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This technical appendix presents our findings concerning the economics of the LWABC programme. 
  

1.1 Approach 

 

Our approach to the economics of the LWABC was to posit a number of hypothesis about the 
economics effects of the interventions. This technical appendix covers details of our analysis related 
to the following hypotheses:  
 
 Patient’s health related quality of life will improve 
 There are productivity benefits in the nursing workforce 
 Emergency admissions will reduce  
 Net outpatient appointments will reduce 
 

1.2 Hypothesis – Patients’ health related quality of life will improve 

 
We piloted an approach to health-related quality of life (HRQoL) measurement in Rotherham. This 
aimed to complement the exploration of quality of life undertaken through the patient survey, by 
introducing a validated and commonly used measure of HRQoL (EORTC CLC-Q30 - a cancer-
specific quality of life measure). This involved clinical staff in the Breast team collecting data with 
patients throughout their cancer journey. We secured comparator data from the Horizons study 
(University of Southampton) against which to draw comparisons. Unfortunately, we 
received/attracted fewer participants to the study and as a result, we were unable to consider this 
evidence as part of the evaluation. The table below outlines the evidence available.  
 
In total, 24 data returns were received. The majority were baseline (post diagnosis, pre-treatment) 
but only five returns were received at the 3 and 6 month post baseline points. Unfortunately, the 3 
month and 6 month follow up responses were not matched (related to the same patient at both 
timepoints), therefore decreasing its robustness/usefulness.   
 
Figure 1: HRQoL data collection – Rotherham  

 Total 

Baseline 16 

3 month follow-up 5 

6- month follow-up 5 

Total 24 

 

1.3 Hypothesis – Productivity benefits 

 
Our main evidence of productivity benefits comes from data collection with Cancer Support Workers/ 
Cancer Care Coordinators /TAPs, who collected data on their activities where they believed there 
was a time saving for another member of clinical staff.  
 
These were collated using a standardised tool (excel based), and data was collected during the 
Summer and Autumn of 2020. We received a total of 14 returns from six NHS Trusts from across 
the programme (see Figure 2 below). The length of time data was collected for varied on a team by 
team, and site by site basis. On average data collection ran for 17 days or 13 working days, with a  
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maximum of 33 days and a minimum of 4 days. Four sites began data collection in August, four in 
September, and six in October 2020. Note that all sites ended data collection before the second 
England-wide Covid-19 lockdown. 
 
Figure 2: Data collection Final Phase (Summer/Autumn 2020) 

Trust Tumour site Start date  End 
date 

Days Working 
days 

Barnsley Breast 01-Oct 22-Oct 21 16 

Colorectal 06-Oct 28-Oct 22 17 

Urology 06-Oct 20-Oct 14 11 

Chesterfield Breast 18-Sep 02-Oct 14 11 

Colorectal 05-Oct 19-Oct 14 11 

Urology 26-Aug 03-Sep 8 7 

Doncaster & 
Bassetlaw 

Breast 06-Aug 08-Sep 33 24 

Colorectal 07-Aug 28-Aug 21 16 

Urology 10-Aug 02-Sep 23 18 

Rotherham Breast 24-Sep 08-Oct 14 11 

Colorectal 12-Oct 22-Oct 10 7 

Urology 24-Sep 14-Oct 20 14 

Sheffield Colorectal 21-Sep 09-Oct 18 14 

Wakefield Colorectal 05-Oct 09-Oct 4 4 

 
Observations 

Overall, 1,101 observations were recorded over 181 working days, as shown in Figure 3 below 
disaggregated by six sites. On average, there were around 6 instances on any given day where a 
CSW saved a colleague time. This was highest in Wakefield (14.5) and Sheffield (7.9) and lowest 
Rotherham (4.8) and Barnsley (5.4). 
 
