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Cancer is a leading cause of death and disability worldwide [1].

It is anticipated that there will be more than 30 million cases of
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Radiotherapy in National Cancer Control Plans

implementing evidence based practices within available resources
and financial capabilities [3,4],

In 2017, the 70th World Health Assembly supported a resolu-
tion recommending that countries develop National Cancer Control
Plans (NCCPs) to improve global cancer control [5]. NCCPs are gov-
ernment documents that outline a country's national cancer pro-
gram and that set strategic goals to support its implementation
[6.7}. The development, implementation, financing and evaluation
of NCCPs is a fundamental component of cancer control |8]. Since
this World Health Assembly resolution was adopted in 2017, sig-
nificant efforts have been directed to analysing existing country
plans [7.9]. A checklist was previously developed to evaluate and
critically appraise the core components of NCCPs |7]. However,
there has been little research examining radiotherapy specific
components of NCCPs.

Radiotherapy is a critical treatment modality for the manage-
ment of cancer, but there are significant global inequities in access
[10]. In 2015, the Global Task Force on Radiotherapy for Cancer
Control (GTFRCC) was convened, bringing together radiotherapy
professionals, industry partners, patient groups, economists, and
cancer control agencies to quantify the gap in radiotherapy and
to develop strategies to close the gap by 2035. The GTFRCC issued
a call to action to promote the inclusion of radiotherapy in 80% of
NCCPs by 2020 [11]. A previous global analysis found that the
number of radiotherapy machines acquired by a country increased
after the implementation of an NCD {Non-Communicable Disease)
Plan or NCCP. However, this increase was independent of the inclu-
sion of radiotherapy within the NCCP [9]. It remains unknown if
specific components of radiotherapy provision and planning within
an NCCP correlate with radiotherapy machine availability. Bettef
understanding of these correfations between income groups and+
regions will inform the work of international and regional agengies:
supporting the development and expansion of radiotherapy af(ess
globally.

The ESTRO Global Impact of Radiotherapy in Oncojmﬂ.-\lm
project uses a data-driven approach to pursue the ogtima ﬁﬁke
of radiotherapy worldwide. The objectives of this %g y Were
1o determine: i) whether NCCPs included r pﬁﬁc
planning items; and ii) whether the inclugion wf ra I rapy
specific planning items in the NCCP correlates wit {adlotherapy

machine availability. We then examined theissocia bn between
the radiotherapy items in the Ncwﬂlﬂ: level and geo-
graphic region.

Methods e

Checklist items

The methods ded to ﬂbwﬁop an NCCP quality checklist have
been descr:"bﬂi, Pr . For this study, an expert panel

rev:ewed all 11 hec items from the NCCP quality tool and
sel 14 items, ;ertalmng to radiotherapy and its provision
{Table _Flve questions pertained directly to radiotherapy ser-
vices, on ed to care coordination, a core element of high
quality canceFTare [ 12], one item related to workforce, an essential
part of a radiotherapy service, and two itemns related to guidelines
[13]. Two questions related to governance and three related to
finances and costs. These final items were included given the

importance of ministry approval and investments in establishing
a sustainable radiotherapy service.

NCCP document evaluation

The data on the inclusion of these checklist items within the
NCCP or' Non-communicable disease (NCD) Plan of each member
state was obtained from a larger global analysis performed in
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2018 [9], combined with additional data for countries which devel-
oped or updated NCCPs between 2018 and December 2020. For
three countries, an alternative cancer care document was available
for review (Uganda, Iceland and Democratic Republic of Congo}
from which service planning information was drawn. For the
remainder of this paper, we refer to alternative cancer care docu-
ments, NCCPs and NCDs collectively as NCCPs. Responses to each
checklist item were categorised as either Yes (signifying checklist
itemn was included in NCCP) or No/No consensus [ sighifying check-
list item was not included in NCCP or unable to r
whether checklist itemn was included),

Radiotherapy demand and availability

Based on the most recent GLOBOCAD
national Agency for Research on Canter (IA
the number of new cancer cases jrmzm stratffjed by cancer type
for 185 countries and territoges, Onklregidil (Micronesia) was
included in the coun atd, as'gn, NCCP Tor this small group of
island nations wasdaVailablé Guith, the only country within
Micronesia for whidfhgountiy-level dafa was available, was there-
fore excluded, We us friously published estimates of optimal
radiotheragg{ utilisation aid machine needs [14], estimated as 409

new patie achlne.ly :fﬂl‘ low income (LIC), lower-middle
income [L pper -middle income {U-MIC) and 288 for high
income coflintries [C] We then estimnated the number of patients
requmng |oth in 2020 by tumour type for each country,

umber of machines {Cobalt and MV Linac)

e meet these demands {calculated as [Number of patients
,1 dicdtion for radiotherapy per year | 409] for LMICs and
patients with indication for radiotherapy per year |

| ior h:gh income countries). The estimated demand for radio-
[herapy machines was then compared with the current number of

i iva:lable radiotherapy centres and radiotherapy machines (Cobalt
Yand MV Linac) per country, as sourced from DIRAC in February

2020 [15]. For any country where DIRAC data was not provided,
we assumed machine availability was zero. Finally, for each mem-
ber state, we calculated the number of available radiotherapy
machines per 1000 patients needing radiotherapy as [(Number of
available Machines)]f{inumber of patients with indication for
radiotherapy)|*1000.

