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I. GROWING GLOBAL NEED FOR CANCER CARE AND RT   

Oncology is a growth area for healthcare on the global 
scale. The World Health Organization (WHO) estimates 
that there were 9.6 million cancer deaths worldwide in 2018 
and continuing to grow [1]. This burden falls 
disproportionately on low- and middle-income countries 
(LMIC) as shown in Table 1. There are many factors 
driving this change such as population growth, aging and a 
shift in the burden of disease toward non-communicable 
diseases. Now a majority of cancer cases appear in LMICs, 
and also the mortality rate in these countries is much higher 
as shown in Figure 1. The cancer-specific mortality rate is 
nearly twice as large in a low-income country as in a high-

income country (Figure 1).  
Globally more people die each year from cancer than 

from tuberculosis, malaria and AIDS combined [2]. 
 

 This bleak picture is driven by many factors, arguably 
the most important of which is access to care. Of the global 
resources invested in cancer care, it is estimated that less 
than 5% are spent in LMICs [3]. This is especially true for 
radiation therapy which is one of the key pillars of oncology 
care. Studies indicate that overall more than 50% of cancer 
patients should receive radiotherapy based on evidence and 
guidelines [5]. However, this rate is determined by the way 
diseases present in Australia and other high-income 
countries and is likely a large underestimate of the need in 
LMICs [6]. For example, the recommended utilization rate 
in head and neck cancer is 78% and 76% for lung cancers 
[5], both of which are prevalent in LMICs. 
 
 Not only is radiotherapy clinically important in the 
management of disease, it is also cost-effective. It is non-
invasive, allows for organ preservation and has a lower risk 
profile for morbidities such as infection or lymphopenia 
which can be challenging to manage. A 2015 report from 
the Global Task Force on Radiotherapy for Cancer Control 
studied the potential impact of providing radiotherapy in 
LMICs from the economic impact point of view [6]. The 
report concluded that a benefit of US$11 billion to $280 
billion per country could be realized if radiotherapy access 
were scaled up to full need over the 2015-2035 period. 
 
 For the above discussion it is clear that there is a strong 
and growing need for cancer care especially in LMICs, that 
radiotherapy plays a key role and that it is a particularly 
cost-effective modality to employ. In spite of all this, 
however, access to radiotherapy is extremely limited in 
many LMICs. A 2013 report from the IAEA, for example, 
noted that of the 52 countries in African only 23 were 
known to have radiotherapy services available [7]. In India, 
a country of 1.3 billion people, there are 438 centers 
providing radiotherapy and 650 treatment units [8]. To 
fulfill the World Health Organization recommendation of 1 
treatment unit per million people, India would need to 
approximately double the capacity to 1,300 treatment units.  
 
 Against this picture of unmet need, however, is a ray of 
hope. Access continues to grow. In 1991 there were 63 
radiotherapy treatment units in Africa. By 2010 there were 
277 and continuing to grow [7]. This article outlines some 

 
Table 1: The proportion of newly reported cancers case in low- 
and middle-income countries by year (adapted from [2-4]) 
 

 
Figure 1: Cancer mortality vs. gross national income per capita as 
defined by the World Bank. Rates are estimated as the ratio of 
mortality to incidence per year (adapted from [2]) 
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of the technology-associated challenges associated with 
delivering high-quality care in the LMIC environment and 
asks the question “can we do better by reimagining the 
technology”? 

II. CURRENT RT TECHNOLOGY IN THE LMIC ENVIRONMENT    

 Since the Clinac-4 was introduced in 1968, the 
technology for external beam radiation therapy has evolved 
in a stepwise fashion., although there are also specialized 
technologies that pre-date the C-arm linacs (e.g. Leksell 
Gamma Knife unit for stereotactic radiosurgery) the 
machines that one would see in a modern radiotherapy 
clinic look largely like the 1968 commercial C-arm unit 
from Varian Inc. At various points over the intervening 
decades the technology has been re-imagined in various 
ways. In 1994 the Cyber Knife radiotherapy system was 
introduced and commercialized by Accuray Inc., 
incorporating a robotically-mounted X-band linear 
accelerator along with co-planar imaging [9]. In 2003 a 
helical tomotherapy unit was introduced by Tomotherapy 
Inc. (later Accuray Inc.), using a modified CT ring gantry 
with a binary MLC and megavoltage CT imaging [10]. 
More recently radiotherapy units with MR-guidance have 
become available such as the system from ViewRay Inc 
[11]. 
 
