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1. Why should we care about
the environmental impact of
pharmaceuticals?

2. What are pharmaceutical
companies doing to reduce
this impact?

3. What can oncologists (and
other health care
providers/prescribers) do to
reduce this impact?
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US national health care greenhouse gas (GHG) emissions by GHG Protocol Scope, 2018
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Nitrous

oxide

Isoflurane |Sevoflurane

Desflurane

Carbon intensity

Global Warming Potential

N20

(CF3)2CHOCH2F

CFICHCIOCHF2

CF3CHFOCHF2

=
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1000 2000 30C

Carbon intensity - Global Warming Potential
(GWP 100 year in kgCO,e/kg)

Carbon footprint per inhaler (or per month) (kg CO,e)

Flutiform

Fostair MDI
Ventolin Evohaler
Atrovent

Salamol

Clenil (HFA134a)
Clenil* (HFA152a)
Nexthaler

Ellipta

Accuhaler
Easyhaler **
Respimat

Enerzair Breezhaler
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Journal of Cleaner Production
Volume 76, 1 August 2014, Pages 55-63

Journal of Environmental Chemical i
Engineering

ELSEVIER Volume 9, Issue 4, August 2021, 105734 ~

ELSEVIER

Combined simulation-optimization

_ methodology to reduce the
Case study on environmental safety environmental impact of

. 13 . pharmaceutical processes: application
and sustainability of pharmaceutical ~ >™ S roduction of Penicillin V

production based on life cycle
assessment of enrofloxacin S

The Environmental footprint of morphine: a life cycle assessment
from opium poppy farming to the packaged drug 3
Weixin KO”EI: BlhongH ,-Q\ = 1 SlCIl Ya ng: HUGZhen Shen, GUDh ua ]ﬂg: ZUUming ZhOU Scott McAlister !, Yanjun Ou 2, Elise Neff 3, Karen Hapgood 2, David Story *, Philip Mealey >, Forbes McGain ¢

Cradle-to-grave life cycle assessment Cradle-to-Gate Greenhouse Gas Emissions for Twenty Anesthetic
: . . i i Active Pharmaceutical Ingredients Based on Process ’gca|e-U and
Rachit Kumar Sharma, Prabir Sarkar™ & Harpreet Singh of an lbuprOfen analge51c Process Design Calculatigns P

) ) ) i . . Mare-William Siegert ° 2, i, Peter Saling °, Pascal Mielke ¢, Carolin Czechmann , Abhijeet G. Parvatker, Huseyin Tunceroglu, Jodi D. Sherman, Philip Coish, Paul Anastas, Julie B. Zimmerman, and
Clean Technologies and Environmental Policy 22, 1269-1284 (2020) | Cite this article Yasmine Emara °, Matthias Finkbeiner © Matthew J. Eckelman®

Assessing the sustainability of a manufacturing process
using life cycle assessment technique—a case of an
Indian pharmaceutical company

Sustainable Chemistry and Pharmacy
Volume 18, December 2020, 100329

ELSEVIER
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Veterinary pharmaceuticals

Pharmaceutical production

Human pharmaceuticals

- Households, hospitals,

% healthcare facilites
g disposal
Y

4/ y
Landfill,

incineration /
Water treatment )

e \§ 5%

Wastewater
Manure, slurry,
biosolids,

Solid waste




Water body contaminated with o ]
Pharmaceutical products By =2
= f Antibiotic resistance (General), Bacterial
""" community alterations (Sulfadiazine)
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4 Ethinylestradiol causes feminizing&

: i . N\ ” Gene expression alterations, abnormal
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Pharmaceutical packaging life-cycle

Packaging ™
-

production  °:

 Take-back has benefits due tc
paper and glass recycling

* Energy recovery reduces
(with medicine) 9y y

impacts from incineration

Ditribution center PaEkaEHG | | 2 @-\\ o o L
(with medicine) / \ +»Smaller packaging with Eo
-*=---=---=>»  Pharmacytd ,.@ @.__.-y | valorization to reduce impacts
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Logistics Companies

Sourcing raw Manufacturing Packaging Wholesaler Healthcare Prescription End-of-Life
materials/ product Product facility and Use Management

Global Pharmaceutical Procurement Health Professional Bodies
Industry and Outsourced Officials Prescribers and Pharmacists
Suppliers Patients

Environmental impact







2027

CARBON NEUTRAL

Amagen (1, 2)

2030
CARBON NEUTRAL
Johnson & Johnson (1, 2) Eli Lilly (1,

2) Boehringer Ingelheim (1, 2)

2040

CARBON NEUTRAL

BMS (1,2) Merck & Co (1, 2)

2030

ABSOLUTE REDUCTION

Teva (1, 2: -46%,; 3: -25%) Viatris (1, 2:
-42%; 3: -25%) Merck & Co (3:
-52%) Johnson & Johnson (3: -16%)

2030

NET ZERO

Gilead (1,2)

2040

NET ZERO

Novartis (1, 2, 3) Pfizer (1, 2, 3) Takeda
{]r 2l 3]

2045

NET ZERO

Sanofi (1,2,3) GSK (1, 2,
3) AstraZeneca (1, 2, 3) Novo Nordisk
{.IP 21 3]

2050
NET ZERO

Roche (1+2) AbbVie (1, 2, 3) Bayer (1, 2,
3) Astellas (1,2, 3)




Pharmaceutical Company Targets and Strategies to Address Climate
Change: Content Analysis of Public Reports from 20 Pharmaceutical

Companies

by Amy Booth 1." &2 Alexandra Jager !

