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Environmental Risk Assessment Summary 
Polatuzumab vedotin 
 
Introduction 

The publication of environmental risk assessment summaries is part of Roche’s engagement on 
developing a better understanding of issues regarding pharmaceuticals in the environment (PiE). 
 
New pharmaceutical substances are investigated for biodegradability and initial ecotoxicity during their 
development. For registration, a full state-of-the-art environmental risk assessment is developed based 
on chronic environmental effects and advanced environmental fate data, as required by the pertinent 
regulations. While not a regulatory requirement, Roche also investigates older pharmaceutical 
substances, normally at a simpler scale, in order to assess their environmental risks. 
 
For active pharmaceutical ingredients, the potential environmental risk is calculated from the ratio 
between the Predicted Environmental Concentration (PEC) of the substance in the aquatic environment 
based on a conservative emission scenario and the Predicted No Effect Concentration (PNEC), a 
concentration below which no adverse effects on the environment have to be expected. 
 

Summary 

Polatuzumab vedotin (Anti-CD79b vcMMAE), an antibody-drug conjugate (ADC), is an anti-human 
CD79b monoclonal antibody conjugated to monomethyl auristatin E (MMAE). Polatuzumab vedotin 
is the pharmaceutical active substance in the Roche product Polivy [20]. Polivy is currently approved in 
combination with bendamustine plus rituximab in the US for the treatment of adults with relapsed or 
refractory diffuse large B-cell lymphoma, who have received at least two prior therapies, and in Europe 
for the treatment of adult patients with relapsed or refractory diffuse large B-cell lymphoma (DLBCL) 
who are not candidates for a haematopoietic stem cell transplant (Roche Product Information). 
Polatuzumab vedotin is a conjugate of an antibody with small-molecule entities (approximately 3.4–3.5 
linker-drug complex vcMMAE units per molecule of Polatuzumab [21]), with the latter making up just 
about 3.17% of the whole molecular mass. 
 
In a preclinical characterization of the distribution, catabolism, and elimination in Sprague Dawley Rats 
dosed with [3H]-MMAE-Polatuzumab vedotin eight catabolites were detected in the urine and bile 
samples, of which seven were identified. Unconjugated MMAE was the most abundant catabolite 
detected [21]. For unconjugated MMAE, based on in vitro, preclinical, and clinical data, the elimination 
of was assumed to be predominantly through the CYP3A4/5-mediated metabolic pathway and 
biliary/faecal excretion. Limited renal excretion (<10%) of MMAE has been reported [17]. 
 
The ADC Polatuzumab vedotin is readily biodegradable [4]. Whereas the antibody Polatuzumab alone 
is readily biodegradable [8], the linker-drug complex vcMMAE is not inherently biodegradable [15]. 
However, complete primary degradation of vcMMAE was observed after 28 days of incubation [15]. In 
the ready biodegradability test with the ADC Polatuzumab vedotin [4] substance specific analyses for 
vcMMAE and MMAE showed that all measurements for vcMMAE were below the limit of 
quantification (LOQ) while MMAE concentrations steadily increased with time. These results suggest 
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that the drug MMAE is the environmentally relevant metabolite of Polatuzumab vedotin. Consequently, 
the environmental risk assessment is performed for the drug MMAE. 
 
The PEC/PNEC ratio for the drug MMAE is estimated to be 0.000006. With reference to the Guideline 
on the Environmental Risk Assessment on Medicinal Products for Human Use of the European 
Medicines Agency [19], a PEC/PNEC ratio of <1 means that MMAE in Polatuzumab vedotin is unlikely 
to represent a risk to the aquatic environment. 
 

