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Introduction
Involuntary weight loss is common in patients 
with cancer and is a reported independent 
prognostic factor for survival.1 Weight loss is 
associated with worsening of patient treatment 

outcomes and reduced tolerance to systemic 
anti-cancer therapies (SACTs).1–3

A SACT is defined as chemo-, immuno-, hormo-
nal or targeted biological therapy for treatment of 
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Abstract
Background: Involuntary weight loss may occur during systemic anti-cancer therapy (SACT), 
causing treatment disruption and poorer prognoses. There remain gaps in clinical awareness 
as to which patients may benefit from nutritional interventions that aim to prevent unintended 
weight loss during SACT.
We utilised England’s population-level cancer registry data, conducting a pan-cancer 
assessment of patient weight loss during SACT. We aimed to identify cancers with weight loss-
associated treatment modifications, potential beneficiaries of nutritional intervention.
Methods: This cross-sectional study used England’s Cancer Analysis System database, including 
SACT-treated adults with one tumour and ⩾2 weight recordings between 2014 and 2018. Binary 
weight loss (threshold: 2.5%) was derived from patients’ most negative weight change from first 
SACT weight recording. The Martin et al. body mass index-adjusted weight loss grading system 
(BMI-WLG) was assigned. We describe binary weight loss, BMI-WLG and treatment modification 
status by cancer. Multivariate logistic regression models of weight loss (binary and BMI-WLG) 
and a composite outcome of patient treatment-modification status by cancer were produced.
Results: Our study population contained 200,536 patients across 18 cancers; 28% experienced 
binary weight loss during SACT. Weight loss patients were more likely to have multiple types of 
treatment modifications recorded across all cancers. Regression analyses included 86,991 patients. 
Binary weight loss was associated (p < 0.05) with higher likelihood of treatment modification in; 
colon [Odds Ratio (OR) = 1.72, 95% confidence interval (CI): 1.42, 2.07]; gynaecologic (excl. ovarian) 
(OR = 1.48, 95% CI: 1.08, 2.01); stomach (OR = 1.6, 95% CI: 1.04, 2.06); lung (OR = 1.38, 95% CI: 1.21, 
1.58); leukaemia (OR = 1.30, 95% CI: 1.09, 1.55); head and neck (OR = 1.30, 95% CI: 1.02, 1.65) and 
oesophageal (OR = 1.29, 95% CI: 1.01, 1.64) cancers. In lung, colon, and grouped gastro-intestinal 
cancers, association between BMI-WLG and treatment modification increased by WLG.
Discussion: Our study is a wide assessment of weight loss during SACT using England’s 
cancer registry data. Across different cancers we found patients have weight loss-associated 
treatment modifications during SACT, a precursor to poorer prognoses. Our findings highlight 
cancers that may benefit from improved nutritional intervention during SACT.
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malignancies. SACT treatment can act as an 
independent driver of patient weight loss, causing 
toxicities which accelerate a patient’s tendency to 
lose weight.4 The compounding effect of weight 
loss and SACT toxicities can lead to disruptive 
treatment modifications.

A validated body mass index (BMI)-adjusted 
weight loss grading system (BMI-WLG) was 
derived by Martin et al.1 Through comprehensive 
assessment over a large multi-country sample 
population, BMI-WLG was demonstrated to pre-
dict patient survival based on weight loss, inde-
pendent of cancer type, age, sex or performance 
status.1 The BMI-WLG system is a recognised 
tool to assess clinically significant weight loss in 
cancer patients by current international cancer-
nutritional guidelines.5

Patient weight loss prior to treatment and pre-
treatment BMI are standard indicators of patient 
risk of malnutrition.6 In the United Kingdom, it is 
mandatory to screen for the risk of malnutrition in 
oncology care settings and is advised that high-risk 
patients receive a supportive nutritional plan early 
and alongside treatment.6,7 Yet, advice and nutri-
tional support during anti-cancer treatment may 
vary depending on clinical knowledge of weight 
loss management and local provider.5,7 Weight 
loss may be under-treated in cancer patients, in 
particular smaller, cumulative changes in weight 
or in obese patients that less obviously appear 
malnourished.8

There is need for real-world research into associa-
tions between weight loss and SACT modifica-
tion across cancers to identify gaps in, or priorities 
for, early nutritional support during treatment.7

This study utilised England’s large-scale central-
ised cancer registry data to assess patient weight 
loss during SACT across 18 different cancer 
groupings. We aimed to identify cancers suscepti-
ble to weight loss-associated treatment modifica-
tions, potentially those to prioritise for nutritional 
intervention. The applicability of the BMI-WLG 
system was assessed for its ability to identify 
patient likelihood of experiencing treatment mod-
ifications in retrospective real-world data.

Methods

Patient selection
This retrospective cross-sectional study included 
adult patients with a single primary tumour 

diagnosis between 1 January 2014 and 31 
December 2017 and treated with a SACT 
between 1 January 2014 and 31 March 2018. 
Study patients required a minimum follow-up 
time of ⩾30 days and at least two viable weight 
recordings.

Patient follow-up time began at date of SACT 
initiation and finished at date of death, end of 
study time period or date of inactivity (date when 
no further patient information was recorded in 
the dataset for >6 months).

Cancer groupings based on International 
Statistical Classification of Diseases 10th revision 
(ICD-10) codes of patients’ primary cancer were; 
brain/central nervous system (CNS), breast, 
colon, gynaecologic (excl. ovarian), head and 
neck, leukaemia, lower gastro-intestinal (GI), 
lung, lymphoma, myeloma, oesophageal, ovarian, 
pancreatic, sarcoma, skin (melanoma only), 
stomach, upper GI (other), and urology.

Data source
Data for this study are based on patient electronic 
medical records (EMR) collect by the National 
Health Service as part of the care and support of 
cancer patients. The data are collated, maintained 
and quality assured by the National Cancer 
Registration and Analysis Service (NCRAS), part 
of Public Health England (PHE). This study 
worked with EMRs within SACT and Cancer 
Outcomes and Services Dataset (COSD) datasets 
from PHE’s Cancer Analysis System (CAS) data-
base.9,10 Access to these data was facilitated by 
the Simulacrum.

Dataset structure and capture of variables of 
interest had a decisive effect on study design. 
Patient weight prior to initiation of SACT treat-
ment is not recorded in CAS and patients’ weight 
loss status prior to treatment was unknown. 
Patient weight during treatment can be recorded 
at start of each SACT regimen or start of each 
cycle of a SACT regimen in the SACT dataset. 
Start date of SACT regimen and cycle is available 
in the SACT dataset.

Treatment modifications are recorded within 
SACT data as three categorical variables (‘Yes’, 
‘No’ or ‘Missing’); dose reduction (DR); time 
delay (TD) and stopped early (SE).11 Occurrence 
of each of these treatment modifications can be 
recorded only once per SACT regimen. Date of 
treatment modification is not captured.

https://journals.sagepub.com/home/tam
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Exposures
Per patient, viable weight recordings included 
those recorded on a date independent of another 
regimen-level weight recording and within the 
range of 30–150 kg. If patient weight was recorded 
at both regimen and cycle-level on the same date, 
the mean weight was accepted when recordings 
were within ±10% kg of the lowest value 
recording.

Exposures: weight loss (unadjusted for BMI)
Patients’ most negative percentage weight change 
between their first (baseline) and ith SACT weight 
recording was calculated as below:

i weight recording kg first weight recording kg

first weight

th ( ) − ( )
rrecording kg( )

×100

(for 2nd ≤ i ≤ nth, where nth is last weight recording)

Patients’ most negative weight change from 
baseline was made binary at threshold −2.5%. 
Patients with weight change more negative or 
equal to −2.5% were identified as weight loss 
patients.

Further categorisation of weight loss patients was 
undertaken for descriptive analyses based on per-
centage thresholds derived by Martin et al.; cate-
gory 0: non-weight loss (up to 2.5% weight loss); 
1: mild weight loss (2.5–5.9%); 2: moderate 
weight loss (6.0–10.9%); 3: severe weight loss 
(11.0–14.9%); 4:most severe weight loss (15.0% 
or greater).1

Exposures: BMI-adjusted weight loss grade
Patients were assigned BMI-WLGs based on 
Martin et al. classifications (grades 0–4 of worsen-
ing prognosis) (Table 1).1 Patients’ most negative 
percentage weight change from baseline was used 
to define percentage weight loss. BMI was derived 
from baseline weight recording and any viable 
measurement of height (range 1.25–2.00 m), 
recorded during SACT treatment. Of the study 
population, 10% did not have a viable height 
recording, so were not assigned BMI-WLGs.

Outcomes: categorical measure of treatment 
modification
Mutually exclusive categories to identify patient 
experience of treatment modifications were derived:

 • Patient experienced only one type of treat-
ment modification (DR, TD or SE)

 • Patient experienced two types of treatment 
modification (DR, TD or SE)

 • Patient experienced all three types of treat-
ment modification (DR, TD and SE)

 • Patient did not experience a known type of 
treatment modification (‘No’ recorded at 
least once for all of DR, TD and SE and no 
‘Yes’ recordings)

 • Patient had only ‘Missing’ recordings for all 
type of treatment modification (DR, TD 
and SE)

Outcomes: composite outcome of treatment 
modification
A composite outcome was derived to measure 
association between weight loss and patient’s first 
recorded treatment modification. Composite cri-
teria ‘Yes’ patients had at least one ‘Yes’ recorded 

Table 1. Grid to identify BMI-WLG (0–4) based on most negative percentage weight change from baseline and 
BMI at start of SACT treatment (Daly, Dolan and Power, 2020)28 

BMI (kg/m2)

 ⩾28.0 27.9–25.0 24.9–22.0 21.9–20.0 <20.0

Percentage weight loss <2.5 0 0 1 1 3

 2.5–5.9 1 2 2 2 3

 6.0–10.9 2 3 3 3 4

 11.0–14.9 3 3 3 4 4

 ⩾15 3 4 4 4 4

BMI, body mass index; BMI-WLG, BMI-adjusted weight loss grade; SACT, systemic anti-cancer therapy.
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for DR, TD or SE. Composite criteria ‘No’ 
patients did not experience a treatment modifica-
tion (patients had only ‘No’ recorded for all of 
DR, TD or SE during follow-up time). Patients 
with only ‘Missing’ treatment modification 
recordings during follow-up time or with at least 
one ‘Missing’ recording in a prior SACT regimen 
to the composite outcome were excluded from 
association analysis. Figure 1 describes patient 
eligibility criteria for association analysis.

Date of treatment modification is not captured. 
To ensure patient weight loss status was proximal 
to the composite outcome, follow-up time was 
censored at start date of the SACT regimen 
immediately after the regimen in which the com-
posite outcome was identified. For association 
analysis, exposure variables were re-evaluated, 
inclusive of only weight recordings made prior to 
composite outcome-censored follow-up time.

Statistical analysis
Statistical analysis was completed using R ver-
sion 3.6.1 (R Core Team, 2019). Descriptive 
statistics were used to describe patient demo-
graphic and clinical characteristics sub-grouped 
by binary weight loss status. Exposures were 
described by cancer and the categorical outcome 
was described by binary weight loss status and 
BMI-WLG, sub-grouped by cancer. Mean [with 
standard deviation (SD) or 95% confidence 
intervals (CIs) as applicable] were described for 
continuous variables.

Association analysis was conducted between 
exposures (binary weight loss status, BMI-WLG) 
and the composite outcome using crude and 
adjusted logistic regression modelling. Odds 
ratios (OR), 95% CIs and p-values were reported. 
Patients with missing BMI were not included in 
models where BMI-WLG was the exposure.

Figure 1. Example sequence of treatment modification data recording in the SACT dataset that was required 
to identify patients eligible for inclusion in the association sub-cohort.
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A priori confounders, recorded in COSD or 
SACT data, BMI (at first weight recording), age 
(at SACT initiation), sex, follow-up time and 
receipt of concomitant radiotherapy were 
included in adjusted regression models. BMI was 
removed as a confounder from the BMI-WLG 
models. Adjusted models were reported sub-
grouped by cancer.

Results
Overall, a total of 200,536 SACT-treated cancer 
patients were included in our study population. 
Number of patients in the study population by 
cancer grouping was as follows; brain/CNS 
(n = 3723), breast (n = 45,260), colon (n = 18,400), 
gynaecologic (excl. ovarian) (n = 6505), head and 
neck (n = 6096), leukaemia (n = 5538), lower GI 
(n = 10,959), lung (n = 28,469), lymphoma 
(n = 20,428), myeloma (n = 7521), oesophageal 
(n = 8095), ovarian (n = 7983), pancreatic 
(n = 5762), sarcoma (n = 1118), skin (melanoma 
only) (n = 1502), stomach (n = 4729), upper GI 
(other) (n = 3548), and urology (n = 14,900).