Geographical location and income level

Using established World Bank classifications for income levels
from 2020, all members states were categorised as LIC, L-MIC, U-
MIC and HIC [15G]. Territories and overseas departments without
an income classification (eg. La Reunion) were assigned the income
group of their associated country. Member states were categorised
into one of five geographical regions (Africa, North America, Latin
America and Caribbean, Europe, and Asia-Pacific) in keeping with
the regional definitions used by the IAEA Technical Cooperation
Department. As only one country in North America had a unified
NCCP, this region was excluded from statistical comparisons. The
USA has state and territory based NCCPs which are the subject of
ongoing research but were excluded from this current study.

Statistical analysis

We correlated responses to the 14 NCCP checklist items with
radiotherapy machine availability per 1000 patients needing radio-
therapy. We also examined whether countries had included any of
the five radiotherapy specific items in the NCCP and correlated this
with radiotherapy machine availability per 1000 patients needing
radiotherapy. We then examined the responses to the 14 checklist
items, stratified by country income level and geographic location.
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Table 1
Checklist items pertaining to radiotherapy machines, planning and provision within
NCCP checklist, finances, workforce, and governance.

Radiotherapy Planning Questions

1. Does the NCCP acknowledge device and machine needs and
matntenance?

. 1s there any strategy/mechanism for review of new technology and mech-
anisms for purchasing and procurement?

3. Is there any radiation oncology service planned or in place?

4. 15 there any assessment of radiation oncology machines and safety?

5. Is there any plan to develop/maintain radiation oncology service?

Care Coordination

1. 15 there any coordination between cenrres or coordination of care for

™

individuals?

Worldorce Planning Questions

1. Is there any health workforce strategy or plan linked to general
workforce?

Financial Planning Questions
1. Are financial resources for NCCP activities specified?

2. Are costs mentioned?
3. Is there a breakdown of resources or tracking of health accounts versus
total cancer expenditure?
Governance and Guideline Questions
1. Endorsement of the plan approved by the Ministry of Health and other
government?
. Is there a reference to cancer treatment guidelines/protocols?
3. Are there pational guidelines for specified cancers or plans to develop
them?
4. Are there cancer targets and indicators stated?

N

Categorical data were compared using a Chi squared test. Continu-
ous data with 2 groups were compared using a Student's t-test for
parametric data and using Mann-Whitney U for non-parametrig:
data. Where indicated, log transformation was used to normalise’
the data prior to statistical comparisons, using half-integer correc-
tion for zero-inflated data. A test for linear trend was used to
examine the association between the ordinal variable inggme
group and the mean number of radiotherapy related itemms
included in the NCCP. All analyses were performed af=itig STATA
version 12,0 (StataCorps LP, College Station, TX, USS'H} Stafisgiral
significance was defined as p < 0.05,

Missing data

Only countries with complete datafpm GLOBOCAN, DIRAC and
NCCP were included in our final a[[alysis.

Results
i

Complete GLOBOCAMN, DIBAC and NCCP data was available for
143 countries. Courfries4gith ‘Tncomplete data across any of these
three datalfages 44fére extiiided, as indicated in Supplemental
Table 1. Amongithe 143 included countries, 55.2% {n = 79) included
information for"abjeastfpe of the five radiotherapy related ques-
tion. Fhe numbek if radiotherapy related items included in the
NCCP foreach individual country is illustrated in Fig. 1. Based on
the availabf-datd'over 2.5 billion people reside in countries with
either no NCCF or where radiotherapy is not mentioned within
the existing NCCP.

