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My background:

 I completed my clinical training in October 2005

 Worked at iThemba LABS for two years

 Then spent 9 years at Groote Schuur Hospital

 At Tygerberg Hospital since Feb 2017

 No conflict of interest to declare



Tygerberg Hospital

 Tertiary hospital in Cape Town, opened in 1976

 1386 beds 



Medical Physics in South Africa

1.22 M km2  (471.000 sq miles)

~58 M people

9 provinces, 11 official languages

Classified as Upper Middle Income Country



Large inequality

 2015: 71% of net wealth held by 10% richest of the population

 60% of the poorest hold 7% of net wealth

 About a quarter of the population lives on <1.25 USD /day

 ~17% of SA population has access to private healthcare, but private 

sector accounts for about half of all SA healthcare expenditure and 

employs 70% of healthcare specialists



2015 study on licensed imaging 

equipment

 Only three provinces have the full spectrum of imaging modalities

 General radiography: 34.8 units / million

 Fluoroscopy: 6.6 / million

 Mammo: 4.96 / million

 CT: 5.0 / million

 Discrepancy 11-fold between best and least-resourced province

 Discrepancy 13-fold between private and public sectors. 

 MRI: 2.9 / million  (46-fold discrepancy btw private and public sectors)



Background

 From 1940’s: Groote Schuur Hospital (Cape Town) started using radium 

sources, later also gold and tantalum, still have a well-established I-125 LDR 

(ophthalmic) brachytherapy programme 

 Late 1940’s: first orthovoltage units installed, first radionuclides imported

 1958 or 1962: First Co-60 unit installed

 1968: First linac in the southern hemisphere installed in Bloemfontein (12 MeV)



Regulation of Medical Physics
 As soon as the Atomic Energy Corporation became aware of the 

use of radiation in medicine, they started publishing regulations

 Hazardous substances act (1973) provides regulations for X-ray 
devices and radioactive substances

 Various regulations published

 Scope of medical physics profession published under Government 
Notice R310 in 1988 

 Health Profession Act of 1974: all medical physicists must be 
registered by a professional board – HPCSA

 Currently: Regulator undergoing structural changes, severely 
understaffed



Education of Medical Physicists

 MP education seems to have started in the 1950’s, because 

regulations from the Atomic Energy Board required “hospital 

physicists” to be registered from 1956

  SA one of the first countries to regulate the profession

 Minimum requirement: BSc(Hons) in Medical Physics with a 2-year 

internship at an accredited training institution



Academic Training

 Six universities offer academic training (two of them re-established 

the programmes last year only), Bloemfontein starts the medical 

physics at undergraduate level already. 



Clinical Training

 Training programmes accredited by the HPCSA every five years

 Seven institutions offer clinical training

 12 months in Radiotherapy

 6 months in Nuclear Medicine

 6 months in Diagnostic Radiology

 PoE, assessments, exit exam with external moderator

 Medical Physicist (Independent Practice) – not possible to register in 

one field only



Continuous Education

 30 CPD / CEU points required per year for ongoing registration with 

HPCSA, including ethics points



Medical Physicists in SA (2019)

 46 MPs appointed at the teaching hospitals

 Only two universities have academic appointments of MPs

 28 interns undergoing training



Medical Physicists in SA (2019)



SAAPMB

 2 Feb 1960: the SA Association of Medical Physicists is founded by 8 

medical physicists

 Now: South African Association of Physicists in Medicine and Biology

 Three societies:

 SAMPS

 SARPS

 SARS

 Membership: 119 full members, 71 associate/student/institutional/ 

retired/honorary members



Status in SA

 There are some worrying signs (vacant posts not filled, severe 

problems at the regulator)

 There are a lot of young and enthusiastic medical physicists who are 

keen to take medical physics forward. 



LMIC

 Worldwide access to radiotherapy is unacceptably low

 According to the WHO, cancer is the second leading cause of 

death globally, accounting for an estimated 9.6 million deaths, or 

one in six deaths, in 2018. 

 1 in 4 men and 1 in 5 women worldwide develop cancer during their 

lifetime

 1 in 8 men and 1 in 11 women worldwide die from cancer

















The global cancer burden is predicted to rise by almost 50 % between now and 2040

The biggest relative increase will occur in countries classified with a low HDI





Radiotherapy Resources
(all data from DIRAC database: https://dirac.iaea.org/)

 54







 531 units in Africa 

(1.3 billion)







LMIC according to the World Bank
worldbank.org

 Low income: GNI per capita: <USD 1045

 Lower middle income: GNI per capita: USD 1046 – 4095

 Upper middle income: GNI per capita: USD 4096 – 12695

 Middle income countries are home to 75% of the world’s population 

and 63% of the world’s poor



Challenges

 Training curriculum for RO / MP/ RTT not harmonized or non-existent

 Lack of legislative recognition for MPs

 Lack of regulatory infrastructures



Challenges (adapted from F Hasford)

