n = 39)

OR (95% CI) or 
p-value

Tumour Size (T)
T1-2 (%) 290 (76.3) 34 (87.2) 2.6 (0.9-7.4)
T3-4 (%) 91 (21.7) 4 (10.3)

Node (N)
negative (%) 149 (39.2) 17 (43.6) 1.2 (0.6-2.3)
positive (%) 231 (60.8) 22 (56.4)

Grade
1-2 (%) 214 (56.3) 20 (51.3) 0.9 (0.4-1.7)
3 (%) 165 (43.4) 18 (46.2)

Histology
IDC (%) 318 (83.7) 37 (94.8) 1.6 (0.4-6.9)
ILC (%) 27 (7.1) 2 (5.1)

RISK FACTORS: T/N, GRADE, HISTOLOGY NOT 
ASSOCIATED WITH RISK OF FEBRILE NEUTROPENIA
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RISK FACTORS: TIMING OF CHEMOTHERAPY

No Febrile Neutropenia 
(n = 380)

Febrile neutropenia 
(n = 39)

OR (95% CI) or 
p-value

Adjuvant 246 (64.7) 29 (74.4) 1.6 (0.7-3.3)
Neoadjuvant 133 (35) 10 (25.6)

8

Chemotherapy setting not associated with risk of febrile neutropenia.



RISK FACTORS: PRE-CYCLE 1 CHEMOTHERAPY 
ABSOLUTE NEUTROPHIL COUNT (ANC)
Low absolute neutrophil count (< 2.5 x 109/L) not associated with febrile 
neutropenia.

No Febrile 
Neutropenia 
(n = 380)

Febrile 
neutropenia (n = 
39)

OR (95% CI) or p-
value

ANC pre-cycle 1 mean x10^9/L (SD) 4.1 (1.78) 3.56 (1.67) 0.07
ANC pre-cycle 1 < 2.5x10^9/L (%) 46 (12.1) 9 (23.1) 2.2 (1.0-4.8)
ANC pre-cycle 1 ≥  2.5 x 10^9/L (%) 334 (87.9) 30 (76.9)



RISK FACTORS: INTERIM ABSOLUTE NEUTROPHIL COUNT STRONGLY 
ASSOCIATED WITH RISK OF FEBRILE NEUTROPENIA

Interim
ANC cycle 

1
(x 109/L)

No febrile 
neutropenia (% 

total)

Febrile 
Neutropenia 

(% total)

Odds Ratio
(95% CI)

Cycle
1

≤ 0.1 22 (10.8) 10 (59) 10.7 (3.7-31) 
˃ 0.1 165 (80.9) 7 (41)
≤ 0.5 97 (47.5) 18 (95) 16.3 (2.1-124)
˃ 0.5 88 (43.1) 1 (5)

All 
Cycles

≤ 0.1 21 (10.3) 11 (42.3) 5.5 (2.2-13.5)
˃ 0.1 157 (77.0) 15 (57.7)
≤ 0.5 94 (46.1) 21  (81) 3.8 (1.4-10.4)
˃ 0.5 84 (41.2) 5 (19)

10

N = 204/419 = 49% patients had an Interim Absolute Neutrophil count.



INTERIM ABSOLUTE NEUTROPHIL COUNT CAN LIKELY 
BE USED TO PREDICT FEBRILE NEUTROPENIA

Interim ANC 
cycle 1

Threshold 
(x10^9/L)

Sens.
(%)

Spec.
(%)

Positive
predictive 
Value (%)

Negative
Predictive 
value (%)

Positive
likelihood 

ratio 
(95% CI)

Negative
likelihood ratio 

(95% CI)

Cycle
1

0.1 42.3 88.7 34.3 91.7 3.8 (2.1-6.9 0.65 (0.47-0.91)
0.5 94.7 47.6 15.7 98.9 1.8 (1.5-2) 0.11 (0.02-0.75)

All 
cycles

0.1 42.3 88.2 34.3 91.3 3.6 (2.0-6.6) 0.65 (0.47-0.91)
0.5 80.1 47.2 18.3 94.3 1.5 (1.2-1.9) 0.41 (0.18-0.91)

11

An absolute neutrophil count ≤ 0.5 x 109/L has a 18% positive predictive value and 
a 94 % negative predictive value:



STUDY FINDINGS

Her2 receptor positive patients 2.6 times more likely to develop febrile neutropenia 
(univariate analysis!)

Interim absolute neutrophil count (ANC) during cycle 1 was a strong predictor of 
febrile neutropenia during the subsequent chemotherapy cycles (OR 3.8-5.5).

The lower the ANC, the higher the chance of developing febrile neutropenia.

Biological reasoning: as per definition of febrile neutropenia, patients with lower 
absolute neutrophil count higher risk of febrile neutropenia



STUDY LIMITATIONS

Her2 receptor positive patients associated with increased risk in a univariate analysis 
(analysis not shown, but these patients had non-statistically significant interim ANC 
counts).

Single-institution, which may limit reproducibility.

High potential for selection bias as only 49% patients had interim absolute neutrophil 
count. Were these patients considered higher risk by treating physicians?
 Analysis was repeated with a physician who treated 40% of the patients and performed interim ANC 

counts in 80% of his patients with similar results.



CONCLUSION

A retrospective cohort study assessing risk factors for febrile neutropenia 
patients in breast cancer patients receiving AC chemotherapy revealed:
 Strong prediction value of interim absolute neutrophil count
Her2 receptor positive patients more likely to have febrile neutropenia

Future directions:
Validation of Her2 patients with other data-sets and multi-variate analysis
Design of a prospective trial assessing risk and prophylaxis of febrile 
neutropenic patients.



ACKNOWLEDGEMENTS

Dr. Lawrence Panasci for his guidance!

Dr. Eduardo Franco for his teaching!