Predicted Environmental Concentration (PEC) 

The PEC for MMAE is based on the following data: 
 
PEC (mg/L) = (MDD × 103 × FPEN-REFINED) ÷ (V × D) 
 
MDD Maximal daily dose: Polatuzumab vedotin = 157 mg/d (3.6 mg/kg/d) 

vcMMAE (3.17% of Polatuzumab vedotin) = 5.0 mg/d 
MMAE (1.73% of Polatuzumab vedotin) = 2.7 mg/d 

FPEN-REFINED Refined market penetration factor [19]: 
FPEN-REFINED = (PREGION × tTREATMENT × nTREATMENT) ÷ Nd 
PREGION DLBCL prevalence = 0.00066 
tTREATMENT Duration of one treatment period = 1 day 
nTREATMENT Number of treatments per year = 17.3 (every 3 weeks) 
Nd Number of days per year = 365 

V Volume of wastewater per inhabitant and day (default value) = 200 L day-1 [19] 
D Dilution factor of wastewater by surface water flow (default value) = 10 [19] 
 
PEC (MMAE) = 0.000042 µg/L 
 

Predicted No Effect Concentration (PNEC) 

In the aquatic toxicity tests two chronic NOEC values were assessed for algae [11] and daphnids [13]. In 
the Daphnia magna reproduction test, performed only after complete transformation of the linker-drug 
complex vcMMAE to the transformation product, presumably MMAE, an overall NOEC of 0.348 mg/L 
was observed [13]. Following this assumption, a predicted no effect concentration (PNEC) for MMAE 
is derived. Since chronic NOEC values are available for only algae and daphnids, but not for fish, an 
assessment factor of 50 according to the REACH guidance [18] is used to derive a PNEC. 
 
PNEC = 348 mg/L / 50 = 6.96 µg/L 
 

PEC/PNEC ratio 

PEC (MMAE) = 0.000042 µg/L 
PNEC (MMAE), provisional = 6.96 µg/L 
 
PEC/PNEC = 0.000006 
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With reference to the Guideline on the Environmental Risk Assessment on Medicinal Products for 
Human Use of the European Medicines Agency [19], a PEC/PNEC ratio of 0.000006 (i.e. <1) means that 
MMAE in Polatuzumab vedotin is unlikely to represent a risk to the aquatic environment. 
 
 
Aquatic Toxicity Data 

Study Guideline Results Ref. 
Polatuzumab vedotin (ADC)    
Algal growth inhibition test with the 
green alga Desmodesmus subspicatus 

OECD 201 72 h EC50 (growth rate) >100 mg/L NC 
72 h EC50 (yield) >100 mg/L NC 
72 h NOEC 100 mg/L NC 

[1] 

Acute immobilisation test with Daphnia 
magna 

OECD 202 48 h EC50 >100 mg/L NC 
48 h NOEC 100 mg/L NC 

[2] 

Acute toxicity to zebrafish (Danio rerio) OECD 203 96 h LC50 >100 mg/L NC 
96 h NOEC 100 mg/L NC 

[3] 

    
Polatuzumab (antibody)    
Algal growth inhibition test with the 
green alga Desmodesmus subspicatus 

OECD 201 72 h EC50 (growth rate) >100 mg/L NC 
72 h EC50 (yield) >100 mg/L NC 
72 h NOEC 100 mg/L NC 

[5] 

Acute immobilisation test with Daphnia 
magna 

OECD 202 48 h EC50 >100 mg/L NC 
48 h NOEC 100 mg/L NC 

[6] 

Acute toxicity to zebrafish (Danio rerio) OECD 203 96 h LC50 >100 mg/L NC 
96 h NOEC 100 mg/L NC 

[7] 

    
vcMMAE (linker-drug complex)    
Algal growth inhibition test with 
Desmodesmus subspicatus 

OECD 201 72 h EC50 (growth rate) 65.8 mg/L IC 
72 h EC10 (growth rate) 9.48 mg/L IC 
72 h EC50 (yield) 15.6 mg/L IC 
72 h EC10 (yield) 3.86 mg/L IC 
72 h NOEC 4.30 mg/L IC 

[11] 

Acute immobilisation test with Daphnia 
magna 

OECD 202 1st test series (semi-static) with vcMMAE 
48 h EC50 24.2 mg/L IC 
48 h NOEC 6.80 mg/L IC 
2nd test series (static) with TP 
48 h EC50 4.1 mg/L ICTP 
48 h NOEC <3.2 mg/L ICTP 

[12] 

