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Table S1. Search strategy for Medline via PubMed 
(("Breast" [tiab] OR "mammary gland"[tiab]  OR mammary[tiab]) AND (cancer[tiab] OR carcinoma[tiab]OR carcinomas[tiab] OR "malignant neoplasm"[tiab] OR "malignant neoplasms"[tiab] OR "malignant tumor"[tiab] OR "malignant tumors"[tiab]  OR 
"malignant tumour"[tiab] OR "malignant tumours"[tiab])) OR   "Breast Neoplasms"[Mesh] 
AND  
"Endocrine disrupting chemicals"[tiab] OR "Endocrine disrupting chemical"[tiab] OR "Endocrine Disruptors"[tiab] OR "Endocrine Disruptor"[tiab] OR "Endocrine Disruptor Effect"[tiab] OR "EDCs"[tiab] OR "Body Burden"[tiab] OR "Body Burdens"[tiab] 
OR "Environmental pollutant"[tiab] OR "Environmental Carcinogens"[tiab] OR "Environmental Pollution"[tiab] OR "Environmental pollutants"[tiab] OR "persistent organic pollutants"[tiab] OR "persistent organic pollutant"[tiab] OR "POP"[tiab] OR 
"POPs"[tiab] OR "Organic solvents"[tiab] OR "Organic solvent"[tiab] OR "Pesticide"[tiab] OR "Pesticides"[tiab] OR "Polycyclic aromatic hydrocarbon"[tiab] OR "Polycyclic aromatic hydrocarbons"[tiab] OR "Aromatic Polycyclic Hydrocarbons"[tiab] OR 
"Aromatic Polycyclic Hydrocarbon"[tiab] OR "PAH"[tiab] OR "Plasticizers"[tiab] OR "Plasticizer"[tiab] OR "Fertilizers"[tiab] OR "Fertilizer"[tiab] OR "Herbicide"[tiab] OR "Herbicides"[tiab] OR "Insecticide"[tiab] OR "Insecticides"[tiab] OR "Insect 
Repellents"[tiab] OR "Insect Repellent"[tiab] OR "Coloring Agents"[tiab] OR "Coloring Agent"[tiab] OR "Dyes"[tiab] OR "Dye"[tiab] OR "Pigments"[tiab] OR "Pigment"[tiab] OR "Stains"[tiab] OR "Hair Dyes"[tiab] OR "Hair Dye"[tiab] OR "Hair Coloring 
Agents"[tiab] OR "Hair Colorants"[tiab] OR "Cosmetics"[tiab] OR "Cosmetic"[tiab] OR "Food Coloring Agents"[tiab] OR "Food Coloring Agent"[tiab] OR "Food Colorants"[tiab] OR "Food Colorant"[tiab] OR "Food Additives"[tiab] OR "Food Additive"[tiab] 
OR "Flavoring Agents"[tiab] OR "Flavoring Agent"[tiab] OR "Flavor Additives"[tiab] OR "Flavor Additive"[tiab] OR "Flavor Enhancers"[tiab] OR "Flavor Enhancer"[tiab] OR "Sweetening Agents"[tiab] OR "Sweetening Agent"[tiab] OR "Artificial 
Sweeteners"[tiab] OR "Artificial Sweetener"[tiab] OR "Sugar Substitute"[tiab] OR "Sugar Substitutes"[tiab] OR "Sweeteners"[tiab] OR "Food Preservatives"[tiab] OR "Food Preservative"[tiab] OR "Organochlorine Compounds"[tiab] OR "Organochlorine 
Compound"[tiab] OR "Chlorinated Hydrocarbons"[tiab] OR "Chlorinated Hydrocarbon"[tiab] OR "Organic Chlorine Compounds"[tiab] OR "Organic Chlorine Compound"[tiab] OR "Organochlorines"[tiab] OR "Organochlorine"[tiab] OR "Aldrin"[tiab] OR 
"Isodrin"[tiab] OR "Dieldrin"[tiab] OR "Alvit-55"[tiab] OR "Alvit 55"[tiab] OR "Alvit55"[tiab] OR "Endrin"[tiab] OR "Hexadrin"[tiab] OR "Chlordan"[tiab] OR "Chlordane"[tiab] OR "Chlorobenzenes"[tiab] OR "Chlorobenzene"[tiab] OR "Chlorophenols"[tiab] 
OR "Chlorophenol"[tiab] OR "Hydroxychlorobenzenes"[tiab] OR "Hydroxychlorobenzene"[tiab] OR "Hexachlorobenzene"[tiab] OR "HCB"[tiab] OR "DDT"[tiab] OR "Dichlorodiphenyltrichloroethane"[tiab] OR "TbisC-ethane"[tiab] OR "TbisC ethane"[tiab] 
OR "Chlorophenothane"[tiab] OR "Benzochloryl"[tiab] OR "Dichlorodiphenyl Dichloroethylene"[tiab] OR "DDMU"[tiab] OR "DDE"[tiab] OR "Dichlorodiphenyldichloroethylene"[tiab] OR "DDX"[tiab] OR "Dichlorodiphenyldichloroethane"[tiab] OR 
"TDE"[tiab] OR "DDD"[tiab] OR "Heptachlor"[tiab] OR "Heptachlor Epoxide"[tiab] OR "Lindane"[tiab] OR "gamma-Benzene Hexachloride"[tiab] OR "Hexachloride gamma-Benzene"[tiab] OR "gamma Benzene Hexachloride"[tiab] OR 
"Hexachlorane"[tiab] OR "Hexachlorocyclohexane"[tiab] OR "Benzene Hexachloride"[tiab] OR "gamma-Hexachlorocyclohexane"[tiab] OR "gamma Hexachlorocyclohexane"[tiab] OR "BHC Insecticide"[tiab] OR "Delitex"[tiab] OR "Gammexane"[tiab] 
OR "Tetocid"[tiab] OR "Kwell"[tiab] OR "PMS-Lindane"[tiab] OR "PMS Lindane"[tiab] OR "PMSLindane"[tiab] OR "Scabecid"[tiab] OR "Scabene"[tiab] OR "Scabisan"[tiab] OR "Gamma-666"[tiab] OR "Gamma 666"[tiab] OR "Gamma666"[tiab] OR 
"Jacutin"[tiab] OR "Methoxychlor"[tiab] OR "DMDT"[tiab] OR "Dianisyl Trichloroethane"[tiab] OR "Trichloroethane Dianisyl"[tiab] OR "Metox"[tiab] OR "Methylene Chloride"[tiab] OR "Chloride Methylene"[tiab] OR "Methylene Bichloride"[tiab] OR 
"Bichloride Methylene"[tiab] OR "Dichloride Methylene"[tiab] OR "Dichloromethane"[tiab] OR "Solaesthin"[tiab] OR "Mirex"[tiab] OR "Toxaphene"[tiab] OR "Polychlorocamphene"[tiab] OR "Vinyl Chloride"[tiab] OR "Chloroethylene"[tiab] OR "nonachlor" 
[tiab] OR "nonachlor (trans)-isomer"[tiab] OR "nonachlor (cis)-isomer"[tiab] OR "oxychlordane" [tiab] OR "Polychlorinated Biphenyls"[tiab] OR "Biphenyls Polychlorinated"[tiab] OR "Polychlorobiphenyl Compounds"[tiab] OR "Compounds 
Polychlorobiphenyl"[tiab] OR "PCBs"[tiab] OR "PCB"[tiab] OR "trichlorobiphenyl"[tiab] OR "TCB"[tiab] OR "tetrachlorobiphenyl"[tiab] OR "pentachlorobiphenyl"[tiab] OR "hexachlorobiphenyl"[tiab] OR "CB-153"[tiab] OR "heptachlorobiphenyl"[tiab] OR 
"CB187 cpd"[tiab] OR "Octachlorobiphenyl"[tiab] OR "Nonachlorobiphenyl"[tiab] OR "aroclor 1260"[tiab] OR "aroclor-1260"[tiab] OR "aroclor1260"[tiab] OR "Askarel"[tiab] OR "Phenoxy Herbicide"[tiab] OR "Dichlorophenoxyacetic Acid"[tiab] OR 
"Monosan"[tiab] OR "DCP"[tiab] OR "Dichlorophenol"[tiab] OR "Per- and polyfluoroalkyl substances"[tiab] OR "PFASs"[tiab] OR "fluorinated chemicals"[tiab] OR "Polybrominated Flame Retardants"[tiab] OR "Halogenated Diphenyl Ethers"[tiab] OR 
"Chlorinated Diphenyl Ethers"[tiab] OR "PCDEs"[tiab] OR "PCDE Compounds"[tiab] OR "Iodinated Diphenyl Ethers"[tiab] OR "Brominated Diphenyl Ethers"[tiab] OR "PBDEs"[tiab] OR "Polybrominated Diphenyl Ethers"[tiab] OR "PBDE 
Compounds"[tiab] OR "Fluorinated Diphenyl Ethers"[tiab] OR "hexabromobiphenyl"[tiab] OR "HBB"[tiab] OR "PBB 153"[tiab] OR "PBB153"[tiab] OR "PBB-153"[tiab] OR "Dibromodiphenyl Ether"[tiab] OR "PBDE 15"[tiab] OR "PBDE15"[tiab] OR 
"PBDE-15"[tiab] OR "tribromodiphenyl ether 28"[tiab] OR "BDE-28"[tiab] OR "tribrominated diphenyl ether"[tiab] OR "tribromodiphenyl ether"[tiab] OR "PBDE 17"[tiab] OR "PBDE17"[tiab] OR "PBDE-17"[tiab] OR "PBDE 25"[tiab] OR "PBDE25"[tiab] 
OR "PBDE-25"[tiab] OR "PBDE 28"[tiab] OR "PBDE28"[tiab] OR "PBDE-28"[tiab] OR "PBDE 33"[tiab] OR "PBDE33"[tiab] OR "PBDE-33"[tiab] OR "tetrabromodiphenyl ether"[tiab] OR "PBDE-47"[tiab] OR "PBDE47"[tiab] OR "PBDE 47"[tiab] OR 
"TBDP-ether"[tiab] OR "brominated diphenyl ether"[tiab] OR "BDE-47"[tiab] OR "BDE47"[tiab] OR "BDE 47"[tiab] OR "pentabromodiphenyl ether"[tiab] OR "PBDE"[tiab] OR "PBDE 100"[tiab] OR "PBDE-100"[tiab] OR "PBDE100"[tiab] OR "PBDE 
99"[tiab] OR "PBDE99"[tiab] OR "PBDE- 99"[tiab] OR "pentaBDE"[tiab] OR "PBDE 85"[tiab] OR "PBDE85"[tiab] OR "PBDE-85"[tiab] OR "DE 71"[tiab] OR "DE-71"[tiab] OR "DE71"[tiab] OR "Hexabromodiphenyl Ether"[tiab] OR "PBDE 153"[tiab] OR 
"PBDE153"[tiab] OR "PBDE-153"[tiab] OR "Environmental Phenol"[tiab] OR "bisphenol A"[tiab] OR "bisphenolA"[tiab] OR "bisphenol-A"[tiab] OR "Diphenylolpropane"[tiab] OR "BPA"[tiab] OR "Organophosphate Insecticides"[tiab] OR "Cholinesterase 
Reactivators"[tiab] OR "Organophosphorus Compounds"[tiab] OR "dimethyl phosphate" [tiab] OR "dimethylphosphate" [tiab] OR "dimethyl-phosphate" [tiab] OR "DMP" [tiab] OR "Organothiophosphates"[tiab] OR "Organothiophosphate"[tiab] OR 
"Organo-thiophosphate"[tiab] OR "dimethyl phosphorothionate"[tiab] OR "DMTP cpd" [tiab] OR "DMTP" [tiab] OR "dimethylthiophosphate" [tiab] OR "dimethyl phosphorothionate" [tiab] OR "dimethyl-phosphorothionate" [tiab] OR "dimethyl 
phosphorodithioate"[tiab] OR "DMDTP"[tiab] OR "dimethyldithiophosphate"[tiab] OR "Diethylphosphate"[tiab] OR "DEP"[tiab] OR "diethyl phosphorothionate" [tiab] OR "Diethylthiophosphate"[tiab] OR "DETP"[tiab] OR "dimethyl 
phosphorodithioate"[tiab] OR "Dimethyldithiophosphate"[tiab] OR "DMDTP"[tiab] OR "DEDTP"[tiab] OR "Fluorocarbons"[tiab] OR "Perfluorinated Compounds"[tiab] OR "Perfluorocarbons"[tiab] OR "Fluorinated Compounds"[tiab] OR "Polyfluorinated 
Compounds"[tiab] OR "perfluorooctane sulfonic acid"[tiab] OR "Perfluorooctane Sulfonate"[tiab] OR "heptadecafluoro-1-octane sulfonic acid"[tiab] OR "heptadecafluorooctane sulfonic acid"[tiab] OR "perfluorooctanesulfonic acid"[tiab] OR 
"PFOSA"[tiab] OR "PFOS"[tiab] OR "perfluorooctanyl sulfonate"[tiab] OR "PFOS compound"[tiab] OR "Perfluorooctanesulfonate"[tiab] OR "lithium perfluorooctane sulfonate"[tiab] OR "perfluorooctane sulfonate"[tiab] OR "perfluorooctanoic acid"[tiab] 
OR "PFOA"[tiab] OR "pentadecafluorooctanoic acid"[tiab] OR "perfluorinated octanoic acid"[tiab] OR "perfluorooctanoyl chloride"[tiab] OR "PFOA cpd"[tiab] OR "sodium perfluorooctanoate"[tiab] OR "perfluorooctanoate"[tiab] OR "ammonium 
perfluorooctanoate"[tiab] OR "APFO"[tiab] OR "Perfluorohexane Sulfonate"[tiab] OR "Sulfonate Perfluorohexane "[tiab] OR "PFHxS"[tiab] OR "DBCA"[tiab] OR "DCCA"[tiab] OR "CDCCA compound"[tiab] OR "TDCCA compound"[tiab] OR "PBA"[tiab] 
OR "Phthalates"[tiab] OR "Phthalate"[tiab] OR "Phthalic Acid"[tiab] OR "Phthalic Acids"[tiab] OR "mono-benzyl phthalate"[tiab] OR "phthalic acid monobenzyl ester" [tiab] OR "MBzP"[tiab] OR "Dibutyl Phthalate"[tiab] OR "Di-n-Butyl Phthalate"[tiab] OR 
"Di n Butyl Phthalate"[tiab] OR "Phthalate Di-n-Butyl"[tiab] OR "Butyl Phthalate"[tiab] OR "Phthalate Butyl"[tiab] OR "Diethylhexyl Phthalate"[tiab] OR "Dioctyl Phthalate"[tiab] OR "Phthalate Dioctyl"[tiab] OR "Di-2-Ethylhexylphthalate"[tiab] OR "Di 2 
Ethylhexylphthalate"[tiab] OR "DEHP"[tiab] OR "monobutyl phthalate"[tiab] OR "mono-n-butyl phthalate"[tiab] OR "MnBP"[tiab] OR "Mono-ethyl Phthalate"[tiab] OR "MEP"[tiab] OR "MEHHP cpd"[tiab] OR "Mono-cyclohexyl Phthalate"[tiab] OR 
"MCHP"[tiab] OR "monoisononylphthalate"[tiab] OR "Mono-isononyl Phthalate"[tiab] OR "MiNP"[tiab] OR "monomethyl phthalate"[tiab] OR "mono-methyl phthalate"[tiab] OR "MMP"[tiab] OR "mono-n-octyl phthalate" [tiab] OR "MNOP"[tiab] OR 
"MOP"[tiab] OR "MCPP "[tiab] OR "Mono-3-carboxypropyl Phthalate"[tiab] OR "Mono-2-ethylhexyl Phthalate"[tiab] OR "MEHP"[tiab] OR "MEHP cpd"[tiab] OR "MEOHP cpd"[tiab] OR "MEOHP"[tiab] OR "MEHHP cpd"[tiab] OR "MEHHP"[tiab] OR 
"Diethylhexyl Phthalate"[tiab] OR "Dioctyl Phthalate"[tiab] OR "Di-2-Ethylhexylphthalate"[tiab] OR "Di 2 Ethylhexylphthalate"[tiab] OR "DEHP"[tiab] OR "Acronine"[tiab] OR "Acronycin"[tiab] OR "Acronycine"[tiab] OR "dichloroethane"[tiab] OR 
"Methylene Chloride"[tiab] OR "Chloride Methylene"[tiab] OR "Methylene Bichloride"[tiab] OR "Bichloride Methylene"[tiab] OR "Methylene Dichloride"[tiab] OR "Dichloride Methylene"[tiab] OR "Dichloromethane"[tiab] OR "Solaesthin"[tiab] OR 
"Benzene"[tiab] OR "Benzole"[tiab] OR "Cyclohexatriene"[tiab] OR "Benzol"[tiab] OR "ethylene dichloride"[tiab] OR "eugenol methyl ether"[tiab] OR "dimethoxybenzene"[tiab] OR "methyl eugenol"[tiab] OR "dimethoxybenzene"[tiab] OR "BBMPD"[tiab] 
OR "propylene dichloride"[tiab] OR "dichloropropane"[tiab] OR "nithiazide"[tiab] OR "Nithiazid"[tiab] OR "Hepzide"[tiab] OR "butadiene"[tiab] OR "divinyl"[tiab] OR "butadiene"[tiab] OR "Dichlorvos"[tiab] OR "Dichlofos"[tiab] OR "Dimethyl Dichlorovinyl 
Phosphate"[tiab] OR "DDVP"[tiab] OR "Dichlorophos"[tiab] OR "Divipan"[tiab] OR "Novotox"[tiab] OR "nitroacenaphthene"[tiab] OR "Environmental Pollutants"[Majr:NoExp] OR "Carcinogens, Environmental"[Majr:NoExp] OR "Pesticides"[Majr:NoExp] 
OR "Pesticide Residues"[Majr:NoExp] OR "Solvents"[Majr:NoExp] OR "Polycyclic Aromatic Hydrocarbons"[Majr:NoExp] OR "Plasticizers"[Majr:NoExp] OR "Fertilizers"[Majr:NoExp] OR "Endocrine Disruptors"[Majr:NoExp] OR 
"Herbicides"[Majr:NoExp] OR "Insecticides"[Majr:NoExp] OR "Body Burden"[Majr:NoExp] OR "Insect Repellents"[Majr:NoExp] OR "Coloring Agents"[Majr:NoExp] OR "Food Additives"[Majr:NoExp] OR "Food Coloring Agents"[Majr:NoExp] OR 
"Flavoring Agents"[Majr:NoExp] OR "Sweetening Agents"[Majr:NoExp] OR "Food Preservatives"[Majr:NoExp] OR "Hair Dyes"[Majr:NoExp] OR "Cosmetics"[Majr:NoExp]  
AND 
"Risk"[tiab] OR "Risks"[tiab] OR "Incidence"[tiab] OR "Incidences"[tiab] OR "occurrence"[tiab] OR "occurrences"[tiab] OR "prevalence"[tiab] OR "prevalences"[tiab] OR "Prognosis"[tiab] OR "Prognoses"[tiab] OR "Prognostic"[tiab] OR "severity"[tiab] 
OR "severities"[tiab] OR "stage"[tiab] OR "stages"[tiab] OR "Survival"[tiab] OR "Survivals"[tiab] OR "Survivor"[tiab] OR "Survivors"[tiab] OR "mortality"[tiab] OR "mortalities"[tiab] OR "Fatality"[tiab] OR "Death"[tiab] OR "Fatal Outcome"[tiab] OR "Fatal 
Outcomes"[tiab] OR "Outcome"[tiab] OR "Outcomes"[tiab] OR "Progression"[tiab] OR "Progressions"[tiab] OR "Recurrence"[tiab] OR "Recurrences"[tiab] OR "Relapse"[tiab] OR "Relapses"[tiab] OR "Risk"[Mesh] OR "Incidence"[Mesh] OR 
"Prognosis"[Mesh] OR "Survival"[Mesh] OR "Mortality"[Mesh] OR "Fatal Outcome"[Mesh] OR "Disease-Free Survival"[Mesh] OR "Recurrence"[Mesh] 
NOT (animals [mh] NOT humans [mh]) 



 
Table S2. Studies not included in the qualitative synthesis    
Reference 
 

Participants (n) Result Reason of non-inclusion 

Orhan H 2017 NR “Tissue and blood POP concentrations were, although weakly, associated 
with cancers in patients.” 