Most patients (72%) did not experience weight 
loss during SACT treatment (Table 2). The mean 
(SD) age of non-weight loss patients (n = 144,271) 
was 60.7 (13.5) and 43% were male. Weight loss 
patients’ (n = 56,265) mean age was 62.4 (12.8) 
and 48% were male. Weight loss patients had a 
greater proportion (33%) of stage IV cancer 
patients (at diagnosis) than non-weight loss 
patients (25%) and more weight loss patients 
(41%) died during the study time period than 
non-weight loss patients (26%).

Across cancer groupings most patients did not 
experience binary weight loss during SACT treat-
ment (Table 3). Cancers with the highest per-
centage of weight loss patients were leukaemia 
(39%), oesophageal (43%), pancreatic (42%), 
sarcoma (44%), and stomach (44%) cancers 
(Table 3). The same cancers (except sarcoma) 
also contained greatest proportions (~8%) of 
‘severe weight loss’ patients.

Breast and urology cancer patients saw minimal 
weight loss during SACT treatment; their mean 
(95% CI) most negative percentage weight change 
from baseline was −1.46 (–1.51, –1.41) and −1.77 
(–1.88, –1.66), respectively. For stomach and 
oesophageal cancer patients, cancers with greater 
proportions of ‘severe weight loss’ patients, the 

mean (95% CI) most negative percentage weight 
change from baseline was −4.66 (–4.87, –4.44) 
and −4.39 (–4.56, –4.23), respectively.

Cancers with a high proportion of ‘severe weight 
loss’ patients (oesophageal, pancreatic and stom-
ach) also had greatest proportion of patients with 
BMI-WLG ⩾3; oesophageal (30%), pancreatic 
(33%) and stomach (32%).

Table 4 summarises categorical assessment of 
patient experience of treatment modifications by 
binary weight loss status and BMI-WLG. Across 
all cancers, (binary) weight loss patients were 
proportionately more likely to experience two or 
more types of SACT treatment modification over 
follow-up time compared with non-weight loss 
patients (weight loss versus non-weight loss); 
breast cancer (17% versus 10%), colon cancer 
(28% versus 21%), pancreatic cancer (27% versus 
18%), lower GI cancers (26% versus 18%), mye-
loma (30% versus 20%), and upper GI other can-
cers (22% versus 16%).

Additionally, across all cancers, a greater propor-
tion of non-weight loss patients did not experi-
ence a known treatment modification of any type 
during SACT treatment compared with weight 
loss patients. Similar trends were found when 
comparing patients with high BMI-WLG (⩾2) 
against patients with low BMI-WLG (0 or 1).

Of the study population, 43% (n = 86,991) were 
eligible for association analysis. Of these patients, 
5% (n = 4706) had missing BMI and were 
excluded from BMI-WLG association analyses.

Most patients (81%) in the association sub-cohort 
experienced the composite outcome, 29% 
(n = 25,371) of patients experienced weight loss 
(binary) and 66% of patients had a BMI-WLG of 
0 or 1, whilst 9%, 16%, and 3% had BMI-WLGs 
of 2, 3, and 4, respectively Table 5 reports these 
data by cancer grouping.

When adjusting for a priori confounders, binary 
weight loss during SACT treatment was associ-
ated with an increased likelihood of patients hav-
ing a treatment modification in the following 
cancers: colon (OR: 1.72, 95% CI: 1.42, 2.07); 
gynaecologic (excl. Ovarian) (OR: 1.48, 95% 
CI: 1.08, 2.01); stomach cancer (OR: 1.46, 95% 
CI: 1.04, 2.06); lung (OR: 1.38, 95% CI: 
1.211.58); leukaemia (OR: 1.30, 95% CI: 1.09, 
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Table 2. Demographic and baseline characteristics by patient (binary) weight loss status.

Measure: Non-weight loss patients 
n = 144,271 (72%)

Weight loss patients 
n = 56,265 (28%)

Age at start of first SACT 
regimen

Mean (SD) 60.7 (13.5) 62.4 (12.8)

Sex, n (%) Female 82,573 (57%) 29,132 (52%)

 Male 61,698 (43%) 27,133 (48%)

Cancer group, n (%) Brain/CNS (ICD-10: C47, C69–C72) 2830 (2%) 893 (2%)

 Breast (ICD-10: C50) 36,616 (25%) 8644 (15%)

 Colon (ICD-10: C18) 13,864 (10%) 4536 (8%)

 Gynaecologic [excluding ovarian (ICD-10: 
C56)]

4899 (3%) 1606 (3%)

 Head and Neck (ICD-10: C00–C14, 
C30–C32)

3999 (3%) 2097 (4%)

 Leukaemia (ICD-10: C91–C95, C96.2, 
C96.4, C96.8)

3388 (2%) 2150 (4%)

 Lower GI (ICD-10: C19–C21) 7666 (5%) 3293 (6%)

 Lung (ICD-10: C33, C34, C37–C39, C45) 19,938 (14%) 8531 (15%)

 Lymphoma (ICD-10: C81–C88, C91.3, 
C91.4, C91.6, C91.7, C91.9)

14,506 (10%) 5922 (11%)

 Myeloma (ICD-10: C90, D47, 2, E85) 5046 (4%) 2475 (4%)

 Oesophageal (ICD-10: C15) 4626 (3%) 3469 (6%)

 Ovarian (ICD-10: C56) 5112 (4%) 2871 (5%)

 Pancreatic (ICD-10: C25) 3318 (2%) 2444 (4%)

 Sarcoma (ICD-10: C40, C41, C46, C49) 622 (0%) 496 (1%)

 Skin (melanoma only) (ICD-10: C43) 1060 (1%) 442 (1%)

 Stomach (ICD-10: C16) 2635 (2%) 2094 (4%)

 Upper GI (other) (ICD-10: C17, C22–C24) 2522 (2%) 1026 (2%)

 Urology (ICD-10: C60–68) 11,624 (8%) 3276 (6%)

Tumour (TNM) staging at 
diagnosis, n (%)

IA 8101 (6%) 1669 (3%)

 IB 2230 (2%) 777 (1%)

 IIA 14,122 (10%) 3345 (6%)

 IIB 11,596 (8%) 3103 (6%)

 IIIA 9752 (7%) 3481 (6%)

 IIIB 5776 (4%) 2608 (5%)

 IIIC 4271 (3%) 2445 (4%)

(Continued)
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1.55); head and neck (OR: 1.30, 95% CI: 1.02, 
1.65), and oesophageal (OR: 1.29, 95% CI: 
1.01, 1.64) (Figure 2 and Table 6). Weight loss 
during SACT treatment in breast cancer patients 

was associated with reduced likelihood of experi-
encing a treatment modification compared with 
non-weight loss patients (OR: 0.86, 95% CI: 
0.79, 0.93) (Figure 2 and Table 6).

Measure: Non-weight loss patients 
n = 144,271 (72%)

Weight loss patients 
n = 56,265 (28%)

 IV 35,576 (25%) 18,640 (33%)

 Missing/Unknown 52,847 (37%) 20,197 (36%)

Patient receiving combined 
SACT + radiotherapy for 
malignancy, n (%)

SACT treatment only 123,353 (86%) 48,157 (86%)

 SACT treatment + radiotherapy 
(combined)

7683 (5%) 3092 (6%)

 Missing/Unknown 13,235 (9%) 5016 (9%)

Patient mortality during 
study time period, n (%)

Died 38,118 (26%) 23,148 (41%)

Weight (kg) recorded at 
first weight recording, 
Mean (SD)

Mean (SD) 75.3 (16.9) 77.0 (17.3)

Patient BMI (kg/m2) at 
start of first SACT regimen, 
Mean (SD)

Mean (SD) 26.8 (5.4) 27.3 (5.5)

BMI group, n (%) Underweight: <18.5 3808 (3%) 1139 (2%)

 Normal weight: 18.5–24.9 48,398 (34%) 17,201 (31%)

 Pre-obesity: 25.0–29.9 46,076 (32%) 18,762 (33%)

 Obesity class I: 30.0–34.9 20,877 (14%) 9314 (17%)

 Obesity class II: 35.0–39.9 7162 (5%) 3227 (6%)

 Obesity class III: 40⩽ 3153 (2%) 1433 (3%)

 Missing/Unknown 14,797 (10%) 5189 (9%)

Number of viable weight 
recordings per patient 
during follow-up time

2 recordings 16,227 (11%) 3137 (6%)

 3 recordings 17,730 (12%) 5043 (9%)

 4 recordings 20,113 (14%) 6177 (11%)

 5 recordings 15,017 (10%) 5590 (10%)

 6 recordings 27,825 (19%) 7742 (14%)

 7+ recordings 47,359 (33%) 28,576 (51%)

%, percentage; BMI, body mass index; CNS, central nervous system; GI, gastro-intestinal; ICD-10, International Statistical Classification of Diseases 
10th revision; n, count; SACT, systemic anti-cancer therapy; SD, standard deviation.

Table 2. (Continued)
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Table 3. Description of BMI and non-BMI-adjusted measurements of patient weight loss in the study population by cancer grouping.

Brain/CNS (ICD-10: C47, C69–C72) n (%)

 3723 (2%)

Patient experienced weight loss (binary) Yes 893 (24%)

 No 2830 (76%)

Patient experienced weight loss (categorical) No weight loss 2830 (76%)

 Mild weight loss 365 (10%)

 Moderate weight loss 305 (8%)

 Severe weight loss 114 (3%)

 Most severe weight loss 109 (3%)

BMI-WLG Grade 0 1791 (48%)

 Grade 1 910 (24%)

 Grade 2 316 (8%)

 Grade 3 424 (11%)

 Grade 4 61 (2%)

 Missing 221 (6%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −1.43 (–1.64, –1.21)

Breast (ICD-10: C50) n (%)

 45,260 (23%)

Patient experienced weight loss (binary) Yes 8644 (19%)

 No 36,616 (81%)

Patient experienced weight loss (categorical) No weight loss 36,616 (81%)

 Mild weight loss 4630 (10%)

 Moderate weight loss 2467 (5%)

 Severe weight loss 695 (2%)

 Most severe weight loss 852 (2%)

BMI-WLG Grade 0 20,622 (46%)

 Grade 1 11,794 (26%)

 Grade 2 3080 (7%)

 Grade 3 3515 (8%)

 Grade 4 355 (1%)

 Missing 5894 (13%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −1.46 (–1.51, –1.41)

(Continued)
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Colon (ICD-10: C18) n (%)

 18,400 (9%)

Patient experienced weight loss (binary) Yes 4536 (25%)

 No 13,864 (75%)

Patient experienced weight loss (categorical) No weight loss 13,864 (75%)

 Mild weight loss 1900 (10%)

 Moderate weight loss 1459 (8%)

 Severe weight loss 610 (3%)

 Most severe weight loss 567 (3%)

BMI-WLG Grade 0 7035 (38%)

 Grade 1 5191 (28%)

 Grade 2 1456 (8%)

 Grade 3 2514 (14%)

 Grade 4 434 (2%)

 Missing 1770 (10%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −1.95 (–2.03, –1.87)

Gynaecologic [excl. ovarian (ICD-10: C56)] (ICD-10: C51–C55, C57, C58) n (%)

 6505 (3%)

Patient experienced weight loss (binary) Yes 1606 (25%)

 No 4899 (75%)

Patient experienced weight loss (categorical) No weight loss 4899 (75%)

 Mild weight loss 684 (11%)

 Moderate weight loss 486 (7%)

 Severe weight loss 204 (3%)

 Most severe weight loss 232 (4%)

BMI-WLG Grade 0 2972 (46%)

 Grade 1 1529 (24%)

 Grade 2 504 (8%)

 Grade 3 829 (13%)

 Grade 4 135 (2%)

 Missing 536 (8%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −2.05 (–2.20, –1.90)

(Continued)

Table 3. (Continued)
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Head and Neck (ICD-10: C00–C14, C30–C32) n (%)

 6096 (3%)

Patient experienced weight loss (binary) Yes 2097 (34%)

 No 3999 (66%)

Patient experienced weight loss (categorical) No weight loss 3999 (66%)

 Mild weight loss 801 (13%)

 Moderate weight loss 736 (12%)

 Severe weight loss 280 (5%)

 Most severe weight loss 280 (5%)

BMI-WLG Grade 0 2143 (35%)

 Grade 1 1533 (25%)

 Grade 2 676 (11%)

 Grade 3 1145 (19%)