Daphnia magna reproduction test OECD 211 21 d LOEC (overall) 1.20 mg/L MMCTP 
21 d NOEC (overall) 0.348 mg/L MMCTP 

[13] 

Acute toxicity to Danio rerio (zebrafish) OECD 203 96 h LC50 >47.7 mg/L GMMC 
96 h NOEC 47.7 mg/L GMMC 

[14] 

 
EC50 Concentration of the test substance that results in 50% effect 
LC50 Concentration of the test substance that results in 50% mortality 
NOEC No Observed Effect Concentration 
TP Transformation product 
NC Nominal concentration of the active ingredient 
IC Initial concentration of vcMMAE 
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ICTP Initial concentration of the TP (after complete hydrolysis of vcMMAE) 
GMMC Geometric mean measured concentrations (sum of vcMMAE and TP) 
MMCTP Mean measured concentration of TP 
 
 
Environmental Fate Data 

Study Guideline Results Ref. 
Polatuzumab vedotin (ADC)    
Ready biodegradability OECD 301 F BOD ÷ ThOD (mineralisation) 

77% after 28 d 
70% at the end of the 10-d window 
DOC elimination (removal) 
97% after 28 day 

[4] 

    
Polatuzumab (antibody)    
Ready biodegradability OECD 301 F BOD ÷ ThOD (mineralisation) 

77% after 28 d 
66% at the end of the 10-d window 
DOC elimination (removal) 
98% after 28 day 

[8] 

    
vcMMAE (linker-drug complex)    
Inherent biodegradability OECD 302 C BOD ÷ ThOD (mineralisation) 

13% after 28 d 
DOC elimination (removal) 
40% after 28 day 
Primary degradation 
100% after 28 day 

[4][15] 

 
BOD Biochemical oxygen demand 
ThOD Theoretical oxygen demand 
DOC Dissolved organic carbon 
 
 
Physical Chemical Data 

Study Guideline Results Ref. 
vcMMAE (linker-drug complex)    
Water solubility OECD 105 142 mg/L (pH 5.8, 20 °C) [9] 
n-Octanol/water distribution 
coefficient (logDOW) 

OECD 117 2.45 at pH 5 (25 °C) 
2.35 at pH 7 (25 °C) 
2.42 at pH 9 (25 °C) 

[10] 

    
MMAE (drug substance)    
n-Octanol/water distribution 
coefficient (logDOW) 

OECD 117 -0.08 at pH 5 (25 °C) 
1.17 at pH 7 (25 °C) 
1.97 at pH 9 (25 °C) 

[16] 

 



Polatuzumab vedotin Environmental Risk Assessment Summary  

 
F. Hoffmann-La Roche Ltd, Group SHE (LSR), 01.11.2021  page 5/6 

References 

[1] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
DCDS4501S (aCD79b vcMMAE) Drug Product (Ph III). Fresh water algal growth inhibition test 
with Desmodesmus subspicatus; limit test with 100 mg Polatuzumab vedotin/L. ACH study no. 
A18–00488 

[2] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
DCDS4501S (aCD79b vcMMAE) Drug Product (Ph III). 48-Hour acute toxicity to Daphnia 
magna; limit test with 100 mg Polatuzumab vedotin/L. ACH study no. A18–00489 

[3] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
DCDS4501S (aCD79b vcMMAE) Drug Product (Ph III). 96-Hour acute toxicity to Danio rerio 
(Zebrafish); limit test with 100 mg Polatuzumab vedotin/L. ACH study no. A18–00490 

[4] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
DCDS4501S (aCD79b vcMMAE) Drug Product (Ph III). Ready biodegradability – evaluation of 
the aerobic biodegradability in an aqueous medium: manometric respirometry test. ACH study 
no. A18–00491 

[5] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
Polatuzumab AB, MCDS4409A Bulk Intermediate. Fresh water algal growth inhibition test with 
Desmodesmus subspicatus; limit test with 100 mg Polatuzumab Ab/L. ACH study no. A18–
00484 

[6] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
Polatuzumab AB, MCDS4409A Bulk Intermediate 48-Hour acute toxicity to Daphnia magna; 
limit test with 100 mg Polatuzumab Ab/L. ACH study no. A18–00485 