Insufficient information on study design, population, analyses and results 

 

 



Table S2. Studies of POPs measured in peripheral blood and breast cancer risk  
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Cohort studies 
Warner M et al.  
2011 [1] 
Pesatori AC et al. 
2009 [2] 
Warner M et al.  
2002 [3] 
Italy  

. Prospective 

. Lag time: not 
considered  

. n=833 

. n=66 incident cases 

. Follow-up: 32 y 

. Age: 48.8 ± 11.3 y 

. Post-menopausal: 51% 

.  Invasiveness: NR 

. % Invasive: NR 

. % ER+: 87% 
 

. Timing: not considered 

. Serum 

. Method: MS 

. Lipid-adjusted 

. Dioxin (TCDD) HR=1.49 [0.93, 2.38] HR=1.44 [0.89, 2.33] . n=96 non-detectable values 
imputed half the detection limit  
. Model selection: change in 
estimate (10%) ; method: NR 

. HR for 10-fold  increase of TCDD;  

. Residence around a chemical 
explosion site 

Case-cohort studies 
Bonefeld-
Jørgensen EC et al.  
2014 [4] 
Denmark 

. Prospective 

. Lag time: not considered  

. n=250 cases 

. n=233 controls 

. Follow-up: 10-15 y  

. Age: mean=40.8 y, range [31–53]  

. Pre-menopausal 

. Invasive and non-invasive cancer 

. % Invasive: NR 

. % ER+: NR 

. Timing: pregnancy 

. Serum 

. Method: LC-MS-MS 

. Lipid-adjustment : NR 

PFAS: 
. 10 PFCAs 
. 5 PFSAs 
. PFOSA  
(individually and 
summed) 

. PFHxS, continuous : 
  RR=0.66 [NR] 
 
. PFOSA, continuous: 
  RR=1.03 [NR] 

. PFHxS, continuous :  
  RR=0.66 [0.47–0.94]  
 
. PFOSA, quint 5 vs quint 1:  
  RR=1.89 [1.01–3.54] 

. Non-detectable values imputed 
half the detection limit 
. Model selection: none  
(a priori variable selection) 

Cohort-nested case-control studies with  incidence density (risk-set) sampling 
Hurley S et al. 
2018 [5] 
USA (CTS) 

. Retrospective 

. Lag time: not 
considered  

. n=902 cases 

. n=858 controls  

. Follow-up: NA 

. Age: 96% ≥ 50 y 

. Post-menopausal: 93% 

. Invasive cancer 

. % Invasive: 100% 

. % ER+: 82% 

. Timing: after diagnosis 

. Serum 

. Method: HPLC-MS-MS 

. Lipid-adjustment: none 
 

PFAS with detection 
frequencies ≥ 95% 
. PFOA 
. PFNA 
. PFUnDA 
. PFHxS 
. PFOS 
. MeFOSAA 

. PFOA: OR=0.7 [0.5-1.0] 

. PFNA: OR=1.0 [0.7-1.4] 

. PFUnDA: OR=0.9 [0.7-1.1] 

. PFHxS: OR=0.8 [0.6-1.0] 

. PFOS: OR=1.0 [0.8-1.4] 

. MeFOSAA: OR=0.9 [0.7-1.1] 

. PFOA: 0.7 [0.5-1.1] 

. PFNA: OR=0.9 [0.6-1.2] 

. PFUnDA: OR=0.9 [0.7-1.1] 

. PFHxS: OR=0.8 [0.6-1.1] 

. PFOS: OR=0.9 [0.7-1.3] 

. MeFOSAA: OR=1.0 [0.8-1.2] 
 
(log10 [ PFAS] , ng/mL]) 

. Non-detectable values: imputed 
the detection limit value divided by 
the square root of 2 

. Model selection: descending 
retaining variables with a p-value 
< 0.05 then ascending with a 
change of estimate criterion (10%) 

Cohn BA et al.  
2015 [6] 
USA (CHDS 
daughters) 

. Prospective 

. Lag time: not considered  

. n=103 cases 

. n=315 controls  

. Follow-up: 54 y  

. Age: ≤ 52 y 

. Menopausal status: NR 

. Invasive and non-invasive cancer 

. % Invasive: NR 

. % ER+: NR 

. Timing: perinatal 

. Maternal serum 

. Method: GC-MS-MS 

. Lipid-adjusted  
 

DDTs:  
. p,p’–DDT 
. o,p’–DDT 
. p,p’-DDE 

. p,p’-DDT, quart 4 vs quart 1 
OR=2.2 [NR] 

 
. o,p’-DDT, quart 4 vs quart 1 
OR=2.8 [NR] 

. o,p’-DDT, quart 4 vs quart 1 
OR =3.7 [1.5-9.0] 

. Non-detectable values: NR 

. Model selection: change in 
estimate (10%) ; method: 
descending 

Cohn BA et al.  
2012 [7] and  
2007 [8]  
USA (CHDS) 

. Prospective 

. Lag time: not considered  

. n=129 cases 

. n=129 controls  

. Follow-up: median for 
cases=17 y  

. Age: 100 %≤ 50 y, mean=44 y 

. Menopausal status: NR 

. Invasive and non-invasive cancer 

. % Invasive: NR 

. % ER+: NR 

. Timing: post-partum 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted  
 

16 PCBs 
DDTs:  
. p,p’ –DDT 
. o,p’ –DDT 
. p,p’-DDE 
 
(PCBs individually and 
summed in PCBs 
groups) 

Tert 3 vs Tert 1 
. p,p’-DDT: OR=2.9 [1.1–8.0] 
. o,p’-DDT: OR=0.4 [0.2–0.8] 
 
Quart 4 vs quart 1 
. PCB 203/(PCB 167+PCB 
187) : OR=3.1 [1.3-7.2] 

Adjusted for breastfeeding 
and year of blood draw only, 
tert 3 vs tert 1 
. p,p’-DDT: OR=6.4 [1.9–21.5] 
. o,p’-DDT: OR=0.3 [0.1–0.7] 
 
Full  adjustment, quart 4 vs 
quart 1 
. PCB 203/(PCB 167+PCB 187):
OR=2.8 [1.1-7.1] 

. PCB 167: OR=0.2 [0.1-0.8] 

. PCB 187: OR= 0.4 [0.1-1.1] 

. PCB 203: OR= 6.3 [1.9-21.7] 

. Non-detectable values: n=15 pairs 
for o,p´-DDT, imputed using 
modeling of other variables  
. Model selection: series of models, 
one risk variable at a time for 
DDTs ; Full model including all 
PCBs then backward elimination  
of PCBs based on p-value , other 
adjustment variables selection 
method not reported 

Iwasaki M et al. 
2008 [9] 
Japan 
 
 

. Prospective 

. Lag time: not considered  

. n=139 cases 

. n=278 controls  

. Follow-up: 10.7 y  

. Age: 51.8 ± 0.60 y 

. Post-menopausal: 59%  

. Invasive and non-invasive cancer 

. % Invasive: NR 

. % ER+: 32% 

. Timing: not considered 

. Plasma 

. Method: GC-IDMS 

. Cholesterol-adjusted 

. p,p’-DDT 

. p,p’-DDE 

. HCB 

. β-HCH 

. p,p’-DDE, quart 4 vs quart 1 
OR=2.1 [1.1, 4.0] 

None . Non-detectable values: 9% HCB 
and 27% β-HCH ; imputation: NR  
. Model selection:  NR 



Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated  POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Cohort-nested case-control studies with incidence density (risk-set) sampling 
Rubin CH et al. 
2006 [10]  
USA (Alaska) 

. Prospective 

. Lag time: 3-10 y  

. n=63 cases 

. n=63 controls  

. Follow-up: 3-10 y 

. Age: 64% > 54 y 

. Menopausal status: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: not considered  

. Serum 

. Method: GC-ECD 

. Lipid-adjusted  
 

. 28 PCBs 

. o,p’-DDE 

. p,p’-DDE 

. o,p’-DDT 

. p,p’-DDT 

. HCB 

. trans-nonachlor 

. Oxychlordane 

. Dieldrin  

. 9 others 
organochlorines 
(individually and sum 
of  DDTs and PCBs) 

. p,p’-DDE, Tert 3 vs Tert 1  
OR=1.87 [0.82-4.27] 
 

. Total PCBs, Tert 3 vs Tert 1  
OR=0.13 [0.03-0.54] 
 

ER+ cases 
. p,p’-DDE, Tert 3 vs Tert 1  
OR=1.76 [0.66-4.68] 

. p,p’-DDE, Tert 3 vs Tert 1  
OR=1.43 [0.46-4.47] 
 

. Total PCBs, Tert 3 vs Tert 1  
OR=0.42 [0.07-2.38] 

. Only compounds  with >50% of 
detectable values considered 
individually 
. Model selection: NR 

Wolff MS et al. 
2000 [11] 
USA  (NYUWHS) 
 
 

. Prospective 

. Lag time: 6 months 

. n=148 cases 

. n=295 controls  

. Follow-up: 3-9 y 

. Age: median=60.3 y, range [36-71] 

. Post-menopausal: 63.5% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+:  57/89 cases 

. Timing: not considered 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted  
 

. DDE 

. PCBs 
None None . Non-detectable values: NR 

. Model selection: NR 

Terrell ML et al. 
2016 [12] 
USA 

. Prospective 

. Lag time: not considered 

. n=51 cases 

. n=202 controls  

. Follow-up: max=28y 

. Age: mean=61.2 ± 13.9  y 
 range [28.9-90.3] 

. Menopausal status: NR 

. Invasive cancers 

. % Invasive: 100% 

. % ER+:  NR 

. Timing:  not considered 

. Serum 

. Method: GC-ECD 

. Lipid-adjustment: none  
 

. PBB mixture (mostly 
PBB 153) 

NR . PBB mixture, continuous 
 OR=1.2 [1.0-1.5] 

. Non-detectable values: NR 

. Model selection: change in 
estimate (10%) ; ascending 

Ward E et al. 
2000 [13] 
Norway 

. Prospective 

. Lag time: ≥ 2 years 

. n=150 cases 

. n=150 controls  

. Follow-up: 2-20 y 

. Age: 60.4% < 50 y      

. Pre-menopausal: 60.4% 

. Invasive cancers 

. % Invasive: 99.3% 

. % ER+:  44/84 

. Timing: not considered 

. Serum 

. Method: GC-ID-HRMS 

. Lipid-adjusted  
 

71 compounds: 
. 22 dioxins, furans, 
and non-ortho co-
planar PCBs  
. 36 other PCBs 
. 13 pesticides 
(individually and sum 
of dioxins, furans and 
PCBs) 

None None . Non-detectable values for 
analytes with >90% sample above 
LD imputed square root of 2 of the 
LD  

. Non-detectable values for 
analytes with <90% sample above 
LD: dichotomous analysis 
detectable vs non-detectable 

. Model selection: NR 
Helzlsouer KJ et al. 
1999 [14] 
USA (CLUE 1 and 2) 

. Prospective 

. Lag time: not considered 

. n=340 cases 

. n=340 controls  

. Follow-up: 5-20y 

. Age: NR      

. Menopausal status: NR 

. Invasive and non-invasive cancer 

. % Invasive: 74% 

. % ER+:  44% 

. Timing: not considered 

. Serum and plasma 

. Method: GC-ECD 

. Lipid-adjusted  
 

. Total PCBs (22-26 
PCBs) 

. Total DDE/DDT 
 

None NR . Non-detectable values: NR 
. Model selection: NR 
. Same results when analyses by 
time from blood sampling to time of 
diagnosis, menopausal status and 
ER-status 

Dorgan JF et al. 
1999 [15] 
USA  
 
 
 

. Prospective 

. Lag time: not considered 

. n=105 cases 

. n=208 controls  

. Follow-up:  
median =2.7 y  
range=27days-9.5y 

. Age: 59.7 ±‹10.3 y   

. Post-menopausal: 85.7% 

. Invasive and non-invasive cancer 

. % Invasive: 71% 

. % ER+:  NR 

. Timing: not considered 

. Serum  

. Method: GC-ECD 

. Lipid-adjusted  
 

. 27 PCBs  

. 5 DDT analogs 

. 13 other 
organochlorines 
 
(individually and sum 
of DDTs and PCBs) 

NR . p,p’-DDT, quart 4 vs quart 1   
OR =0.4 [0.2-1.0] 

 
. HCB, quart 4 vs quart 1 :  
OR=2.3 [1.0-5.0] 

. Non-detectable values for 
analytes with <50% sample above 
LD: dichotomous analysis 
detectable vs non-detectable 

. Model selection: NR 

. For HCB: association maintained 
only for cases diagnosed  <2.7y 
after blood draw 

Hoyer AP et al. 
2000 [16] 
1998 [17] 
Denmark  

. Prospective 

. Lag time: not considered 

. n=240 cases 

. n=477 controls  

. Follow-up: 17y 

. Age: mean=66 y   

. Menopausal status: NR 

. Invasive cancer 

. % Invasive: 100% 

. % ER+: NR   

. Timing: not considered 

. Serum  

. Method: GC-ECD 

. Lipid-adjusted  
 

. 28 PCBs 

. 5 DDT analogs 

. 13 other 
organochlorines 
 
(individually and sum 
of  DDTs and PCBs) 

. Dieldrin, quart 4 vs quart 1 :  
OR= 2.3 [1.3-3.8] 

. Dieldrin, quart 4 vs quart 1   
OR=2.1 [1.2-3.6] 
 
. PCB 118, quart 4 vs quart 1   
OR=2.3 [1.1-4.8] 
 

 

. Non-detectable values: NR 

. Model selection: backwards 
stepwise procedure 

. Stronger results for dieldrin after 
exclusion of women who 
developed breast cancer within 5 
years of serum sampling  



Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 
Without adjustment With adjustment** 

Cohort-nested case-control studies with incidence density (risk-set) sampling 
Krieger N et al.  
1994 [18] 
USA  

. Prospective 

. Lag time: ≥ 6 months 

. n=150 cases 

. n=150 controls  

. Follow-up: 14.2 ± 6.3 y 

. Age: NR  

. Post-menopausal: 79% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 44/67 cases 

. Timing: not considered 

. Serum  

. Method: GC-ECD 

. Lipid-adjustment : NR  

. PCBs (total) 

. DDE  
 

None None . Non-detectable values: NR 
. Model selection: none 
(a priori variable selection and 
variables univariately associated 
with risk) 

Wolff MS et al. 
1993 [19] 
USA (NYUWHS) 

. Prospective 

. Lag time: none 
(prevalent cases 
diagnosed within 6 
months of blood draw) 

. n=58 cases 

. n=171 controls  

. Follow-up: 6 months 

. Age: NR 

. Post-menopausal: 59% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: not considered 

. Serum  

. Method: GC-ECD 

. Lipid-adjustment : NR  

. Higher PCBs (total) 

. p,p’-DDE  
 

. p,p’-DDE: 35% higher in 
cases than controls 

. p,p’-DDE, quint 5 vs quint 1 
OR =3.7 [1.0-13.5] 

. Non-detectable values: NR 

. Model selection: change in 
estimate (15%) ; method : NR 
 

Cohort-nested case-control studies with exclusive (cumulative density) sampling 
Laden F et al.  
2002 [20] and  
2001 [21] 
Hunter DJ et al. 
1997 [22] 
USA (Nurses’ 
Health Study) 

. Prospective 

. Lag time: not considered 

. n=378 cases 

. n=378 controls  

. Follow-up: 4-5 y 
 

. Age: median= 60 y, range [43-69] 

. Post-menopausal: 80% 

. Invasive and non-invasive cancer 

. % Invasive: 90% 

. % ER+: 59% (of 236 cases) 

. Timing: not considered 

. Plasma  

. Method: GC-ECD 

. Lipid-adjusted 

. DDE  

. Total PCBs  
(sum of the 16 more 
chlorinated PCBs)  
. PCB 118 
. PCB 138 
. PCB 153 
. PCB 180 

Quint 5 vs quint 1 (matched) 
. DDE: OR= 0.8 (0.5–1.2] 
. Total PCBs: OR= 0.8 [0.5-1.4] 
. PCB 118: OR=0.8 [0.4-1.3] 
. PCB 138: OR=0.9 [0.6-1.5] 
. PCB 153: OR=0.9 [0.5-1.5] 
. PCB 180: OR= 1.0 [0.6-1.7] 
 
Tert 3 vs tert 1 
. Total PCBs: OR=2.8 [1.0-7.4]  
(post-menopausal women with 
CYP1A1-exon7 variants) 

Quint 5 vs quint 1 
. DDE: OR=0.8 [0.5-1.4] 
. Total PCBs: OR=0.8 [0.5-1.5] 
. PCB 118: OR=0.7 [0.4-1.2] 
. PCB 138: OR=0.9 [0.5-1.5] 
. PCB 153: OR=0.8 [0.5-1.5] 
. PCB 180: OR=1.0 [0.6-1.8] 
 
Tert 3 vs tert 1 
. Total PCBs: OR=2.8 [1.0–7.8] 
(post-menopausal women with 
CYP1A1-exon7 variants) 

. Non-detectable values:  exclusion 
of samples when the major PCBs 
(118, 138, 153) non detectable; 
imputed by regression when minor 
PCBs 

. Model selection: NR 

. Possible effect modification by 
CYP1A1 polymorphism 

. Similar results when restricted to 
invasive cancers or ER-positive 
tumors 

Hoyer AP et al. 
2001 [23] and  
2002 [24] 
Denmark  

. Prospective 

. Lag time: not considered 

. n=161 cases 

. n=318 controls  

. Follow-up: 17-21 y 

. Age: NR 

. Menopausal status: NR  

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 72% 

. Timing: not considered 

. Serum  

. Method: GC-ECD 

. Lipid-adjusted 

. Total of 28 PCBs  

. HCB 

. Dieldrin 

. p,p’-DDE 

. p,p’-DDT 

. Total DDT 

NR ER-negative cases, no 
adjustment for disease stage, 
quart 4 vs quart 1: 
. Dieldrin : OR =7.6 [1.3-46.1] 
 
 

. Non-detectable values:  NR 

. Model selection: covariates 
statistical significance ; backward 
step-wise procedures 

Hoyer AP et al. 
2000 [25] 
Denmark  

. Prospective 

. Lag time: 3-7 y 

. n=155 cases 

. n=274 controls  

. Follow-up: 14-16 y 
 

. Age: mean=66 y 

. Menopausal status: NR  

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: not considered 

. Serum  

. Method: GC-ECD 

. Lipid-adjusted 

PCBs: 74, 118, 138, 
153, 180 
Organochlorines:  
. β-HCH 
. Dieldrin 
. p,p’-DDT 
. p,p’-DDE   
 
(individually and sum 
of DDTs and PCBs) 

None Average exposure over 3-7 y 
. p,p’-DDT, quart 4 vs quart 1 
OR=3.6 [1.1-12.2] 
 
. PCB 138, quart 4 vs quart 1 
OR=2.1 [1.0-4.4] 
 