 While these technologies have been made to function 
well in North America, Europe and other countries, there 
are many challenges that arise when employing them in the 
LMIC environment. They are dependent on the local 
infrastructure in many ways. McCarroll et al [12], for 
example, have studied the effect of power outages on the 
efficiency of treatment. An average daily power outage of 2 
hours can cause patient throughput to drop to approximately 
60%. The effect is dependent on technique and technology, 
with the biggest impact being with the more complex 
techniques such as intensity modulated radiation therapy 
(IMRT) delivered with a linear accelerator. Interestingly, 
simpler technologies such as conformal therapy with 60-
Cobalt teletherapy device are much less subject to such 
effects according to this study and can maintain throughputs 
of over 90% even with average power outages of 8 hours 
per day. There are also infrastructure-related safety 
concerns with some technologies. The well-known 2001 
radiation therapy accident in Poland [13], for example, was 
precipitated by a failure in the power grid. 
 
 There are also requirements in terms of staffing and 
expertise that are needed to deliver high-quality care. One 
key component of this is quality assurance, typically 
performed by a medical physicist. An enormous effort is 
required, however, to adhere to adhere to IPEM 81 and 
other best-practices. A 2012 survey of radiotherapy centers 
in the UK, for example, found that the average time 
required from a medical physicist for quality assurance is 

19.5 hours per month per machine and 1.5 hours per patient 
[14].This difficult to achieve in any environment and is all 
but impossible in the LMIC setting. 
 
 One might ask the question of whether all this quality 
assurance from highly trained specialists is really necessary. 
To put it simply, can’t we do “good enough” by simply 
“pushing the button”? The answer, unfortunately, is no. We 
know from cooperative group trials that treatments with 
inferior dosimetry and treatment planning have much worse 
patient outcomes [15] and this is not just an effect in one 
trial is borne out when one looks across trials [16, 17]. We 
also know that the commissioning and validation of 
treatment planning system is crucial and even with highly-
trained staff many systems are flawed. In validation tests 
from the Imaging and Radiation Oncology Core-Houston 
(IROC-H) over 20% of institutions have failed relatively 
simple measures [18]. 

 

III. THE CASE FOR INTENSITY-MODULATED RADIATION 
THERAPY (IMRT)    

 
The above considerations provide strong motivation for 

re-imagining radiation therapy technology in a way that is 
less dependent on the expertise and availability of highly 
trained staff including engineers, the ready availability of 
maintenance equipment, and the reliability of the local 
infrastructure. In considering technology requirements, the 
first task is to determine what is needed. In particular, is the 
ability to provide intensity modulated radiation therapy 
(IMRT) a requirement? We argue that it is. 

 
IMRT allows for complex dose distributions that allow 

for organ preservation. The use of IMRT emerged in the late 
1990’s and the evidence for its use has been well-
established [19, 20]. In head-and-neck cancer therapy, for 
example, IMRT allows for sparing of the salivary glands. If 
these glands are not spared xerostomia results after a dose 
of approximately 23 Gy [21, 22] and this results in 
morbidities for patients such as fissures, infections and 
osteonecrosis  which can be very debilitating and costly to 
manage [23-25]. In North America IMRT is offered in 
essentially every radiotherapy center [26, 27] and is used in 
approximately 50% of treatments [28].  

 
If IMRT is necessary the question is how best to deliver 

it? The technique that has evolved from the 1990’s onward 
employs moving multileaf collimators (MLCs) to modulate 
the radiation fluence. There are, however, many 
disadvantages to using MLCs for IMRT deliver. These 
include mechanical failures (leading to downtime and 
reduced throughput), stringent requirements for quality 
assurance and highly trained staff, challenges with 
commissioning including the measurement of small 
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treatment fields, and inefficient use of dose leading to long 
treatment times. One of the possible approaches explored in 
the next section is the elimination of the MLC. 