Figure 3: Observations by site 

 Observations % of total Working days Observations per day 
(mean average) 

Barnsley 238 22% 44 5.4 

Chesterfield 173 16% 29 6.0 

Doncaster 369 34% 58 6.4 

Rotherham 152 14% 32 4.8 

Sheffield 111 10% 14 7.9 

Wakefield 58 5% 4 14.5 

Total 1101 100% 181 6.1 

 
Overall, the majority of observations saved less than 15 minutes for other staff members (56%). A 
time saving of between 15 and 30 minutes was made in a fifth of cases, and over a tenth (12%) 
saved 60 minutes or more. See Figure 4.  
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Figure 4: Time saved by time band 

Time saving Observations % of total 

<15 Mins 610 56% 

15-30 Mins 220 20% 

31-45 Mins 86 8% 

46-60 Mins 41 4% 

>60 Mins 134 12% 

Total 1,101 100% 

Source: LWABC programme teams 

 
Overall, some 23,000 minutes (equivalent 383 hours) were saved for other professionals. On 
average, that equates to 127 minutes (2.1 hours) per working day. This was highest in Wakefield 
(5.6 hours), with other sites saving between 1.7 and 2.8 hours per day on average.  
 

Figure 5: Time saved by pilot site 

 Minutes 
saved 

Working 
days 

Minutes saved 
per working day 

Confidence 
interval 

Standard 
deviation 
(minutes) 

Hours 
saved per 

working 
day 

Barnsley 5,164 44 117 114.4 to 119.6 20.2 2.0 

Chesterfield 4,112 29 142 139.5 to 144.5 16.8 2.4 

Doncaster 5,899 58 102 100.2 to 103.8 17.2 1.7 

Rotherham 4,175 32 130 126.7 to 133.3 20.4 2.2 

Sheffield 2,325 14 166 162.9 to 169.1 16.6 2.8 

Wakefield 1,332 4 333 328.5 to 337.5 17.3 5.6 

Total 23,006 181 127 125.9 to 128.1 18.7 2.1 

Source: LWABC programme teams. Note: minutes saved calculated using the mid-point of the time saved band. 
Confidence interval calculated using the t-distribution 

 
Information on patient pathway stage at which the time saving was made was available for 97% of 
observations. Most commonly the pathway stage was ‘follow up’ (38%), but around a fifth 
respectively were ‘during treatment’ (22%) and ‘other’ (17%). No further information was available to 
assess what ‘other’ meant in this context.  
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Figure 6: Observations by pathway stage (n=1,056) 

Pathway stage Observations % of total 

Follow up 402 38% 

During treatment 236 22% 

Other 183 17% 

Initial diagnosis 91 9% 

End of treatment 74 7% 

In palliative care 36 3% 

Start of treatment 20 2% 

Diagnosis of recurrence 10 1% 

Transition to palliative care 4 0% 

Source: LWABC programme teams 

 
The vast majority of time saved was for Acute Clinical Nurse Specialists (CNS), with 89% of all 
observations saving time for that staff type. See Figure 7 below. It is notable  
 
Figure 7: Staff type  

Staff type Observations % of total 

CNS Acute  959 89% 

Medical Secretaries/Admin 87 8% 

Other 21 2% 

Chemotherapy 2 1% 

District Nursing  1 1% 

MDT Coordinator/Tracker  1 1% 

Total 1,071 100.00% 

Source: LWABC programme teams 

 
Support workers categorised the type of activity they undertook that led to cost savings. The most 
common activity was care coordination (30%), HNA (18%), support (15%) and administration (15%). 
The average minutes saved per activity type was highest for development (32) and other (32). 
Administration saved 27 minutes per activity while HNA saved 23.5 minutes. Care coordination and 
escalation activities tended to save the least amount of time (less than 20 minutes).  
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Figure 8: Time savings by activity type 

Activity type Number of 
observations (%) 

Time saved 
(minutes) 

Minutes saved 
per activity 

Care coordination 328 (30%) 4,284 13.1 

HNA 198 (18%) 4,660 23.5 

Support 163 (15%) 4,092 25.1 

Administration 160 (15%) 4,313 27.0 

Referral or 
signposting 

91 (8%) 1,359 14.9 

Other 82 (7%) 2,637 32.2 

Escalation 66 (6%) 1,248 18.9 

Development 13 (1%) 414 31.8 

All activities 1,101 (100%) 23,006 20.9 

 
We use PSSRU unit costs of healthcare to assign monetary values on the amount of time saved for 
a particular member of staff. Our assumed unit costs are shown in Figure 9 below. 
 