Countries in which the NCCP acknowledged device/machinery
needs and maintenance had a higher median number of machines
per 1000 patients with an indication for radiotherapy in 2020(1.48
vs 1.02 machines/1000 patients needing radiotherapy, p = 0.02).
Countries that discussed radiation oncology services planned or
in place within their NCCP also had a higher median number of
machines per 1000 patients with an indication for radiotherapy
in 2020 (1.68 vs 0.75 machines/1000 patients needing radiother-
apy, p <0.001). Countries that included at least one of the five
radiotherapy related questions in their NCCP had higher machine
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availability (median 1.61 vs 0.71 machines{1000 patients needing
radiotherapy, p < 0.001). Countries which included national guide-
lines or cancer specific guidelines in their NCCP also had higher
machine availability (1.61 vs 0.53 machines{1000 patients needing
radiotherapy, p<=0.001, 1.45 vs 0.64 p = 0.007). Finally, countries
that acknowledged coordination between centres or coordination
of care for individuals also had higher machine availability (1.69
vs 0.75 machines{1000 patients needing radiotherapy, p <0.001).
In contrast, there were no associations between mathiing availabil-
ity and questions regarding workforce, financial pl.! g. or gov-
ernance (Table 1),

The proportion of countries with an NCCP m b}.chome
group, with 58.6% of HICs having an NCCP 45 com;:hj‘qd t only
25.7% of LICs (p=0.02). (Table 2). There was fjfy linear @sociation
between the mean number of reporte i gplated itemns
and increasing country income leve| \for test for linear

trend} (Table 2). HICs were mor;-jjl&;

review of new technology (25
HICs were also more lijEhy-t@inclytie coorEfnatlon of care between
centres in their NCE59. %ﬁrcomﬁr@ to LICs (20%) (p = 0.017).
HIC and L-MICs wirghmoredjkely to hiave a clear health workforce
strategy or plan linked fofhe general workforce within their cancer
care plans {56.8% of HICs, 74.3% of L-MICs, 44% of LIC and 33.3% of
U-MIC, p= 4). Most canger plans were endorsed or approved
by the Mipjstgphof Health or other government organizations,
regardless’ ¢f incofhe group (range 94.9-97.1%). However, cancer
plans in HICs were more likely to reference cancer treatment
guid#lites or ‘protocols (70.4% in HICs vs 28% in LICs, p = 0.007).
(Table 2):

Thie' proportion of countries with an NCCP varied by geographic
Jocatipm;a¥ith 80% of countries in Europe having an NCCP as com-
‘Paged to only 38.6% of countries in Asia-Pacific, 40.6% of countries
jn[afin America, and 40.7% of countries in Africa (p<0.001).
{Table 3) (see Table 4).

There were several differences between provisions for radio-
therapy planning in NCCP when stratified by geographic region
(Table 3}. Countries in Europe were more likely to include device
and machinery needs and maintenance in their NCCPs {59.5%) as
compared to other regions {p=0.023). A higher proportion of
countries in Europe (70.3%) included radiation oncology services
planned or in place in their NCCPs, as compared to Asia-Pacific
(27.9%), African (52.5%) and Latin Amertican countries (54.6%}
{p =0.002). The proportion of countries with a plan to develop or
maintain radiation services ranged from only 18.6% in countries
in the Asia-Pacific, to 56.8% of countries in Europe (p=0.004).
Approximately 76% of European countries included at least one
radiotherapy related item in their NCCP, as compared to only
34.9% of countries in Asia-Pacific, 55% in Africa, and 63.4% in Latin
America (Table 2). European countries were also more likely to
describe coordination between centres or coordination of care for
individuals in their NCCP (75.7%) compared to countries from
Asia-Pacific (27.9%) or Latin America (22.7%) (p < 0.001). The mean
number of radiotherapy related questions included in the NCCP
was highest in Europe {2.4) and lowest in the Asia-Pacific region
(0.88) (p <0.0001) (Table 2).

The proportion of countries with a clear health workforce strat-
egy or plan linked to the general workforce within their cancer care
plans was similar in all geographic regions. NCCP from Africa (55%)
were most likely to reference costs, as compared to Europe (43%),
Asia-Pacific {30.2%) and Latin America {27.3%), although this find-
ing was not statistically significant (p = 0.07). Most cancer plans
were endotsed or approved by the Ministry of Health or other gov-
ernment organizations, regardless of geographic location (range
93% to 100%). However, cancer plans in Europe (73%) and Latin
America (77.3%) were more likely to reference cancer treatment
guidelines or protocols compared to Africa (45%) or Asia-Pacific
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Radiotherapy ltems in NCCPQ{

[T] no evaluable NCCP
[] oRATitems in NCCP
[ 1 ATitem in NCCP

[ 2RATitems in NCCP
[] 3RATitems in NCCP
[ 4RTitemsin NCCP
[l 5RT items in NCCP

(46.5%) (p = 0.008). Countries in Europe and Latin America werb.
alse most likely to mention national guidelines (p= 0017]%

(Table 2),

F
|

Discussion

Radiotherapy is an essential component of an re [t
[7], as recognised by the IAEA and the WHOAJ‘F;I mﬁ-
found that only 55% of all evaluable NCCPs inglutigd any provisions
for radiotherapy planning, below the target bf mkzozu set by
the GTFRCC | 11!, Moreover, over 2.5 billio le resfde in coun-
tries with no unified NCCP, or whm*hq:gm NCCP does not
include radiotherapy.