 Grade 4 269 (4%)

 Missing 330 (5%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −3.11 (–3.26, –2.96)

Leukaemia (ICD-10: C91–C95, C96.2, C96.4, C96.8) n (%)

 5538 (3%)

Patient experienced weight loss (binary) Yes 2150 (39%)

 No 3388 (61%)

Patient experienced weight loss (categorical) No weight loss 3388 (61%)

 Mild weight loss 733 (13%)

 Moderate weight loss 713 (13%)

 Severe weight loss 325 (6%)

 Most severe weight loss 379 (7%)

BMI-WLG Grade 0 1701 (31%)

 Grade 1 1288 (23%)

 Grade 2 627 (11%)

 Grade 3 1100 (20%)

 Grade 4 216 (4%)

 Missing 606 (11%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −3.67 (–3.88, –3.45)

(Continued)

Table 3. (Continued)
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Lower GI (ICD-10: C19–C21) n (%)

 10,959 (5%)

Patient experienced weight loss (binary) Yes 3293 (30%)

 No 7666 (70%)

Patient experienced weight loss (categorical) No weight loss 7666 (70%)

 Mild weight loss 1302 (12%)

 Moderate weight loss 1119 (10%)

 Severe weight loss 454 (4%)

 Most severe weight loss 418 (4%)

BMI-WLG Grade 0 4020 (37%)

 Grade 1 2836 (26%)

 Grade 2 1070 (10%)

 Grade 3 1747 (16%)

 Grade 4 295 (3%)

 Missing 991 (9%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −2.40 (–2.51, –2.29)

Lung (ICD-10: C33, C34, C37–C39, C45) n (%)

 28,469 (14%)

Patient experienced weight loss (binary) Yes 8531 (30%)

 No 19,938 (70%)

Patient experienced weight loss (categorical) No weight loss 19,938 (70%)

 Mild weight loss 3619 (13%)

 Moderate weight loss 2821 (10%)

 Severe weight loss 1071 (4%)

 Most severe weight loss 1020 (4%)

BMI-WLG Grade 0 9608 (34%)

 Grade 1 7862 (28%)

 Grade 2 2774 (10%)

 Grade 3 4975 (17%)

 Grade 4 970 (3%)

 Missing 2280 (8%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −2.43 (–2.50, –2.36)

(Continued)

Table 3. (Continued)
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Lymphoma (ICD-10: C81–C88, C91.3, C91.4, C91.6, C91.7, C91.9) n (%)

 20,428 (10%)

Patient experienced weight loss (binary) Yes 5922 (29%)

 No 14,506 (71%)

Patient experienced weight loss (categorical) No weight loss 14,506 (71%)

 Mild weight loss 2190 (11%)

 Moderate weight loss 1852 (9%)

 Severe weight loss 891 (4%)

 Most severe weight loss 989 (5%)

BMI-WLG Grade 0 7408 (36%)

 Grade 1 5503 (27%)

 Grade 2 1749 (9%)

 Grade 3 3342 (16%)

 Grade 4 685 (3%)

 Missing 1741 (9%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −2.68 (–2.77, –2.59)

Myeloma (ICD-10: C90, D47, 2, E85) n (%)

 7521 (4%)

Patient experienced weight loss (binary) Yes 2475 (33%)

 No 5046 (67%)

Patient experienced weight loss (categorical) No weight loss 5046 (67%)

 Mild weight loss 853 (11%)

 Moderate weight loss 757 (10%)

 Severe weight loss 371 (5%)

 Most severe weight loss 494 (7%)

BMI-WLG Grade 0 2669 (35%)

 Grade 1 1787 (24%)

 Grade 2 709 (9%)

 Grade 3 1172 (16%)

 Grade 4 241 (3%)

 Missing 943 (13%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −3.26 (–3.44, –3.08)

(Continued)

Table 3. (Continued)
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Oesophageal (ICD-10: C15) n (%)

 8095 (4%)

Patient experienced weight loss (binary) Yes 3469 (43%)

 No 4626 (57%)

Patient experienced weight loss (categorical) No weight loss 4626 (57%)

 Mild weight loss 1092 (13%)

 Moderate weight loss 1096 (14%)

 Severe weight loss 593 (7%)

 Most severe weight loss 688 (9%)

BMI-WLG Grade 0 2329 (29%)

 Grade 1 1820 (22%)

 Grade 2 932 (12%)

 Grade 3 1929 (24%)

 Grade 4 519 (6%)

 Missing 566 (7%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −4.39 (–4.56, –4.23)

Ovarian (ICD-10: C56) n (%)

 7983 (4%)

Patient experienced weight loss (binary) Yes 2871 (36%)

 No 5112 (64%)

Patient experienced weight loss (categorical) No weight loss 5112 (64%)

 Mild weight loss 857 (11%)

 Moderate weight loss 997 (12%)

 Severe weight loss 477 (6%)

 Most severe weight loss 540 (7%)

BMI-WLG Grade 0 2338 (29%)

 Grade 1 1973 (25%)

 Grade 2 772 (10%)

 Grade 3 1663 (21%)

 Grade 4 388 (5%)

 Missing 849 (11%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −3.40 (–3.56, –3.24)

(Continued)

Table 3. (Continued)
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Pancreatic (ICD-10: C25) n (%)

 5762 (3%)

Patient experienced weight loss (binary) Yes 2444 (42%)

 No 3318 (58%)

Patient experienced weight loss (categorical) No weight loss 3318 (58%)

 Mild weight loss 797 (14%)

 Moderate weight loss 802 (14%)

 Severe weight loss 395 (7%)

 Most severe weight loss 450 (8%)

BMI-WLG Grade 0 1154 (20%)

 Grade 1 1572 (27%)

 Grade 2 635 (11%)

 Grade 3 1439 (25%)

 Grade 4 468 (8%)

 Missing 494 (9%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −4.16 (–4.34, –3.98)

Sarcoma (ICD-10: C40, C41, C46, C49) n (%)

 1118 (1%)

Patient experienced weight loss (binary) Yes 496 (44%)

 No 622 (56%)

Patient experienced weight loss (categorical) No weight loss 622 (56%)

 Mild weight loss 193 (17%)

 Moderate weight loss 169 (15%)

 Severe weight loss 72 (6%)

 Most severe weight loss 62 (6%)

BMI-WLG Grade 0 287 (26%)

 Grade 1 258 (23%)

 Grade 2 149 (13%)

 Grade 3 246 (22%)

 Grade 4 51 (5%)

 Missing 127 (11%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −3.84 (–4.27, –3.40)

(Continued)

Table 3. (Continued)
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Skin (melanoma only) (ICD-10: C43) n (%)

 1502 (1%)

Patient experienced weight loss (binary) Yes 442 (29%)

 No 1060 (71%)

Patient experienced weight loss (categorical) No weight loss 1060 (71%)

 Mild weight loss 191 (13%)

 Moderate weight loss 128 (9%)

 Severe weight loss 61 (4%)

 Most severe weight loss 62 (4%)

BMI-WLG Grade 0 569 (38%)

 Grade 1 297 (20%)

 Grade 2 128 (9%)

 Grade 3 165 (11%)

 Grade 4 20 (1%)

 Missing 323 (22%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −2.84 (–3.23, –2.45)

Stomach (ICD-10: C16) n (%)

 4729 (2%)

Patient experienced weight loss (binary) Yes 2094 (44%)

 No 2635 (56%)

Patient experienced weight loss (categorical) No weight loss 2635 (56%)

 Mild weight loss 648 (14%)

 Moderate weight loss 623 (13%)

 Severe weight loss 367 (8%)

 Most severe weight loss 456 (10%)

BMI-WLG Grade 0 1233 (26%)

 Grade 1 1080 (23%)

 Grade 2 582 (12%)

 Grade 3 1177 (25%)

 Grade 4 320 (7%)

 Missing 337 (7%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −4.66 (–4.87, –4.44)

(Continued)

Table 3. (Continued)
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Upper GI (other) (ICD-10: C17, C22–C24) n (%)

 3548 (2%)

Patient experienced weight loss (binary) Yes 1026 (29%)

 No 2522 (71%)

Patient experienced weight loss (categorical) No weight loss 2522 (71%)

 Mild weight loss 438 (12%)

 Moderate weight loss 346 (10%)

 Severe weight loss 128 (4%)

 Most severe weight loss 114 (3%)

BMI-WLG Grade 0 1166 (33%)

 Grade 1 1030 (29%)

 Grade 2 324 (9%)

 Grade 3 556 (16%)

 Grade 4 118 (3%)

 Missing 354 (10%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −2.15 (–2.32, –1.98)

Urology (ICD-10: C60–68) n (%)

 14,900 (7%)

Patient experienced weight loss (binary) Yes 3276 (22%)

 No 11,624 (78%)

Patient experienced weight loss (categorical) No weight loss 11,624 (78%)

 Mild weight loss 1539 (10%)

 Moderate weight loss 957 (6%)

 Severe weight loss 343 (2%)

 Most severe weight loss 437 (3%)

BMI-WLG Grade 0 7021 (47%)

 Grade 1 3636 (24%)

 Grade 2 1053 (7%)

 Grade 3 1385 (9%)

 Grade 4 181 (1%)

 Missing 1624 (11%)

Patient most negative percentage weight change from baseline (%) Mean (95% CI) −1.77 (–1.88, –1.66)

%, percentage; BMI, body mass index; BMI-WLG, BMI-adjusted weight loss grade; CI, confidence intervals; CNS, central nervous system;  
GI, gastro-intestinal; ICD-10, International Statistical Classification of Diseases 10th revision; IQR (interquartile range).

Table 3. (Continued)
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Table 4. How patients with SACT treatment modifications are distributed between weight loss and non-weight loss patients by 
cancer grouping.

Brain/CNS (ICD-10: 
C47, C69–C72)

Binary Weight loss Brain/CNS (ICD-10: C47, 
C69–C72)

BMI-WLG

Non-weight 
loss patients

Weight loss 
patients

0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 2830 
(76%)

893 
(24%)

1791 
(48%)

910 
(24%)

316 
(9%)

424 
(11%)

61 
(2%)

221  
(6%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

819 
(29%)

247 
(28%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

531  
(30%)

251 
(28%)

86 
(27%)

128 
(30%)

14 
(23%)

56 
(25%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

235 
(8%)

111 
(12%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

156 
(9%)

* (*) * (*) * (*) 13 
(21%)

18  
(8%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

17  
(1%)

9 
(1%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

14 
(1%)

* (*) * (*) * (*) * (*) * (*)

Patient did not 
experience a known 
type of treatment 
modification*

1435 
(51%)

365 
(41%)

Patient did not 
experience a known 
type of treatment 
modification*

896 
(50%)

462 
(51%)

136 
(43%)

174 
(41%)

26 
(43%)

106 
(48%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

324 
(11%)

161 
(18%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

194 
(11%)

110 
(12%)

58 
(18%)

75 
(18%)

* (*) * (*)

Breast (ICD-10: C50) Non-weight 
loss patients

Weight loss 
patients

Breast (ICD-10: C50) 0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 36,616 
(81%)

8644  
(19%)

20,622 
(46%)

11,794 
(26%)

3080 
(7%)

3515 
(7%)

355 
(1%)

5894 
(13%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

10,525 
(29%)

2534 
(29%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

6041 
(29%)

3223 
(27%)

844 
(27%)

1036 
(29%)

117 
(33%)

1798 
(31%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

3275 
(9%)

1209 
(14%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

1863 
(9%)

1064 
(9%)

434 
(14%)

455 
(13%)

57 
(16%)

611 
(10%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

519 
(1%)

290 
(3%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

297 
(1%)

186 
(2%)

82 
(3%)

117 
(3%)

23 
(6%)

104 
(2%)

Patient did not 
experience a known 
type of treatment 
modification*

17,153 
(47%)

2980 
(34%)

Patient did not 
experience a known 
type of treatment 
modification*

9583 
(46%)

5566 
(47%)

1094 
(36%)

1353 
(38%)

99 
(28%)

2438 
(41%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

5144 
(14%)

1631 
(19%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

2838 
(14%)

1755 
(15%)

626 
(20%)

554 
(16%)

59 
(17%)

943 
(16%)

(Continued)
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Colon (ICD-10: C18) Non-weight 
loss patients

Weight loss 
patients

Colon (ICD-10: C18) 0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 13,864 
(75%)

4536 
(25%)

7035 
(38%)

5191 
(28%)

1456 
(8%)

2514 
(14%)

434 
(2%)

1770 
(10%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

4979 
(36%)

1451 
(32%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

2540 
(36%)

1802 
(35%)

482 
(33%)

834 
(33%)