Figure 9: Hourly rates for staff categories 

Category Hourly Rate (£) Assumption/details 

CNS Acute  51 Average band 6 and 7 nursing staff 

Medical 
Secretaries/Admin 

27 Band 4 nursing staff 

Chemotherapy 54 Assume Diagnostic other 

District Nursing  46 Band 6 Community Nurse 

MDT 
Coordinator/Tracker  

27 Band 4 nursing staff 

Source: Unit costs of healthcare: Hospital-based healthcare staff and Community Based Healthcare staff in Curtis, L. & 
Burns, A. (2019) Unit Costs of Health and Social Care 2019, Personal Social Services Research Unit, University of Kent, 
Canterbury. 

 
We apply these rates to the mid-points of time-savings data. The resulting estimates are then 
annualised based on the number of working days the site was collecting data for (as observed), and 
an assumption of the number of working days per year (220). This generates an overall gross saving 
of £326,336 across all sites and teams providing data. Summary statistics are shown in   
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Figure 10. The average saving per tumour site is £23,310 pa. Further details on site level estimates 
are shown in Figure 11.  
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Figure 10: Summary statistics for annualised productivity cost savings 

Statistic £ 

Sites/teams (n) 14 

Sum £326,336 

Mean £23,310 

Median £24,361 

Max £50,534 

Min £4,720 

Range £45,814 

 
The estimates fall with a wide-range (£45,267; £4,720 to £50,534). This is attributable to two outlying 
estimates in the data (Barnsley; Urology, and Wakefield; Colorectal). We received additional data 
for Wakefield from all three tumour sites for a two-week period in January 2020. This confirms that 
the estimate for Colorectal is likely to be an overstatement of the benefits, as the previous estimates 
ranged between £26k and £35k pa (using the same methodology). Removing these two outlying 
figures from the most recent estimates shows an average of £22,590 pa (n=12).  
 
Figure 11: Cost savings by tumour site 

Trust Tumour site Working 
days 

% of 
year 

Cost 
saving 

Average saved 
per working day 

Average 
saved pa  

Barnsley Breast 16 7% £1,770 £111 £24,338 

Colorectal 17 8% £1,001 £59 £12,954 

Urology 11 5% £236 £21 £4,720 

Chesterfield Breast 11 5% £1,229 £112 £24,582 

Colorectal 11 5% £1,219 £111 £24,384 

Urology 7 3% £919 £131 £28,892 

Doncaster 
& 
Bassetlaw 

Breast 24 11% £1,300 £54 £11,917 

Colorectal 16 7% £2,098 £131 £28,852 

Urology 18 8% £1,423 £79 £17,391 

Rotherham Breast 11 5% £1,222 £111 £24,438 

Colorectal 7 3% £730 £104 £22,946 

Urology 14 6% £1,546 £110 £24,297 

Sheffield Colorectal 14 6% £1,660 £119 £26,093 

Wakefield Colorectal 4 2% £919 £230 £50,534 

Source: CCL analysis. Note: we sense checked the data collection in each of sites, there were no significant mis-recording 
errors   

 
Unadjusted Cost savings by activity type is shown in  
 
Figure 12 below, (ie the data is not annualised as per the previous table). Overall, the greatest cost 
saving was conducting HNA (nearly £4,000 or 23% of the total cost saving). Care coordination or 
support were also activity categories with high amounts of cost savings. Using the number of 
observations (activities conducted), the final column in the table presents the marginal rate of cost 
saving each activity type. This is highest for the ‘other’ category (£24), while ‘HNA’ and ‘support’ 
represented an average cost saving of £20 respectively.   