In this study, we demonstr_at.qj'q‘t;ong q&}'relat:on between the
prioritisation of radiothera ice'planfithg and machine main-
tenance in a country's NCCR and thig availability of radiotherapy
machmes to meet deman JWhilg these results do not imply
fit the importance of including

s as a key commitment by govern-
to dévelop and expand access to a cost-
eatment [11,18]. Our findings enhance

orts to ‘?Yﬁstrate the importance of NCCPs in building

radiothera la

ments and §

Romero et al (2018) demonstrated that
otherapy units acquired annually by countries
increased s:gﬁiﬁcantly after implementation of an NCCP [9]. How
ever, this prior analysis also found a similar magnitude of increase
in new radiotherapy units acquired in countries where radiother-
apy was not mentioned in the NCCP, making it difficult to attribute
the increase in units to the inclusion of radiotherapy within the
NCCP. Moreovet, as radiotherapy demand was not modelled in this
prior analysis, it was unclear whether the increase in radiotherapy
units related only to population growth, or whether there were real
improvements in radiotherapy supply.

This is the first study to examine the inclusion of radiotherapy
in NCCPs, stratified by geographic region. We found geographical
differences in radiotherapy checldist item inclusion, with Europe
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Trmmsed winh magrhrr

3 % 1-

Fig. 1. World map indicating the numbet of RT related ltemmﬁ_ﬁunrrﬂ wnh evaluable NCCPs.

“h % th;f,hlghest proportion of plans including radiotherapy-
s and the Asia-Pacific having the lowest, followed by

Prior work has identified Asia-Pacific and Africa as having

d ihé'gff:atest challenges with regards to radiotherapy infrastructure
| dnd investments | 19]. Therefore, these are the regions where radio-
“therapy should be prioritised during future NCCP development.

International and regional organisations such as the IAEA, the
International Cancer Control Partnership (ICCP), Federation of
Asian Organizations for Radiation Oncology (FARO) and the African
Organisation for Research and Training in Cancer {AQRTIC) have
vital roles to play in ensuring the inclusion of radiotherapy related
services and planning in NCCPs. The IAEA’s Rays of Hope Initiative
is an example of a regional program supporting the establishment
and expansion of radiotherapy services to improve access to care
for patients globally |20).

Our results alse confirm differences in the availability and qual-
ity of NCCPs when stratified by country income level. The low pro-
portion of LICs acknowledging radiotherapy in their NCCPs is
incongruent with their radiotherapy needs. The gap in radiother-
apy supply and demand has widened over a decade in LIC, and
65% of LICs have no radiotherapy available in their country [10].
However, for most individual radiotherapy checklist items, inclu-
sion in NCCPs was poor regardless of income groups. For example,
the strategy of reviewing new technology ranged from 4% in LICs to
25% in HICs, while the assessment of radiotherapy safety was
included in between 14% to 20% of NCCPs, showing little variability
between income groups. While there is an urgent need to expand
radiation services globally, it is paramount that radiotherapy is
safe and sustainable, and these fundamental elements should be
featured within NCCPs.

Countries with existing radiotherapy services may not neces-
sarily be prioritising radiotherapy within their NCCPs, limiting
the current analysis. For example, only 64% of HICs included the
NCCP checklist item “radiotherapy service planned or in place”, a
result that is much lower than the 92% of HIC which had radiother-
apy services available in 2013 [8), This suggests that while some
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Table 2
Association between Median number of Available Machines per 1000 patients with indication for radiotherapy in 2020 and NCCP questions regarding Radiotherapy (n = 143).
Median number of Machines per P
1000 patients needing radiotherapy in  value’
2020
Radiotherapy Planning Questions
1. Does the NCCP acknowledge device/machinery needs and maintenance 0.02
Yes (n=55) 1.48
No/No consensus (n = 88) (0-3.35)1.02 £
(0-4.48) g .
2, Is there any strategy/mechanism for review of new technology and mechanisms for purchasing and “\- 027
procurement? 157 b Y
Yes (n=21) (0-2.85)1.20 s,
NoJNo consensus (n = 122) (0-4.49) & " B
3. Is there any radiation oncology services planned or in place? 1.68 [ h 1 «0.001
Yes (n=71) (0-4.48)0,75 W ]
NofNo consensus (n =72} (0-4.09) i N b
4, s there any assessment of radiation oncology machines and safety? i Y 0.21
Yes (n=23) 139 s A
No/No consensus {n = 120) (0-2.901.220 g4