IV. IMRT TECHNOLOGY RE-IMAGINED     

There are many possible alternative ways to modulate 
fluence for the purposes of IMRT. The approach that we are 
exploring is the use of physical compensators, i.e. metallic 
objects inserted in the beam to modulate the dose. 
Compensators-based IMRT is not new. It was employed to 
deliver IMRT in the 1990’s[29-32]. There were, however, 
some limitations to the way that compensator-based IMRT 
was implemented in the 1990’s and it was largely 
abandoned in favor of MLC solutions. Our thesis is that 
these limitations are not fundamental, that compensator-
based IMRT designs were never explored to their full 
potential, and compensator-based IMRT is an especially 
attractive option for IMRT delivery in resource-limited 
settings. Because compensators have fewer moving parts, 
they should lend themselves to a simplified quality 
assurance approach that is based on some form of 
mechanical measurement. This could be automated in some 
way and may not require the presence of a medical physicist 
or other highly trained staff. 

 
There are, however, many challenges to employing 

compensators. One is the need to perform block exchanges 
for each field. If this requires entering the room after each 
beam the treatment delivery time will be negatively 
impacted (see McCarroll et al. [12]). This is not a 
fundamental limitation, however. Several groups have 
explored mechanisms that would provide an automatic 

exchange of devices between fields [33, 34]. These were 
envisioned as add-ons to a C-arm gantry design. We are 
exploring a more extensive redesign which involves a ring 
model and associated exchange mechanism. 

 
A second potential challenge is in the production of the 

patient-specific compensators themselves. The approach 
that found favor in the 1990’s was a mail-order system 
whereby one would provide the compensator design 
specifications for each plan and a company would mill the 
required compensators out of metal (typically brass) and 
mail them to the clinic. This had many disadvantages, all of 
which would likely be amplified in the LMIC setting. A 
possible alternative of milling the compensators on-site at 
the clinic is also not attractive as this is outside the typical 
expertise in a clinical setting and would require a large shift 
in practice. 

 
We are exploring a system whereby negative molds for 

the compensator are made out of plastic and these molds are 
then filled with metal beads. The technologies for forming 
plastic are more widely available and could be implemented 
on site. Other groups have explored such an approach[32, 
35] but it has not become widespread likely because the 
associated technology was not widely available until quite 
recently. Figure 2 shows a Monte Carlo simulation of the 
device (60-Cobalt based in this case) and the associated 
transmission through a thin, flat compensator. Clearly the 
solid metal offers less transmission, but a bead formulation 
is acceptable at the expense of extra thickness. The 
disadvantages of thicker compensator can be partially 
obviated by the fact that they can be made divergent with 
the beam. 

 

 
Figure 2:Monte Carlo simulation of the proposed device showing the geometry (left) and the transmission results (right) through 1 cm-thick 
tungsten either in sold for solid material (black) or beads (red). 
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Our initial simulations of treatment plans with this 
system [36] show that even with a 60-Cobalt source 
acceptable tumor coverage and organ-at-risk sparing can be 
achieved, that treatment times are reduced by approximately 
a factor of two compared to even linac MLC-based IMRT, 
and that the increase in skin dose is not clinically 
significant. The main reason for these gains is that 
compensators do not have the mechanical limitations of 
MLCs (they can be made with high resolution and fully 
divergent) and they also use radiation dose extremely 
efficiently, as opposed MLCs which are closed over many 
parts of the beam for long periods of time. 

 

V. TECHNOLOGY AND BEYOND      

 
The redesign of radiotherapy delivery technology 

described here aims to address the specific needs of the 
LMIC setting. To our knowledge this has never been done 
before in a deliberate way and the potential impact is 
enormous. As important as technology is, however, it is also 
important to consider the whole care path when imaging a 
large-scale conversion to IMRT delivery. There will be 
educational needs and potentially a different mix of staffing. 
Key infrastructure components in the healthcare system will 
also be required. For example, a CT scanner and a treatment 
planning system. The conversion is well-justified, however, 
given the clear need for cancer therapy and radiotherapy in 
particular, the enormous benefit of IMRT in many disease 
sites and the potential health and economic benefits. Our 
hope is a thoughtful redesign of treatment technology will 
allow for high-quality cancer care in areas of the world 
where it is desperately needed. 
 
 

ACKNOWLEDGMENTS 
 
The authors gratefully acknowledge the many 

contributions to this effort of Mr. M. Tamilarasan, Mr. P. 
Manikandan and Mr. G.V. Subrahmanyam of Panacea 
Medical Technologies Pvt. Ltd. This work is supported in 
part by NCI grant # 1UG3 CA211310-01 from the US 
Department of Health and Human Services. 