Exposure at baseline 
. Dieldrin, quart 4 vs quart 1 
OR=2.1 [1.2-3.6] 

. Non-detectable values: assigned a 
zero value 

. Model selection: covariates 
associated with change in serum 
organochlorines  ; backward step-
wise procedures 

 



Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Population-based case-control studies (not nested in a defined cohort) 
Morgan M et al.  
2017 [26] 
Xu X et al.  
2010 [27] 
USA (NHANES) 

. Cross-sectional  

. Lag time: NA (prevalent 
breast cancers) 
. n=62 cases 
. n=2189 controls  
. Follow-up: NA 
 

. Age: 57.5% ≥ 65 y 

. Post-menopausal: NR  

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: after diagnosis 

. Serum  

. Method: GC-ID-HRMS 

. Lipid-adjusted 

PCBs above the LOD 
in at least 60% of 
subjects 
. PCBs: 74, 99, 118, 
138, 153, 180   
. Non-Dioxin-like PCBs 
( 99+138+153+180) 

. Dioxin-like PCBs: 
74+118 

 
 
Organochlorines 
above the LOD in at 
least 50% of subjects 
. β-HCH 
. p,p’-DDE 
. Oxychlordane 
. trans-nonachlor 
. Heptachlor epoxide 
. Dieldrin 
 

Above vs below LOD 
. PCB 74: OR=5.8 [2.6-13.3] 
. PCB 99: OR=3.1 [1.6-6.0] 
. PCB 118: OR=4.3 [2.0-9.7] 
. PCB 138: OR=7.4 [3.1-17.4] 
. PCB 153: OR=9.2 [2.3-36.7] 
. PCB180: OR=10.6 [3.0-37.1] 
. Dioxin-like: OR=1.5 [1.3-1.8] 
. Non-Dioxin-like:  
OR=1.3 [1.2-1.4] 
 

Age-adjusted, tert 3 vs tert 1  
. β-HCH: OR= 1.7 [0.4-6.5] 
. p,p’-DDE: OR= 0.9 [0.3-2.6] 
. Dieldrin : OR= 1.0 [0.3-3.4] 
. Oxychlordane: 
OR=3.0 (0.9–10.0] 

. trans-nonachlor:  
OR=2.67 [0.6-11.2] 

. Heptachlor epoxide:  
OR= 1.2 [0.5-2.8] 

Above vs below LOD 
. PCB 74: OR=2.6 [0.6-12.0] 
. PCB 99: OR=1.7 [0.6-3.4] 
. PCB 118: OR=2.0 [0.5-8.4] 
. PCB 138: OR=2.9 [1.1-7.3] 
. PCB 153: OR=3.6 [0.7-18.6] 
. PCB 180: OR=4.5 [1.1-18.6] 
. Dioxin-like: OR=1.1 [0.8-1.5] 
. Non-Dioxin-like:  
 OR=1.1 [0.9-1.3] 
 
Tert 3 vs tert 1 
. β-HCH: OR=2.3 [0.5-10.3] 
. p,p’-DDE: OR=1.2 [0.4-3.5] 
. Dieldrin : OR=1.0 [0.3-4.2] 
. Oxychlordane: 
OR=2.6 [0.7-8.8] 

. trans-nonachlor:  
OR=2.6 [0.7-10.4] 

. Heptachlor epoxide:  
OR=1.1 [0.4-2.9] 

. Non-detectable values: assigned a 
value of zero or imputed the LOD 
value divided by the square root of 2 

. Model selection: NR for PCBs; 2 
different fully adjusted models, 
only the best fitted model based 
on smaller AIC reported for other 
organochlorines 

. Similar results when PCBs 
analysed in tertiles 

Pastor-Barriuso R et 
al. 2016 [28] 
Spain 

. Retrospective 

. Lag time: NA 

. n=186 cases 

. n=196 controls  

. Follow-up: NA 
 
 

. Age: 59.7 ± 11.1 

. Post-menopausal: 83% 

. Invasive and non-invasive cancer 

. % Invasive: 89% 

. % ER+: NR 

. Timing: after diagnosis 

. Serum  

. Method: HPLC and HR-
GC-ECD 

. Lipid-adjustment : NR  

. PCB-138 

. PCB-153 

. PCB-180 

. HCB 

. p,p’-DDE 

. Total effective 
xenoestrogen burden 
(α- and β-HPLC 
fractions)  

NR . TEXB-α, tert 3 vs tert 1 
OR=3.5 [1.5- 8.0]  

 
. TEXB- β, tert 3 vs tert 1 
OR= 4.0 [1.9, 8.6] 

 
(after mutual adjustment, 
association maintained only for 
fraction β) 

. Non-detectable values: <10% of 
samples for each analyte ; imputed 
the limit of detection value divided 
by the square root of 2 
. Model selection: none  
(3 a priori models) 
. HLPC-β includes endogenous 
estrogens 

Tang M et al.  
2014 [29] 
China 

. Retrospective 

. Lag time: NA 

. n=78 cases 

. n=72 controls  

. Follow-up: NA 

. Age: NR 

. Post-menopausal: NR 

. Invasiveness : NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: NR 

. Serum  

. Method: GC-MS 

. Lipid-adjustment : NR 

. p,p′-DDE 

. p,p′-DDT 

. ΣDDT 

NR Above vs below median  
. p,p′-DDE: OR=2.5 [1.2-5.3] 
. p,p′-DDT: OR=1.4 [0.7-2.9] 
. ΣDDT: OR=2.0 [1.0–4.0] 

. Non-detectable values: NR 

. Model selection: NR 
 

Gatto NM et al. 
2007 [30] 
USA (Women’s 
CARE Study) 

. Retrospective 

. Lag time: NA 

. n=355 cases 

. n=327 controls  

. Follow-up: NA 

. Age: 48.2 ± 8.3 y 

. Post-menopausal: 41% 

. Invasive cancer 

. % Invasive: 100% 

. % ER+: 183/338 cases 

. Timing: after diagnosis 

. Serum  

. Method: GC-ECD 

. Lipid-adjusted 

. DDE  

. PCBs 
NR Cases with no history of 

chemotherapy, n=94 
. PCB, > 0.47 μg/L vs non-
detectable: OR=1.9 [1.1–3.4] 

. Non-detectable values: PCBs 
only, 41% of cases and 42% 
controls ; assigned a value of zero 
. Model selection: change in 
estimate (15%) ; ascending 

Li Y et al. 
2005 [31] 
USA  

. Retrospective 

. Lag time: NA 

. n=612 cases 

. n=599 controls  

. Follow-up: NA 

. Age: NR 

. Post-menopausal: 49% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: NR 

. Timing: after diagnosis 

. Plasma  

. Method: GC-ECD 

. Lipid-adjusted 

PCBs: 99, 105, 118, 
153 
 
(individually and 
summed) 

NR None 
 

. Non-detectable values: imputed 
the detection limit value divided by 
the square root of 2 
. Model selection: NR 
. Possible effect modification by 
CYP1A1-M2 genotype 

Millikan R et al. 
2000 [32] 
USA  

. Retrospective 

. Lag time: NA 

. n=748 cases 

. n=659 controls  

. Follow-up: NA 

. Age: mean=50.2 y, range [ 23-74] 

. Post-menopausal: 49% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: NR 

. Timing: after diagnosis 

. Plasma  

. Method: GC-ECD 

. Lipid-adjusted 

. Total of 35 PCBs 

. Total of PCBs 118, 
138, 153, and 180 

. Chlorinated PCBs 

. Less chlorinated PCBs 

. p,p’-DDE 

. o,p’-DDE 

. DDT 

NR Fully adjusted models 
. Total PCBs, tert 3 vs tert 1 
African-Americans: 
OR=1.7 [1.0–3.0] 
African-Americans in the 
highest third of BMI: 
OR=4.9 [1.6-14.8] 
 

. Non-detectable values: 99% for 
o,p’-DDE, analyte not included in 
analyses ; other analytes: imputed 
detection limit divided by the 
square root of 2 
. Model selection: a priori final 
model  
 



Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs Associated POPs 
Estimate [95% confidence interval] 

Comments 

Without adjustment With adjustment** 
Population-based case-control studies (not nested in a defined cohort) 
Moysich KB et al. 
1999 [33] 
USA  

. Retrospective 

. Lag time: NA 

. n=154 cases 

. n=191 controls  

. Follow-up: NA 

. Age: NR 

. Post-menopausal: 100% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: before 
chemotherapy or 
radiation within 3 
months of surgery 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. 73 PCBs 

. DDE 

. HCB 

. Mirex  

. Total PCBs 
(sum 56 PCBs) 
 

(individual and sum of 
PCBs) 

. Total PCBs, > vs < median 
OR =2.2 [1.0-4.8] 

 
(when at least one allele of 
CYP1A1 with isoleucine-to-
valine substitution in exon 7) 

Never lactated women: 
. Total PCBs, tert 3 vs tert1 
OR=2.9 [1.0-7.3] 
. Number of detected peaks 
OR =3.3 [1.0-11.3] 
. Moderately chlorinated 
OR= 3.6 [1.1-8.6] 
At least one allele of CYP1A1 
with Ile-to-Val exon substitution  
. Total PCBs, > vs < median 
OR=2.9 [1.2-7.4] 

. Non-detectable values: assigned a 
zero value 
. Model selection: change in 
estimate (15%); method: NR 
. Possible effect modification by 
CYP1A1 polymorphism 

Gammon MD et al. 
2002 [34] 
USA 

. Retrospective 

. Lag time: NA 

. n=646 cases 

. n=429 controls  

. Follow-up: NA 

. Age: NR 

. Post-menopausal: 61% 

. Invasive and non-invasive 
cancers  

. % Invasive: 72% 

. % ER+: 39% 

. Timing: after diagnosis 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted  

. 24 PCBs 

. p,p’-DDE 

. p,p’DDT 

. Oxychlordane 

. trans-nonachlor 

. Dieldrin 
 
(individually and 

summed) 

None None . Non-detectable values: imputed 
the lowest observed positive value 
. Model selection: best fitting model 
by -2 log likelihood ratio test, 
descending 

Romieu I et al. 
2000 [35] 
Mexico  

. Retrospective 

. Lag time: NA 

. n=120 cases 

. n=126 controls  

. Follow-up: NA 

. Age: 52 ± 14 y 

. Post-menopausal: 53% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR  

. Timing: after diagnosis 

. Plasma 

. Method: GC-ECD 

. Lipid-adjusted 

. DDT 

. DDE 
Higher in cases: 
. DDE 

Age-adjusted: 
. DDE, continuous 
 OR =1.6 [1.1-2.3] per log unit 
of lipid-adjusted DDE  
Fully adjusted: 
. DDE, quart 4 vs quart 1 
OR = 3.8 [1.1-12.8] 

. Non-detectable values: NR 

. Model selection: NE, 3 different 
models 

. Stronger associations in post-
menopausal women 

Hospital-based case-control studies with community-controls 
Arrebola JP et al. 
2015 [36] 
Tunisia  

. Retrospective 

. Lag time: NA 

. n=69 cases 

. n=54 controls  

. Follow-up: NA 

. Age: 49.9 ± 11.0 y 

. Post-menopausal: 51 % 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: before surgery or 
chemotherapy 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. PCBs: 138, 153, 180 

. p,p′-DDE 

. HCB 

. β-HCH 

. α-endosulfan 

. Endosulfan ether 

. Heptachlor 

. Oxychlordane 

. β-HCH: OR=1.1 [1.0-1.2] 

. Heptachlor: OR=1.1 [1.0-1.2] 

. PCB 138: OR=1.1 [1.0-1.1] 

. PCB 180: 1.1 [1.0-1.1] 

. p,p′-DDE: OR=1.3 [1.1-1.8] 

. β-HCH: OR=1.2 [1.1-1.3] 
 
. Heptachlor: OR=1.1 [1.0-1.2] 
 
. p,p′-DDE: OR=1.7 [1.1-3.1] 
 
(all for continuous exposure) 

. Non-detectable values: imputed a 
random value between zero and 
the detection limit value 
. Model selection: change in 
estimate (10%); method :NR 

Boada LD et al. 
2012 [37] 
Gran Canaria 
Island 

. Retrospective 

. Lag time: NA 

. n=121 cases 

. n=103 controls  

. Follow-up: NA 

. Age: 58.0 ± 11.7 y 

. Post-menopausal: 18.2% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing:  after diagnosis 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. p,p´-DDT 

. o,p´-DDT 

. p,p´-DDE 

. o,p´-DDE 

. p,p´-DDD 

. o,p´-DDD 

. Aldrin 

. Dieldrin 

. Endrin 

. γ-HCH 
 
(individually and 
summed) 

Higher in cases: 
. Aldrin 
. p,p’-DDE 
. p,p’-DDD 
. p,p’-DDT 
. Total DDTs 
. Total organochlorines 
Higher in cases >45y 
. Aldrin 
. p,p-DDE 
. p,p-DDD 
. p,p-DDT 
. Total organochlorines 
Higher in controls: 
. Total Cyclodienes 

None . Non-detectable values: o,p’- 
isomes of DDT, DDE and DDD 
detected in a small percentage of 
samples (not reported);  
. Model selection: a priori variables 
selection 



Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies with community-controls 
Bonefeld-
Jorgensen EC et 
al. 2011 [38] 
Greenland 

. Retrospective 

. Lag time: NA 

. n=31 cases 

. n=115 controls  

. Follow-up: NA 

. Age: median=50 y, range [29-80] 

. Post-menopausal: 82% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing:  after diagnosis 

. Plasma 

. Method: GC-ECD ; 
HPLC-MS-MS (PFCs) 
. Lipid-adjusted 

. 12 PCBs 

. 10 PFCs 

. 8 other 
organochlorines 
 
(individually and 
summed) 
 
. Xeno-estrogenic and 
androgenic 
transactivities of F1 
fraction 

Higher in cases : 
. PFOS 
. PFOA 
. Sum PFSAs 
. Sum PFCAs 
. Sum of all analytes  
. Xenoandrogenic transactivity  

OR=8.5 [1.6-46.8] 

. Xenoandrogenic transactivity 
OR= 44.1 [2.0-975.7] 

. Non-detectable values: NR 

. Model selection: change in 
estimate (15%); ascending 

Li JY et al.  
2006 [39]  
China 

. Retrospective 

. Lag time: NA 

. n=104 cases 

. n=154 controls  

. Follow-up: NA 

. Age: 48.6 ± 11.0 

. Post-menopausal: 55% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+:  NR 

. Timing:  NR 

. Serum 

. Method: GC-EDC 

.  Lipid-adjustment : NR 

. p,p’–DDT 

. p,p’-DDE 

. o,p’-DDT 

. p,p’-DDD  

. α-, β-, γ- and δ-HCH 
 

None OR > 2 [NR] (n=90/136) 
. p,p’-DDT, p,p’-DDD, δ -HCH  
 
Premenopausal, high vs 
reference, (n=90/136): 
. p,p’-DDT: OR= 3.6 [NR]  
. p,p’-DDD: OR=5.7 [NR]  
. β-HCH: OR=3.1 [NR] 
 
At least one variant allele of 
CYPIAI m2 genotype: 
. p,p’-DDT: OR=4.4 [1.1-17.0]  

. Non-detectable values: NR 

. Model selection: NR 

. p,p’–DDT categorized as high 
when > upper quartile of controls  

Pavuk M et al.  
2003 [40] 
Slovakia 

. Retrospective 

. Lag time: NA 

. n=24 cases 

. n=88 controls  

. Follow-up: NA 

. Age: median=51.5 y, range [26-73] 

. Post-menopausal: 83% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing:  after surgery ± 
chemotherapy and/or 
radiotherapy 
. Serum 
. Method: GC-EDC 
. Lipid-adjusted 

. 15 PCBs 

. p,p’-DDE 

. p,p’–DDT 

. HCB 
(individual and sum of 
PCBs) 

Lower in cases: 
. PCBs group 1 (28+52+101) 
Higher in cases: 
. DDE 
. DDT 
. HCB 

. PCBS group 1 (28+52+101), 
tert 3 vs tert 1  
OR=0.2 [0.1–1.0] 

. Non-detectable values: imputed 
half the detection limit value 
. Model selection: statistical 
significance (0.05) and/or change 
in estimate (10%) ; method: NR 
 

Soliman AS et al. 
2003 [41] 
Egypt  

. Retrospective 

. Lag time: NA 

. n=69 cases 

. n=53 controls  

. Follow-up: NA 

. Age: 39.8 ± 7.1 y 

. Premenopausal   

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: before 
chemotherapy and 
radiotherapy 
. Serum 
. Method: GS-ECD 
. Lipid-adjustment : None 

. 19 organochlorines NR None . Non-detectable values: assigned 
zero values 
. Model selection: regression tree-
based method 

Dello Lacovo R et 
al. 1999 [42] 
Italy 

. Retrospective 

. Lag time: NA 

. n=170 cases 

. n=195 controls  

. Follow-up: NA 

. Age: 54.2 ±10.1 

. Post-menopausal: 64.5%   

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: before 
chemotherapy and 
radiotherapy 
. Serum 
. Method: GC-ECD 
. Lipid-adjustment : NR 

. β-HCH 

. Heptachlor 

. p,p’-DDE 

. p,p’-DDT 

. Endrin 

None None . Non-detectable values: NR 
. Model selection: NR 



Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies with community-controls 
Mendonça GAS et 
al. 1999 [43] 
Brazil 

. Retrospective 

. Lag time: NA 

. n=177 cases 

. n=350 controls  

. Follow-up: NA 

. Age: median=58 y, range [30-75] 

. Post-menopausal: 76.8% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: NR 

. Timing: before surgery 

. Serum 

. Method: GC-ECD 

. Lipid-adjustment : NR 

. HCB 

. α-, β- and γ-HCH 

. Heptachlor 

. Heptachlor epoxide 

. Dieldrin 

. Endrin 

. p-p’-DDE 

. o-p’-DDE 

. o-p’-DDT 

. p-p’-DDT 

. p-p’-DDD 

None None . Non-detectable values: NR 
. Model selection: NR 

Hospital-based case-control studies with both community-controls and hospital-controls 
Wielsøe M. et al 
2017 [44] 
Wilsoe 2018 [45]  
Greenland 

. Retrospective 

. Lag time: NA 

. n=77 cases 

. n=84 controls  

. Follow-up: NA 

. Age: mean 52.0 y 

. Post-menopausal: 64 % 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 65% 

. Timing: before any 
treatment 
. Serum 
. Method: LC-MS-MS 
. Lipid-adjusted 

. 14 PCBs  

. 9 PBDES  

. 17 PFAAs 

. PBB153 

. 11 other 
organochlorines 
 
(individually and 
summed in categories) 

. Total organochlorines 

. cis-nonachlor 

. trans-nonachlor  

. mirex 

. Oxychlordane 

. p,p’-DDE 

. PCBs: 9, 118, 138, 153, 170, 
180, 183,187 
. Total PFAA 
. PFHpA 
. PFOA 
. Total PFSA 
. PFHxS 
. PFOS 

ORs from 2.4 to 5.5,  tert 3 vs 
tert 1 
. Total PCBs 
. PCBs: 138,153, 170, 183 
. Total PFAA 
. PFOA 
. PFDA  
. Total PFSA 
. PFHxS 
. PFOS 
 
 

. Non-detectable values: excluded 
form single compound analyses if 
>50% ; imputed detection limit  
divided by two 
. Model selection: change in  
estimate (10%), method : 
descending 
. Hospital controls include patients 
with benign breast lesions 
. No differences in levels of 
measured analytes between ER-
positive and ER negative tumors 

Zhang Y et al. 
2004 [46] 
USA  

. Retrospective 

. Lag time: NA 

. n=374 cases 

. n=406 controls  

. Follow-up: NA 

. Age: NR 

. Post-menopausal: 77% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: after diagnosis 