 Infrastructure

 Technical and operational

 Accessibility

 Human resources

 Recognition & Legislation



Challenges
 Infrastructure

 Low prioritization of radiation oncology relative to other health services

 Challenges with implementation of cancer control programmes

 Lack of coverage of cancer care under health insurance schemes in several countries

 Inadequate radiotherapy facilities

 Shortage of 5000 radiotherapy units in LMICs (Samiei, 2013)

 Unstable electricity supply



Challenges

 Technical and operational

 Breakdowns of equipment lead to high downtime

 Badly negotiated service contracts, or none at all

 Not enough service hubs, spare parts take time to arrive

 Lack of skilled service engineers



Challenges
 Accessibility

 A significant number of countries have no access to radiotherapy (~ 20 

in Africa)

 Even if there is radiotherapy, it may not be 

accessible to large parts of the population

 Non-uniform distribution of resources

 (example: South Africa and Egypt have ~50% 

 of resources in Africa)

(financial reasons, large distances, accommodation…)



Challenges

 Human resources

 Too few of everything

 Often no posts at institutions

 Often inadequate education and training programmes

 Usually lower remuneration

 Brain drain

 ? Lack of harmonized syllabus (exists for MPs)



Challenges

 Recognition & Legislation

 Registration of medical physicists as health profession workers

 Lack of regulatory infrastructure



Only six countries have a legislative 

recognition of medical physicists



The Medical Physics Gap

 Lancet Oncology (2015)

 Projection: by 2035 in LMICs for radiotherapy we need 22.000 MPs

 Call for Action: by 2025 in LMICs: 6.000 MPs to be trained

THIS IS IN TWO YEARS!



What can be done?

 National societies

 National cancer plans

 E&T – ICTP MMP for example

 Health service delivery: prioritization, policy, planning, processes, 

procedures



Only 11 countries have a national 

medical physics society

South Africa – 1960

Nigeria – 1986

Algeria - 1994

Morocco – 1996

Egypt – 1998

Sudan – 1999

Ghana – 2011

Tunisia – 2011

Niger – 2017

Uganda – 2019

Zimbabwe - 2020





 EBRT in 32 of 41 countries (742 centres, 1122 MV units)

 Co-60 decreased by 12% compared to 2018

 Current deficit in MV units estimated at 668 units and projected to 

be 2455 units by 2030

 “our data suggests there is at least a 15% improvement in EBRT 

capacity  … when compared with 2018”



They identified:

 Insufficient investment in cancer control

 Non-universal health coverage

 Fragmented health systems

 Inequitable concentration of cancer services

 Inadequate registries

 Delays in diagnosis or treatment initiation

 Insufficient palliative services

 Difficulty in recruiting, training and retaining highly specialized staff



 Important to build capacity and infrastructure to inform local 

planning

 Computer based medical information systems remain 
underdeveloped in the region – all countries should aspire to a 

national cancer control plan



 “As of March 2020, 28 of 54 countries had access to external beam 

radiotherapy. 21 had brachytherapy capacity, and no country had 

a capacity that matched the estimated treatment need.”

 “Urgent, novel initiatives in financing and human capacity building 

are needed…”



 “a particular focus must be on central and eastern Europe, because 
our findings emphasise the widening gap in cancer research 
activity, and capacity and outcomes, compared with the rest of 
Europe.”

 “our data highlight the important role of comprehensive cancer 
centers…”

 More than 180 cancer registries in 30 countries



 “In the next 15 years, Africa is estimated to require at least 5000 

additional megavoltage radiotherapy machines to ensure equity in 
cancer care”



Proposed actions:

 Precision cancer control planning

 Improving data acquisition and cancer registration

 Designing health care systems that promote equity of access

 Increasing cure and improving care

 Building and maintaining the workforce

 Innovation and research

 Invest in telehealth



 Access to care, contamination of the environment, traditional 

medicine, affordability of care, provision of adequate health 

personnel, monitoring the cancer burden, effects of inequitable 
treatment and access to medicine



IAEA Rays of Hope

 Launched in 2022 to help address the increasing cancer crisis

 Helps to build necessary infrastructure, procuring equipment, 

spurring research and educational innovation

 IAEA supports countries in creating frameworks, laws, procedures 

and training required



Where are we heading?

 Hypofractionation as a strategy propose

 Leads to improved access, decreased number of machines, lower cost



Service quality critically affects 

cancer outcomes

 I foresee a massive increase in the use of Artificial Intelligence and 

machine learning in radiotherapy

 Automated contouring, treatment planning

 ? Who takes ownership and liability



Halcyon or similar

 Moves away from manual QC – daily MPC 

 Moves away from substantial training requirements – just set the 
patient up straight



Co-60?



Daily adaptive radiotherapy

 On the high end of the spectrum – daily adaptive RT



Training for specific tasks only?

 Not convinced, but will speed up training period



 Thank you!