Macmillan LWABC Programme – Health economics appendix 
 

9 

 
 
 
Figure 12: Cost saving by activity type 

Activity type Cost saving % of total N Cost saving 
per activity 

Administration £2,473 14% 160 £16 

Care Coordination £3,527 20% 328 £12 

Development £205 1% 13 £16 

Escalation £881 5% 66 £13 

HNA £3,941 23% 198 £20 

Other £1,983 11% 82 £24 

Referral/Signposting £1,039 6% 91 £11 

Support £3,225 19% 163 £20 

All  £17,274 100% 1,101 £16 

 
 
Using PPSRU unit costs of healthcare, adjusted for the current salary rate for a Band 3; we compare 
the average annualised savings per site to produce a benefit to cost ratio. For each post, around half 
the cost of the support worker leads to time-savings in other roles (every £1 invested is offset by 
£0.52 of saved costs). See Figure 13 below. 
 
Figure 13: Cost benefit ratio – Cancer Support Workers  

 Annualised Cost Average benefit pa 

Salary  £20,628 £23,310 

On costs £4,650 

Management, admin and 
estates staff 

£6,117 

Non-staff £10,895 

Capital-overheads £2,339 

Total £44,629 

Benefit to Cost ratio  0.52 
Source: PSRRU Unit costs of healthcare for Band 4 Hospital-based nursing staff. Note: band 3 PSSRU costs were not 
available, and therefore we assume non-salary costs for a coordinator post are equivalent to nursing staff  

 
No direct estimates of CSW cost savings were found in the literature in order to benchmark these 
findings; work done back in 2008 (Leary et al) suggests that around 12% of a CNSs time is spent on 
administration tasks.1 More recent evidence suggests that the administration burden for CNSs is 
closer to 21%.2 Evidence presented here suggests CSWs are saving around 2 hours a day, or 
around 28% (assuming 7.5 hours in a working day), and that this is mostly a time-saving for CNS 
staff (89%, reported previously). Overall, the intervention compares favourably against these 
benchmarks.  
 

1.4 Hypothesis – Unplanned/ emergency admissions will reduce 

 

 
1 Leary A et al. (2008) Dimensions of clinical nurse specialist work in the UK. Nursing Standard; 23, 15-17, 40-44 
2 Oliver, S., & Leary, A. (2012). Return on investment: workload, complexity and value of the CNS. British journal of nursing, 
21(1), 32-37. 
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The programme provided matched HNA and Acute Oncology Service data for the Doncaster and 
Bassetlaw trust. This involved matching unique patient IDs of those who received a Holistic Needs  
 
 
Assessment (HNA), against those who were attended to by the Trust’s Acute Oncology Service 
(AOS). We take an AOS attendance as a proxy for emergency admissions in the absence of other 
data.  
 
Overall, the data shows that around 5% of the total number of AOS attendances were patients who 
had received an HNA. While this seems to be a low proportion, we do not understand if this has 
changed over time with the introduction of the LWABC programme. It is therefore difficult to assess 
if there has been an effect on AOS/unplanned attendances that can be attributed to the programme. 
We also attempted to benchmark or contextualise this finding against external sources (research or 
clinical audits), unfortunately we were unable to find a suitable comparator for this purpose.  
 
Qualitatively, it was difficult to assess whether the programme had influenced emergency admissions 
or attendances. Many theoretically said that the entirety of the pathway should have an effect, but it 
was difficult if not impossible to qualify this.  
 

1.5 Hypothesis – Net outpatient appointments will reduce 

 
We received significant amounts of data relating to outpatient appointments from five Trusts involved 
in the programme. An overview of the outpatient data is shown below in Figure 14. Data was received 
that covered, typically, the period from June 2014 to May 2020. 
 