 

REFERENCES  

 
 
1. (WHO) WHO. Cancer. 2018; https://www.who.int/news-room/fact-
sheets/detail/cancer. 
 
2. Beaulieu Nea. Breakaway: The global burden of cancer—challenges 
and opportunities. 2009. 
 

3. Farmer P, Frenk J, Knaul FM, et al. Expansion of cancer care and 
control in countries of low and middle income: a call to action. Lancet. Oct 
2 2010;376(9747):1186-1193. 
4. Ferlay J, Soerjomataram I, Ervik M, et al. GLOBOCAN 2012: 
Estimated Cancer Incidence, Mortality and Prevalence Worldwide in 2012. 
2012; http://globocan.iarc.fr/Default.aspx. Accessed February 25, 2015. 
 
5. Delaney G, Jacob S, Featherstone C, Barton M. The role of 
radiotherapy in cancer treatment: estimating optimal utilization from a 
review of evidence-based clinical guidelines. Cancer. Sep 15 
2005;104(6):1129-1137. 
 
6. Atun R, Jaffray DA, Barton MB, et al. Expanding global access to 
radiotherapy. Lancet Oncol. Sep 2015;16(10):1153-1186. 
 
7. Abdel-Wahab M, Bourque JM, Pynda Y, et al. Status of radiotherapy 
resources in Africa: an International Atomic Energy Agency analysis. 
Lancet Oncol. Apr 2013;14(4):e168-175. 
 
8. Rath GK. Personal communication. 2018. 
 
9. Dieterich S, Cavedon C, Chuang CF, et al. Report of AAPM TG 135: 
Quality assurance for robotic radiosurgery. Medical physics. 
2011;38(6):2914-2936. 
 
10. Langen KM, Papanikolaou N, Balog J, et al. QA for helical 
tomotherapy: report of the AAPM Task Group 148. Med Phys. Sep 
2010;37(9):4817-4853. 
 
11. Mutic S, Dempsey JF, Bosch WR, et al. Multimodality image 
registration quality assurance for conformal three-dimensional treatment 
planning. Int J Radiat Oncol Biol Phys. 2001;51(1):255-260. 
 
12. McCarroll R, Youssef B, Beadle B, et al. Model for Estimating Power 
and Downtime Effects on Teletherapy Units in Low-Resource Settings. 
Journal of global oncology. Oct 2017;3(5):563-571. 
 
13. IAEA. Accidental Overexposure of Radiotherapy Patients in 
Bialystok. Vienna, Austria: International Atmoic Energy Agency 
(IAEA);2004. 
 
14. Palmer A, Kearton J, Hayman O. A survey of the practice and 
management of radiotherapy linear accelerator quality control in the UK. 
Br J Radiol. Nov 2012;85(1019):e1067-1073. 
 
15. Peters LJ, O'Sullivan B, Giralt J, et al. Critical Impact of 
Radiotherapy Protocol Compliance and Quality in the Treatment of 
Advanced Head and Neck Cancer: Results From TROG 02.02. Journal of 
Clinical Oncology. Jun  
20 2010;28(18):2996-3001. 
 
16. Ohri N, Shen X, Dicker AP, Doyle LA, Harrison AS, Showalter TN. 
Radiotherapy protocol deviations and clinical outcomes: a meta-analysis of 
cooperative group clinical trials. J Natl Cancer Inst. Mar 20 
2013;105(6):387-393. 
 
17. Fairchild A, Straube W, Laurie F, Followill D. Does quality of 
radiation therapy predict outcomes of multicenter cooperative group trials? 
A literature review. Int J Radiat Oncol Biol Phys. Oct 1 2013;87(2):246-
260. 
 
18. Kry SF, Molineu A, Kerns JR, et al. Institutional patient-specific 
intensity-modulated radiation therapy quality assurance does not predict 
unacceptable plan delivery as measured by IROC Houston's head and neck 
phantom. Int J Radiat Oncol Biol Phys. 2014;90(5):1195-1201. 
 
19. Staffurth J, Board RD. A Review of the Clinical Evidence for 
Intensity-modulated Radiotherapy. Clinical oncology. Oct 2010;22(8):643-
657. 
 