Sara E Shaw 1

Roche (2017-2020)
Novartis(2016-2020)
AbbVie (2016-2020)

J&J (2018-2020)

BMS (2015-2020)
Merck&Co (2015-2020)
Sanofi (2015-2020)

Pfizer (2012-2020)

GSK (2017-2020)

Takeda (2016-2019)
AstraZeneca (2015-2020)
Amgen (2007-2020)
Gilead (2016-2019)

Eli Lilly (2012-2020)
Novo Nordisk (2014-2021)
Bayer (2019-2020)
B1(2010-2020)

Astellas (2015-2020)
Viatris (2015-2020)

Teva (2016-2020)

Scope 1

-31.0

16.2

=35.7

. Stuart D Faulkner 1

-44.6

-53.1

-52.3

, Christopher C Winchester 2

Scope 2

and

Scope 3

721 |

-80.0 |

Scope 3 not reported

_l 3.3

829 |

-3 [
-19.5 |:

Scope 3 not reported

2.0
3.5

Scope 3 not reported

-33.8

-11.8

No baseline data available

Scope 3 not reported

-28.3

Scope 3 not reported

Scope 3 not reported

27.2
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GSK

Sustainable
Markets
Initiative

(® 20 September 2021

GSK announces major ren
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(Material)
Use cardboard made
from recycled paper

(Material)

Use thin plastic sheets
wherever possible

Use biomass-based

plastic for some products

(Labeling)
Label material
recycling at the

Energlze

Nature as inspiration for oncology medicine
chemical development

Nature is a source of inspiration for sustainability.
In blology, plants employ photosynthe‘aiq to convert raw



Challenges

e Conflicting corporate
priorities

B e Regulation

& e VEE o |nfrastructure
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Financial

‘I you hit them
mm the wallet,
that’s when

they pay
attention.’

(Senior
Scientific
Director,
Regulatory
Agency)

‘Rule number
one 1s: comply
with the

> regulation—you
« have to’

8 (Se niqr 3
3 Sustainability
o

— Director,
Pharmaceutical
&)

O Company)

aZ

Reputational M

“The general
public matter
because we
want to have a
good corporate
image.’

(Senior
Sustainability
Director,
Pharmaceutical
Company)
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Prevention

Health promotion

.”li
L.

Rational prescribing

e Best clinical efficacy
e Lowest dose, shortest amount of time (“deprescribing”)

Social prescribing

Personalised medicine

Reuse of medicines

Safe disposal (take-back programmes)

Digital innovation

Educate colleagues and patients




Should the Carbon Footprint of Care be
Taken into Account When Choosing a
Treatment for Lymphoma? a Case
Application on Mantle Cell Lymphoma

Max Piffoux !, Aurélie Cabannes-Hamy ?, Hajer Ben Souda 3, Olivier Hermine MDPhD “ 3,

Caroline Besson ©

Evaluated the carbon footprint of various Mantle
CellLymphoma treatments

e Immunochemotherapy vs obinituzumab,

ibrutinib, venetoclax (OIV) (<65, fit)

e Rituximab,bendamustine (RB) vs rituximab,

ibrutinib (RI) (>65, unfit)

Carbon Footprint (tCO2eq)
= ] 3] b= [y [43] ] co
o o o o ] o o o

o=

Immunotherapy OIV (5 years)
<B5, fit

OV (2 years)

RB (5 years)
>B5, unfit

Rl (2 years)



Effect of alternative dosing strategies on sustainable
healthcare: A carbon footprint analysis of nivolumab and
pembrolizumab treatment in the Netherlands.

Authors: Ruben Malmberg, Jurrien Loosveld, Hans-Peter Schilte, Roelof W.F. van Leeuwen, and Alex Burdorf =~ AUTHORS INFO & AFFILIATIONS

Reduction in GHG
Emissions (% COze)

FDA/EMA

Approved Dose Hybrid Dosing

Drug
Pembrolizumab Triweekly: Triweekly: 26-2%**
2 mg/kg <65 kg 100 mg
200 mg =65 kg 150 mg*
Six-weekly: Six-weekly: 21-4%
400 mg <65 kg 200 mg
65-90 kg 300 mg
=90 kg 400 mg
Nivolumab Biweekly: Biweekly: 9-39%**
3 mg/kg 3 mg/kg max. 240
240 mg mg***
Triweekly: Triweekly: 10:7%
360 mg 4,5 mg/kg max.
360 mg***
Four-weekly: Four-weekly: 11-3%
480 mg 6 mg/kg max. 480

mg*k*



‘So, asking the difference in the environmental impact of one medicine versus another is kind of a goofy question when in
fact, if I had the vaccine, | don't need either medicine, right. So how do you compare that health outcome or let me take it one
step further, if you take better care of yourself, you don’t need any of those things.’

(Sustainability Executive, Pharmaceutical Company)

-. LIFE THREATENING

12 db & /-

‘r.'.

Clinician Tests

| URGENT »

AMBULANCE
NURSE l ‘ PATIENT
‘ TREATMENT »
A 1 (&)

- NOT LIFE THREATENING X-Ray Specialist
DISCHARGE

WALK-IN Doctor

Consider it within the context of the patient care pathway
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EI Amy Booth

University of Oxford
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