The main feature of the data is the effects of the Covid-19 pandemic on the volume of outpatient 
appointments from March 2020 onwards. We limit use of the data to February 2020. This causes 
significant problems in examining follow-up outpatient appointments as our outcome of interest in 
the analysis given our observational approach. Simply put, just at the period in which we would be 
examining differences in follow-up appointments, an external factor is fundamentally affecting the 
data. Our analysis relies on determining ‘intervention points’ in the data, a point in time after which 
we consider the LWABC programme to be actively influencing the volume of follow-up outpatient 
appointments.  
 
Other limitations are present, principal of which is data for Doncaster and Bassetlaw which is likely 
to include outpatient activity not related to cancer. Similarly, data for Wakefield includes data from 
all cancer sites whereas other Trusts’ datasets are limited to the programme tumour sites: Breast, 
Colorectal, and Prostate. As a result we are unable to use data from Doncaster, however we retain 
data from Wakefield as our fieldwork suggests a wider roll-out of the programme –beyond the three 
tumour sites in Wakefield (the main difference was investment in Cancer Support Workers). 
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Figure 14: Overview of outpatient data received 

Site N Period Period 
based on: 

Fields Limitations / 
comments 

Barnsley 39,572 Oct 2014 -
May 2020 

Diagnosis 
date 

Appointment type 
Mode of Delivery 
Attendance date/time 
ICD10 
Diagnosis date 
Age 
Gender 

 

Doncaster 
& 
Bassetlaw  

315,281 Jan 2016 -
June 2020 

Attendance 
date 

Appointment type 
Admission date 
Age 

All cancer 
patients, defined 
by clinics – may 
include additional 
activity not related 
to cancer 

Rotherham 
 

15,493 June 2014 -
May 2020 

Diagnosis 
date 

Appointment type 
Mode of Delivery 
Attendance date/time 
ICD10 
Diagnosis date 
Age 
Gender 
Risk stratification pathway 

Only first 
treatment 
received at RFT 

Sheffield 
 

128,019 June 2014 -
May 2020 

Attendance 
date 

Appointment type 
Mode of Delivery 
Attendance date/time 
ICD10 
Diagnosis date 
Age 
Gender 

 

Wakefield 168,910 June 2014 - 
May 2020 

Attendance 
date 

Appointment type 
Mode of Delivery 
Attendance date/time 
Diagnosis date 
Age 
Gender 

All cancer 
patients: unable 
to split by tumour 
site level (breast, 
colorectal, 
prostate) 

 
Another key determinant of our analysis is the way in which data has been extracted. Data was 
requested for the period June 2014 to present; two Trusts determined this using the patient’s 
diagnosis date, while the other three used the attendance date of the outpatient appointment. This 
has implications about the type of analysis we can feasibly conduct with the data, particularly when 
we are using time-series methods such as Interrupted Time Series (ITS) analysis (which was our 
intention in our analysis planning).    
 
Use of diagnosis date as our period identification variable introduces a significant time-trend into the 
data that biases our results in an ITS framework. This is a function of tracking follow-up outpatient 
appointments over time, where patients with an earlier diagnosis will on average have more follow-
up appointments. We counteract this by examining a time-limited count of follow-up outpatient 
appointments: within one year of the patient’s diagnosis date. In this approach we control for age, 
gender and cancer site in a regression model. The table below presents the feasibility of different 
methods depending on the available data in each site.  
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Figure 15: Feasibility of analysis by site 

 Data 
frame 

Intervention date Comment Feasible 
analysis 

Barnsley Diagnosis 
date  

Our fieldwork 
suggests the 
earliest intervention 
date as being 
Summer 2019 

In-sufficient time to track 
follow-up appointments, 
unable to use ITS 
analysis 

Excluded 

Rotherham Diagnosis 
date 

Fieldwork suggests 
earliest intervention 
point is November 
2018 

We are able to include 
patients diagnosed 
between November 
2018 and February 2019 
in the analysis 

Regression 
model using 
outpatient 
appointments 
within a year 
of diagnosis 

Sheffield Attendance 
date 

January 2019 
(eHNA) 

Data is unbiased by the 
extraction, and there is 
sufficient time to track 
change in outpatients 
over time 