. Serum  

. Method: GSGC 

. Lipid-adjusted  

. PCBs : 74, 118, 138, 
153, 156, 170, 180, 
183, 187 

NR . Total PCBs, >  vs < median   
OR = 2.4 [1.1-5.0]    
(CYP1A1 m2 variant in post-
menopausal women) 

. Non-detectable values: NR 

. Model selection: NR 

. Hospital controls: benign breast 
disease excluding atypical 
hyperplasia, normal breast tissue 

. Possible effect modification by 
CYP1A1 m2 variants 

Demers A et al. 
2000 [47] and  
2002 [48] 
Canada  

. Retrospective 

. Lag time: NA 

. n=315 cases 

. n=523 controls  

. Follow-up: NA 

. Age: 53 ± 9 y 

. Post-menopausal: 70%    

. Invasive cancers  

. % Invasive: 100% 

. % ER+: 70% 

. Timing: before 
chemotherapy or 
radiotherapy 
. Plasma 
. Method: GC-ECD 
. Lipid-adjusted 

. 14 PCBs 

. p,p’-DDT 

. p,p’-DDE 

. cis-nonachlor 

. trans-nonachlor 

. Oxychlordane 

. α- and γ-chlordane 

. HCB 

. β-HCH 

. Mirex 

. Aldrin 
 

Higher in cases: 
. PCB 99 
. PCB 118 
. PCB 156 
 

. PCB 118, quart 4 vs quart 1 
OR=1.6 [1.0-2.5] 

 
. PCB 156, quart 4 vs quart 1 
OR=1.8 [1.1-2.9] 

 
. Mono-ortho-PCBs, quart 4 vs 
quart 1 
OR=2.0 [1.2-3.3] 

 

. Non-detectable values: >30% for 
28, 52, 101, 105, 128 (not 
analysed ) 
. Model selection: change in 
estimate (10%) ; method: NR 
. Hospital controls: no gynecologic 
illnesses 
. Stronger associations in pre-
menopausal women (PCB 118 and 
156) 

Zheng T et al.  
2000 [49] 
USA 

. Retrospective 

. Lag time: NA 

. n=475 cases 

. n=502 controls  

. Follow-up: NA 

. Age: 83% >45 y 

. Menopausal status: NR  

. Invasive and non-invasive 
cancers 

. % Invasive: NR 

. % ER+: NR 

. Timing: after diagnosis  

. Serum 

. Method: GC 

. Lipid-adjusted  

. Total of 9 PCBs  

. p,p’-DDE 
None Tert 3 vs tert 1   

. p,p’-DDE: OR=1.0 [0.7-1.4] 

. PCBs: OR=1.0 [0.7–1.3] 

. Non-detectable values: 5% for 
DDE, 30% for PCBs ; imputed half 
the detection limit value 
. Model selection: NR 
. Type of controls: benign breast 
diseases excluding atypical 
hyperplasia and population based 
controls 



Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies with hospital-controls 
Holmes AK et al. 
2014 [50] 
USA (Alaska) 

. Retrospective 

. Lag time: NA 

. n=75 cases 

. n=95 controls  

. Follow-up: NA 

. Age: mean=51 y, range [30-88]. 

. Post-menopausal: 64% 

. Invasive and non-invasive cancer 

. % Invasive: 83% 

. % ER+: 53% (PR+) 

. Timing: after diagnosis 

. Serum 

. Method: NR 

. Lipid-adjusted 

. 34 PCBs  

. 8 PBDEs 

. o,p’-DDT 

. p,p’-DDT 

. p,p’-DDE 

. HCB 

. Mirex 

. Oxychlordane 

. β- and γ-HCH 

. trans-nonachlor  

None None . Non-detectable values: imputed 
limit of detection divided by the 
square root of 2 
. Model selection: NR 
. Controls : benign breast 
conditions, fibrocystic changes and 
hyperplasia 

Zhang H et al. 
2013 [51] 
China 

. Retrospective 

. Lag time: NA 

. n=92 cases 

. n=92 controls  

. Follow-up: NA 

. Age: NR 

. Post-menopausal: NR 

. Invasiveness: NR  

. % Invasive: NR 

. % ER+: NR 

. Timing: after diagnosis 

. Serum  

. Method: GC-ECD 

. Lipid-adjustement: NR 

. PCB 28  

. PCB 52 

.15 other 
organochlorines  

. β-HCH 

. p,p’-DDE 

. PCB 52 
 

OR>2, CI [NR] 
. β-HCH 
. p,p’-DDE 
. PCB 52 

. Non-detectable values: NR 

. Model selection: NR 

. Type of controls: NR 

Recio‐Vega R et 
al. 2011 [52] 
Mexico 

. Retrospective 

. Lag time: NA 

. n=70 cases 

. n=70 controls  

. Follow-up: NA 

. Age: 46.7± 12.3 y 

. Post-menopausal: 60% 

. Invasiveness: NR  

. % Invasive: NR 

. % ER+: NR 

. Timing: before any 
treatment 
. Serum  
. Method: GC-ECD 
. Lipid-adjusted 

. 20 PCBs 
 
(individually and 
summed) 

NR ORs  from 1.1 (total PCBs) to 
7.6 (Group1a): 
. PCB 8, 118, 138, 170, 180, 
187, 195, 206, 209,  
. Total PCBs 
. Group 1a (44+52)   
. Group 2b (128+138+170)  
. Group 3 (153+180):  
. Group 4 (8+195+206+209) 
. Group 3 (153+180)  

. Non-detectable values: assigned 
zero values 
. Model selection: statistically 
significance (0.05) OR change in 
estimate (10%); method: NR 
. Controls: negative biopsies. 
Stronger associations in post-
menopausal women: total PCBs, 
Group 1a, Group 2b, Group 4 

Itoh H et al. 
2009 [53] 
Japan 

. Retrospective 

. Lag time: NA 

. n=403 cases 

. n=403 controls  

. Follow-up: NA 

. Age: 53.7 ± 0.52 y 

. Post-menopausal: 55% 

. Invasive cancers  

. % Invasive: 100% 

. % ER+: 66% 

. Timing: after diagnosis 

. Serum  

. Method: GC-ID-HRMS 

. Lipid-adjusted 

. 41 PCBs  

. o,p’-DDT 

. p,p’-DDT 

. p,p’-DDE 

. HCB 

. β-HCH 

. trans-nonachlor  

. cis-nonachlor 

. Oxychlordane  

. Mirex 

Lower in cases: 
. o,p’-DDT 
. p,p’-DDT 
. p,p’-DDE 
. trans-nonachlor  
. cis-nonachlor 
. Oxychlordane  
. Mirex 
. Total PCBs 
 
 

Quart 4 vs quart 1 
. cis-nonachlor: 
 OR=0.4 [0.2-0.9]  
. Mirex 
OR=0.4 [0.2–0.8] 

. Total PCBs 
OR=0.3 [0.1–0.8] 

. trans-nonachlor  
OR=0.5 [0.2–1.1] 

. Non-detectable values: imputed 
detection limit values 
. Model selection: variables 
correlated with breast cancer risk 
and serum organochlorines in the 
data 
. Type of controls: medical checkup 
examinees 
. Stronger association for ER+/PR- 
tumors 
. Complete case analyses (n=349) 

Yang M et al. 
2009 [54] 
South Korea 

. Retrospective 

. Lag time: NA 

. n=70 cases 

. n=82 controls  

. Follow-up: NA 

. Age: 46.2 ±10.4 y 

. Post-menopausal: 37% 

. Invasiveness : NR  

. % Invasive: NR 

. % ER+: NR 

. Timing: NR 

. Serum  

. Method: HPLC/FD 

. Lipid-adjustment: NR 

Bisphenol A Median value of BPA  higher in 
cases (0.61 vs 0.03 μg/L) 

NR . Non-detectable values: assigned  
a value of one-half of the minimum 
detected level  
. Model selection: None (age-

matched) 
. Type of controls: NR 

Siddiqui MKJ et al. 
2005 [55] 
India  

. Retrospective 

. Lag time: NA 

. n=25 cases 

. n=25 controls  

. Follow-up: NA 

. Age: 49.7 ± 19.6 y, range [32–82] 

. Post-menopausal: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: after diagnosis 

. Serum  

. Method: GC-ECD 

. Lipid-adjustment: NR 

. α-, β-, γ- and δ-HCH 

. p,p’-DDT 

. o,p’-DDT 

. p,p’-DDE 

. p,p’-DDD 

Higher  in cases: 
. γ-HCH (2.51 times) 

NR . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: benign breast 
lesions (NR) 

Charlier CJ et al. 
2004 [56] 
2003 [57] 
Belgium  

. Retrospective 

. Lag time: NA 

. n=60 cases 

. n=60 controls  

. Follow-up: NA 

. Age: 54.8 ± 6.59 y 

. Post-menopausal: 82% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: prior to surgery 

. Serum  

. Method: GS-MS 

. Lipid-adjusted  

. PCBs: 28, 52, 101, 
118, 138, 153, 180 
 
(individually and 
summed) 

Higher in cases: 
. PCB138 
. PCB153 
. Total PCBs 

All measured PCBs included in 
the main model (mutual 
adjustment): 
. PCB 153, continuous (log-

transformed) 
OR=1.8 [1.4-2.5]  

. Total PCBs: OR=NR  

. Non-detectable values: PCBs 28 
and 118 undetected (Not reported) 
. Model selection: statistical 
significance; backward elimination  
. Type of controls: cervico-vaginal 
cytological screening 
 



Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies with hospital-controls 
Charlier CJ et al. 
2004 [58] 
Belgium  

. Retrospective 

. Lag time: NA 

. n=231 cases 

. n=290 controls  

. Follow-up: NA 

. Age: 53.6 ± 11.4 y 

. Post-menopausal: 69% 

. Invasive and non-invasive cancers 

. % Invasive: 62% 

. % ER+: NR 

. Timing: prior to surgery 

. Serum  

. Method: GS-MS 

. Lipid-adjusted  

. o,p’-DDT 

. p,p’-DDT 

. o,p’-DDE 

. p,p’-DDE  

. HCB 

Higher in cases: 
. p,p’DDE 
. HCB 

Detectable vs non-detectable 
. p,p’DDE: OR=2.2 [1.4-3.5]  
. HCB: OR=5.0 [3.0-8.4] 
Continuous: 
. p,p’DDE: OR=1.2 [1.2-1.3] 
. HCB: OR=1.5 [1.2-1.9] 

. Non-detectable values:  assigned 
zero values 
. Model selection: NR 
. Type of controls: cervico-vaginal 
cytological screening 

Rusiecki JA et al. 
2004 [59] 
USA  

. Retrospective 

. Lag time: NA 

. n=266 cases 

. n=347 controls  

. Follow-up: NA 

. Age: 69% ≥ 50 y 

. Post-menopausal: 65% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 50% 

. Timing: after diagnosis 

. Serum  

. Method: GSGC 

. Lipid-adjusted  

. Total of 9 PCBs  None None . Non-detectable values: <30%; 
treatment in analyses: NR 
. Model selection: NR 
. Type of controls: benign breast 
disease excluding atypical 
hyperplasia, or normal breast 
tissue 
. Stratification by joint ER/PR status 

Charlier CJ et al. 
2003 [60] 
Belgium  

. Retrospective 

. Lag time: NA 

. n=159 cases 

. n=250 controls  

. Follow-up: NA 

. Age: 54.2 ± 12.1 y 

. Menopausal status: NR   

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: prior to surgery 

. Serum 

. Method: GS-MS 

. Lipid-adjusted 

. Total DDT 

. HCB 
Detectable vs none: 
. Total DDT: OR=5.4 [1.9-15.2] 
. HCB: OR=8.7 [2.8-26.6] 
Adjusted for breast feeding 
only, detectable vs none: 
. Total DDT: OR=5.6 [1.8-17.7] 
. HCB: OR=9.1 [2.8-29.4] 

NR . Non-detectable values: assigned 
zero values 
. Model selection: NR 
. Type of controls: routine vaginal 
cytological examinations 

Lopez-Carrillo L et 
al. 2002 [61] 
Mexico 

. Retrospective 

. Lag time: NA 

. n=95 cases 

. n=95 controls  

. Follow-up: NA 

. Age: range [20-79] y 

. Menopausal status: NR 

. Invasive and non-invasive cancers  

. % Invasive: 90% 

. % ER+: NR 

. Timing: after diagnosis 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. PCBs (Aroclor 1260) 

. β-HCH 

. HCB 
 

None None . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: clinical wards 
except gynaecology and oncology 

Mathur V et al.  
2002 [62] 
India 

. Retrospective 

. Lag time: NA 

. n=135 cases 

. n=50 controls  

. Follow-up: NA 

. Age: 26% >50y 

. Menopausal status: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: after diagnosis 

. Sample: NR 

. Method: GC-ECD 

. Lipid-adjustment : NR 

. DDT 

. DDD 

. DDE 

. Heptachlor 

. Dieldrin 

. α-, β- and γ-HCH 

. All pesticides higher in cases NR . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: NR 

Ahmed MT et al. 
2002 [63] 
Egypt 

. Retrospective 

. Lag time: NA 

. n=43 cases 

. n=32 controls  

. Follow-up: NA 

. Age: NR 

. Menopausal status: NR 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: NR 

. Timing: after diagnosis 

. Serum  

. Method: GC-ECD 

. Lipid-adjustment : NR 

. Total PCBs  

. DDE 
Higher in cases:  
. PCBs peaks from 16-20 

NR . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: benign breast 
disease and non-breast disease  
. Similar for breast cancer and 
benign disease but higher than 
normal controls 

Wolff MS et al.  
2000 [64] 
USA 

. Retrospective 

. Lag time: NA 

. n=175 cases 

. n=355 controls  

. Follow-up: NA 

. Age:  56 ± 13 y 

.  Post-menopausal: 59% 

. Invasive and non-invasive cancers  

. % Invasive: 82% 

. % ER+: 64% 

. Timing: after diagnosis 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. 19 PCBs  

. trans-Nonachlor 

. p,p’-DDT 

. DDE 

NR Tert 3 vs Tert 1 
. p,p’-DDT: OR=1.7 [1.0-3.0] 

. Non-detectable values: NR 

. Model selection: NR 

. Type of controls: benign breast 
disease (BDD) and non-BBD 
controls 

Burger M et al. 
2000 [65] 
Uruguay 

. Retrospective 

. Lag time: NA 

. n=56 cases 

. n=25 controls  

. Follow-up: NA 

. Age:  mean age 61 y 

. Menopausal status: NR 

. Invasive and non-invasive cancers  

. % Invasive: 95% 

. % ER+: NR 

. Timing: NR  

. Serum and breast 
adipose tissue 

. Method: GC-ECD 

. Lipid-adjustment: NR 

. HCB 

. α-, β- and γ-HCH 

. Aldrin 

. Dieldrin, Endrin 

. Heptaclor 

. Heptaclor epoxide 

. p,p’-DDT 

. p,p’-DDE 

. o,p’-DDE 

. p,p’-DDD  

None NR . Non-detectable values:  NR 
. Model selection: NR 
. Type of controls: benign breast 

disease, including non-
proliferative (74%), proliferative 
without atypia (14%) and 
proliferative with atypia (14%) 
diseases. 



  

Table S3. Studies of POPs measured in peripheral blood and breast cancer risk (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies with hospital-controls 
Olaya-Contreras P. 
et al. 1998 [66] 
Colombia 

. Retrospective 

. Lag time: NA 

. n=153 cases 

. n=153 controls  

. Follow-up: NA 

. Age:  NR 

. Post-menopausal: 61% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: prior to 
chemotherapy  
. Serum 
. Method: GC-ECD 
. Lipid-adjustment: NR 

. DDT 

. DDE 

. DDD 
 

Tert 3 vs Tert 1 
. DDE: OR=1.8 [1.1-3.1] 

 
 

Tert 3 vs Tert1: 
. DDE: OR=2.0 [1.1-3.5]  

 
 

. Non-detectable values:  NR 

. Model selection: NR 

. Type of controls: non-cancer 
patients from another hospital  
. Results for DDT and DDD not 
reported 

Lopez-Carrillo L et 
al. 1997 [67]  
Mexico 

. Retrospective 

. Lag time: NA 

. n=141 cases 

. n=141 controls  

. Follow-up: NA 

. Age:  NR 

. Post-menopausal: 50% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: prior to treatment 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. DDE 

. p'p-DDT 

. o'p-DDT 

None  
 

None  
 

. Non-detectable values:  97% of 
o'p-DDT; not analysed 
. Model selection: NR 
. Type of controls: clinical services 
except gynecology and oncology 

Schecter A et al.  
1997 [68] 
Vietnam 

. Retrospective 

. Lag time: NA 

. n=21 cases 

. n=21 controls  

. Follow-up: NA 

. Age:  42.3 ± 6.9 y 

. Post-menopausal: 14% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: NR 

. Timing:  after diagnosis 

. Serum 

. Method: GC-ECD 

. Lipid-adjustment: NR 

. p,p’-DDT  

. p,p’-DDE 
 
(individually and 
summed) 

None None . Non-detectable values:  NR 
. Model selection: change in 
estimate (10%) ; Method: NR 
. Type of controls: breast fibrocystic 
disease 

Dewailly E et al.  
1994 [69] 
Canada 

. Retrospective 

. Lag time: NA 

. n=20 cases 

. n=17 controls  

. Follow-up: NA 

. Age:  mean=54.1 y 

. Post-menopausal: NR 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: 45% 

. Timing:  At the time of 
biopsy 
. Plasma 
. Method: GC-ECD 
. Lipid-adjustment: NR 

. 10 PCBs 

. DDE 

. HCB 

. β-HCH 

. Oxychlordane 

. trans-nonachlor 

. Mirex 

Higher in cases: 
. HCB 
. DDE 
 

NR . Non-detectable values: NR  
. Model selection: NR 
. Type of controls: benign breast 
disease excluding hyperplasia 

Case-Control studies (Unclassified) 
Ye ZH et al.  
2009 [70] 
China 

. Retrospective 

. Lag time: NA 

. n=78 cases 

. n=72 controls  

. Follow-up: NA 

. Age: 40-64 y 

. Post-menopausal: 55% 

. Invasive cancers  

. % Invasive: 100% 

. % ER+: 66% 

. Timing: after diagnosis 

. Serum  

. Method: NR 

. Lipid-adjustment: None 

. 7 PCBs NR . PCB 153: OR=2.9 [1.4-5.7]  
. PCB 180: OR = 2.3 [1.2-4.7] 

. Non-detectable values: NR 

. Model selection: NR 

. Type of controls: NR 

Cross-Sectional studies 
Sprague BL et al. 
2013 [71] 
USA  

. n=264 

. Women free of cancer 

. Outcome: breast 
density 
 

. Age: 60.6 ± 4.4 y 

. Post-menopausal: 100% 
 
 

. Timing: at time of the 
mammogram 
. Serum  
. Method: HPLC-MS-MS 
. Lipid-adjustement: NR 

. Phtalates 

. Parabens 

. Phenols 

NR . BPA:  β=0.191, p=0.01 
. Mono-ethyl phthalate  
β=0.034, p=0.01 
 
 

. Non-detectable values: 
categorized as “non-detectable” 
. Model selection: a priori variable 
selection 
. BPA positively associated with 
percentage density only not obese 
women  

Diorio C et al. 
2013 [72] 
Canada 

. n=106 

. Women free of cancer 

. Outcome: breast density 
 

. Age: 58.2 ± 5.6 y 

. Post-menopausal: 100% 
 

. Timing: at time of the 
mammogram 
. Plasma  
. Method: GC-ECD 
. Lipid-adjusted 

. 24 PCBs 
 
 
(individually and 
summed in categories) 