5.15 there any plan to develop/maintain radiation oncology services? 0.19
Yes (n=54)
No/No consensus (n = 89)
6. Any of the above radiotherapy related checklist items included in the NCCP? <0.001
Yes {n=79)No
(n=64)
Centre Coordination
6. Is there any coordination between centres or coordination of care for individuals? <0001
Yes (n =61) 1.69
NofNo consensus {n = 82) [0-4.48)0.75
' (0-4.09)
‘Workforce Planning Questions
1- Is there any health workforce strategy or plan linked to general workiorce? " 0.82
Yes (n =75} ] 1.24
No/No consensus (n =68} : (0-4.48)1.33
(0-3.99)
Financial Questions
1. Are financial resources for NCCP activities specified? 1.20 0.49
Yes (n=74) (0-4.48)1.40
No/No consensus (n = 69) {0-4.09)
2. Are costs mentioned? by 1.18 0.45
Yes {n=57) 4 4 (0-4.48)1.31
NofNo consensus {n = 86) : (0-4.09)
3. Is there a breakdown of resources or tracking of healt{i‘iccoum*u:{;u{,ﬁtal cancer expenditure? 0.38
Yes(n=2) 1.85
NofNo consensus (141) {1.23-2.45)1.27
(0-4.48)
Governance and Guideline Questions
1 - Endorsement of the plan approved byﬂue-Mﬁ‘itgu-y‘il‘»ﬁealth and other government 0.87
Yes (n=137) 128
NojfNo consensus {0 = 6) b (0-4.48)1,23
(0-3.99)
- Is there a reference to cange(treatmeqt ‘guidellnes{ protocols? 145 0.007
Yes {n=82) \ (0-4.48)0.64
NojNo consensus (naf1} (0-4.09)
3 - Are there nation Mpgcﬁed cancers of plans to develop them? 0.001
Yes (ne64) o0 1.61
Nun'N:}-qﬂn_sa i"hﬂt - 79) (0-4.480.53
(0-4.09)
4 - ,ln'e there cafﬁé‘l\targﬁ;"pnd indicators stated 1.27 0.77
“¥es (0 =105) (0-4.09)1.25
Wu consensis [0 =38) {0-4.48)
* Mann- y»\(‘-j [ F6r non-parametric data and Student s t-test use l'ur parametric data.

countries may have radiotherapy services available, the prioritisa-
tion of radiotherapy has not necessarily been specified their NCCP.
This could limit future maintenance and expansion of radiotherapy
service in these countries.

Workforce planning is another essential component for cancer
care delivery and is integral to expanding radiotherapy services
globally. In this analysis, we did not identify any associations
between workforce planning and machine availability. However,
HICs and L-MICs were more likely to have a clear health workforce