Interrupted-
time series 

Wakefield Attendance 
date 

August 2018 
(CSWs) 

Data is unbiased by the 
extraction, and there is 
sufficient time to track 
change in outpatients 
over time. Attribution to 
the intervention may be 
problematic given 
inclusion of non-
programme sites in the 
data 

Interrupted-
time series 

Source: Cloud Chamber 
 

1.5.1 Follow-up appointments within a year of diagnosis 

The figure below shows the start dates of the various interventions delivered as part of the LWABC 
programme in Rotherham. The earliest intervention date was November 2018 (advocacy service), 
with the HNA following closely in January 2019. Our selection is a practical one: we determine the 
intervention period for the LWABC programme in Rotherham to be November 2018, which is when 
the advocacy service began.  
 
Figure 16: LWABC Interventions in Rotherham – start dates 

 Breast Colorectal Prostate 

HNA January 2019 

CSW Workers May 2019 August 2019 November 2019 

Advocacy service November 2018 

Treatment summary June 2019 In place November 2019 

Cancer Care Review August 2019 

Risk stratification June 2019 - - 
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We analysed a subset of data from the main extract, where the attendance date was within 12 
months of the diagnosis date. Our unadjusted results are summarised in Figure 17 below. We 
identified 135 patients diagnosed between November 2018 and February 2019. The average number 
of follow-up appointments is almost identical, and not a statistically significant difference.   

 
Figure 17: Follow-up appointments (unadjusted results) 

Group Average number of 
follow-up appointments 

N 

Control group 3.72 2,297 

Intervention group 3.73 135 

All 3.72 2,432 

 
We examined the underlying characteristics of the intervention group, versus the control group. 
There was an over-representation of Prostate patients in the intervention group (41% c.f. 32%), and 
an under-representation of Breast patients (39% c.f. 46%). Average age was the same in both 
groups (68) and the gender-balance in the intervention sample favoured males (51% c.f. 45%). Given 
these notable differences, we controlled for these underlying characteristics in a regression model 
with the number of follow-up appointments as the dependent variable, and dummy variables for 
tumour site (breast, colorectal, prostate), gender (female) and age (continuous) and a dummy 
variable (1,0) for whether a patient was in the intervention group.  
 
The results are shown in Figure 18 below. While there are significant associations between tumour 
site, gender and age (as we would expect), the results confirm that there are no significant 
differences between the control and the intervention groups as there is no significant result on the 
‘intervention’ coefficient estimate.  
 
Figure 18: Ordinary least squares regression model (Rotherham) 

 
OLS, n=2,432 

Dependent variable: Follow-up outpatient appointments within 1 year of diagnosis 
 

  Coefficient Std. Error t-ratio p-value  

const 5.56733 0.279003 19.95 <0.0001 *** 

Breast 1.43275 0.205543 6.971 <0.0001 *** 

Colorectal 0.649503 0.140174 4.634 <0.0001 *** 

Female −0.161734 0.180140 −0.8978 0.3694  

Age −0.0373440 0.00366359 −10.19 <0.0001 *** 

Intervention 0.125270 0.185509 0.6753 0.4996  

 
Mean dependent var  3.72  S.D. dependent var  2.25 

Sum squared resid  10622.55  S.E. of regression  2.09 

R-squared  0.138  Adjusted R-squared  0.136 

F(5, 2426)  77.568  P-value(F)  1.22e-75 

 
Note: Dummy for prostate is omitted because of perfect multi-collinearity 

 

1.5.2 Risk stratification analysis 

Data from Rotherham included a marker within the extract indicating whether a patient was currently 
subject to (or not subject to) a risk stratified or remote monitoring pathway. This applied to the Breast 
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and Colorectal teams, with the following categories being assigned to a total of 967 appointments 
and 147 patients: 
 
 Breast – Professional led clinic  
 Breast – Supported self-management 
 Colorectal – Pathway 1 High risk 
 Colorectal – Pathway 2 Low risk 
 
The table below provides statistics on the total number of outpatient appointments by risk 
stratification pathway. Overall, there was no significant difference between the number of patients 
on lower risk or supported self-management pathways, compared to usual care/high risk.  
 