144 
(33%)

628 
(35%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

2417 
(17%)

954 
(21%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

1208 
(17%)

978 
(19%)

297 
(20%)

496 
(20%)

110 
(25%)

282 
(16%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

501 
(4%)

296 
(7%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

241 
(3%)

217 
(4%)

89 
(6%)

143 
(6%)

23 
(5%)

84 
(5%)

Patient did not 
experience a known 
type of treatment 
modification*

4013 
(29%)

978 
(22%)

Patient did not 
experience a known 
type of treatment 
modification*

2099 
(30%)

1462 
(28%)

327 
(22%)

628 
(25%)

88 
(20%)

387 
(22%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

1954 
(14%)

857 
(19%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

947 
(13%)

732 
(14%)

261 
(18%)

413 
(16%)

69 
(16%)

389 
(22%)

Gynaecologic (excl. 
ovarian (ICD-10: C56)) 
(ICD-10: C51–C55, C57, 
C58) 

Non-weight 
loss patients

Weight loss 
patients

Gynaecologic [excl. 
Ovarian (ICD-10: C56)] 
(ICD-10: C51–C55, C57, 
C58)

0 1 2 3 4 Missing/
Unknown

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

4899 
(75%)

1606 
(25%)

2972 
(46%)

1529 
(23%)

504 
(8%)

829 
(13%)

135 
(2%)

536 
(8%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

1437 
(29%)

474 
(30%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

889 
(30%)

428 
(28%)

149 
(30%)

274 
(33%)

37 
(27%)

134 
(25%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

485 
(10%)

190 
(12%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

306 
(10%)

144 
(9%)

52 
(10%)

95 
(11%)

* (*) * (*)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

73 
(1%)

48 
(3%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

48 
(2%)

27 
(2%)

12 
(2%)

23 
(3%)

* (*) * (*)

Patient did not 
experience a known 
type of treatment 
modification*

2128 
(43%)

533 
(33%)

Patient did not 
experience a known 
type of treatment 
modification*

1300 
(44%)

656 
(43%)

173 
(34%)

304 
(37%)

45 
(33%)

183 
(34%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

776 
(16%)

361 
(22%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

429 
(14%)

274 
(18%)

118 
(23%)

133 
(16%)

29 
(21%)

154 
(29%)

(Continued)
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Head and Neck (ICD-10: 
C00–C14, C30–C32)

Non-weight 
loss patients

Weight loss 
patients

Head and neck (ICD-10: 
C00–C14, C30–C32)

0 1 2 3 4 Missing/
Unknown

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 3999 
(66%)

2097 
(34%)

2143 
(35%)

1533 
(25%)

676 
(11%)

1145 
(19%)

269 
(5%)

330 
(5%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

966 
(24%)

501 
(24%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

522 
(24%)

352 
(23%)

144 
(21%)

290 
(25%)

89 
(33%)

70 
(21%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

215 
(5%)

174 
(8%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

* (*) * (*) * (*) 95 
(8%)

32 
(12%)

* (*)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

15 
(0%)

33 
(2%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

* (*) * (*) * (*) 19 
(2%)

10 
(4%)

* (*)

Patient did not 
experience a known 
type of treatment 
modification*

2390 
(60%)

906 
(43%)

Patient did not 
experience a known 
type of treatment 
modification*

1315 
(61%)

902 
(59%)

316 
(47%)

531 
(46%)

82 
(30%)

150 
(45%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

413 
(10%)

483 
(23%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

198 
(9%)

184 
(12%)

168 
(25%)

210 
(18%)

56 
(21%)

80 
(24%)

Leukaemia (ICD-10: 
C91–C95, C96.2, C96.4, 
C96.8)

Non-weight 
loss patients

Weight loss 
patients

Leukaemia (ICD-10: 
C91–C95, C96.2, C96.4, 
C96.8)

0 1 2 3 4 Missing/
Unknown

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 3388 
(61%)

2150 
(39%)

1701 
(31%)

1288 
(23%)

627 
(11%)

1100 
(20%)

216 
(4%)

606 
(11%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

961 
(28%)

541 
(25%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

474 
(28%)

354 
(27%)

165 
(26%)

289 
(26%)

56 
(26%)

164 
(27%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

288 
(9%)

230 
(11%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

147 
(9%)

103 
(8%)

58 
(9%)

126 
(11%)

26 
(12%)

58 
(10%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

58 
(2%)

50 
(2%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

28 
(2%)

17 
(1%)

8 
(1%)

31 
(3%)

10 
(5%)

14 
(2%)

Patient did not 
experience a known 
type of treatment 
modification*

1623 
(48%)

970 
(45%)

Patient did not 
experience a known 
type of treatment 
modification*

830 
(49%)

627 
(49%)

297 
(47%)

501 
(46%)

90 
(42%)

248 
(41%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

458 
(14%)

359 
(17%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

222 
(13%)

187 
(15%)

99 
(16%)

153 
(14%)

34 
(16%)

122 
(20%)
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Lower GI (ICD-10: 
C19–C21)

Non-weight 
loss patients

Weight loss 
patients

Lower GI (ICD-10: 
C19–C21)

0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 7666 
(70%)

3293 
(30%)

4020 
(37%)

2836 
(25%)

1070 
(10%)

1747 
(16%)

295 
(3%)

991 
(9%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

2616 
(34%)

1021 
(31%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

1449 
(36%)

887 
(31%)

324 
(30%)

573 
(33%)

83 
(28%)

321 
(32%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

1150 
(15%)

669 
(20%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

579 
(14%)

462 
(16%)

212 
(20%)

338 
(19%)

73 
(25%)

155 
(16%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

235 
(3%)

202 
(6%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

125 
(3%)

92 
(3%)

66 
(6%)

96 
(6%)

17 
(6%)

41 
(4%)

Patient did not 
experience a known 
type of treatment 
modification*

2645 
(35%)

796 
(24%)

Patient did not 
experience a known 
type of treatment 
modification*

1388 
(35%)

958 
(34%)

271 
(25%)

484 
(28%)

68 
(23%)

272 
(27%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

1020 
(13%)

605 
(18%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

479 
(12%)

437 
(15%)

197 
(18%)

256 
(15%)

54 
(18%)

202 
(20%)

Lung (ICD-10: C33, C34, 
C37–C39, C45)

Non-weight 
loss patients

Weight loss 
patients

Lung (ICD-10: C33, C34, 
C37–C39, C45)

0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 19,938 
(70%)

8531 
(30%)

9608 
(34%)

7862 
(28%)

2774 
(10%)

4975 
(17%)

970 
(3%)

2280 
(8%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

6607 
(33%)

2751 
(32%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

3282 
(34%)

2503 
(32%)

875 
(32%)

1632 
(33%)

326 
(34%)

740 
(32%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

2560 
(13%)

1441 
(17%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

1300 
(14%)

1036 
(13%)

456 
(16%)

777 
(16%)

163 
(17%)

269 
(12%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

405 
(2%)

291 
(3%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

207 
(2%)

179 
(2%)

91 
(3%)

156 
(3%)

30 
(3%)

33 
(1%)

Patient did not 
experience a known 
type of treatment 
modification*

7677 
(39%)

2409 
(28%)

Patient did not 
experience a known 
type of treatment 
modification*

3595 
(37%)

3033 
(39%)

816 
(29%)

1620 
(33%)

271 
(28%)

751 
(33%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

2689 
(13%)

1639 
(19%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

1224 
(13%)

1111 
(14%)

536 
(19%)

790 
(16%)

180 
(19%)

487 
(21%)

(Continued)

Table 4. (Continued)

https://journals.sagepub.com/home/tam


C Shaw, N Starling et al.

journals.sagepub.com/home/tam 21

Lymphoma (ICD-10: 
C81–C88, C91.3, C91.4, 
C91.6, C91.7, C91.9)
 

Non-weight 
loss patients

Weight loss 
patients

Lymphoma (ICD-10: 
C81–C88, C91.3, C91.4, 
C91.6, C91.7, C91.9)

0 1 2 3 4 Missing/
Unknown

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

14,506 
(71%)

5922 
(29%)

7408 
(36%)

5503 
(27%)

1749 
(9%)

3342 
(16%)

685 
(3%)

1741 
(9%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

4097 
(28%)

1795 
(30%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

2090 
(28%)

1566 
(28%)

518 
(30%)

1010 
(30%)

233 
(34%)

475 
(27%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

1073 
(7%)

733 
(12%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

545 
(7%)

436 
(8%)

181 
(10%)

409 
(12%)

98 
(14%)

137 
(8%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

114 
(1%)

133 
(2%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

62 
(1%)

53 
(1%)

28 
(2%)

63 
(2%)

24 
(4%)

17 
(1%)

Patient did not 
experience a known 
type of treatment 
modification*

7166 
(49%)

2243 
(38%)

Patient did not 
experience a known 
type of treatment 
modification*

3765 
(51%)

2698 
(49%)

713 
(41%)

1374 
(41%)

245 
(36%)

614 
(35%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

2056 
(14%)

1018 
(17%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

946 
(13%)

750 
(14%)

309 
(18%)

486 
(15%)

85 
(12%)

498 
(29%)

Myeloma (ICD-10: C90, 
D47, 2, E85)

Non-weight 
loss patients

Weight loss 
patients

Myeloma (ICD-10: C90, 
D47, 2, E85)

0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 5046 
(67%)

2475 
(33%)

2669 
(35%)

1787 
(24%)

709 
(9%)

1172 
(16%)

241 
(3%)

943 
(13%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

1699 
(34%)

789 
(32%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

894 
(34%)

621 
(35%)

220 
(31%)

393 
(34%)

75 
(31%)

285 
(30%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

795 
(16%)

545 
(22%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

409 
(15%)

314 
(18%)

124 
(17%)

266 
(23%)

48 
(20%)

179 
(19%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

217 
(4%)

193 
(8%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

121 
(5%)

72 
(4%)

59 
(8%)

84 
(7%)

27 
(11%)

47 
(5%)

Patient did not 
experience a known 
type of treatment 
modification*

1674 
(33%)

631 
(25%)

Patient did not 
experience a known 
type of treatment 
modification*

919 
(34%)

576 
(32%)

217 
(31%)

294 
(25%)

58 
(24%)

241 
(26%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

661 
(13%)

317 
(13%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

326 
(12%)

204 
(11%)

89 
(13%)

135 
(12%)

33 
(14%)

191 
(20%)
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Oesophageal (ICD-10: 
C15)

Non-weight 
loss patients

Weight loss 
patients

Oesophageal (ICD-10: 
C15)

0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 4626 
(57%)

3469 
(43%)

2329 
(29%)

1820 
(22%)

932 
(12%)

1929 
(24%)

519 
(6%)

566 
(7%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

1372 
(30%)

1013 
(29%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

705 
(30%)

542 
(30%)

277 
(30%)

552 
(29%)

162 
(31%)

147 
(26%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

483 
(10%)

541 
(16%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

222 
(10%)

220 
(12%)

126 
(14%)

288 
(15%)

101 
(19%)

67 
(12%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

76 
(2%)

137 
(4%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

36 
(2%)

36 
(2%)

34 
(4%)

74 
(4%)

21 
(4%)

12 
(2%)

Patient did not 
experience a known 
type of treatment 
modification*

2054 
(44%)

1099 
(32%)

Patient did not 
experience a known 
type of treatment 
modification*

1065 
(46%)

788 
(43%)

293 
(31%)

692 
(36%)

150 
(29%)

165 
(29%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

641 
(14%)

679 
(20%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

301 
(13%)

234 
(13%)

202 
(22%)

323 
(17%)

85 
(16%)

175 
(31%)

Ovarian (ICD-10: C56) Non-weight 
loss patients

Weight loss 
patients

Ovarian (ICD-10: C56) 0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 5112 
(64%)

2871 
(36%)

2338 
(29%)

1973 
(25%)

772 
(10%)

1663 
(21%)

388 
(5%)

849 
(10%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

1655 
(32%)

959 
(33%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

764 
(33%)

656 
(33%)

267 
(35%)

545 
(33%)

124 
(32%)

258 
(30%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

734 
(14%)

551 
(19%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

335 
(14%)

287 
(15%)

148 
(19%)

324 
(19%)

72 
(19%)

119 
(14%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

148 
(3%)

127 
(4%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

74 
(3%)

69 
(4%)

35 
(5%)

53 
(3%)

22 
(6%)

22 
(3%)

Patient did not 
experience a known 
type of treatment 
modification*

1895 
(37%)

774 
(27%)

Patient did not 
experience a known 
type of treatment 
modification*

887 
(38%)

705 
(36%)

198 
(26%)

504 
(30%)