None Percentage density  
. PCB 153: rs= –0.24 (p=0.03)  
. PCB 183: rs= –0.30 (p=0.004) 
. PCB 196: rs= –0.22 (p=0.04)   
. Group 3: rs= –0.22 (p=0.04) 
Absolute density  
. PCB 183: rs= –0.24 (p=0.02) 

. Non-detectable values: NR 

. Model selection: a priori variable 
selection 
 

POPs: persistent organic pollutants; *at diagnosis;  SD: Standard deviation; y: years; NR: Not reported; NA: Not applicable; MS: Mass spectrometry;  LD: limit-detection; LC-MS-MS: liquid chromatography–tandem mass spectrometry;  GC-MS-MS: gas chromatography-tandem mass 
spectrometry; HPLC/FD: high-performance liquid chromatography with fluorescence detection; GC-IDMS: gas-chromatography isotope-dilution mass-spectrometry; GC-ECD: gas chromatography with electron Capture Detector; GC-ID-HRMS: gas chromatography-isotope dilution high-
resolution mass spectrometry ; HR-GC-ECD: high-resolution gas chromatography with micro-electron capture detection ; HLPC: High-performance liquid chromatography; GC: gas chromatography; PFCs: perfluorinated compounds ; LOD: limit of detection 
Prospective/retrospective/cross-sectional: timing of sample in regards to breast cancer diagnosis ; Lag time: time between blood draw and breast cancer diagnosis 
** only when all important confounders were considered for adjustment; 



Table S4. Studies of POPs measured in breast adipose tissue and breast cancer risk   
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies, hospital controls 
He Y et al. 
2018 [73,74] 
China 

. Cross-sectional 

. n=209 cases 

. n=165 controls  
 

. Age: 52.0 ± 9.9 y, range [25-80] 

. Post-menopausal: 56% 

. Invasive and non-invasive cancers 

. % Invasive: 95% 

. % ER+: 68% 

. Timing: prior to 
chemotherapy and 
radiotherapy 
. Breast adipose tissue 
for cases and breast and 
abdominal adipose 
tissue for controls 
. Method: GC-MS 
. Lipid-adjusted 

14 PBDE  
(17, 28, 47, 66, 71, 85, 
99, 100, 138, 153, 154, 
183, 190, 209) 
 
(individually and 
summed) 

Tert 3 vs tert 1 
. BDE-28: OR=4.2 [2.5-7.1]  
. BDE-47: OR=8.7 [4.6-16.3]  
. BDE-74: OR=0.5 [0.3-0.8]  
. BDE-99: OR=4.5 (2.6-7.7]  
. BDE-100: OR=8.6 [4.6-16.2] 
. BDE-138: OR=3.5 [2.0-5.9]  
. BDE-153: OR=2.0 [1.2-3.4]  
. BDE-154: OR=2.4 [1.4-4.2]  
. BDE-183: OR=0.8 [0.5-1.4]  
. BDE-190: OR=1.2 [0.7-2.1] 
. BDE-209: OR=6.9 [3.7-12.8] 
. ΣPBDEs: OR=2.3 [1.4, 3.9] 

Tert 3 vs tert 1 
. BDE-28: OR=2.8 [1.6-4.9] 
. BDE-47: OR=5.5 [3.0,10.1] 
. BDE-71: OR=0.4 [0.2-0.7] 
. BDE-99: OR=3.2 [1.9-5.6] 
. BDE-100: OR=5.5 [2.9-10.2] 
. BDE-138: OR=2.4 [1.4-4.2] 
. BDE-153: OR=1.7 [1.0-3.0] 
. BDE-154: OR=1.8 [1.1-3.2] 
. BDE-183: OR=0.7 [0.4-1.3] 
. BDE-190: OR=1.1 [0.6-1.9] 
. BDE-209: OR=4.7 [2.5-8.8] 
. ΣPBDEs: OR=1.8 [1.1-3.1] 

. Non-detectable values: NR; low 
detection rates of BDE-17, BDE-
66, BDE-85 (not analysed) 
. Model selection: variables not 
balanced between cases and 
controls and stepwise logistic 
regression 
. Type of controls: benign breast 
disease (n=14) or non-breast-
related diseases (n=151, 
abdominal adipose tissue) 

 

He TT et al.  
2017 [75] 
China  
  

. Retrospective 

. n=56 cases 

. n=46 controls  
 

. Age: 95% >40 y 

. Post-menopausal: 55% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: 79% 

. Timing: prior to 
chemotherapy and 
radiotherapy 
. Breast adipose tissue 
for cases and controls 
. Method: GC-ECD 
. Lipid-adjustment: NR 

. β-HCH 

. γ-HCH 

. PCB 28 

. PCB 52 

. PCTA 

. p,p’-DDE 

Higher in cases: 
. PCB 52 
. p,p’-DDE 
Incomplete adjustement 
. PCB 52: OR=0.7 [0.4-1.0] 
. p,p’-DDE: OR= 0.1 [0.0-0.5] 
 

NR 
 

. Non-detectable values: 95% for 
PCB 28 (not analysed) 
. Model selection: NR ; neither 
breastfeeding nor parity were 
considered 

. Type of controls: benign breast 
disease (adenosis) 

Ociepa-Zawal M et 
al. 2010 [76] 
Poland 

. Retrospective 

. n=54 cases 

. n=23 controls  
 

. Age: mean=58.1 y,  range [36-87] 

. Menopausal status: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: at time of surgery 

. Breast adipose tissue 
for cases, abdominal 
adipose tissue for 
controls 
. Method: GC-MS 
. Lipid adjusted (mg/kg 
fat) 

. DDT 

. DDE 

. DDD 

. α-, β- and γ-HCH 

. HCB 

. Heptachlor 

. Heptachlor epoxide 

. Aldrin 

. Dieldrin 

. Endrin 

Higher in cases with ER-
positive tumors) 
. β-HCH  
 

NR . Non-detectable values:  NR 
. Model selection: NR 
. Type of controls: non-cancer 
patients of the same clinical 
department 

Hurley S et al.  
2010 [77] 
Reynolds P et al.  
2005 [78] 
USA 

. Retrospective 

. n=79 cases 

. n=52 controls  
 

. Age: 57% >50 y 

. Post-menopausal: 55% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: NR 

. Timing: diagnostic biopsy 
or surgical treatment 
. Breast adipose tissue for 
cases and controls 
. Method: GC-MS 
. Lipid adjusted (pg/g of 
lipid) 

. 17 dioxins and furans 
(PCDD/PCDFs) 
. 5 PBDEs (BDE 47, 99, 
100, 153, 154) 
 
(individually and 
summed in categories 
of Toxic Equivalents) 

None None  . Non-detectable values:  imputed 
half the detection limit 
. Model selection: NR 
. Type of controls: benign 
histological changes excluding pre-
cancerous lesions 

Cassidy RA et al. 
2005 [79] 
USA 

. Retrospective 

. n=17 cases 

. n=17 controls  
 

. Age: median=62 y,  range [51-82] 

. Menopausal status: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: at time of breast 
biopsy 

. Breast adipose tissue 
for cases and controls 
. Method: GS-ECD 
. Lipid adjusted (ng/g of 
lipid) 

. Oxychlordane 

. Heptachlor epoxide 

. DDE 
 
 

Higher in cases: 
. Heptachlor epoxide 

. Heptachlor epoxide,  age-
adjusted median risk of quart 4 
=3.2-fold [1.1 to 9.2 fold] that 
of quart1  

. Non-detectable values: NR  

. Model selection: statistical 
significance (0.05) ; backward 
stepping 
. Type of controls: benign breast 
diseases including high risk lesions 

Siddiqui MKJ et al. 
2005 [55]  
India 

. Retrospective 

. n=25 cases 

. n=25 controls  
 

. Age: 49.7± 19.6 y  
          range [32-82] 
. Menopausal status: NR   
. Invasiveness: NR 
. % Invasive: NR 
. % ER+: NR 

. Timing: at time of surgery 

. Breast adipose and 
tumor tissue for cases 
and controls 
. Method: GS-MS 
. Lipid adjusted (ppb) 
 

. α, β, γ and δ-HCH  

. p,p’-DDT 

. o,p’-DDT 

. p,p’-DDE 

. p,p’-DDD 

Lower in cases 
. α-HCH  
. γ-HCH 

NR . Non-detectable values:  NR 
. Model selection: NR 
. Type of controls: palpable benign 
breast lesions 



Table S4. Studies of POPs measured in breast adipose tissue and breast cancer risk  (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies, hospital controls 
Waliszewski SM et 
al. 2005 [80] 
Mexico 

. Retrospective 

. n=127 cases 

. n=254 controls  
 

. Age: mean=49 y 

. Menopausal status: NR 

. Invasive cancers  

. % Invasive: 100% 

. % ER+: NR 

. Timing: at time of surgery 

. Breast adipose tissue 
for cases and benign 
breast controls ; 
abdominal adipose 
tissue for autopsy  
controls 
. Method: GS-ECD 
. Lipid adjusted (mg/kg fat) 

. HCB 

. β-HCH 

. p,p’-DDE 

. o,p’DDT 

. p,p’-DDT 
 

Cases compared to autopsy 
controls; grouping of exposure 
not reported: 
. HCB: RR=2.0 [1.9-2.1] 
. β-HCH: RR=1.6 [1.5-1.6]   
. pp'-DDE: RR=1.2 [1.1-1.2]  
. op'-DDT: RR=2.3 [2.2-2.4]  
. pp'-DDT: RR=1.3 [1.3-1.4] 
. Total DDT: RR=1.2 [1.2-1.2]  
 

NR . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: benign breast 
changes and autopsies from car 
accidents  
. All analytes higher in benign 
breast controls than in cases 
. Stronger associations when 
benign breast controls compared 
to autopsy controls 

McCready D et al. 
2004 [81] 
Canada 

. Retrospective 

. n=70 cases 

. n=69 controls  
 

. Age: 52.5 ± 10.0 y 

. Post-menopausal: 49% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: NR 

. Timing: at time of biopsy 

. Non-cancerous breast  
tissue for cases and 
controls 
. Method: GC-ECD 
. Lipid adjusted  (μg/kg 
lipid) 

. 14 PCBs 

. Total PCBs  

. p,p’-DDT 

. p,p’-DDE 

. cis-nonachlor 

. trans-nonachlor 

. oxychlordane 

. HCB 

. Mirex 

. β-HCH 

. α- and γ-chlordane 

Higher in cases  
. PCB 99 
. PCB 118 
. p,p’-DDE 
. p,p’-DDT 
. HCB   

Above vs below median: 
. PCB 105: OR=2.5 [1.0-6.1] 
. p,p’-DDE: OR=2.5 [1.1-5.7]  
 
Homo wt/hetero GSTT1, 
above vs below median: 
. p,p’-DDT: OR=3.0 [1.1-8.1] 
 

. Non-detectable values: >30% for 
PCBs 28, 52, 101, 128, α-and γ-
chlordane ; not analysed 
. Model selection: a priori variable 
selection 
. Type of controls: biopsies 
negative for malignancy 
. Possible effect modification by 
GSTM1, GSTT1,  CYP1A1-M1  

Ibarluzea JM et al. 
2004 [82] 
Spain 

. Retrospective 

. n=198 cases 

. n=260 controls  
 

. Age: mean= 54.8 y 

. Post-menopausal: 56% 

. Invasive and non-invasive cancer 

. % Invasive: 95.5% 

. % ER+: NR 

. Timing: before 
chemotherapy or 
radiotherapy 
. Breast adipose tissue for 
cases and abdominal 
adipose tissue for 
controls 
. Method: GC-ECD 
. Lipid adjusted (ng/g of 
lipid) 

. 15 organochlorines 

. Total effective 
xenoestrogen burden 
(HPLC fractions α and 
β) 

None Above vs below detection limit: 
. Aldrin: OR =1.6 [1.0–2.4] 
 
Post-menopausal women, 
above vs below detection limit: 
. Lindane:  OR=1.8 [1.0–3.0]  
 
Women with BMI  below 
median, quart 4 vs quart 1 
. TEXB-α: OR=2.4 [1.0-5.8] 

. Non-detectable values: imputed 
half the detection limit value ; 
>40% detection only for aldrin, 
lindane, and endosulfan-ether 
. Model selection: NR 
. Type of controls: non-cancer-
related surgery 
. Stronger associations in post-
menopausal women 

Rusiecki JA et al 
2004 [59] 
USA 

. Retrospective 

. n=244 cases 

. n=186 controls  
 

. Age: 69% ≥ 50 y 

. Post-menopausal: 65% 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 50% 

. Timing: at time of surgery 

. Breast adipose tissue for 
cases and controls 

. Method: GC 

. Lipid adjusted (ng/g) 

. PCBs: 74, 118, 138, 
153, 156, 170, 180, 
183, 187 
 
(individually and 
summed) 

None None  
 

. Non-detectable values: <30%; 
treatment in analyses: NR 
. Model selection: NR 
. Type of controls: benign breast 
disease excluding atypical 
hyperplasia, or normal breast 
tissue 
. All analyses stratified by stratified 
by joint ER/PR status  

Lucena RA et al. 
2001 [83] 
Spain 

. Retrospective 

. n=69 cases 

. n=65 controls  
 

. Age: NR 

. Menopausal status: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: at time of surgery 

. Breast fat for cases and 
controls 
. Method: GC 
. Lipid adjustment: NR 

. PCBs: 28, 52, 101, 
118, 138, 153, 170, 
180,183, 187, 188 
 
 

NR . PCB 28  
OR=9.6 [3.8-24.4]  

. Non-detectable values: NR 

. Model selection: NR 

. Type of controls: benign breast 
lumps 
. PCBs 138, 153, 170, 180 and 187 
identified in all the studied subjects  
. Exposure grouping:  NR 



Table S4. Studies of POPs measured in breast adipose tissue and breast cancer risk  (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies, hospital controls 
Charles MJ et al. 
2001 [84] 
USA 

. Retrospective 

. n=44 cases 

. n=21 controls  
 

. Age: NR 

. Menopausal status: NR 

. Invasiveness: NR  

. % Invasive: NR 

. % ER+: NR  

. Timing: at time of surgery 

. Cancerous tissue for 
cases, noncancerous 
breast tissue for controls  
. Method: GC-ECD 
. Lipid adjusted 

. 18 PCBs  

. Total PCBs 

. o,p’-DDE 

. p,p’-DDE 

. o,p’-DDT 

. p,p’-DDT 

Higher in cancerous tissues 
. p,p’-DDE 

NR . Non-detectable values: imputed 
one-half the lowest value 

. Model selection: NR 

. Type of controls: benign (not 
further specified) 

Woolcott CG et al. 
2001 [85] and 
Aronson KJ et al. 
2000 [86] 
Canada 

. Retrospective 

. n=217 cases 

. n=213 controls  
 

. Age: mean=58 y 

. Menopausal status: NR 

. Invasive and non-invasive cancers 

. % Invasive: 78% 

. % ER+: 75% 

. Timing: at time of biopsy 

. Benign breast tissue of 
cases and controls 

. Method: GC-ECD 

. Lipid adjusted  

. 14 PCBs 

. p,p’-DDT 

. p,p’-DDE 

. cis-nonachlor 

. trans-nonachlor 

. Oxychlordane 

. α- and γ-chlordane 

. HCB 

. β-HCH 

. Mirex 

None Quart 4 vs quart 1 : 
.  PCB 105: OR=3.2 [1.5-6.7] 
.  PCB 118: OR=2.3 [1.1-4.8]  
 
ER-negative tumors, tert 3 vs 
tert 1: 
. p,p’-DDE: OR=2,4 [1.0-5.4]  
 

. Non-detectable values: >30% for 
PCB 28,52, 101, 128  (not 
analysed);  for others: excluded 

. Model selection: forward selection 
(p-value <0.3) then backward 
selection (change in estimate of 
>10%) ;  

. Type of controls: breast biopsy 
negative for malignancy 

Zheng T et al.  
2000 [87,88],   
1999 [89-91]  and  
Holford TR 2000 
[92] 
USA 

. Retrospective 

. n=304 cases 

. n=186 controls  
 

. Age: mean=56.3 y  

. Post-menopausal: 71% 

. Invasive and non-invasive cancers 

. % Invasive: 76% 

. % ER+: 52% 

. Timing: at time of biopsy 

. Breast adipose tissue for 
cases and controls 
. Method: GC 
. Lipid adjusted (ppb) 

. 9 PCBs  

. trans-nonachlor 

. Oxychlordane  

. β-HCH 

. DDT 

. DDE 

. HCB 
(individually and 
summed PCBs) 

None . PCB 183: OR=1.8 [1.1–3.0]   
. PCB 153: OR=0.9 [0.8–1.0]  
. PCB 156: OR=0.8 [0.6-1.0]   
. PCB 180: OR=1.1 [1.0–1.3]  
. Oxychlordane,  
OR=0.7 [0.4-1.3]  

 . trans-nonachlor 
OR=1.1 [0.6-1.9]  

(quart 4 vs quart 1) 

. Non-detectable values: NR  

. Model selection: a priori variable 
selection 

. Type of controls: benign breast 
(excluding atypical hyperplasia) or 
normal breast tissue 

Stellman SD et al. 
2000 [93] 
USA 

. Retrospective 

. n=232 cases 

. n=323 controls  
 

. Age: 66% >50 y 

. Post-menopausal: 59% 

. Invasive and non-invasive cancers 

. % Invasive: 86% 

. % ER+: 56% 

. Timing: at time of biopsy 

. Breast adipose tissue 
for cases and breast 
controls ; abdominal 
adipose tissue for non-
breast controls 
. Method: GC-ECD 
. Lipid-adjusted (ng/g)  

. 14 PCBs 

. p,p’-DDE 

. p,p’-DDT 

. o,p’-DDD 

. oxychlordane 

. trans-nonachlor 

. β-HCH 

. HCB 
(individually and 
summed) 

None None . Non-detectable values: NR  
. Model selection: NR 
. Type of controls: benign breast 
diseases and non-breast-related 

Bagga D et al. 
2000 [94] 
USA 

. Retrospective 

. n=73 cases 

. n=73 controls  
 

. Age: 57.5 ± 31.1 y 

. Post-menopausal: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: at the time of 
biopsy 
. breast adipose tissue 
for cases and controls 
. Method: GC-ECD 
. Lipid-adjusted (wet-
weight basis and lipid 
basis) 

DDT and its metabolites 
 
(individually and 
summed) 

Higher in cases 
. DDE  
. sum of DDTs 

None . Non-detectable values: NR 
. Model selection: a priori variables 
selection and/or associated with 
outcome in univariate analyses 
. Type of controls: reduction 
mammoplasty for mastomegaly 

Burger M et al. 
2000 [65] 
Uruguay 

. Retrospective 

. Lag time: NA 

. n=56 cases 

. n=25 controls  

. Follow-up: NA 

. Age:  mean age 61 y 

. Menopausal status: NR 

. Invasive and non-invasive cancers  

. % Invasive: 95% 

. % ER+: NR 

. Timing: NR  

. Serum and breast 
adipose tissue 

. Method: GC-ECD 

. Lipid-adjustment: NR 

. HCB 

. α-, β- and γ-HCH 

. Aldrin 

. Dieldrin 

. Endrin 

. Heptaclor 

. Heptaclor epoxide 

. p,p’-DDT 

. p,p’-DDE 

. o,p’-DDE 

. p,p’-DDD  

β-HCH higher in cases NR . Non-detectable values:  NR 
. Model selection: NR 
. Type of controls: benign breast 

disease, including non-
proliferative (74%), proliferative 
without atypia (14%) and 
proliferative with atypia (14%) 
diseases. 