While there was little difference on average, the standard deviation was systematically higher for 
supported self-management / low-moderate risk, compared with usual care and high-risk pathways 
respectively. There was more variability in the self-managed/low-moderate risk, compared with other 
pathways.  
 
This finding should be treated with caution, as the data (and absence of further data) is likely to be 
severely affected by the coronavirus pandemic. There is no way of adjusting for this, given the data 
was only collected since the programme’s inception in 2018 – with the higher numbers recorded with 
diagnoses in 2019. 
 

Tumour 
site 

Pathway Patients Outpatient 
appointments 

Av follow-
up OP per 
patient 

StDev 

First FU 

Breast Professional led clinic 31 29 178 5.74 2.38 

Supported self-
management 

63 39 360 5.71 3.49 

Colorectal Pathway 1 - High 
Risk 

25 12 145 5.80 1.60 

Pathway 2 - 
Low/Moderate Risk 

23 17 124 5.39 2.18 

 
 

1.5.3 Interrupted-time series analysis 

Our methodology to determine whether there has been an effect on outpatient appointments was to 
use a quasi-experimental method based on the historical data available to us in the evaluation. 
Interrupted Time Series (ITS) analysis is a quasi-experimental method which compares an outcome 
before and after an intervention (or an interruption). The approach segments time-series data into a 
‘pre-trend’, a ‘level-change’, and a ‘post-trend’ using an ARIMA model.  
 
The advantage of this method is its simplicity; we define a point in time for each locality where we 
think the LWABC intervention started, and the model decomposes the data to help understand the 
effect on the outcome of interest.  
 
We aggregated data on a monthly basis, using the date of appointment; we summed both the number 
of first outpatient appointments and the number of follow-up outpatient appointments, then calculated 
ratios of first to follow-up (or follow-up to first appointment) in a given calendar month. We also 
aggregated available statistics on age and gender. 
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The ITS methodology is a simple, but powerful analytical tool, particularly in the absence of a 
comparator or control site which was not practicable within the scope of this evaluation.  
 
 
 
We present combined data for each tumour site in a particular locality. From the available data we 
can feasibly present analyses for two sites; Sheffield and Wakefield (as discussed previously).  
 
Sheffield 

The figure below shows our constructed time series for Sheffield, the number of follow-up outpatient 
appointments is growing by around 13 per month, while the number of first appointments is growing 
by less than 1 per month (0.84).3  
 
Figure 19: First and follow-up appointments per month - Sheffield 

 

 
 
Due to delays to the project within the acute setting, the intervention roll-out was mainly in the form 
of the eHNA which began implementation in January 2019. Cancer support workers were delayed 
in being established in the Trust, with risk stratification mainly already in place, with some input from 
the programme on regional protocols, and IT systems.  
 
The results of our interrupted time series analysis are shown in the table and figure below. We use 
a correlogram to determine the number of lags in the model. The time-trend, prior to January 2019, 
(Pre-trend/Time period) is a statistically significant determinant of follow-up appointments – the 
growth of appointments before the intervention is around 12 per month and that increase is 
statistically significant. The post-level and post-trend variables (phase and interact) are not 
statistically significant, therefore we detect no effect from the intervention (i.e. after January 2019).  
 
We checked the underlying characteristics over time: age was consistent through each year 
(between 62 and 62.6 on average), gender was slightly more variable over time, but there was no 
notable trend from visually inspecting the data.   
 