115 
(30%)

260 
(31%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

680 
(13%)

460 
(16%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

278 
(12%)

256 
(13%)

124 
(16%)

237 
(14%)

55 
(14%)

190 
(22%)
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Pancreatic (ICD-10: 
C25)

Non-weight 
loss patients

Weight loss 
patients

Pancreatic (ICD-10: C25) 0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 3318 
(58%)

2444 
(42%)

1154 
(20%)

1572 
(27%)

635 
(11%)

1439 
(25%)

468 
(8%)

494 
(9%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

1155 
(35%)

805 
(33%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

414 
(36%)

540 
(34%)

210 
(33%)

500 
(35%)

138 
(29%)

158 
(32%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

490 
(15%)

517 
(21%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

184 
(16%)

244 
(16%)

122 
(19%)

267 
(19%)

116 
(25%)

74 
(15%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

105 
(3%)

146 
(6%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

38 
(3%)

48 
(3%)

34 
(5%)

79 
(5%)

36 
(8%)

16 
(3%)

Patient did not 
experience a known 
type of treatment 
modification*

1150 
(35%)

574 
(23%)

Patient did not 
experience a known 
type of treatment 
modification*

393 
(34%)

552 
(35%)

156 
(25%)

384 
(27%)

108 
(23%)

131 
(27%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

418 
(13%)

402 
(16%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

125 
(11%)

188 
(12%)

113 
(18%)

209 
(15%)

70 
(15%)

115 
(23%)

Sarcoma (ICD-10: C40, 
C41, C46, C49)1

Non-weight 
loss patients

Weight loss 
patients

Sarcoma (ICD-10: C40, 
C41, C46, C49)1

0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 622 
(56%)

496 
(44%)

287 
(26%)

258 
(23%)

149 
(13%)

246 
(22%)

51 
(5%)

127 
(11%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

210 
(34%)

175 
(35%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

100 
(35%)

82 
(32%)

43 
(29%)

74 
(30%)

26 
(51%)

60 
(47%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

* (*) * (*) Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

* (*) * (*) 14 
(9%)

36 
(15%)

* (*) 14 
(11%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

* (*) * (*) Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

* (*) * (*) 0 
(0%)

* (*) * (*) * (*)

Patient did not 
experience a known 
type of treatment 
modification*

277 
(45%)

183 
(37%)

Patient did not 
experience a known 
type of treatment 
modification*

119 
(41%)

115 
(45%)

60 
(40%)

107 
(44%)

14 
(27%)

45 
(35%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

77 
(12%)

69 
(14%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

40 
(14%)

40 
(16%)

32 
(21%)

* (*) * (*) * (*)
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Skin (melanoma only) 
(ICD-10: C43)1

Non-weight 
loss patients

Weight loss 
patients

Skin (melanoma only) 
(ICD-10: C43)1

0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 1060 
(71%)

442 
(29%)

569 
(38%)

297 
(20%)

128 
(9%)

165 
(11%)

20 
(1%)

323 
(21%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

319 
(30%)

108 
(24%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

186 
(33%)

92 
(31%)

29 
(23%)

46 
(28%)

* (*) 69 
(21%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

* (*) * (*) Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

* (*) * (*) * (*) * (*) * (*) * (*)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

* (*) * (*) Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

* (*) * (*) * (*) * (*) 0 
(0%)

* (*)

Patient did not 
experience a known 
type of treatment 
modification*

558 
(53%)

200 
(45%)

Patient did not 
experience a known 
type of treatment 
modification*

287 
(50%)

143 
(48%)

50 
(39%)

61 
(37%)

8 
(40%)

209 
(65%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

122 
(12%)

86 
(19%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

63 
(11%)

40 
(13%)

33 
(26%)

39 
(24%)

* (*) 29 
(9%)

Stomach (ICD-10: C16) Non-weight 
loss patients

Weight loss 
patients

Stomach (ICD-10: C16) 0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 2635 
(56%)

2094 
(44%)

1233 
(26%)

1080 
(23%)

582 
(12%)

1177 
(25%)

320 
(7%)

337 
(7%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

866 
(33%)

631 
(30%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

373 
(30%)

372 
(34%)

163 
(28%)

391 
(33%)

94 
(29%)

104 
(31%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

307 
(12%)

311 
(15%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

131 
(11%)

139 
(13%)

82 
(14%)

164 
(14%)

* (*) * (*)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

48 
(2%)

80 
(4%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

23 
(2%)

21 
(2%)

26 
(4%)

38 
(3%)

* (*) * (*)

Patient did not 
experience a known 
type of treatment 
modification*

1024 
(39%)

633 
(30%)

Patient did not 
experience a known 
type of treatment 
modification*

525 
(43%)

383 
(35%)

178 
(31%)

385 
(33%)

94 
(29%)

92 
(27%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

390 
(15%)

439 
(21%)

Patient had only 
‘Missing’ recordings for 
all types of treatment 
modification (DR, TD 
and SE)

181 
(15%)

165 
(15%)

133 
(23%)

199 
(17%)

62 
(19%)

89 
(26%)
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Upper GI (other) (ICD-
10: C17, C22–C24)

Non-weight 
loss patients

Weight loss 
patients

Upper GI (other) (ICD-
10: C17, C22–C24)

0 1 2 3 4 Missing/
Unknown

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 2522 
(71%)

1026 
(29%)

1166 
(33%)

1030 
(29%)

324 
(9%)

556 
(16%)

118 
(3%)

354 
(10%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

881 
(35%)

343 
(33%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

399 
(34%)

367 
(36%)

107 
(33%)

188 
(34%)

41 
(35%)

122 
(34%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

329 
(13%)

174 
(17%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

158 
(14%)

137 
(13%)

49 
(15%)

89 
(16%)

* (*) * (*)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

69 
(3%)

52 
(5%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

31 
(3%)

36 
(4%)

15 
(5%)

26 
(5%)

* (*) * (*)

Patient did not 
experience a known 
type of treatment 
modification*

921 
(37%)

279 
(27%)

Patient did not 
experience a known 
type of treatment 
modification*

436 
(37%)

347 
(34%)

92 
(28%)

178 
(32%)

30 
(25%)

117 
(33%)

Patient had only ‘Missing’ 
recordings for all types 
of treatment modification 
(DR, TD and SE)

322 
(13%)

178 
(17%)

Patient had only ‘Missing’ 
recordings for all types 
of treatment modification 
(DR, TD and SE)

142 
(12%)

143 
(14%)

61 
(19%)

75 
(13%)

19 
(16%)

60 
(17%)

Urology (ICD-10: 
C60–68)

Non-weight 
loss patients

Weight loss 
patients

Urology (ICD-10: 
C60–68)

0 1 2 3 4 Missing/
Unknown

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

 11,624 
(78%)

3276 
(22%)

7021 
(47%)

3636 
(24%)

1053 
(7%)

1385 
(10%)

181 
(1%)

1624 
(11%)

Patient experienced 
only one type of 
treatment modification 
(DR, TD or SE)

3396 
(29%)

960 
(29%)

Patient experienced only 
one type of treatment 
modification (DR, TD 
or SE)

2053 
(29%)

1008 
(28%)

308 
(29%)

419 
(30%)

49 
(27%)

519 
(32%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

1122 
(10%)

422 
(13%)

Patient experienced 
two types of treatment 
modification (DR, TD 
or SE)

682 
(10%)

350 
(10%)

126 
(12%)

174 
(13%)

* (*) * (*)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

175 
(2%)

104 
(3%)

Patient experienced all 
three types of treatment 
modification (DR, TD 
and SE)

108 
(2%)

61 
(2%)

37 
(4%)

41 
(3%)

* (*) * (*)

Patient did not 
experience a known 
type of treatment 
modification*

5248 
(45%)

1049 
(32%)

Patient did not 
experience a known 
type of treatment 
modification*

3237 
(46%)

1636 
(45%)

371 
(35%)

452 
(33%)

46 
(25%)

555 
(34%)

Patient had only ‘Missing’ 
recordings for all types 
of treatment modification 
(DR, TD and SE)

1683 
(14%)

741 
(23%)

Patient had only ‘Missing’ 
recordings for all types 
of treatment modification 
(DR, TD and SE)

941 
(13%)

581 
(16%)

211 
(20%)

299 
(22%)

59 
(33%)

333 
(21%)

*‘No’ recorded at least once for all of DR, TD and SE and no ‘Yes’ recordings.
1In line with small number suppression guidelines as outlined by our Public Health England affiliated data partner, counts <10 and their accompanying percentages 
have been suppressed and replaced with ‘*’. Complimentary data suppression has also been conducted to remove possibility of patient reidentification.
BMI-WLG, body mass index-adjusted weight loss grade; CNS, central nervous system; DR, dose reduction; GI, gastro-intestinal; ICD-10, 
International Statistical Classification of Diseases 10th revision; SACT, systemic anti-cancer therapy; SE, stopped early; TD, time delay.
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Table 5. Weight loss characteristics and composite outcome of patients in the association sub-cohort by cancer grouping.

Association sub-cohort (n = 86,991)

Brain/CNS (ICD-10: C47, C69–C72) n (%)

 1523 (2%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 1044 (69%)

 Composite outcome = ‘No’ 479 (31%)

Patient experienced weight loss (binary) Yes 367 (24%)

 No 1156 (76%)

BMI-WLG Grade 0 776 (51%)

 Grade 1 379 (25%)

 Grade 2 139 (9%)

 Grade 3 166 (11%)

 Grade 4 28 (2%)

 Missing* 35 (2%)

Breast (ICD-10: C50) n (%)

 20,357 (23%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 13,358 (66%)

 Composite outcome = ‘No’ 6999 (34%)

Patient experienced weight loss (binary) Yes 3958 (19%)

 No 16,399 (81%)

BMI-WLG Grade 0 9809 (48%)

 Grade 1 5582 (27%)

 Grade 2 1507 (7%)

 Grade 3 1704 (8%)

 Grade 4 163 (1%)

 Missing* 1592 (8%)

Colon (ICD-10: C18) n (%)

 9023 (10%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 8376 (93%)

 Composite outcome = ‘No’ 647 (7%)

Patient experienced weight loss (binary) Yes 2235 (25%)

 No 6788 (75%)

(Continued)
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Colon (ICD-10: C18) n (%)

 9023 (10%)

BMI-WLG Grade 0 3642 (40%)

 Grade 1 2740 (30%)

 Grade 2 757 (8%)

 Grade 3 1268 (14%)

 Grade 4 237 (3%)

 Missing* 379 (4%)

Gynaecologic [excl. ovarian (ICD-10: C56)] (ICD-10: C51–C55, C57, C58) n (%)

 2411 (3%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 2152 (89%)

 Composite outcome = ‘No’ 259 (11%)

Patient experienced weight loss (binary) Yes 586 (24%)

 No 1825 (76%)

BMI-WLG Grade 0 1188 (49%)

 Grade 1 553 (23%)

 Grade 2 173 (7%)

 Grade 3 345 (14%)

 Grade 4 51 (2%)

 Missing* 101 (4%)

Head and Neck (ICD-10: C00–C14, C30–C32) n (%)

 2000 (2%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 1604 (80%)

 Composite outcome = ‘No’ 396 (20%)

Patient experienced weight loss (binary) Yes 729 (36%)

 No 1271 (64%)

BMI-WLG Grade 0 706 (35%)

 Grade 1 492 (25%)

 Grade 2 216 (11%)

 Grade 3 418 (21%)

 Grade 4 114 (6%)

 Missing* 54 (3%)

(Continued)
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Leukaemia (ICD-10: C91–C95, C96.2, C96.4, C96.8) n (%)

 2526 (3%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 1584 (63%)

 Composite outcome = ‘No’ 942 (37%)

Patient experienced weight loss (binary) Yes 1020 (40%)

 No 1506 (60%)

BMI-WLG Grade 0 822 (33%)

 Grade 1 580 (23%)

 Grade 2 327 (13%)

 Grade 3 550 (22%)

 Grade 4 97 (4%)

 Missing* 150 (6%)

Lower GI (ICD-10: C19–C21) n (%)

 5072 (6%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 4515 (89%)

 Composite outcome = ‘No’ 557 (11%)

Patient experienced weight loss (binary) Yes 1575 (31%)

 No 3497 (69%)

BMI-WLG Grade 0 1993 (39%)

 Grade 1 1335 (26%)

 Grade 2 543 (11%)

 Grade 3 870 (17%)

 Grade 4 143 (3%)

 Missing* 188 (4%)

Lung (ICD-10: C33, C34, C37–C39, C45) n (%)

 12,615 (15%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 11,376 (90%)

 Composite outcome = ‘No’ 1239 (10%)