Table S4. Studies of POPs measured in breast adipose tissue and breast cancer risk  (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Hospital-based case-control studies, hospital controls 
Liljegren  G et al. 
1998 [95] 
Sweden 
 

. Retrospective 

. n=43 cases 

. n=35 controls  
 

. Age: mean=57.7 y 

. Post-menopausal: 74% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: 74% 

. Timing: during surgery 

. Breast adipose tissue 
for cases and controls 
. Method: GC-MS 
. Lipid-adjusted 

. Total of 39 PCBs 

. DDE 

. HCB 
 
(individually for PCBs 
77, 126 and 169) 

. PCB 77 

. PCB 126 

. PCB 169 

. HCB 

Postmenopausal women with 
ER+ tumours 
Above vs below 4.5 pg/g lipid 
. PCB 77: OR=33 [1.8-588] 
Above vs below 40 ng/g lipid 
. HCB: OR= 7.1 [1.1-45]  

. Non-detectable values: NR 

. Model selection: NR 

. Type of controls: benign breast 
disease 

Güttes S et al. 
1998 [96] 
Germany 

. Retrospective 

. n=45 cases 

. n=20 controls  
 

. Age: median=60 y 

. Menopausal status: NR 

. Invasive cancers  

. % Invasive: 100% 

. % ER+: NR 

. Timing: at the time of 
surgery 
. Tumor and surrounding 
area for cases, diseased 
tissue for controls 
. Method: GS-MS 
. Lipid-adjusted (μg/kg fat) 

. 13 PCBs 

. α-, β and γ-HCH 

. HCB 

. p,p’-DDT 

. p,p’-DDE 

. p,p’-DDD 

Adjusted for age only, higher in 
cases: 
. p,p’-DDE 
. PCB 118 
 

NR 
 

. Non-detectable values: <30% for 
PCB 149, 105 and lindane (not 
analysed) 
. Model selection: NR 
. Type of controls: benign breast 
disease 

Hardell L et al.  
1996 [97] 
Sweden 

. Retrospective 

. n=22 cases 

. n=19 controls  
 

. Age: mean=63 y, range [42-72] 

. Post-menopausal: 82% 

. Invasive cancers  

. % Invasive: 100% 

. % ER+: 64% 

. Timing: at time of surgery 

. Breast tissue for cases 
and controls 
. Method: GC-MS 
. Lipid-adjusted (pg/g lipid) 

. Dioxins (PCDDs) 

. Furans (PCDFs) 
Higher in cases: 
. OCDD  
  (post-menopausal) 

None . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: benign breast 
lesion 

Dewailly E et al  
1994 [69] 
Canada 

. Retrospective 

. n=20 cases 

. n=17 controls  
 

. Age:  mean=54.1 y 

. Post-menopausal: NR 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: 45% 

. Timing:  At the time of 
biopsy 

. Breast adipose tissue for 
cases and controls 

. Method: GC-ECD 

. Lipid-adjusted (μg/kg) 

. 10 PCBs 

. DDE 

. HCB 

. β-HCH 

. Oxychlordane 

. trans-nonachlor 

. Mirex 

Higher in cases:  
. HCB 
Higher in ER-positive cases vs 
controls:  
. DDE 
. PCB 99  
Higher in controls  vs ER-
negative cases:  
.  PCB 118   
 

Mean+SD of controls vs mean-
SD of control, adjusted for age 
only: 
. DDE: OR=8.9 [NR] 

. Non-detectable values: NR  

. Model selection: NR 

. Type of controls: benign breast 
disease excluding hyperplasia 
 

Djordjevic MV et al. 
1994 [98] 
USA 
 

. Retrospective 

. n=5 cases 

. n=5 controls  
 
 

. Age: mean=58.8 

. Post-menopausal: NR  

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 3/5 cases 

. Timing: at time of surgery 

. Adipose tissue adjacent 
to tumor for cases; NR 
for controls 
. Method: GC-ECD 
. Lipid-adjusted (ng/g net 
weight) 

. Total PCBs  

. HCB 

. α-, β- and γ-HCH 

. Heptachlor epoxide 

. trans-nonachlor 

. Oxychlordane 

. Dieldrin 

. Endrin 

. DDT 

. DDE   

Higher in cases: 
. HCB 
. Oxychlordane 
. p-p'-DDE 
. p-p'-DDT 
. Total PCBs   

NR . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: hospital controls 
. Pilot study of Stellman et al. 

Falck F et al.  
1992 [99] 
USA 

. Retrospective 

. n=20 cases 

. n=20 controls  
 
 

. Age: 63 ± 13 y range [36-86] 

. Post-menopausal: NR 

. Invasive and non-invasive cancers 

. % Invasive: 90% 

. % ER+: NR 

. Timing: at time of surgery 

. Breast adipose tissue 
for cases and controls 
. Method: chromatography 
. Lipid-adjusted 

. PCBs   

. HCB 

. γ-HCH 

. Heptachlor epoxide 

. Oxychlordane 

. trans-nonachlor 

. p,p’-DDE 

. p,p’-DDT 

Higher in cases 
. DDE 
. DDT 
. PCBs  
 

NR  . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: benign diseases 
excluding atypia 
. Pilot study  



  

Table S4. Studies of POPs measured In breast adipose tissue and breast cancer risk  (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 
Without adjustment With adjustment** 

Hospital-based case-control studies, hospital controls 
Mussalo-Rauhamaa 
H et al. 1990 [100] 
Finland  

. Retrospective 

. n=44 cases 

. n=33 controls  
 

. Age: 58 ± 13 

. Menopausal status: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+:  NR 

. Timing: NR 

. Breast-tissue for cases 
and controls ; adjacent 
to tumors for cases 
. Method: GC-MS 
. Lipid-adjusted (μg/kg fat) 

. PCBs 

. 18 other 
organochlorines 
. Polycyclic aromatic 
hydro- carbons (PAH) 
 

Higher in cases: 
. β-HCH   

. β-HCH,  > vs < to  0.1 mg/kg:  
OR=10.5 [2.0-55.3] 

. Non-detectable values: NR  

. Model selection: stepwise logistic 
regression 
. Type of controls: routine post-
mortem examinations 

Unger M et al.  
1984 [101] 
Denmark 

. Retrospective 

. n=18 cases / n=25 
controls (autopsies) 
. n=14 cases / n=21 
controls (surgery) 
 

. Age:  
mean=61 y, range [43-82] (autopsy) 
mean=40 y, range [25-54] (surgery) 
. Post-menopausal: NR 
. Invasiveness: NR 
. % Invasive: NR 
. % ER+: NR 

. Timing: at autopsy or at 
time of surgery 
.Breast adipose tissue for 
cases and controls  
. Method: GC-ECD 
. Lipid-adjusted (ppm) 

. PCB  

. DDE 
None None . Non-detectable values: NR  

. Model selection: NR 

. Type of controls: deceased 
women without cancer and living 
women with benign disorders of 
the breast 

Wassermann M et 
al. 1976 [102] 
Brazil 

. Retrospective 

. n=9 cases 

. n=5 controls  
 

. Age: NR 

. Menopausal status: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: NR 

. Malignant tissue, 
adjacent normal 
glandular and adipose 
tissue for cases ; 
mammary gland and 
adjacent adipose tissue 
for controls 
. Method: GC-ECD 
. Lipid-adjusted 

. PCBs   

. p,p’-DDE 

. p,p’-DDT 

. p,p’-DDD 

. o,p’-DDT 

. o,p’-DDE 

. o,p’-DDD  

. γ-HCH   

. Dieldrin 
(individually and sum of 
PCBs) 

Higher in tumors of  cases: 
. o,p’-DDT 
. o,p’-DDE  
. o,p’-DDD 
. γ-HCH   
. Dieldrin 
. Total PCBs 
 
Higher in adipose tissue of 
cases:  
. Heptachlor epoxide 

NR . Non-detectable values: NR 
. Model selection: NR 
. Type of controls: autopsies from 
car accidents 
. Higher analytes in malignant 
tissues compared to adjacent 
normal and adipose tissue of 
cases 

POPs: persistent organic pollutants; *at diagnosis;  SD: Standard deviation; y: years; NR: Not reported; NA: Not applicable; MS: Mass spectrometry;  LD: limit-detection; LC-MS-MS: liquid chromatography–tandem mass spectrometry;  GC-MS-MS: gas chromatography-tandem mass 
spectrometry;  GC-IDMS: gas-chromatography isotope-dilution mass-spectrometry; GC-ECD: gas chromatography with electron Capture Detector; GC-ID-HRMS: gas chromatography-isotope dilution high-resolution mass spectrometry ; HR-GC-ECD: high-resolution gas chromatography 
with microelectron capture detection ; HLPC: High-performance liquid chromatography; PFCs: perfluorinated compounds  
Prospective/retrospective/cross-sectional: timing of sample in regards to breast cancer diagnosis ; Lag time: time between blood draw and breast cancer diagnosis; 
** only when all important confounders were considered for adjustment. 



 

  

Table S5. Studies of POPs measured in adipose tissue other than breast and breast cancer risk   
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics*  

(mean ± SD) 
Exposure assessment Evaluated POPs 

Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Cohort-nested case-control studies with  incidence density (risk-set) sampling 
Brauner EV et al. 
2014 [103] 
Raaschou-Nielsen 
O et al. 2005 [104] 
Denmark 

. Prospective 

. Lag time: not considered 

. n=409 cases 

. n=409 controls  

. Follow-up: median=4.8 y 

. Age:  57.5 ± 4.0 

. Post-menopausal: 100%  

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 77.5% 

. Timing: not considered 

. Buttock adipose tissue 

. Method: GC-MS 

. Lipid-adjusted (μg/kg 
lipids) 
 

. 18 PCBs 

. 14 other  
organochlorines 
 
(individually and 
summed PCBs) 

NR All tumors, quart 4 vs quart 1 
. HCB: OR =0.5 [0.3-0.9] 
. β-HCH: OR= 0.5 [0.3-0.9]  
. Oxychlordane:  
OR=0.5 [0.3-0.9] 
 
ER-negative, quart 4 vs quart 1 
. HCB: OR=0.2 [0.0-0.6] 
. β-HCH: OR=0.2 [0.1-0.8] 
. p,p’-DDE: OR= 0.1 [0.0-0.5] 
. PCB 118: OR=0.2 [0.0-0.8] 
. PCB 138: OR=0.3 [0.1-0.9] 
. PCB 153: OR=0.3 [0.1-0.9] 
. Total PCBs: OR=0.3 [0.1-0.9] 
. trans-Nonachlor:  
OR=0.2 [0.1-0.9]  

. Non-detectable values:  >50% of 
samples for 8 individual PCBs (not 
analysed); contributed zero to the 
PCB sum ; excluded for other 
organochlorines 
. Model selection: NR 

Hospital-based case-control studies, community controls 
van 't Veer P et al. 
1997 [105] 
Europe 

. Retrospective 

. n=265 cases 

. n=341 controls  
 

. Age: 62.3 ± 6.0 

. Menopausal status: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing: after hospital 
admission 
. Subcutaneous fat of the 
buttocks 
. Method: GC-ECD 
. Lipid-adjusted (μg/g of 
fatty acids) 

DDE NR . DDE, quart 4 vs quart 1 
OR=0.5 [0.3 – 1.0] 
. DDE, continuous 
OR=0.8 [0.7-1.0] 

. Non-detectable values: NR 

. Model selection: NR 
 

POPs: persistent organic pollutants; *at diagnosis;  SD: Standard deviation; y: years; NR: Not reported; NA: Not applicable; MS: Mass spectrometry;  LD: limit-detection; LC-MS-MS: liquid chromatography–tandem mass spectrometry;  GC-MS-MS: gas chromatography-tandem mass 
spectrometry;  GC-IDMS: gas-chromatography isotope-dilution mass-spectrometry; GC-ECD: gas chromatography with electron Capture Detector; GC-ID-HRMS: gas chromatography-isotope dilution high-resolution mass spectrometry ; HR-GC-ECD: high-resolution gas chromatography 
with microelectron capture detection ; HLPC: High-performance liquid chromatography; PFCs: perfluorinated compounds  
Prospective/retrospective/cross-sectional: timing of sample in regards to breast cancer diagnosis ; Lag time: time between blood draw and breast cancer diagnosis; 
** only when all important confounders were considered for adjustment. 



Table S6. Studies of POPs measured in peripheral blood and mortality among breast cancer patients 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Parada JH et al. 
2016 [106,107] 
USA 

. Prospective cohort study 

. n=633  

. Follow-up: median=14.7y 

. Age: 58 ± 12 y, range [29-89] 

. Post-menopausal: 66% 

. Invasive and non-invasive cancers  

. % Invasive: 71% 

. % ER+: 78% 

. Timing: 77%  prior to 
chemotherapy 
. Serum 
. Method: GC-ECD 
. Lipid-adjusted 

. 29 PCBs 

. p,p’-DDT 

. p,p’-DDE 

. Chlordane 
(oxychlordane + trans-
nonachlor) 
 
(individually and sum of 
PCBs) 

All-cause mortality 
5-year  
. p,p’-DDT 
15-year 
. Chlordane 
 
 
 
Breast cancer mortality  
5-year   
. p,p’-DDT  
 
 
 
 
(Not reported for PCBs) 

All-cause mortality 
5-year  
. p,p’-DDT: HR=2.2[1.0, 4.7] 
. PCB 174: HR=2.2 [1.1-4.] 
. PCB 177: HR=2.1 [1.1-4.3] 
15-year 
. p,p’-DDE: HR=0.7 [ 0.4, 1.0] 

 
Breast cancer mortality 
5-year   
. p,p’-DDT: HR=2.7 [1.0-7.1] 
. PCB 174:  HR=3.2 [1.2-8.1] 
15- year 
. PCB 174: HR=1.9 [1.1-3.4] 

 
(All HR for tert 3  vs tert 1) 

. Non-detectable values: imputed 
detection limit value  divided by 
square 2 

. Model selection: a priori variable 
selection  

. Treatment received and 
prognostic factors not considered  
for adjustment   

. Stronger associations when 
restricted to invasive breast 
cancers and post-menopausal 
women 

. Stronger associations in the strata 
of women with BMI<25 kg/mg2 
 

Hoyer AP et al.  
2001 [23,24] 
Denmark 

. Prospective cohort study 

. n= 161 

. Follow-up: median=7.2 y 

. Age: NR 

. Post-menopausal: NR 

. Invasiveness:  NR 

. % Invasive: NR 

. % ER+: 72% 

. Timing:  before diagnosis 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. Total of 28 PCBs 

. HCB 

. Dieldrin 

. p,p’-DDE 

. p,p’-DDT 

. Total DDT 
 
 
 

NR All-cause mortality 
ER-positive tumors; quart 4 vs 
quart 1: 
. Total PCBs: HR= 2.5 [1.1-5.7] 
 
Tumor wild-type for p53, for 
each 1 ng/ml increase: 
. Dieldrin: HR=3.5 [NR]  

. Non-detectable values: NR 

. Model selection: statistical 
significance (0.05); Backward 
step-wise procedures; 

. Treatment received not 
considered  for adjustment   

. All analyses stratified by ER status 
(no global analyses) 

Hoyer AP et al. 
2000 [16] 
Denmark 
 
 

. Prospective cohort study 

. n= 195 

. Follow-up: median=79  
to 86 months 

. Age: mean=65.6 y 

. Post-menopausal: NR 

. Invasiveness:  NR 

. % Invasive: NR 

. % ER+: NR 

. Timing:  before diagnosis 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. Total DDTs 

. Total of 27 PCBs 

. β-HCH 

.  HCB 

. Dieldrin 

. p,p’-DDT 

. p,p’-DDE 

. o,p’-DDT 

. o,p’-DDE 

. p,p’-DDD 
 
 (individually and sum of  
DDTs) 

All-cause mortality 
. Dieldrin: HR= 2.4 [1.2–4.9] 
 
Breast cancer recurrence 
and/or death  
. Dieldrin: HR= 3.3[1.4-7.6] 

 
(All HR for quart 4  vs quart 1) 

All-cause mortality 
. Dieldrin: HR= 2.7 [1.5–4.8] 
 
Breast cancer recurrence 
and/or death  
. Dieldrin: HR= 5.8 [1.6-20.5] 

 
(All HR for quart 4  vs quart 1) 

. Non-detectable values: NR 

. Model selection: statistical 
significance (0.05); method: NR 
. Treatment received and 

prognostic factors not considered  
for adjustment   

. Stronger associations for higher 
grade, lymph nodal involvement 
and advanced stage 

POPs: persistent organic pollutants; *at diagnosis;  SD: Standard deviation; y: years; NR: Not reported; NA: Not applicable; MS: Mass spectrometry;  LD: limit-detection; LC-MS-MS: liquid chromatography–tandem mass spectrometry;  GC-MS-MS: gas chromatography-tandem mass 
spectrometry;  GC-IDMS: gas-chromatography isotope-dilution mass-spectrometry; GC-ECD: gas chromatography with electron Capture Detector; GC-ID-HRMS: gas chromatography-isotope dilution high-resolution mass spectrometry ; HR-GC-ECD: high-resolution gas chromatography 
with microelectron capture detection ; HLPC: High-performance liquid chromatography; PFCs: perfluorinated compounds  
Prospective/retrospective/cross-sectional: timing of sample in regards to breast cancer diagnosis ; Lag time: time between blood draw and breast cancer diagnosis ; in bold : compounds actually analysed; 
** only when all important confounders were considered for adjustment. 

  



  

Table S7. Studies of POPs measured in adipose tissue and mortality among breast cancer patients  
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 

Without adjustment With adjustment** 
Breast adipose tissue 
Muscat JE et al.  
2003 [108] 
USA 

. Cohort study 

. Lag time: NA 

. n=224  

. Follow-up: 5 years 

. Age: 67% >50 y 

. Post-menopausal: NR 

. Invasive and non-invasive cancers 

. % Invasive: 86% 

. % ER+: NR 

. Timing:  at surgery 

. Breast adipose tissue 

. Method: GC-ECD 

. Lipid-adjusted (ng/g) 

. DDT 

. DDD 

. p,p’-DDE 

. trans-nonachlor  

. Oxychlordane   

. β- HCH 

. HCB  

. 14 PCBs 
 
(individually and 
summed) 

NR Breast cancer recurrence, tert 
3 vs tert 1 
. PCB 118: HR=4.0 [1.3-4.9] 
. PCB 153: HR=2.6 [1.0-7.1] 
. PCB 167: HR=3.1 [1.0–9.3] 
. Total PCBs: HR=2.9 [1.0–8.2] 

 
 

. Non-detectable values: imputed a 
zero value 
. Model selection: NR 

Adipose tissue other than breast 
Roswall M et al. 
2018 [109] 
Raaschou-Nielsen 
2005 [104] 
Denmark 

. Cohort study  

. Lag time: NA 

. n=399 

. Follow-up: 16.1 years 

. Age: median=60 y 

. Post-menopausal: 100%  

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 77.5% 

. Timing:  median of 4.8 
years before diagnosis 

. Buttock adipose tissue 

. Method: GC-MS 

. Lipid-adjusted (μg/kg 
lipids) 
 

. Total of 18 PCBs 

. p,p’-DDE 
 
(individually and 
summed PCBs) 

All-cause mortality 
. PCB 118: HR=0.8 [0.6-1.0] 
. PCB 138: HR=0.8 [0.6-1.0] 
. PCB 183: HR=0.7 [0.5-0.9] 
. p,p’-DDT: HR=0.7 [0.5-1.0] 
 
Breast-cancer specific mortality 
NR 

All-cause mortality 
. PCB 118: HR=0.7 [0.5-1.0] 
. PCB 138: HR=0.8 [0.6-1.0] 
. PCB 183: HR=0.7 [0.5-0.9] 
. p,p’-DDT: HR=0.7 [0.5-1.0] 
 
Breast-cancer specific mortality 
 
Negative associations: 
. PCBs: 187, 201, 118, 156, 
138, 170, 99, 153, 180, 183, 
total PCBs 
.Organochlorines:  p,p’-DDE,  
p,p’-DDT, cis-nonachlor,  trans-
nonachlor, HCB 
 
Positive associations: 
. Dieldrin: HR=1.3 [1.1-1.5] 
 

. Non-detectable values:  >50% of 
samples for 8 individual PCBs (not 
analysed); contributed zero to the 
PCB sum ; excluded for other 
organochlorines 
. Model selection: NR 

Cocco P et al. 
2000 [110] 
USA 

.  Ecologic correlation 
study 

. Lag time: 7 years  

. n= NA 

. Follow-up: NA 

. Age: NA 

. Post-menopausal: NA 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: NR 

. Timing:  NA 

. Subcutaneous adipose 
tissue 
. Method: NR 
. Lipid-adjustment: NR 

DDE Inverse correlation with breast 
cancer mortality 
 . White women: r= -0.73 
. African-American: r= -0.50  

 White women:  
Inverse correlation with breast 
cancer mortality, β= -0.947  

. Non-detectable values: NA 

. Model selection: covariates 
correlated with cancer sites 

POPs: persistent organic pollutants; *at diagnosis;  SD: Standard deviation; y: years; NR: Not reported; NA: Not applicable; MS: Mass spectrometry;  LD: limit-detection; LC-MS-MS: liquid chromatography–tandem mass spectrometry;  GC-MS-MS: gas chromatography-tandem mass 
spectrometry;  GC-IDMS: gas-chromatography isotope-dilution mass-spectrometry; GC-ECD: gas chromatography with electron Capture Detector; GC-ID-HRMS: gas chromatography-isotope dilution high-resolution mass spectrometry ; HR-GC-ECD: high-resolution gas chromatography 
with microelectron capture detection ; HLPC: High-performance liquid chromatography; PFCs: perfluorinated compounds  
Prospective/retrospective/cross-sectional: timing of sample in regards to breast cancer diagnosis ; Lag time: time between blood draw and breast cancer diagnosis ; in bold : compounds actually analysed; 
** only when all important confounders were considered for adjustment. 