strategy or plan linked to the general workforce within their NCCP.
Prior modelling studies have estimated the workforce needed to
deliver optimal radiotherapy [11]. The radiation oncology work-
force is highly specialised and includes radiation oncologists, med-
ical physicists, radiation therapists, engineers, and information
technology specialists. Training the necessary personnel takes
many years and requires significant time investment in addition
to financial costs. Several international organizations such as the
European Society for Radiotherapy and Oncology (ESTRO) have
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Table 3
Association between income level and radiotherapy and cancer service planning in NCCPs.
Low Incame Low-middle [ncome Upper Middle Income High income P value
NCCP Data (n = 185} N=135 N=44 N=48 N=58
NCCP Plan 26 21 24 24 0.02
No (74.3%)9 (47.7%)23 (50%)24 {41.4%)34
Yes (25.7%) (52.3%) (50%) (58.6%)
NCDfOther Flan 113 16 14 31 0.06
No {45.7%)19 (36.4%)28 (29.2%)34 (53.4%)27
Yes (54.3%) {63.6%) {70.8%) (46.5%)
NCCP Related Questions (n = 143) N=25 N=35 N=39 N=44
Radiotherapy Planning Questians
1 -~ Does the NCCP acknowledge devicefmachinery needs and maintenance Al .
No/No consensus 19 (76.0%)6 22 (62.9%)13 24 {61,5%}15 23 (52.3 . “\;}x h.g,s
Yes (24.0%) (37.1%) (38.5%) (47.7%) ik
2- Is there any strategy/mechanism for review of new technology and mechanisms for purchasing and procurement? 5 & . ',-‘
Nof No consensus 24 (96%)1 29 {82.6%)% 36 (92.3%3 ] ‘F\“ peatl? 005
Yes (4%) (17.1%) (7.7%) #’E 5%) \‘\, e
~ Is there any tadiation oncelogy services planned or in place? . 3 ]
Nof No consensus 16 (64.0%)2 17 (48.6%)18 23 (59,0%)16 - w-i 0.09
Yes (36.0%) {51.4%) (41.0%} e ':_" {G34 j: #
4 — [s there any assessment of radiation oncology machines and safety? e, Wb
NofNo consensus 20 (80%)5 30 (85.7%)5 33 (84 65]1!' | b, \ 37 (B4.1%)7 0.94
Yes {20%} {(14.3%} {15.4%)4 % 3, '__,-‘-‘ 4 5.9%)
- Is there any plan to develop/maintain radiation oncology services? v
NofNo consensus 17 (68.0%)8 21 (60.0%)14 25 {64. I%)l‘t]‘ ‘:‘: 26 (59.1%)18 0.88
Yes {32.0%) (40%) -Q\S 9%) s (40.9%)
6. Are any of the above radictherapy related checklist items {Questions t-5) included in the NCCPQb \‘urt-
No/f No consensus 15 (60.0%)10 16 (45.78}19 3%)19 13 (29.6%)31 0.067
Yes {40%} (54.3%) (70.4%)
Mean number of radiotherapy related checklist items in the NCCP L-' LN
1.16 16 'x.“_l 38 BY 19 0.30
Centre Coordination o i
1- Is there any coordination between centres or coordination of care for jndividuals? | r o
No/ No consensus 20 (80%)5 21 (60%)!.51 r 1&3 (59%)16 18 (40.9%)26 0.017
Yes (20%) (40%) . Az (59.1%)
Workforce Planning Questions il ey
1- Is there any health workforce strategy or plan linked to general workfol b
No/ No consensus 14 {56%)11 9(2 ,7%)26 & 26 (66.7%)13 19 (43.2%)25 0.004
Yes {44%) (74. 1] '; 1 (33.3%) (56.8%)
Financial Planning Questions et oy
1 ~ Are financial resources for NCCP activities specified
NofNo consensus 13 (52%012 { .9%)20 17 (43.6%)22 24 (54.6%)20 0.66
Yes (48%) - x # (57 :; (56.4%) (45.4%)
2- Are costs mentioned i
No! Mo consensus 16 (G4 -l~7‘.f48.B%)1 8 24 (61.5%)15 29 (65.9%)15 043
Yes (36, (51.4%) {38.5%) (34.1%)
3 - s there a breakdown of resoutrces ot trackin alth its versus total cancer expenditure?
No/ No consensus l 34 (97.1%N 39 (100%) 43 (97.7%)1 0.64
Yes \ \ (2.9%) 0 (2.3%)
Governance and Guideline Questions | -" )
1 - Endorsement of the plan approved ql[he Mini ot' Health and other government
No/ No consensus A "Glitk 1 {2.9%)34 2 (5.1%)37 2 (4.6%M42 0.97
Yes / 1-9%&7’ (97.1%} (94.9%) (95.4%)
= Is there a reference to (ﬂm(matme‘w guidelines] protocols?
Nof No consensus d= \\ £ 18 (72%)7 15 (42.9%)20 15 {38.5%)24 13 (29.6%)31 0.007
Yes T, {28%) (57.1%) (61.5%) (70.4%)
3 - Are thsfgo nath-ua] @uxder&l{ar specified cancers of plans to develop them?
Nof No ¢ suf - 17 (68%)8 16 (45.7%)19 15 (38.5%)24 i6 (36.4%)28 0.061
Yes “ E. (32%) (54.3%) (61.5%) [63.6%)
4 - Are there ca?;?p{argm:;nd indicators stated
N{]v- o cansensu 9 (368116 9{25.7%)26 8 (20.5%)31 12 (27.3%)32 0.59
g )J ;!I (64%) (74.3%) (79.5%) {72.7%)

well established training opportunities for member states which
can form the basis of a core curricula in radiation oncology [21].
-We encourage countries to build radiotherapy workforce planning
into future iterations of their NCCP in order to help meet growing
treatment demands [22].

Radiotherapy is an evidence-based treatment, indicated in
approximately half of cancer patients based on clinical practice
guidelines [23]. We found that countries whose NCCP referenced
cancer treatment guidelines and/or protocols had higher machine
availahility to meet demand. While such an association does not
prove causation, it does highlight the potential importance of clear