[7] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
Polatuzumab AB, MCDS4409A Bulk Intermediate. 96-Hour acute toxicity to Danio rerio 
(Zebrafish); limit test with 100 mg Polatuzumab Ab/L. ACH study no. A18–00486 

[8] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
Polatuzumab AB, MCDS4409A Bulk Intermediate. Ready biodegradability – evaluation of the 
aerobic biodegradability in an aqueous medium: manometric respirometry test. ACH study no. 
A18–00487 

[9] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2016): SGD-
1006 (vcMMAE). Determination of the water solubility by the flask method. ACH study no. 
A15–00556 

[10] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2016): SGD-
1006 (vcMMAE). Determination of the partition coefficient between octanol and water by high 
performance liquid chromatography (HPLC). ACH study no. A15–00557 

[11] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2016): SGD-
1006 (vcMMAE). Fresh water algal growth inhibition test with Desmodesmus subspicatus. ACH 
study no. A15–00558 

[12] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2016): SGD-
1006 (vcMMAE). 48-Hour acute toxicity to Daphnia magna. ACH study no. A15–00559 

[13] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2016): SGD-
1006 (vcMMAE). Daphnia magna reproduction test ACH study no. A15–00561 

[14] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2016): SGD-
1006 (vcMMAE). 96-Hour acute toxicity to Danio rerio (Zebrafish). ACH study no. A15–00560 



Polatuzumab vedotin Environmental Risk Assessment Summary  

 
F. Hoffmann-La Roche Ltd, Group SHE (LSR), 01.11.2021  page 6/6 

[15] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2016): SGD-
1006 (vcMMAE). Inherent biodegradability – evaluation of the aerobic biodegradability in an 
aqueous medium: modified MITI test (II). ACH study no. A15–00562 

[16] Arcadis Schweiz Ltd, on behalf of F. Hoffmann-La Roche Ltd, Basel, Switzerland (2018): 
MMAE. Determination of the partition coefficient between octanol and water by high 
performance liquid chromatography (HPLC). ACH study no. A18–00492 

[17] Chang HP, Cheung YK, Shah DK (2021): Whole-body pharmacokinetics and physiologically 
based pharmacokinetic model for Monomethyl Auristatin E (MMAE). J Clin Med;10(6):1332. 
https://doi.org/10.3390/jcm10061332 

[18] European Chemicals Agency (ECHA) (2008). Guidance on information requirements and 
chemical safety assessment. Chapter R.10: Characterisation of dose [concentration]-response for 
environment 

[19] European Medicines Agency (EMA) (2006/2015): Guideline on the environmental risk 
assessment of medicinal products for human use. European Medicines Agency, Committee for 
Medicinal Products for Human Use (CHMP), 01 June 2006, EMA/CHMP/SWP/447/00 corr 2 

[20] F. Hoffmann-La Roche Ltd (2019): Safety data sheet for Polivy, 4 July 2019. 
https://www.roche.com/sustainability/environment/global_product_strategy_and_safety_data_s
heets.htm 

[21] Yip V, Lee MV, Saad OM, Ma S, Khojasteh SC, Shen BQ (2021): Preclinical characterization of 
the distribution, catabolism, and elimination of a Polatuzumab vedotin-piiq (Polivy®) antibody-
drug conjugate in sprague dawley rats. J Clin Med;10(6):1323. 
https://doi.org/10.3390/jcm10061323 

 

https://doi.org/10.3390/jcm10061332
https://www.roche.com/sustainability/environment/global_product_strategy_and_safety_data_sheets.htm
https://www.roche.com/sustainability/environment/global_product_strategy_and_safety_data_sheets.htm
https://doi.org/10.3390/jcm10061323

	Environmental Risk Assessment Summary
	Polatuzumab vedotin
	Introduction
	Summary
	Predicted Environmental Concentration (PEC)
	Predicted No Effect Concentration (PNEC)
	PEC/PNEC ratio
	Aquatic Toxicity Data
	Environmental Fate Data
	Physical Chemical Data
	References