MEDICAL PHYSICS INTERNATIONAL Journal, vol.6, No.2, 2018 
 
 

 
 

307 

20. Veldeman L, Madani I, Hulstaert I, De Meerleer M, Mareel M, De 
Neve W. Evidence behind use of intensity modulated radiotherapy: a 
systematic review of comparative clinical studies (vol 9, pg 367, 2008). 
Lancet Oncol. Jun 2008;9(6):513-513. 
 
21. Leslie MD, Dische S. The early changes in salivary gland function 
during and after radiotherapy given for head and neck cancer. Radiother 
Oncol. Jan 1994;30(1):26-32. 
 
22. Mira JG, Wescott WB, Starcke EN, Shannon IL. Some factors 
influencing salivary function when treating with radiotherapy. Int J Radiat 
Oncol Biol Phys. Apr 1981;7(4):535-541. 
 
23. Balogh JM, Sutherland SE. Osteoradionecrosis of the mandible: a 
review. The Journal of otolaryngology. Aug 1989;18(5):245-250. 
 
24. Cooper JS, Fu K, Marks J, Silverman S. Late effects of radiation 
therapy in the head and neck region. Int J Radiat Oncol Biol Phys. Mar 30 
1995;31(5):1141-1164. 
 
25. Harrison LB, Zelefsky MJ, Pfister DG, et al. Detailed quality of life 
assessment in patients treated with primary radiotherapy for squamous cell 
cancer of the base of the tongue. Head Neck. May 1997;19(3):169-175. 
 
26. AlDuhaiby EZ, Breen S, Bissonnette JP, et al. A national survey of 
the availability of intensity-modulated radiation therapy and stereotactic 
radiosurgery in Canada. Radiat Oncol. Feb 7 2012;7. 
 
27. Mell LK, Mehrotra AK, Mundt AJ. Intensity-modulated radiation 
therapy use in the U.S, 2004. Cancer. Sep 15 2005;104(6):1296-1303. 
 
28. Shen X, Showalter TN, Mishra MV, et al. Radiation oncology 
services in the modern era: evolving patterns of usage and payments in the 
office setting for medicare patients from 2000 to 2010. Journal of oncology 
practice / American Society of Clinical Oncology. Jul 2014;10(4):e201-
207. 
 
29. Chang SX, Cullip TJ, Deschesne KM. Intensity modulation delivery 
techniques: "step & shoot" MLC auto-sequence versus the use of a 
modulator. Med Phys. May 2000;27(5):948-959. 

 
30. Jiang SB, Ayyangar KM. On compensator design for photon beam 
intensity-modulated conformal therapy. Med Phys. May 1998;25(5):668-
675. 
 
31. Meyer J, Mills JA, Haas OC, Parvin EM, Burnham KJ. Some 
limitations in the practical delivery of intensity modulated radiation 
therapy. Br J Radiol. Aug 2000;73(872):854-863. 
 
32. Salz H, Wiezorek T, Scheithauer M, Schwedas M, Beck J, Wendt TG. 
IMRT with compensators for head-and-neck cancers treatment technique, 
dosimetric accuracy, and practical experiences. Strahlentherapie und 
Onkologie : Organ der Deutschen Rontgengesellschaft ... [et al]. Oct 
2005;181(10):665-672. 
 
33. O'Daniel JC, Dong L, Kuban DA, et al. The delivery of IMRT with a 
single physical modulator for multiple fields: a feasibility study for 
paranasal sinus cancer. Int J Radiat Oncol Biol Phys. Mar 1 
2004;58(3):876-887. 
 
34. Yoda K, Aoki Y. A multiportal compensator system for IMRT 
delivery. Med Phys. May 2003;30(5):880-886. 
 
35. Chang SX, Cullip TJ, Deschesne KM, Miller EP, Rosenman JG. 
Compensators: an alternative IMRT delivery technique. J Appl Clin Med 
Phys. Summer 2004;5(3):15-36. 
 
36. Van Schelt J, Smith DL, Fong N, et al. A ring-based compensator 
IMRT system optimized for low- and middle-income countries: Design and 
treatment planning study. Med Phys. Jul 2018;45(7):3275-3286. 

 

Corresponding Author:  

Author: E. Ford 
 University of Washington, Seattle, WA, USA  

  eford@uw.edu

 

  