guidelines in optimizing the delivery of -evidence-based care,
including radiotherapy. HICs and European countries, were most
likely to reference clinical guidelines in their NCCPs. However,
guidelines are dynamic, and change based on new evidence, The
recent introduction of hypofractionation for breast and prostate
cancer, driven in part by the need to reduce patient contact times
during the COVID-19 pandemic, is an example of rapid adaptation
of clinical practice guidelines {24]. These recent guideline changes
are not all reflected in the current estimates of radiotherapy
demand, and this could affect estimates of machine need. Develop-
ing country-specific guidelines or referencing resource-stratified
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Table 4
Association between geographic region and radiotherapy and cancer service planning in NCCPs.
Aftica Asia-Pacific Europe Latip America North America P-value®
NCCP (n = 185) N=54 N=57 N=40 N =32 N=2
NCCP Plan 32 35 8 19 1 <0.001
No (59.2%)22 {61,5%)22 {20.0%)32 {59.4%)13 {50%)1
Yes (40.7%) (38.6%} (80.0%) {40.6%) {50%)
NCD{Other Plan 26 19 18 13 1 0.59
No {48.1%)28 {333%)38 (45%)22 {40.6%19 (50%)
Yes {51.9%) (66.7%) (55%) (59.4%) (50%)
NCCP Related Questions (0= 143) N=40 N=43 N=37 N=22 N=1
Radlotherapy Planning Questions
1 - Does the NCCP acknowledge device/machinery needs and maintenance r-"
No/No consensus 26 (65%)14 31 (72.1%N2 15 {40.5%)22 15 (68,2%)7 1{100%) [
Yes (35%) (27.9%) {59.5%) (31.8%) 0 .
2- |s there any strategy{mechanism for review of new technology and mechanisms for purchasing and procurement? e, M
No/No consensus 36 {90%)4 4] (95.3%)2 25 (67.6%)12 19 (B6.4%)3 12{ 1008F
Yes {10%) {4.65%) (32.4%) {13.6%)
3 - Is there any radiation oncology services planned or in place? :' il Y ¥
No/No consensus 19 (47.5%)21 31 (72.1%)12 11 (29.7%)26 0 (4 4:132 £l mium:' 0.002
Yes {52.5%) (27.9%) (70.3%) _' 0
4 - Is there any assessment of radiation oncology machines and safety? ] , N
NofNo consensus 32 (BO%)8 39 (50.7%4 28 (75.7%)9 ?‘5(90 9%}2 4 1100%) 0.21
Yes (20%) {5.3%) (24.3%) [+]
5 - Is there any plan to develop/maintain radiation oncology services?
NojNa consensus 22 (55.0%)18 35 (81.4%)8 16 {43.2%)11, 15 (h&‘ﬂ)z 1 (100%) 0.004
Yes (45.0%) {1B.6%) (56.8%) (31.8%) 0
6. Any of the above radiotherapy related checklist items included in the NCCP? .
No 18 (45%)22 28 (65.1%)15 9(24.3%)20° (36.4%)14 1 {100%) 0.003
Yes {55%) (34.9%) (75.7%) fB}A%) 0
Mean number of radiotherapy related checklist items in the NCCP \ ]
16 0.88 24 . 4.4 - <0.001
Centre Coordination
1 - Is there any coordination between centres or coordination of care for individpals?
NofNoc consensus 24 (60.0%16 31 (720%12 2{_?;%)_2]‘ f 17 (77.3%)5 1 (100%) <0.001
Yes (40.0%) (27.9%) \ (7578} (22.7%) 0
Workforce Planning Questions
1-Is there any health workforce strategy or plan linked to general workfgh ? P
NojNo consensus 19 (47.5)21 20 (46551 %} 18 (48.6%)19 11 (50%)11 1 (100%) 0.89
Yes (52.5%) ("w_) 0 L (51.4%) (50%) 0
Financiai Planning Questions & . g o
1 - Are financial resources for NCCP activities specified ]
No/No consensus 17 (42.5%)23 4 | HS.S%]]Q 13 (35.1%)24 14 (63.6%)8 1(100%) 011
Yes (57.5%) i :}t}j} y (64.9%) {36.4%) 0
2- Are costs mentioned ; s
NofNo consensus 18 (45% ﬂ!’ W 30(69.8%113 21 (56.8%)16 16 (72.7%)6 01 0.07
Yes (55%) 4(30.2%) {43.2%) (27.3%) (100%)
3 - Is there a breakdown of resources or tra; ‘N@hlth a:cn(nts versus totat cancer expenditure?
No/No consensus _40{\1 i 43 (100%) 35 (94.6%)2 22 (100%) 1 {100%) 0.12
Yes | h 0 {5.4%) 0 0
Governance and Guideline Questions
1 - Endorsement of the plan apg.roveg: Ml;tl try of Health and other government
No 3(7.0%40 2 (5.4%)35 022 o1 0.53
Yes | 'EPT 5%) (93.0%) (94.6%) {100%) {100%)
- Is there a reference pqn:&rkgatmq@:‘gmdelmes{ protocols?
No'No consensus & . 22 (55.0%)18 23 (53.5%)20 10 (27.0%)27 5(22.7%n7 1 (100%) 0.008
Yes (45.0%) (46.5%) (73.0%) (77.3%)
3 = Are thﬂrq\*t:oﬂdiuldelmehbr specified cancers of plans te develop them?
No/No conshhf; 21 (52.5%)19 25 (58.1%)18 11 {29.7%)26 6(27.3%)16 1 (100%) 0.017
Yes (47.5%) {41.9%) (70.3%) (72.7%) 0
4 \.h{ there canﬁér‘hrgets and indicators stated
NoWie, 9 (22.5%)31 16 (37,2%)27 10 (27.0%)27 2 (13.6%)19 ot 0.19
Ye'b- : ', {77.5%) (62.8%) {73.0%) (85 A%) (100%)