Table S8. Studies of POPs and breast cancer prognostic factors 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 
Without adjustment With adjustment** 

Peripheral blood 
Arrebola JP et al. 
2016 [111] 
Spain 

. Cross-sectional study 

. n=103  

. Prognostic factors: ER, 
PR, HER2, E-Cadherin, 
Ki-67, p53 

. Age: 53.6 ± 11.8 y 

. Post-menopausal: 41% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: 86% 

. Timing: at time of surgery 

. Serum 

. Method: GC-ECD 

. Lipid-adjusted 

. PCB 138 

. PCB 153 

. PCB 180 

. p,p’-DDE 

. HCB 

NR p53-positive  tumors  
. PCB 138: OR=0.2 [0.1-1.0] 

. Non-detectable values:  imputed a 
random value between zero and 
detection limit 
. Model selection: a priori selected 
covariates 

Charlier Cj et al. 
2007 [112] 
Belgium 

. Cross-sectional study 

. n=125  

. Prognostic factors: 
stage, histologic status, 
ER, grade, relapse 

. Age: 60.7 ± 12.2 y 

. Menopausal status: NR  

. Invasive cancers 

. % Invasive:  100% 

. % ER+: 57% 

. Timing: after 
chemotherapy and/or 
hormone therapy 
. Serum 
. Method: GC-MS 
. Lipid-adjusted 

Total pesticides  
(p,p’-DDT, p,p’-DDE, 
HCB, γ-HCH, aldrin) 

Total pesticides higher in 
relapsing patients  
 
Adjustment for age only,  
Total pesticides higher in 
relapsing patients  

 . Non-detectable values:  NR 
. Model selection: NR 

Demers A et al. 
2000 [47] 
Canada 

. Cross-sectional study 

. n=299  

. Prognostic factors: 
tumor size ≥2cm, lymph 
node involvement 

. Age: 53 ± 9 y 

. Post-menopausal: 70%    

. Invasive cancers  

. % Invasive: 100% 

. % ER+: 70% 

. Timing: before 
chemotherapy or 
radiotherapy 
. Plasma 
. Method: GC-ECD 
. Lipid-adjusted 

. PCB 153 

. p,p’-DDT 

. p,p’-DDE 

. Oxychlordane 

. β-HCH 

. trans-nonachlor 

. cis-nonachlor 

. α- and γ-chlordane 

. HCB 

. Mirex 

. Aldrin 
 

None Tert 3 vs Tert 1: 
Tumor size ≥2cm    
. β-HCH: OR=2.3 [1.1-4.5] 
. trans-nonachlor:  

OR=2.3 [1.1-4.7] 
 
Positive lymph-node  
. p,p’-DDE: OR=2.9 [1.4-5.9] 
. PCB-153: OR=2.1 [1.1-4.3] 
. Oxychlordane:  

OR=2.3 [1.1-5.0] 
  
Positive lymph-node and tumor 
size ≥2cm       
. p,p’-DDE: OR=3.5 [1.4-8.7] 

. Non-detectable values:  not 
analysed if >30 % of samples;  
imputed half the detection limit 
value 
. Model selection: change of 
estimate (10%); ascending 
 

Breast adipose tissue 
Ellsworth RE et al. 
2018 [113] 
USA 

. Cross-sectional 

. n=46 

. Prognostic factors: 
stage, tumor grade, 
tumor size, node 
involvement, ER, HER2 
 

. Age: 53.2 ± 10.1 y, range [34–79] 

. Post-menopausal: NR 

. Invasive and non-invasive cancers 

. % Invasive: 85% 

. % ER+: 62% 

. Timing: at time of 
surgery 
. Breast adipose  
. Method: GC-ECD 
. Lipid-adjusted 

. 46 PCBs  
(summed in 3 functional 
groups and total) 
. p,p’-DDE 
. Mirex 
. HCB 
. Total organochlorine 

Invasive cancers only (adjusted 
for age and BMI): 
. p,p’-DDE: 

Higher in stage I vs stage II ; 
higher in luminal A vs luminal 
B and HER2+ tumors  

. HCB:  
Higher in grade 1 vs grade 2 
and 3 ; higher in luminal A vs 
HER2+ tumors 

. Mirex:  
Higher in lymph node 
negative vs positive patients 

NR . Non-detectable values: assigned a 
zero value 
. Model selection: NR 
 

He Y et al.  
2017 [73,74] 
China 

. Cross-sectional 

. n=209  

. Prognostic factors: 
stage, tumor size, node 
involvement, distant 
metastasis, ER, PR, 
HER2 

. Age: 52.0 ± 9.9 y, range [25-80] 

. Post-menopausal: 56% 

. Invasive and non-invasive cancers 

. % Invasive: 95% 

. % ER+: 68% 

. Timing: prior to 
chemotherapy and 
radiotherapy 

. Breast adipose tissue for 
cases and breast and 
abdominal adipose 
tissue for controls 
. Method: GC-MS 
. Lipid-adjusted 

. PCB 28 

. PCB 52 

. PCB 101 

. PCB 118 

. PCB 138 

. PCB 153 

. PCB 180 
 
(Individually and 
summed) 

. Total PCBs higher when 
higher stage and higher ER 
expression 

. PCB 28, 138 and 153 higher 
when higher ER expression 

 

NR . Non-detectable values: imputed 
the detection limit value divided 
by the square root of 2 

. Model selection:  NR 
 



Table S8. Studies of POPs and breast cancer prognostic factors (continued) 
Study reference 
Publication year  
Location 

Design  
Patients and tumors 
characteristics* 
(mean ± SD) 

Exposure assessment Evaluated POPs 
Associated POPs 
Estimate [95% confidence interval] Comments 
Without adjustment With adjustment** 

Breast adipose tissue 
Eldakroory SA et al. 
2017 [114] 
Egypt 

. Cross-sectional 

. n=70 

. Prognostic factors: 
molecular markers of 
tumor aggressiveness 

 

. Age: 54.8 ± 12.4 y, range [29-58] 

. Post-menopausal: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 64.3% 

. Timing: prior to 
chemotherapy and 
radiotherapy 
. Breast adipose and 
tumor tissue  
. Method: GC-ECD 
. Lipid-adjusted 

. p,p’-DDT 

. p,p’-DDD 

. p,p’-DDE  

. α-, β- and γ-HCH 

. HCB 

. Aldrin 

. Endrin 

. Heptachlor 

. Heptachlor epoxide 

. γ-chlordane 

. Methoxychlor 

In tumor tissue ; quart4 vs 
quart1: 
. Methoxychlor:   

. BcL2: r=-0.22   

. PIM1: r=-0.25  

. Annexin early apoptosis:  
r=-0.23 

. G2m:  r= 0.4  
. Heptachlor, PIM1: r=-0.25  
. HCB, Annexin necrotic: r=-

0.25 
. p,p’-DDE, G2m: r=0.3  
. p,p’DDT, G2m: r=0.24  

NR . Non-detectable values: NR 
. Model selection:  NR 
. Higher concentrations of 
methoxychlor, DDT, HCB, and 
chlordane in tumor tissue samples 
compared to the surrounding 
normal tissue 

Arrebola JP et al. 
2016 [111] 
Spain 

. Cross-sectional study 

. n=103  

. Prognostic factors: ER, 
PR, HER2, E-Cadherin, 
Ki-67, p53 

. Age: 53.6 ± 11.8 y 

. Post-menopausal: 41% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: 86% 

. Timing: at time of surgery 

. Breast adipose tissue 

. Method: GC-ECD 

. Lipid-adjusted 

. PCB 138 

. PCB 153 

. PCB 180 

. p,p’-DDE 

. HCB 
 

NR ER-positive tumors  
. HCB: OR=28.4 [1.9-435.5]  
PR-positive tumors  
. HCB: OR =11.2 [1.7-73.3]  
E-cad-positive tumors  
HCB: OR=0.01 [0.0-0.3] 

. Non-detectable values:  imputed a 
random value between zero and 
detection limit 
. Model selection: a priori selected 
covariates 

Barr L et al.  
2012 [115] 
UK 

. Cross-sectional study 

. n=40  

. Prognostic factors: ER 
status 

. Age: mean=65 y, range [37-91] 

. Post-menopausal: NR 

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 27/40 

. Timing: at time of surgery 

. Breast adipose tissue 

. Method: HLPC-MS-MS 

. Lipid-adjustment: NR 

. Methylparaben 

. Ethylparaben 

. n-propylparaben 

. n-butylparaben 

. Benzylparaben 

None NR . Non-detectable values: NR  
. Model selection: NR 

Muñoz-de-Toro M et 
al. 2006 [116] 
Argentina 

. Cross-sectional study 

. n=55  

. Prognostic factors: 
node involvement, tumor 
size, Ki-67, ER, PR 

. Age: 60.5 ± 11. 6 y 

. Post-menopausal: 76% 

. Invasive cancers 

. % Invasive: 100% 

. % ER+: 50% 

. Timing: At the time of 
biopsy 
. Breast adipose tissue 
. Method: GC-ECD 
. Lipid-adjusted (ppb) 

. 8 PCBs 

. 18 other 
organochlorines 
 
(individually and 
summed) 

Total organochlorines 
. PR expression : rs= 0.359  
. Ki-67 : positive correlation  
rs= NR (post-menopausal) 

 
p,p’-DDE  
. PR expression positive 
correlation rs= NR 
(among ER-positive tumors) 

NR . Non-detectable values: imputed 
the mean between zero and the 
detection limit 
. Model selection: NR 
 

Adipose tissue other than breast 
Roswall N et al.  
2018 [109] 
Raaschou-Nielsen 
O et al.  2005 [104] 
Denmark 

. Cross-sectional analysis 

. n=409 

. Prognostic factors: 
tumor size, lymph node 
involvement 

. Age: median=60 y 

. Post-menopausal: 100%  

. Invasiveness: NR 

. % Invasive: NR 

. % ER+: 77.5% 

. Timing: not considered 

. Buttock adipose tissue 

. Method: GC-MS 

. Lipid-adjusted (μg/kg 
lipids) 
 

. Total of 18 PCBs 

. p,p’-DDE 
 
(individually and 
summed PCBs) 

None NR . Non-detectable values:  >50% of 
samples for 8 individual PCBs (not 
analysed); contributed zero to the 
PCB sum ; excluded for other 
organochlorines 
. Model selection: NR 

POPs: persistent organic pollutants; *at diagnosis;  SD: Standard deviation; y: years; NR: Not reported; NA: Not applicable; MS: Mass spectrometry;  LD: limit-detection; LC-MS-MS: liquid chromatography–tandem mass spectrometry;  GC-MS-MS: gas chromatography-tandem mass 
spectrometry;  GC-IDMS: gas-chromatography isotope-dilution mass-spectrometry; GC-ECD: gas chromatography with electron Capture Detector; GC-ID-HRMS: gas chromatography-isotope dilution high-resolution mass spectrometry ; HR-GC-ECD: high-resolution gas chromatography 
with microelectron capture detection ; HLPC: High-performance liquid chromatography; PFCs: perfluorinated compounds  
Prospective/retrospective/cross-sectional: timing of sample in regards to breast cancer diagnosis ; Lag time: time between blood draw and breast cancer diagnosis ; in bold : compounds actually analysed; 
**only when all important confounders were considered for adjustment. 

  



Table S9. Results of studies of POPs and breast cancer risk 

POPs 
Total 

number of 
studies 

 N studies with measures in blood 
(plasma/serum) 

 N studies with measures in breast adipose 
tissue 

 N studies with measures in adipose tissue 
other than breast 

 N studies with measures in breast tumor 

 

Total  studies 
N studies with 

positive 
association* 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 

Total  85  61    26    2    4   

PCBs 57  38    16    1    3   

Organochlorines 69  48    21    2    4   

o,p’-DDT 17  14 1 1  4 0 0  2 0 0  2 0 0 
p,p’-DDT 40  30 4 1  12 0 0  3 0 0  2 0 0 
o,p’-DDE 10  9 0 0  2 0 0  0 NA NA  1 0 0 
p,p’-DDE 44  33 5 0  13 2 0  3 0 1  2 0 0 
p,p’-DDD 2  2 1 0  1 0 0  0 NA NA  0 NA NA 
DDT*  12  8 1 0  4 0 0  2 0 0  0 NA NA 
DDE*  19  13 2 0  6 2 0  1 0 1  0 NA NA 
HCB 34  22 2 0  14 1 0  1 0 1  0 NA NA 
α-Chlordane 9  4 0 0  4 0 0  1 0 0  0 NA NA 
γ-Chlordane 8  4 0 0  3 0 0  1 0 0  0 NA NA 
Oxychlordane 20  12 0 0  9 0 0  1 0 1  0 NA NA 
cis-Nonachlor 7  3 0 1  3 0 0  1 0 0  0 NA NA 
trans-Nonachlor 20  12 0 1  9 0 0  1 0 1  0 NA NA 
α-HCH 9  6 0 0  5 0 0  0 NA NA  1 0 0 
β-HCH 30  22 3 0  13 1 0  1 0 1  0 NA NA 
γ-HCH (Lindane) 16  10 0 0  8 1 0  0 NA NA  1 0 0 
δ-HCH 5  4 1 0  2 0 0  0 NA NA  1 0 0 
Aldrin 11  8 0 0  4 1 0  1 0 0  0 NA NA 
Dieldrin 17  13 2 0  5 0 0  1 0 0  0 NA NA 
Endrin 12  7 0 0  5 0 0  1 0 0  0 NA NA 
Mirex 14  8 0 1  6 0 0  1 0 0  0 NA NA 
Heptachlor  10  8 1 0  3 0 0  0 NA NA  0 NA NA 
Heptachlor Epoxide 13  7 0 0  6 1 0  1 0 0  0 NA NA 
Toxaphene 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
Total PCB 28  21 8 1  6 0 0  1 0 1  2 0 0 
PCB 8 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
PCB 28 17  11 0 0  5 1 0  2 0 0  0 NA NA 
PCB 49 1  0 NA NA  0 NA NA  0 NA NA  1 0 0 
PCB 52 16  8 1 0  5 0 0  2 0 0  1 0 0 
PCB 66 8  8 0 0  0 NA NA  0 NA NA  0 NA NA 
PCB 70 1  0 NA NA  0 NA NA  0 NA NA  1 0 0 
PCB 74 15  13 0 0  4 0 0  0 NA NA  0 NA NA 
PCB 77 2  1 0 0  1 1 0  0 NA NA  0 NA NA 
PCB 99 21  16 0 0  5 0 0  2 0 0  0 NA NA 
PCB 101 21  13 0 0  5 0 0  2 0 0  1 0 0 
PCB 105 21  9 0 0  4 2 0  3 0 0  1 0 0 
PCB 110 1  0 NA NA  0 NA NA  0 NA NA  1 0 0 
PCB 118 32  23 3 0  10 1 0  2 0 1  1 0 0 
PCB 128 8  4 0 0  3 0 0  2 0 0  0 NA NA 



Table S9. Results of studies of POPs and breast cancer risk (continued) 

POPs 
Total 

number of 
studies 

 N studies with measures in blood 
(plasma/serum)  

N studies with measures in breast adipose 
tissue  

N studies with measures in adipose tissue 
other than breast  N studies with measures in breast tumor 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 

PCB 137 1  0 NA NA  0 NA NA  0 NA NA  1 0 0 
PCB 138 35  25 4 0  10 0 0  2 0 1  1 0 0 
PCB 146 8  8 0 1  0 0 0  NA NA NA  0 NA NA 
PCB 153 35  26 3 1  10 0 1  2 0 1  1 0 0 
PCB 156 28  20 1 0  9 0 1  2 0 0  1 0 0 
PCB 163 1  1 0 0  0 NA NA  NA NA NA  NA NA NA 
PCB 167 9  9 0 1  0 NA NA  0 NA NA  0 NA NA 
PCB 169 1  0 NA NA  0 NA NA  0 NA NA  1 0 0 
PCB 170 31  21 2 0  10 0 0  2 0 0  1 0 0 
PCB 172 7  7 0 0  1 0 0  0 NA NA  0 NA NA 
PCB 177 6  5 0 0  0 NA NA  0 NA NA  1 0 0 
PCB 178 9  9 0 0  1 0 0  0 NA NA  0 NA NA 
PCB 180 39  28 3 0  10 1 0  2 0 0  1 0 0 
PCB 183 30  21 1 1  9 1 0  2 0 0  2 0 0 
PCB 187 30  21 1 1  9 0 0  2 0 0  1 0 0 
PCB 189 1  0 NA NA  0 NA NA  0 NA NA  1 0 0 
PCB 194 7  7 0 0  0 NA NA  0 NA NA  0 NA NA 
PCB 195 8  8 1 0  0 NA NA  0 NA NA  0 NA NA 
PCB 196 2  2 0 1  0 NA NA  0 NA NA  0 NA NA 
PCB 199 2  2 0 0  0 NA NA  0 NA NA  0 NA NA 
PCB 201 1  1 0 0  0 NA NA  0 NA NA  0 NA NA 
PCB 203 9  9 1 0  0 NA NA  0 NA NA  0 NA NA 
PCB 206 6  6 1 0  0 NA NA  0 NA NA  0 NA NA 
PCB 209 3  3 1 0  0 NA NA  0 NA NA  0 NA NA 
PCB 203/(167+187) 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
PCB 28+52+101 1  1 0 1  0 NA NA  0 NA NA  0 NA NA 
Dioxins  4  2 0 0  2 0 0  0 NA NA  0 NA NA 
PFAS* 1  1 0 0  0 NA NA  0 NA NA  0 NA NA 

PFAAs* 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
PFSAs* 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
PFOSA 2  2 1 0  0 NA NA  0 NA NA  0 NA NA 
PFHxS 3  3 1 1  0 NA NA  0 NA NA  0 NA NA 
PFOA 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
PFNA 1  1 0 0  0 NA NA  0 NA NA  0 NA NA 
PFUnDA 1  1 0 0  0 NA NA  0 NA NA  0 NA NA 
PFOS 2  2 1 0  0 NA NA  0 NA NA  0 NA NA 
MeFOSAA 1  1 0 0  0 NA NA  0 NA NA  0 NA NA 

Mono-ethyl phthalate 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
Parabens 1  1 0 0  0 NA NA  0 NA NA  0 NA NA 
BPA 2  2 1 0  0 NA NA  0 NA NA  0 NA NA 
PBBs 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
PBDE* 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 

BDE 28 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 



  

Table S9. Results of studies of POPs and breast cancer risk (continued) 

POPs 
Total 

number of 
studies 

 N studies with measures in blood 
(plasma/serum)  

N studies with measures in breast adipose 
tissue  

N studies with measures in adipose tissue 
other than breast  N studies with measures in breast tumor 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 
 Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 

BDE 47 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 
BDE 71 1  0 NA NA  1 0 1  0 NA NA  0 NA NA 
BDE 99 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 
BDE 100 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 
BDE 138 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 
BDE 153 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 
BDE 154 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 
BDE 183 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
BDE 190 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
BDE 209 1  0 NA NA  1 1 0  0 NA NA  0 NA NA 

POPs: persistent organic pollutants; * Total or not specified; NA: Not applicable; ** only when all important confounders were considered for adjustment; positive association: higher risk with higher levels of the POP;  negative association : lower risk with higher levels of the POP. 