  

 
3 These growth estimates are produced by fitting a simple linear trend to the data 
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Figure 20: ITS Parameter estimates and confidence interval - Sheffield 

 Parameter 
estimate 

p-value Confidence interval 
(95%) 

Pre-trend (Time_period) 12.2 <0.0001*** 10.3 to 14.1 

Post-level change (Phase) 41.4        0.4982 -92.4 to 187.2 

Post-trend (Interact) 0.66 0.9296 -14.2 to 15.5 
*** demotes significance at the 1% level. Note: Confidence interval calculated following Cochrane Effective Practice and 
Organisation of Care (EPOC). Interrupted time series (ITS) analyses. EPOC Resources for review authors, 2017. 
epoc.cochrane.org/resources/epoc-specific-resources-review-authors 

 
 
Figure 21: Interrupted time series analysis - Sheffield 

 

 
Model 1: ARMAX (2,0,0), using observations 2014:06-2020:02 (T = 69) 

Dependent variable: FU_S 
  Coefficient Std. Error z p-value  

const 1151.95 30.5721 37.68 <0.0001 *** 
phi_1 −0.182250 0.121438 −1.501 0.1334  
phi_2 0.154460 0.120583 1.281 0.2002  
Time_period 12.1669 0.949988 12.81 <0.0001 *** 
Phase 47.4146 69.9947 0.6774 0.4982  
Interact 0.658248 7.45186 0.08833 0.9296  

 
Mean dependent var  1587.942  S.D. dependent var  285.8530 

 
 

 
 
Wakefield 

On average, there were 328 first appointments and 1,999 follow up appointments per month in 
Wakefield, between June 2014 and February 2020. The high levels of activity in this case are due to 
a wider profile of cancer patients being included in the data extract (non-programme sites were 
included, data is for all cancer patients).  
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Our constructed time-series are shown in the figure below. The growth rate in Wakefield was higher 
(as it included more cancer sites), and equates to around 35 new follow-up appointments per month, 
and 6 additional first appointments per month.  
 
 

 
 
Our fieldwork confirms that the first substantive intervention in Wakefield was the introduction of 
cancer support workers into three tumour sites in August 2018.  This was preceded by an education 
and awareness raising session across the cancer teams at the Trust and closely followed by eHNA, 
TS delivery. We take August 2018 as our intervention start point.  
 
The results of the resulting ITS analysis is shown in the tables below. We specify the number of lags 
in the model using a correlogram (determine two lags are included). The analysis shows that the 
growth in follow-up outpatient appointments (pre-trend) was 61 per month prior to the intervention; 
and following the intervention (post-trend) there was a monthly decrease of 84 follow-up outpatient 
appointments. These results are statistically significant. Confidence intervals are reported in the 
below table.  
 
Figure 22: ITS Parameter estimates and confidence intervals 

 Parameter 
estimate 

p-value Confidence interval 
(95%) 

Pre-trend (Time_period) 61.1 <0.0001*** 55.7 to 66.6 

Post-level change (Phase) −526.3 0.0002*** -815.2 to -246.2 

Post-trend (Interact) −84.4 <0.0001*** -105.9 to -63.1 
Note: Confidence interval calculated following Cochrane Effective Practice and Organisation of Care (EPOC). Interrupted 
time series (ITS) analyses. EPOC Resources for review authors, 2017. epoc.cochrane.org/resources/epoc-specific-
resources-review-authors 
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Figure 23: Interrupted time series analysis - Wakefield 

Model: ARMAX, using observations 2014:06-2020:02 (T = 69) 
Dependent variable: FU_W 

  Coefficient Std. Error z p-value  
const 242.266 78.8068 3.074 0.0021 *** 
phi_1 0.0468497 0.119611 0.3917 0.6953  
phi_2 0.287231 0.127301 2.256 0.0241 ** 
Time_period 61.1415 2.70602 22.59 <0.0001 *** 
Phase −530.712 142.421 −3.726 0.0002 *** 
Interact −84.4539 10.7080 −7.887 <0.0001 *** 

 
Mean dependent var  1998.710  S.D. dependent var  858.1039 

 
 

 
 
We again checked the underlying characteristics of patients over time: average age varied within 
two years, with no discernible pattern. Similarly, gender was fairly consistent through each year with 
no pattern in the data. 
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