" Chi-squar e“r‘pﬂalues exclude Notth America from the companson as N = 1, except for the questions regardmg the presencefabsence of NCCP or NCD/Other,

guidelines for radiotherapy services within the NCCP could
encourage the prioritisation of high-value interventions and
improve service planning despite resource constraints [23].

Limitations and future directions

The validity of our results is dependent on the quality of the
checklist used to evaluate the core elements of NCCPs and the
review process adopted to evaluate each NCCP, as previously

described | 7.9], as well as the accuracy DIRAC and GLOBOCAN data.
Despite the robust methods which led to the development of a
111-item quality check list, only 5 pertain directly to radiotherapy,
which cannot capture all the aspects needed for a functional radio-
therapy service. The questions pertaining to workforce, finances,
governance, and guidelines are related questions but are not speci-
fic to radiotherapy. Ongoing research examining the extent of
radiotherapy prioritisation in NCCPs, and including additional
important aspects such as demand modelling, financial needs,
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radiotherapy workforce and brachytherapy are needed. Further-
mote, while this current project correlates the presence of NCCPs
with machine availability, evaluating for correlations with cancer
outcomes is beyond the scope of this work. Complete GLOBOCAN,
DIRAC and NCCP data was only available for 143 countries world-
wide. The exclusion of countries with incomplete data may gener-
ate a selection bias, and ongoing research to collect and analyses
data for missing countries is warranted. At present DIRAC data
does not include specific information on brachytherapy, and ongo-
ing work is underway to increase the level of detail which could
inform future analyses.

The current study demonstrates a correlation between NCCPs
and machine availability but does not demonstrate causation, or
directionality. Countries with a high supply of radiotherapy machi-
nes tmay be more likely to include radiotherapy within their NCCPs,
due to the need for clear strategies for maintenance, equipment
procurement and training. On the other hand, countries that
inciude radiotherapy within their NCCP may be more likely to
invest in radiotherapy due to an increased awareness of its impor-
tance, and therefore may have higher machine availability. There-
fore, while our resuits support the inclusion of radiotherapy in
NCCPs to provide clear cancer planning and support machine avail-
ability, there is no implied causality between NCCPs and machine
availability. Acknowledging radiotherapy within an NCCP is an
important first step towards recognizing radiotherapy as a key
component of cancer care and developing effective strategies to
acquire machines and develop radiotherapy programs within a
country.

While NCCPs are important documents for cancer control and
require clear targets and actions, successful implementation of*

the plans is not guaranteed. This important task requires input<

frorn multiple stakeholders across all levels of health and gove,?yﬁ
ment, as well the support of international organisations. Evejiithe
most comprehensive NCCP will not lead to meaningful chifiges
in the availability of cancer services without significantimpestnieht
and support from all relevant in-country institutief )
study in cervical cancer demonstrated that coungrie:
HPV vaccination programs were more likely t ve 1 ta-
tion strategies detailed within their NCCPs A5,

importance of including clear targets, acthn’ls. and nlementatlon
details for radiotherapy within NCCPs,

Over time, updating metrics for

most recent clinical practice gmddpﬁgs
ing this analysis in the future
that include radiotherapy
radiotherapy services and

demand would objecti
ing access to radiotfierapy

LY

Contﬁﬂ;m b )

NCCPE‘I'&m«;ﬂtaI part of global efforts to improve access to
cancer care services, including access to radiotherapy. Current
inclusion rates of radiotherapy within NCCPs fall short of the 80%
target set by the GTFRCC and vary according to country income
group and geographic region. This GIRO project highlights that
the inclusion of radiotherapy in a country's NCCP is correlated with
increased machine availability, with variability by country income
level and geographic location, Radiotherapy service provision must
be safe and sustainable, and these elements should be prioritised
within an NCCP. A future study is planned examining time trends
in NCCP quality and radiotherapy availability and could support
the importance of NCCPs in expanding services over time. The
leadership and advocacy of local stakeholders, regional organisa-

nd to reflect the

will he ifiportant. Repeat-

lne ountries with NCCPs

ng\@m etter able to increase

chine'@yailability to match growing

irm.£fle value of NCCPs in improv-
es,

No. of Pages 9, Model 5G

tions and international groups is important to promote the inclu-
sion of radiotherapy specific services in future jterations of NCCPs.
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