Table S10. Results of studies of POPs and mortality in breast cancer patients 

POPs 
Total 

studies 

 N studies with measures in blood 
(plasma/serum) 

 N studies with measures in breast adipose 
tissue 

 N studies with measures in adipose tissue 
other than breast 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 

Total 6  3 - -  1 - -  2 - - 
PCBs 4  3 - -  1 - -  1 - - 
Organochlorines 5  3 - -  1 - -  2 - - 
p,p’-DDT 3  3 1 0  0 NA NA  1 0 1 
p,p’-DDE 3  3 0 1  1 0 0  1 0 1 
DDT* 3  2 0 0  1 0 0  0 NA NA 
DDE* 1  0 NA NA  0 NA NA  1 0 1 
DDD* 1  0 NA NA  1 0 0  0 NA NA 
HCB 3  1 0 0  1 0 0  1 0 1 
Chlordane* 1  1 0 0  0 NA NA  0 NA NA 
α-chlordane 1  0 NA NA  0 NA NA  1   
γ-chlordane 1  0 NA NA  0 NA NA  1 0 0 
Oxychlordane 2  0 NA NA  1 0 0  1 0 0 
trans-nonachlor 2  0 NA NA  1 0 0  1 0 1 
cis-Nonachlor 1  0 NA NA  0 NA NA  1 0 1 
Heptachlor epoxide 1  0 NA NA  0 NA NA  1   
β-HCH 2  1 0 NA  1 0 0  1 NA NA 
Aldrin 1  0 NA NA  0 NA NA  1 0 0 
Dieldrin 3  2 2 0  0 NA NA  1 1 0 
Endrin 1  0 NA NA  0 NA NA  1 0 0 
Mirex 1  0 NA NA  0 NA NA  1 0 0 
Total PCB 4  3 1 0  1 1 0  1 0 1 
PCB 28 2  1 0 0  0 NA NA  1 0 0 
PCB 52 2  1 0 0  0 NA NA  1 0 0 
PCB 54 1  0 NA NA  0 NA NA  1 0 0 
PCB 66 1  1 0 0  0 NA NA  0 NA NA 
PCB 74 2  1 0 0  1 0 0  0 NA NA 
PCB 99 3  1 0 0  1 0 0  1 0 1 
PCB 101 2  1 0 0  0 NA NA  1 0 0 
PCB 104 1  0 NA NA  0 NA NA  1 0 0 
PCB 105 2  1 0 0  0 NA NA  1 0 0 
PCB 118 3  1 0 0  1 1 0  1 0 1 
PCB 128 1  0 NA NA  0 NA NA  1 0 0 
PCB 138 3  1 0 0  1 0 0  1 0 1 
PCB 146 2  1 0 0  1 0 0  0 NA NA 
PCB 153 3  1 0 0  1 1 0   0 1 
PCB 155 1  0 NA NA  0 NA NA  1 0 0 
PCB 156 3  1 0 0  1 0 0  1 0 1 
PCB 167 2  1 0 0  1 1 0  0 NA NA 
PCB 170 3  1 0 0  1 0 0  1 0 1 
PCB 172 2  1 0 0  1 0 0  0 NA NA 
PCB 174 1  1 1 0  0 NA NA  0 NA NA 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table S10. Results of studies of POPs and mortality in breast cancer patients 

POPs Total 
studies 

 N studies with measures in blood 
(plasma/serum) 

 N studies with measures in breast adipose 
tissue 

 N studies with measures in adipose tissue 
other than breast 

 
Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 

 
Total  studies   

 
Total  studies 

N studies with 
positive 

association** 

N studies with 
negative 

association** 
PCB 177 2  2 1 0  0 NA NA  0 NA NA 
PCB 178 2  1 0 0  1 0 0  0 NA NA 
PCB 180 3  1 0 0  1 0 0  1 0 1 
PCB 183 3  1 0 0  1 0 0  1 0 1 
PCB 187 3  1 0 0  1 0 0  1 0 1 
PCB 193 1  1 0 0  0 NA NA  0 NA NA 
PCB 199 1  1 0 0  0 NA NA  0 NA NA 
PCB 200 1  1 0 0  0 NA NA  0 NA NA 
PCB 201 1  0 NA NA  0 NA NA  1 0 1 
PCB 203 1  1 0 0  0 NA NA  0 NA NA 
POPs: persistent organic pollutants; * Total or not specified ; ** only when all important confounders were considered for adjustment; positive association : higher mortality with higher levels of the POP;  negative association : 
lower mortality with higher levels of the POP;  NB: no study evaluated the association of POPs as measured in breast tumors and mortality among breast cancer patients. 



 

Table S11. Results of studies of POPs and prognostic factors in breast cancer patients 

 POPs 
Total 

studies  

 N studies with measures in blood 
(plasma/serum) 

 N studies with measures in breast adipose 
tissue 

 N studies with measures in adipose tissue 
other than breast 

 
N studies with measures in breast tumor 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 

 

Total  studies 
N studies with 

positive 
association** 

N studies with 
negative 

association** 

Total  9  3    6    1    1   
PCBs 4  2    4    1    0   
Organochlorines 6  3    4    1    1   
o,p’-DDT 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
p,p’-DDT 4  2 0 0  2 0 0  0 NA NA  1 0 0 
o,p’-DDE 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
p,p’-DDE 5  3 1 0  3 0 0  1 0 0  1 0 0 
p,p’-DDD 1  0 NA NA  1 0 0  0 NA NA  1 0 0 
DDT*  1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
HCB 4  2 0 0  4 0 0  0 NA NA  1 0 0 
α-Chlordane 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
γ-Chlordane 2  0 NA NA  2 0 0  0 NA NA  1 0 0 
Oxychlordane 2  1 1 0  1 0 0  0 NA NA  0 NA NA 
Trans-Nonachlor 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
Methoxychlor 1  0 NA NA  1 0 0  0 NA NA  1 0 0 
α-HCH 2  0 NA NA  2 0 0  0 NA NA  1 0 0 
β-HCH 3  1 1 0  2 0 0  0 NA NA  1 0 0 
γ-HCH (Lindane) 3  1 0 0  2 0 0  0 NA NA  1 0 0 
Aldrin 3  1 0 0  2 0 0  0 NA NA  1 0 0 
Dieldrin 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
Endrin 2  0 NA NA  2 0 0  0 NA NA  1 0 0 
Mirex 1  0 NA NA  2 0 0  0 NA NA  0 NA NA 
Heptachlor  2  0 NA NA  2 0 0  0 NA NA  1 0 0 
Heptachlor Epoxide 2  0 NA NA  2 0 0  0 NA NA  1 0 0 
Total pesticides* 1  1 1 0  0 NA NA  0 NA NA  0 NA NA 
Total PCB 1  0 NA NA  1 0 0  1 0 0  0 NA NA 
PCB 28 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
PCB 52 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
PCB 77 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
PCB 101 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
PCB 118 2  0 NA NA  2 0 0  0 NA NA  0 NA NA 
PCB 128 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
PCB 138 3  1 1 0  3 0 0  0 NA NA  0 NA NA 
PCB 153 3  2 1 0  2 0 0  0 NA NA  0 NA NA 
PCB 170 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
PCB 180 3  1 0 0  3 0 0  0 NA NA  0 NA NA 
PCB 187 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
PCB 195 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
Parabens 1  0 NA NA  1 0 0  0 NA NA  0 NA NA 
POPs: persistent organic pollutants; * Total or not specified; ** only when all important confounders were considered for adjustment; positive association : higher level of a prognostic factor with higher levels of the POP;  negative association : lower level of a prognostic facto with higher 
levels of the POP. 



 

  

Table S12. Summary results of POPs associated** positively with breast cancer risk 

Criteria 
POPs 

n Compounds  

Measures in blood (plasma/serum), n=61 studies 

Positive association in at least one study 35 
o,p’-DDT, p,p’-DDT, p,p’-DDE, p,p’-DDD, DDT*, DDE*, HCB, β-HCH, δ-HCH, Dieldrin, Heptachlor, Total PCBs,  PCB 8, PCB 52, PCB 118, PCB 138, 
PCB 153, PCB 156, PCB 170, PCB 180, PCB 183, PCB 187, PCB 195, PCB 203, PCB 206, PCB 209, PFAAs, PFSAs, PFOSA, PFOS, PFOA, 
PFHxS, Monoethyl phthalate, BPA, PBBs 

Positive association in at least one study and no negative association 28 p,p’-DDE,  p,p’-DDD, DDT*, DDE*, HCB, β-HCH, δ-HCH, Dieldrin, Heptachlor, PCB 8, PCB 52, PCB 118, PCB 138, PCB 156, PCB 170, PCB 180, 
PCB 195, PCB 203, PCB 206, PCB 209, PFAAs, PFSAs, PFOSA, PFOA, PFOS, Mono-ethyl phthalate, BPA, PBBs 

Positive association in ≥10 % of studies and in at least 2 studies 11 p,p’-DDT, p,p’-DDE, DDE*, β-HCH, Dieldrin, Total PCBs, PCB 118, PCB 138, PCB 153, PCB 170, PCB 180 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 8 p,p’-DDE, DDE*,  β-HCH, Dieldrin, PCB 118, PCB 138, PCB 170, PCB 180 

Measures in breast adipose tissue, n=26 studies 

Positive association in at least one study 21 
p,p’-DDE, DDE*, HCB, β-HCH, γ-HCH, Aldrin, Heptachlor epoxide, PCB 28, PCB 105, PCB 118, PCB 180, PCB 183, PBDE*, BDE 28, BDE 47, 
BDE 99, BDE 100, BDE 138, BDE 153, BDE 154, BDE 209 

Positive association in at least one study and no negative association 21 
p,p’-DDE, DDE*, HCB, β-HCH, γ-HCH, Aldrin, Heptachlor epoxide, PCB 28, PCB 105, PCB 118, PCB 180, PCB 183, PBDE*, BDE28, BDE 47, 
BDE 99, BDE 100, BDE 138, BDE 153, BDE 154, BDE 209 

Positive association in ≥10 % of studies and in at least 2 studies 3 p,p’-DDE, DDE*, PCB 105 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 3 p,p’-DDE, DDE*, PCB 105 

Measures in adipose tissue other than breast, n=2 studies 

Positive association in at least one study 0 None 

Positive association in at least one study and no negative association 0 None 

Positive association in ≥10 % of studies and in at least 2 studies 0 None 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 None 

Studies with measures in breast tumor, n=2 

Positive association in at least one study 0 None 

Positive association in at least one study and no negative association 0 None 

Positive association in ≥10 % of studies and in at least 2 studies 0 None 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 None 

POPs: persistent organic pollutants; *Total or not specified; in Bold: compounds in common between different sample types; ** only when all important confounders were considered for adjustment; positive association : higher level of a prognostic factor with higher levels of the POP;  
negative association : lower level of a prognostic facto with higher levels of the POP. 



  

Table S13. Summary results of POPs associated** negatively with breast cancer risk 

Criteria 
POPs 

n Compounds  

Measures in blood (plasma/serum), n=61studies 

Negative association in at least one study 13 o,p’-DDT, p,p’-DDT, cis-nonachlor, trans-nonachlor, Mirex, Total PCB, PCB 146, PCB 153, PCB 167, PCB 183, PCB 187, PCB 196, PFHxS 

Negative association in at least one study and no positive association 6 cis-nonachlor, trans-nonachlor, Mirex, PCB 146, PCB 167, PCB 196 

Negative association in ≥10 % of studies and in at least 2 studies 0 None 

Negative association in ≥10 % of studies and in at least 2 studies and no positive association 0 None 

Measures in breast adipose tissue, n=26 studies 

Negative association in at least one study 3 PCB 153, PCB 156, BDE 71 

Negative association in at least one study and no positive association 3 PCB 153, PCB 156, BDE 71 

Negative association in ≥10 % of studies and in at least 2 studies 0 None 

Negative association in ≥10 % of studies and in at least 2 studies and no positive association 0 None 

Measures in adipose tissue other than breast, n=2 studies 

Negative association in at least one study 10 p,p’-DDE, DDE*, HCB, Oxychlordane, trans-nonachlor, β-HCH, Total PCBs, PCB 118, PCB 138, PCB 153 

Negative association in at least one study and no positive association 10 p,p’-DDE, DDE*, HCB, Oxychlordane, trans-nonachlor, β-HCH, Total PCB, PCB 118, PCB 138, PCB 153 

Negative association in ≥10 % of studies and in at least 2 studies 0 None 

Negative association in ≥10 % of studies and in at least 2 studies and no positive association 0 None 

Measures in breast tumor, n=2 studies 

Negative association in at least one study 2 α-HCH, γ-HCH 

Negative association in at least one study and no positive association 2 α-HCH, γ-HCH 

Negative association in ≥10 % of studies and in at least 2 studies 0 None 

Negative association in ≥10 % of studies and in at least 2 studies and no positive association 0 None 

POPs: persistent organic pollutants; *Total or not specified; in Bold: compounds in common between different samples; ** only when all important confounders were considered for adjustment; positive association : higher level of a prognostic factor with higher levels of the POP;  negative 
association : lower level of a prognostic facto with higher levels of the POP. 



  

Table S14. Summary results of POPs associated** positively with mortality among breast cancer patients 

Criteria 
POPs 

n Compounds  

Measures in blood (plasma/serum), n=3 studies 

Positive association in at least one study 5 p,p’-DDT, Dieldrin, Total PCBs, PCB 174, PCB 177 

Positive association in at least one study and no negative association 5 p,p’-DDT, Dieldrin, Total PCBs, PCB 174, PCB 177 

Positive association in ≥10 % of studies and in at least 2 studies 1 Dieldrin 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 Dieldrin 

Measures in breast adipose tissue, n=1 study 

Positive association in at least one study 4 Total PCBs, PCB 118, PCB 153, PCB 167 

Positive association in at least one study and no negative association 4 Total PCBs, PCB 118, PCB 153, PCB 167 

Positive association in ≥10 % of studies and in at least 2 studies 0 None 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 None 

Measures in adipose tissue other than breast, n=2 studies 

Positive association in at least one study 1 Dieldrin 

Positive association in at least one study and no negative association 1 Dieldrin 

Positive association in ≥10 % of studies and in at least 2 studies 0 None 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 None 

POPs: persistent organic pollutants; * Total or not specified; in Bold: compounds in common between different samples; ** only when all important confounders were considered for adjustment; positive association: higher level of a prognostic factor with higher levels of the POP; negative 
association : lower level of a prognostic facto with higher levels of the POP; NB: no study evaluated the association of POPs as measured in breast tumors and mortality among breast cancer patients. 



 

  

Table S15. Summary results of POPs associated** negatively with mortality  among breast cancer patients 

Criteria 
POPs 

n Compounds  

Measures in blood (plasma/serum), n=3 studies 

Negative association in at least one study 1 p,p’-DDE 

Negative association in at least one study and no positive association 1 p,p’-DDE 

Negative association in ≥10 % of studies and in at least 2 studies 0 None 

Negative association in ≥10 % of studies and in at least 2 studies and no positive association 0 None 

Measures in breast adipose tissue, n=1 study 

Negative  association in at least one study 0 None 

Negative  association in at least one study and no positive association 0 None 

Negative  association in ≥10 % of studies and in at least 2 studies 0 None 

Negative  association in ≥10 % of studies and in at least 2 studies and no positive association 0 None 

Measures in adipose tissue other than breast, n=2 studies 

Negative  association in at least one study 17 p,p’-DDT, p,p’-DDE, DDE*, HCB, trans-nonachlor, cis-nonachlor, Total PCBs, PCB 99, PCB 118, PCB 153, PCB 156, PCB 138, PCB 170, PCB 
180, PCB 183, PCB 187, PCB 201     

Negative  association in at least one study and no positive association 17 
p,p’-DDT, p,p’-DDE, DDE*, HCB, trans-nonachlor, cis-nonachlor, Total PCBs, PCB 99, PCB 118, PCB 153, PCB 156, PCB 138, PCB 170, PCB 
180, PCB 183, PCB 187, PCB 201     

Negative  association in ≥10 % of studies and in at least 2 studies 0 None 

Negative  association in ≥10 % of studies and in at least 2 studies and no positive association 0 None 

POPs: persistent organic pollutants; * Total or not specified; in Bold: compounds in common between different samples; ** only when all important confounders were considered for adjustment; positive association: higher level of a prognostic factor with higher levels of the POP; 
negative association : lower level of a prognostic facto with higher levels of the POP ; NB: no study evaluated the association of POPs as measured in breast tumors and mortality among breast cancer patients. 



 
 
 

Table S16. Summary results of POPs associated** positively with breast cancer prognostic factors  

Criteria 
POPs 

n Compounds  

Measures in blood (plasma/serum), n=3 studies 

Positive association in at least one study 7 p,p’-DDE, Oxychlordane, trans-Nonachlor, β-HCH, total pesticides*, PCB 138, PCB 153 

Positive association in at least one study and no negative association 7 p,p’-DDE, Oxychlordane, trans-Nonachlor,  total pesticides*, β-HCH, PCB 138, PCB 153 

Positive association in ≥10 % of studies and in at least 2 studies 0 None 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 None 

Measures in breast adipose tissue, n=6 studies 

Positive association in at least one study 0 None 
Positive association in at least one study and no negative association 0 None 
Positive association in ≥10 % of studies and in at least 2 studies 0 None 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 None 

Measures in adipose tissue other than breast, n=1 study 

Positive association in at least one study 0 None 

Positive association in at least one study and no negative association 0 None 

Positive association in ≥10 % of studies and in at least 2 studies 0 None 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 None 

Measures in breast tumor, n=1 study 

Positive association in at least one study 0 None 

Positive association in at least one study and no negative association 0 None 

Positive association in ≥10 % of studies and in at least 2 studies 0 None 

Positive association in ≥10 % of studies and in at least 2 studies and no negative association 0 None 

POPs: persistent organic pollutants; * Total or not specified; in Bold: compounds in common between different samples  
NB: no study reported a negative association between POPs and breast cancer prognostic factors regardless of the sample type 
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