Patient experienced weight loss (binary) Yes 3933 (31%)

 No 8682 (69%)

(Continued)
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Lung (ICD-10: C33, C34, C37–C39, C45) n (%)

 12,615 (15%)

BMI-WLG Grade 0 4460 (35%)

 Grade 1 3480 (28%)

 Grade 2 1291 (10%)

 Grade 3 2358 (19%)

 Grade 4 474 (4%)

 Missing* 552 (4%)

Lymphoma (ICD-10: C81–C88, C91.3, C91.4, C91.6, C91.7, C91.9) n (%)

 8041 (9%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 6324 (79%)

 Composite outcome = ‘No’ 1717 (21%)

Patient experienced weight loss (binary) Yes 2627 (33%)

 No 5414 (67%)

BMI-WLG Grade 0 2906 (36%)

 Grade 1 2159 (27%)

 Grade 2 759 (9%)

 Grade 3 1527 (19%)

 Grade 4 344 (4%)

 Missing* 346 (4%)

Myeloma (ICD-10: C90, D47, 2, E85) n (%)

 3540 (4%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 2863 (81%)

 Composite outcome = ‘No’ 677 (19%)

Patient experienced weight loss (binary) Yes 1205 (34%)

 No 2335 (66%)

BMI-WLG Grade 0 1309 (37%)

 Grade 1 912 (26%)

 Grade 2 352 (10%)

 Grade 3 613 (17%)

 Grade 4 130 (4%)

 Missing* 224 (6%)

(Continued)
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Oesophageal (ICD-10: C15) n (%)

 3356 (4%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 3015 (90%)

 Composite outcome = ‘No’ 341 (10%)

Patient experienced weight loss (binary) Yes 1530 (46%)

 No 1826 (54%)

BMI-WLG Grade 0 934 (28%)

 Grade 1 771 (23%)

 Grade 2 417 (12%)

 Grade 3 849 (25%)

 Grade 4 276 (8%)

 Missing* 109 (3%)

Ovarian (ICD-10: C56) n (%)

 3423 (4%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 3040 (89%)

 Composite outcome = ‘No’ 383 (11%)

Patient experienced weight loss (binary) Yes 1325 (39%)

 No 2098 (61%)

BMI-WLG Grade 0 1031 (30%)

 Grade 1 871 (25%)

 Grade 2 396 (12%)

 Grade 3 775 (23%)

 Grade 4 183 (5%)

 Missing* 167 (5%)

Pancreatic (ICD-10: C25) n (%)

 2843 (3%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 2641 (93%)

 Composite outcome = ‘No’ 202 (7%)

Patient experienced weight loss (binary) Yes 1282 (45%)

 No 1561 (55%)

(Continued)
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Pancreatic (ICD-10: C25) n (%)

 2843 (3%)

BMI-WLG Grade 0 583 (21%)

 Grade 1 775 (27%)

 Grade 2 331 (12%)

 Grade 3 779 (27%)

 Grade 4 259 (9%)

 Missing* 116 (4%)

Sarcoma (ICD-10: C40, C41, C46, C49) n (%)

 381 (0%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 333 (87%)

 Composite outcome = ‘No’ 48 (13%)

Patient experienced weight loss (binary) Yes 166 (44%)

 No 215 (56%)

BMI-WLG Grade 0 112 (29%)

 Grade 1 92 (24%)

 Grade 2 46 (12%)

 Grade 3 85 (22%)

 Grade 4 21 (6%)

 Missing* 25 (7%)

Skin (melanoma only) (ICD-10: C43) n (%)

 533 (1%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 428 (80%)

 Composite outcome = ‘No’ 105 (20%)

Patient experienced weight loss (binary) Yes 167 (31%)

 No 366 (69%)

BMI-WLG Grade 0 230 (43%)

 Grade 1 117 (22%)

 Grade 2 46 (9%)

 Grade 3 74 (14%)

 Grade 4 8 (2%)

 Missing* 58 (11%)

(Continued)
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Stomach (ICD-10: C16) n (%)

 2003 (2%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 1828 (91%)

 Composite outcome = ‘No’ 175 (9%)

Patient experienced weight loss (binary) Yes 908 (45%)

 No 1095 (55%)

BMI-WLG Grade 0 495 (25%)

 Grade 1 502 (25%)

 Grade 2 271 (14%)

 Grade 3 531 (27%)

 Grade 4 138 (7%)

 Missing* 66 (3%)

Upper GI (other) (ICD-10: C17, C22–C24) n (%)

 1607 (2%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 1484 (92%)

 Composite outcome = ‘No’ 123 (8%)

Patient experienced weight loss (binary) Yes 484 (30%)

 No 1123 (70%)

BMI-WLG Grade 0 531 (33%)

 Grade 1 500 (31%)

 Grade 2 149 (9%)

 Grade 3 276 (17%)

 Grade 4 55 (3%)

 Missing* 96 (6%)

Urology (ICD-10: C60–68) n (%)

 5737 (7%)

Composite outcome for patients included in 
association analysis sub-cohort

Composite outcome = ‘Yes’ 4771 (83%)

 Composite outcome = ‘No’ 966 (17%)

Patient experienced weight loss (binary) Yes 1274 (22%)

 No 4463 (78%)

(Continued)
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A combined ‘grouped GI’ [grouping inclusive 
of; upper GI (other), stomach, pancreatic, 
oesophageal, and colon cancers] was assessed 
during association analysis. For patients with 
lung, colon and grouped GI (including colon) 
cancers, association between BMI-WLGs and 
experiencing a SACT treatment modification 
increased with increasing BMI-WLG for both 
adjusted and crude models (Table 7). In these 
cancers, patients with BMI-WLG ⩾ 2 had at 
least 35% greater odds of having a treatment 
modification over follow-up time compared with 
patients with a BMI-WLG of 0 (reference; grade 
of best predicted patient prognosis).1

Discussion
To our knowledge, this is the largest (n = 200,536) 
and most comprehensive pan-cancer study of 
SACT-treated patients in England, achieved 
using the real-world CAS database. Our findings 
highlight the common occurrence of weight loss-
associated SACT treatment modifications across 
18 different cancer groupings and demonstrate 
how previously validated thresholds of weight loss 
could be used as early identifiers of patients vul-
nerable to cancer treatment disruptions.

It is known that treatment toxicity is exacerbated by 
patient weight loss and such toxicities can lead to 
chemotherapy treatment disruptions.4,12 Treatment 
disruption is associated with poorer response to 
treatment, an increased chance of disease progres-
sion, and a decreased survival rate.12 Our findings 
show, across studied cancers, weight loss patients 
were more likely to experience multiple types of 
treatment modification over follow-up time than 

non-weight loss patients. Patients with higher BMI-
WLGs were also more likely to experience multiple 
treatment modifications over follow-up time com-
pared with patients with lower grades across the 
majority of cancers studied.

Cancers in this study with greatest percentages of 
weight loss patients (oesophageal, pancreatic, and 
stomach) are consistently noted in the literature 
as prone to involuntary weight loss during SACT 
treatment.4,12,13

The strong association we found between weight 
loss during SACT and experience of treatment 
modification in GI-related, head and neck, lung, 
and leukaemia cancer groupings are also consist-
ent with previous literature that identifies these 
cancers as prone to weight loss-exacerbated treat-
ment toxicities.3,12,14

In lung, colon, and the grouped GI (including 
colon) cancers, patients with the highest BMI-
WLG were those with greatest odds of having a 
treatment modification recorded during SACT 
treatment.

Cancers with negligible point estimates of weight 
loss from baseline, such as urology, saw no asso-
ciation between weight loss and treatment modi-
fication during follow-up time in our study. This 
would suggest avoidance of extreme acute weight 
changes during SACT mitigated modifications 
during treatment. Weight stability has been previ-
ously found to improve patient survival outcomes 
and decrease chances of disease progression by  
maintaining continuity of the patient’s SACT 
treatment.12,15,16

Table 5. (Continued)

Urology (ICD-10: C60–68) n (%)

 5737 (7%)

BMI-WLG Grade 0 2823 (49%)

 Grade 1 1401 (24%)

 Grade 2 445 (8%)

 Grade 3 556 (10%)

 Grade 4 64 (1%)

 Missing* 448 (8%)

*Patients with missing BMI-WLG were not included in association analysis of composite outcome by BMI-WLG.
BMI-WLG, body mass index-adjusted weight loss grade; CNS, central nervous system; GI, gastro-intestinal.
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Figure 2. Forest plot of adjusted odds ratios for the association between binary weight loss and the composite 
outcome (likelihood of experiencing a treatment modification) by cancer grouping in the association sub-
cohort. Plot includes number of patients within each cancer grouping of the association sub-cohort and 
accompanying 95% confidence intervals and p-value of the adjusted odds ratio.
*Grouped GI; grouping inclusive of upper GI (other), stomach, pancreatic, oesophageal and colon cancer groups.
95% CIs, 95% confidence intervals; CNS, central nervous system; GI, gastro-intestinal; OR, odds ratio.

Nutritional interventions, including dietary coun-
selling and oral nutritional supplements (ONS) 
have been demonstrated to prevent weight loss 
during SACT.17 There is increasing evidence that 
clinical nutrition (CN) interventions (including 
ONS, enteral tube feeding and parenteral nutri-
tion) are associated with decreased anti-cancer 
therapy toxicity, improved relative dose intensity 
with fewer treatment modifications, and improved 
treatment continuity.18,19

Patient weight was recorded relatively frequently 
throughout follow-up time; however, for the 
majority of weight loss patients their largest indi-
vidual weight loss from baseline was only 
2.5–5.9%.

European guidelines provide clear guidance on 
CN management of patients with extensive 
weight loss and malnutrition following diagnosis, 
but are less clear on management of patients with 
lesser amounts of weight loss, who may benefit 

from nutritional support to maintain weight sta-
bility during treatment.5–7 Mild weight loss is 
often overlooked. Referrals to dietitians tend to 
occur when weight loss is established (5% or 
greater) and patients have accumulated multiple 
nutritional barriers to maintaining adequate die-
tary intake.7

Our weight loss patients were heavier and pro-
portionally more likely to be obese at start of 
SACT treatment than our non-weight loss 
patients.

Healthcare professionals may lack the knowledge 
to identify weight loss-induced malnutrition or be 
aware of the impact that weight loss may have on 
tolerance to SACT in obese or overweight cancer 
patients, where clinical guidance lacks clarity.8,20 
Patients with cancers prone to obesity and high 
BMI, for example those with colon cancer, often 
have their weight loss neglected and do not receive 
nutritional intervention.8 Patients likewise may 
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Table 6. Outputs of crude and adjusted model of association between binary weight loss (yes/no) and 
composite outcome by cancer grouping.

Brain/CNS (ICD-10: C47, C69–C72) Logistic regression outputs for association between binary 
weight loss and composite outcome

Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.03 0.80, 1.32 0.84

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.20 0.91, 1.58 0.19

 No 1.00 (ref) − −

Log(Follow-up time) (days) 0.50 0.42, 0.59 <0.001

BMI 1.00 0.98, 1.02 0.85

Age 1.00 0.99, 1.01 0.78

Sex:

 Male 1.33 1.05, 1.69 0.02

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.26 1.78, 2.87 <0.001

Breast (ICD-10: C50) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 0.77 0.72, 0.83 <0.001

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 0.86 0.79, 0.93 <0.001

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.02 0.98, 1.06 0.35

BMI 0.99 0.98, 0.99 <0.001

Age 0.98 0.98, 0.98 <0.001

(Continued)
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Breast (ICD-10: C50) Odds ratio 95% CIs p-value

Sex:

 Male 0.47 0.25, 0.82 0.01

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 0.98 0.76, 1.25 0.85

Colon (ICD-10: C18) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.58 1.33, 1.87 <0.001

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.72 1.42, 2.07 <0.001

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.24 1.12, 1.37 <0.001

BMI 0.99 0.98, 1.01 0.53

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.06 0.89, 1.27 0.52

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.27 1.46, 3.41 <0.001

Gynaecologic [excl. ovarian (ICD-10: C56)] 
(ICD-10: C51–C55, C57, C58)

Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.42 1.07, 1.88 0.01

 No 1.00 (ref) − −

(Continued)
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Gynaecologic [excl. ovarian (ICD-10: C56)] 
(ICD-10: C51–C55, C57, C58)

Odds ratio 95% CIs p-value

Adjusted model:

Binary Weight loss:

 Yes 1.48 1.08, 2.01 0.01

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.25 1.09, 1.44 <0.001

BMI 1.01 0.99, 1.03 0.43

Age 0.99 0.98, 1.00 0.01

Sex:

 Male − − −

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.77 1.10, 2.75 0.01

Head and Neck (ICD-10: C00–C14, 
C30–C32)

Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.27 1.01, 1.58 0.04

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.30 1.02, 1.65 0.03

 No 1.00 (ref) − −

Log(Follow-up time) (days) 0.98 0.87, 1.10 0.72

BMI 1.01 0.99, 1.03 0.53

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.08 0.81, 1.45 0.6

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.60 1.26, 2.03 <0.001

(Continued)
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Leukaemia (ICD-10: C91–C95, C96.2, 
C96.4, C96.8)

Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.31 1.11, 1.54 <0.001

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.30 1.09, 1.55 <0.001

 No 1.00 (ref) − −

Log(Follow-up time) (days) 0.61 0.55, 0.67 <0.001

BMI 1.01 1.00, 1.03 0.11

Age 0.98 0.98, 0.99 <0.001

Sex:

 Male 0.77 0.64, 0.92 <0.001

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.57 1.54, 4.33 <0.001

Lower GI (ICD-10: C19–C21) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.09 0.9–1.31 0.38

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.13 0.92, 1.38 0.24

 No 1.00 (ref) − −

Log(Follow-up time) (days) 0.87 0.78, 0.97 0.02

BMI 0.99 0.97, 1.01 0.46

Age 0.98 0.97, 0.99 <0.001

(Continued)
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Lower GI (ICD-10: C19–C21) Odds ratio 95% CIs p-value

Sex:

 Male 1.14 0.93, 1.39 0.21

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 3.15 2.50, 3.93 <0.001

Lung (ICD-10: C33, C34, C37–C39, C45) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.31 1.16, 1.48 <0.001

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.38 1.21, 1.58 <0.001

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.43 1.33, 1.53 <0.001

BMI 0.99 0.98, 1.00 0.08

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.00 0.88, 1.13 0.95

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.55 2.01, 3.20 <0.001

Lymphoma (ICD-10: C81–C88, C91.3, 
C91.4, C91.6, C91.7, C91.9)

Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 0.85 0.76, 0.96 0.01

 No 1.00 (ref) − −

(Continued)
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Lymphoma (ICD-10: C81–C88, C91.3, 
C91.4, C91.6, C91.7, C91.9)

Odds ratio 95% CIs p-value

Adjusted model:

Binary Weight loss:

 Yes 0.90 0.80, 1.02 0.11

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.10 1.03, 1.17 0.01

BMI 1.00 0.99, 1.01 0.94

Age 0.99 0.99, 1.00 <0.001

Sex:

 Male 1.05 0.93, 1.17 0.45

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.67 2.06, 3.45 <0.001

Myeloma (ICD-10: C90, D47, 2, E85) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 0.77 0.64, 0.92 <0.001

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 0.84 0.69, 1.02 0.08

 No 1.00 (ref) − −

Log(Follow-up time) (days) 0.97 0.87, 1.07 0.51

BMI 1.00 0.99, 1.02 0.6

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 0.91 0.76, 1.09 0.3

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.16 0.63, 2.01 0.62

(Continued)
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Oesophageal (ICD-10: C15) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.23 0.98, 1.53 0.08

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.29 1.01, 1.64 0.04

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.17 1.02, 1.34 0.02

BMI 1.00 0.97, 1.02 0.73

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.10 0.82, 1.48 0.53

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.22 0.8, 1.79 0.34

Ovarian (ICD-10: C56) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.02 0.82, 1.27 0.85

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.12 0.88, 1.42 0.36

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.12 0.98, 1.28 0.1

BMI 1.01 0.99, 1.03 0.54

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male − − −

 Female 1.00 (ref) − −

(Continued)
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Ovarian (ICD-10: C56) Odds ratio 95% CIs p-value

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 3.01 1.33, 6.17 <0.001

Pancreatic (ICD-10: C25) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.14 0.85, 1.51 0.39

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.33 0.97, 1.82 0.08

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.27 1.02, 1.56 0.03

BMI 0.97 0.93, 1.00 0.06

Age 1.01 0.99, 1.03 0.2

Sex:

 Male 1.16 0.85, 1.59 0.36

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.27 0.48, 2.74 0.59

Sarcoma (ICD-10: C40, C41, C46, C49) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 0.75 0.4, 1.39 0.37

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.01 0.48, 2.13 0.97

 No 1.00 (ref) − −

(Continued)
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Sarcoma (ICD-10: C40, C41, C46, C49) Odds ratio 95% CIs p-value

Log(Follow-up time) (days) 0.99 0.62, 1.57 0.98

BMI 0.97 0.91, 1.04 0.44

Age 0.97 0.95, 1.00 0.02

Sex:

 Male 1.16 0.57, 2.43 0.69

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 12.17 1.35, 110.99 0.02

Skin (melanoma only) (ICD-10: C43) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 2.30 1.48, 3.56 <0.001

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.81 1.08, 3.03 0.02

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.47 1.08, 2.01 0.01

BMI 0.96 0.92, 1.01 0.12

Age 0.97 0.96, 0.99 <0.001

Sex:

 Male 0.84 0.51, 1.41 0.51

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 7.89 2.71, 24.89 <0.001

Stomach (ICD-10: C16) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.56 1.14, 2.13 0.01

 No 1.00 (ref) − −

(Continued)
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Stomach (ICD-10: C16) Odds ratio 95% CIs p-value

Adjusted model:

Binary Weight loss:

 Yes 1.46 1.04, 2.06 0.03

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.25 1.03, 1.52 0.03

BMI 1.01 0.97, 1.04 0.67

Age 0.97 0.96, 0.99 <0.001

Sex:

 Male 0.89 0.621.29 0.53

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 5.59 2.65, 11.15 <0.001

Upper GI (other) (ICD-10: C17, C22–C24) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.17 0.79, 1.73 0.42

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.19 0.76, 1.84 0.44

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.63 1.25, 2.13 <0.001

BMI 0.96 0.92, 1.01 0.1

Age 0.98 0.97, 1.00 0.08

Sex:

 Male 1.43 0.94, 2.20 0.1

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.67 0.76–7.27 0.08

(Continued)
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Urology (ICD-10: C60–68) Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 0.92 0.77, 1.09 0.33

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 0.89 0.74, 1.07 0.22

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.37 1.26, 1.50 <0.001

BMI 0.99 0.97, 1.00 0.18

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.84 1.41, 2.44 <0.001

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.05 0.65, 1.62 0.85

Grouped GI cancers* Odds ratio 95% CIs p-value

Crude model:

Binary Weight loss:

 Yes 1.42 1.28, 1.58 <0.001

 No 1.00 (ref) − −

Adjusted model:

Binary Weight loss:

 Yes 1.56 1.39, 1.75 <0.001

 No 1.00 (ref) − −

Log(Follow-up time) (days) 1.21 1.13, 1.30 <0.001

BMI 0.99 0.98, 1.00 0.08

Age 0.98 0.98, 0.99 <0.001

(Continued)
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Grouped GI cancers* Odds ratio 95% CIs p-value

Sex:

 Male 1.16 1.03, 1.31 0.01

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.97 1.53, 2.50 <0.001

*group includes: Upper GI (other) (ICD-10: C17, C22–C24), Stomach (ICD-10: C16), Pancreatic (ICD-10: C25), Oesophageal 
(ICD-10: C15), Colon (ICD-10: C18).
95% CIs, confidence intervals; BMI, body mass index; log, logarithmic; CNS, central nervous system; GI, gastro-intestinal; 
SACT, systemic anti-cancer therapy.

Table 6. (Continued)

not recognise losing weight as having a negative 
impact on their treatment outcomes.21

Our results identify cancers with greatest weight 
loss-associated treatment modification and suggest 
existing gaps in weight loss management. CN sup-
port during SACT treatment could help improve 
patient treatment outcomes in cancers with tradi-
tionally ‘under-recognised’ and ‘under-intervened’ 
weight loss-related treatment disruptions. Currently, 
most nutritional support planning focuses on patient 
weight loss status prior to SACT treatment.

In highlighting colon cancers as susceptible to 
weight loss-induced SACT treatment modifica-
tion, our study shows a potential gap in current 
weight loss management of cancers common in 
overweight patients. Until 2016, there was no ded-
icated dietetic service for colorectal cancer patients 
in the UK.22 Across cancers, limited CN resources 
are generally reserved for patients who present 
with malnutrition at diagnosis, or are being used in 
patients with advanced disease only or not used at 
all.8,23,24 Expansion of naïve dietetic services in 
under-intervened cancers and improving patient 
accessibility to nutritional support are potential 
steps to improve patients’ weight loss-associated 
treatment outcomes, and is recommended in 
recent UK guidelines for GI cancer treatment.25,26

Strengths and limitations
A key strength of this retrospective study is the 
large sample size and centralised, routine collec-
tion of cancer registry data via the CAS database. 

Approximately 95% of the population of England 
with systemic cancer treatments are covered by 
CAS.9,10 To our knowledge this is the largest 
(n = 200,536) and most comprehensive popula-
tion-level study of SACT-treated patients in 
England, given our analysis of 18 unique cancer 
groupings.

It is a strength of our study that we were able to 
analyse patient experience of treatment modifica-
tions via the CAS database, as such treatment 
outcomes usually go under-recorded in EMR 
data and can remain confined to clinician notes. 
However, necessary assumptions and restrictions 
had to be made to our study design to accommo-
date for limitations in data capture in our real-
world datasets. Since date of treatment 
modification is not recorded within the SACT 
dataset, we assumed patient weight loss status at 
time of treatment modification was represented 
by the patient’s most negative weight change from 
baseline. A cross-sectional study design was cho-
sen as we cannot confirm weight loss occurred 
prior to treatment modification. Our results do 
not imply causality.

We restricted measures of association to between 
weight loss and our composite outcome as meas-
uring repeated outcome events required tempo-
ral treatment modification data, unavailable in 
the SACT dataset. Furthermore, it is likely 
repeated treatment modification decisions made 
by clinicians are not independent and highly cor-
related. Analysis of total number of occurrences 
of a single type of treatment modification per 
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Table 7. Crude and adjusted model of association between BMI-WLG and composite outcome by cancer grouping.

Logistic regression outputs for association between  
BMI-WLG and composite outcome

Brain/CNS (ICD-10: C47, C69–C72) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.10 0.84, 1.43 0.48

 2 1.22 0.83, 1.77 0.31

 3 0.83 0.57, 1.20 0.33

 4 1.24 0.54, 2.68 0.59

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.16 0.88, 1.53 0.3

 2 1.33 0.88, 1.98 0.17

 3 1.03 0.69, 1.52 0.89

 4 2.02 0.85, 4.57 0.1

Log(Follow-up time) (days) 0.5 0.42, 0.59 <0.001

Age 1.00 0.99, 1.01 0.78

Sex:

 Male 1.35 1.06, 1.72 0.01

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.28 1.79, 2.89 <0.001

Breast (ICD-10: C50) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.16 1.08, 1.24 <0.001

 2 0.86 0.76, 0.97 0.01

 3 0.84 0.75, 0.94 <0.001

 4 0.53 0.35, 0.77 <0.001

(Continued)
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Breast (ICD-10: C50) Odds ratio 95% CIs p-value

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.12 1.05, 1.20 <0.001

 2 0.89 0.79, 1.01 0.07

 3 0.83 0.74, 0.94 <0.001

 4 0.54 0.36, 0.79 <0.001

Log(Follow-up time) (days) 1.02 0.98, 1.06 0.25

Age 0.98 0.98, 0.98 <0.001

Sex:

 Male 0.46 0.24, 0.80 0.01

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 0.98 0.76, 1.25 0.86

Colon (ICD-10: C18) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.13 0.91, 1.4 0.28

 2 1.54 1.13, 2.08 0.01

 3 1.54 1.19, 1.98 <0.001

 4 1.81 1.10, 2.83 0.01

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.13 0.90, 1.40 0.29

 2 1.54 1.13, 2.09 0.01

 3 1.46 1.13, 1.89 <0.001

 4 1.64 0.99, 2.59 0.04

(Continued)
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Colon (ICD-10: C18) Odds ratio 95% CIs p-value

Log(Follow-up time) (days) 1.24 1.12, 1.38 <0.001

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.08 0.90, 1.30 0.39

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.27 1.45, 3.40 <0.001

Gynaecologic [excl. ovarian (ICD-10: C56)]  
(ICD-10: C51–C55, C57, C58)

Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.09 0.77, 1.54 0.62

 2 1.46 0.86, 2.35 0.14

 3 1.19 0.78, 1.76 0.4

 4 1.14 0.39, 2.69 0.78

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.09 0.76, 1.55 0.63

 2 1.42 0.84, 2.32 0.17

 3 1.06 0.70, 1.59 0.77

 4 0.92 0.31, 2.20 0.87

Log(Follow-up time) (days) 1.28 1.11, 1.47 <0.001

Age 0.99 0.98, 1 0.01

Sex:

 Male − − −

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.71 1.07, 2.67 0.02

(Continued)
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Head and Neck (ICD-10: C00–C14, C30–C32) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.08 0.81, 1.45 0.6

 2 1.18 0.80, 1.70 0.4

 3 1.05 0.77, 1.42 0.78

 4 0.61 0.32, 1.07 0.1

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.12 0.83, 1.50 0.45

 2 1.23 0.83, 1.80 0.28

 3 1.11 0.81, 1.52 0.52

 4 0.61 0.32, 1.09 0.11

Log(Follow-up time) (days) 1.01 0.90, 1.13 0.85

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.09 0.82, 1.46 0.57

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.61 1.26, 2.04 <0.001

Leukaemia (ICD-10: C91–C95, C96.2, C96.4, C96.8) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.03 0.82, 1.28 0.81

 2 1.47 1.13, 1.91 <0.001

 3 1.12 0.89, 1.40 0.34

 4 1.22 0.79, 1.87 0.37

(Continued)
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Leukaemia (ICD-10: C91–C95, C96.2, C96.4, C96.8) Odds ratio 95% CIs p-value

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.98 0.78, 1.23 0.85

 2 1.33 1.01, 1.74 0.04

 3 1.05 0.83, 1.32 0.7

 4 1.15 0.73, 1.79 0.54

Log(Follow-up time) (days) 0.61 0.55, 0.68 <0.001

Age 0.98 0.98, 0.99 <0.001

Sex:

 Male 0.76 0.63, 0.90 <0.001

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.58 1.54, 4.35 <0.001

Lower GI (ICD-10: C19–C21) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.07 0.84, 1.35 0.58

 2 1.5 1.12, 2.00 0.01

 3 1.13 0.87, 1.48 0.35

 4 1.07 0.58, 1.83 0.82

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.07 0.84, 1.36 0.58

 2 1.44 1.07, 1.93 0.02

 3 1.08 0.82, 1.41 0.58

 4 1.01 0.54, 1.75 0.98

Log(Follow-up time) (days) 0.87 0.78, 0.97 0.02

Age 0.98 0.97, 0.99 <0.001

(Continued)
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Lower GI (ICD-10: C19–C21) Odds ratio 95% CIs p-value

Sex:

 Male 1.14 0.93, 1.39 0.21

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 3.13 2.49, 3.91 <0.001

Lung (ICD-10: C33, C34, C37–C39, C45) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.16 0.98, 1.36 0.08

 2 1.38 1.11, 1.71 <0.001

 3 1.46 1.23, 1.74 <0.001

 4 2.10 1.58, 2.77 <0.001

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.16 0.98, 1.37 0.08

 2 1.35 1.08, 1.67 0.01

 3 1.36 1.14, 1.62 <0.001

 4 1.79 1.33, 2.36 <0.001

Log(Follow-up time) (days) 1.43 1.33, 1.53 <0.001

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.01 0.89, 1.15 0.9

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.54 2.00, 3.19 <0.001

(Continued)
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Lymphoma (ICD-10: C81–C88, C91.3, C91.4, C91.6, 
C91.7, C91.9)

Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.95 0.83, 1.09 0.46

 2 0.92 0.75, 1.12 0.42

 3 0.89 0.76, 1.04 0.13

 4 0.74 0.55, 0.99 0.05

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.95 0.82, 1.09 0.44

 2 0.93 0.76, 1.14 0.5

 3 0.90 0.77, 1.05 0.19

 4 0.76 0.56, 1.02 0.07

Log(Follow-up time) (days) 1.10 1.03, 1.17 0.01

Age 0.99 0.99, 1.00 <0.001

Sex:

 Male 1.04 0.93, 1.17 0.48

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.67 2.06, 3.45 <0.001

Myeloma (ICD-10: C90, D47, 2, E85) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.95 0.76, 1.18 0.64

 2 1.03 0.76, 1.38 0.83

 3 0.65 0.50, 0.85 <0.001

 4 0.64 0.36, 1.05 0.09

(Continued)
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Myeloma (ICD-10: C90, D47, 2, E85) Odds ratio 95% CIs p-value

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.97 0.78, 1.21 0.8

 2 1.06 0.78, 1.42 0.72

 3 0.67 0.51, 0.87 <0.001

 4 0.67 0.38, 1.12 0.14

Log(Follow-up time) (days) 0.97 0.87, 1.07 0.52

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 0.89 0.75, 1.07 0.23

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.18 0.64, 2.05 0.57

Oesophageal (ICD-10: C15) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.11 0.79, 1.56 0.56

 2 1.22 0.81, 1.81 0.34

 3 1.26 0.91, 1.75 0.17

 4 1.40 0.88, 2.16 0.14

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.11 0.78, 1.56 0.56

 2 1.20 0.79, 1.78 0.39

 3 1.17 0.84, 1.64 0.34

 4 1.26 0.79, 1.96 0.32

Log(Follow-up time) (days) 1.18 1.03, 1.35 0.02

Age 0.98 0.97, 0.99 <0.001

(Continued)
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Oesophageal (ICD-10: C15) Odds ratio 95% CIs p-value

Sex:

 Male 1.11 0.83, 1.50 0.48

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.19 0.78, 1.75 0.4

Ovarian (ICD-10: C56) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.83 0.61, 1.14 0.26

 2 1.23 0.84, 1.76 0.28

 3 0.99 0.72, 1.35 0.95

 4 1.12 0.66, 1.82 0.67

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.86 0.63, 1.18 0.36

 2 1.28 0.88, 1.85 0.19

 3 1.02 0.74, 1.39 0.92

 4 1.11 0.65, 1.81 0.7

Log(Follow-up time) (days) 1.12 0.98, 1.28 0.1

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male − − −

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.97 1.31, 6.11 <0.001

(Continued)
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Pancreatic (ICD-10: C25) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.54 0.96, 2.53 0.08

 2 1.38 0.75, 2.50 0.29

 3 1.72 1.08, 2.81 0.02

 4 1.60 0.85, 2.96 0.14

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.52 0.95, 2.50 0.09

 2 1.36 0.74, 2.46 0.32

 3 1.71 1.07, 2.80 0.03

 4 1.55 0.82, 2.89 0.17

Log(Follow-up time) (days) 1.27 1.03, 1.57 0.02

Age 1.01 0.99, 1.03 0.24

Sex:

 Male 1.16 0.85, 1.59 0.36

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.22 0.47, 2.65 0.64

Sarcoma (ICD-10: C40, C41, C46, C49) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 2.14 0.86, 5.64 0.11

 2 1.59 0.46, 5.04 0.44

 3 1.54 0.56, 4.28 0.4

 4 0.65 0.03, 3.83 0.69

(Continued)
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Sarcoma (ICD-10: C40, C41, C46, C49) Odds ratio 95% CIs p-value

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 2.09 0.8, 5.91 0.14

 2 1.77 0.49, 6.04 0.37

 3 1.44 0.49, 4.41 0.51

 4 0.57 0.03, 3.64 0.62

Log(Follow-up time) (days) 0.97 0.61, 1.52 0.9

Age 0.97 0.95, 0.99 0.01

Sex:

 Male 1.08 0.52, 2.28 0.84

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 13.26 1.46, 122.4 0.01

Skin (melanoma only) (ICD-10: C43) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.66 0.91, 2.97 0.09

 2 2.02 0.90, 4.30 0.08

 3 2.06 1.06, 3.93 0.03

 4 2.14 0.30, 9.78 0.36

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.52 0.81, 2.80 0.19

 2 2.19 0.94, 4.88 0.06

 3 1.76 0.87, 3.47 0.11

 4 0.73 0.09, 4.09 0.74

Log(Follow-up time) (days) 1.52 1.12, 2.08 0.01

Age 0.97 0.96, 0.99 <0.001

(Continued)
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Skin (melanoma only) (ICD-10: C43) Odds ratio 95% CIs p-value

Sex:

 Male 0.84 0.51, 1.41 0.51

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 8.62 2.92, 27.81 <0.001

Stomach (ICD-10: C16) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.92 0.55, 1.53 0.75

 2 1.61 0.95, 2.73 0.08

 3 1.52 0.97, 2.41 0.07

 4 1.09 0.50, 2.20 0.81

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 0.91 0.55, 1.53 0.73

 2 1.55 0.90, 2.65 0.11

 3 1.39 0.88, 2.22 0.17

 4 0.80 0.36, 1.65 0.57

Log(Follow-up time) (days) 1.27 1.05, 1.55 0.02

Age 0.97 0.96, 0.99 <0.001

Sex:

 Male 0.91 0.64, 1.33 0.63

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 5.73 2.71, 11.45 <0.001

(Continued)
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Upper GI (other) (ICD-10: C17, C22–C24) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.14 0.68, 1.94 0.61

 2 1.52 0.73, 2.98 0.24

 3 1.28 0.69, 2.31 0.42

 4 2.12 0.76, 5.04 0.11

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.07 0.63, 1.82 0.81

 2 1.34 0.63, 2.66 0.42

 3 1.19 0.64, 2.16 0.57

 4 1.67 0.59, 4.04 0.29

Log(Follow-up time) (days) 1.61 1.24, 2.10 <0.001

Age 0.98 0.97, 1.00 0.08

Sex:

 Male 1.43 0.94, 2.19 0.1

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 2.81 0.8, 7.64 0.07

Urology (ICD-10: C60–68) Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.07 0.90, 1.28 0.44

 2 1.18 0.90, 1.54 0.23

 3 0.99 0.76, 1.28 0.95

 4 0.95 0.44, 1.85 0.89

(Continued)
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Urology (ICD-10: C60–68) Odds ratio 95% CIs p-value

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.08 0.90, 1.29 0.41

 2 1.14 0.86, 1.49 0.35

 3 0.93 0.71, 1.21 0.6

 4 0.77 0.35, 1.52 0.49

Log(Follow-up time) (days) 1.36 1.25, 1.48 <0.001

Age 0.98 0.97, 0.99 <0.001

Sex:

 Male 1.82 1.40, 2.42 <0.001

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.06 0.66, 1.64 0.79

Grouped Upper GI* Odds ratio 95% CIs p-value

Crude model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.15 0.98, 1.34 0.08

 2 1.50 1.23, 1.81 <0.001

 3 1.53 1.30, 1.79 <0.001

 4 1.62 1.25, 2.06 <0.001

Adjusted model:

BMI-WLG:

 0 1.00 (ref) − −

 1 1.15 0.99, 1.35 0.07

 2 1.51 1.24, 1.83 <0.001

 3 1.49 1.27, 1.75 <0.001

 4 1.49 1.16, 1.91 <0.001

(Continued)
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SACT regimen could not be measured within 
this study.

Inability to measure patient weight loss status 
prior to SACT initiation is noted as a limitation of 
this study as patient weight loss prior to treatment 
often determines eligibility for nutrition support. 
We assume weight loss identified during treat-
ment is predominantly involuntary in our cancer 
sub-populations given we found it was associated 
with increased likelihood of treatment modifica-
tions. Patient malnutrition or receipt of nutri-
tional intervention is not recorded in CAS. We 
acknowledge our data cannot directly identify 
patients with malnutrition, but are able to identify 
patients with sufficient weight loss that should be 
an indicator of requirement of nutritional 
intervention.

Standard real-world evidence limitations apply to 
this study. The number of weight recordings 
within the SACT data may not reflect the total 
number of weight recordings made by the treating 
clinician. Under-reporting of weight data may 
lead to misclassification of exposures. Patient 
weight and height were restricted to a ‘viable’ 
range to remove infeasible or incorrectly inputted 
recordings from study.

Multivariate modelling was used to determine 
association between weight loss and treatment 
modification. Whether patients received additional 

treatment, such as radiotherapy or surgery admin-
istered independently of SACT, is not captured 
within the SACT or COSD datasets and is 
acknowledged as an unmeasured confounder of 
this study.

Over-stratification within our multivariate models 
was a problem for cancers with smaller sample 
sizes post composite outcome-censoring of follow-
up time. We identify this as an issue for the inter-
pretability of association within sarcoma and skin 
(melanoma only) cancers only.

Application of BMI-WLG to predict non- mortality 
outcomes such as quality of life has been demon-
strated in prospective observational studies.27,28 
Our descriptive analysis showed a trend of 
increasing proportions of patients experiencing 
multiple treatment modifications with increasing 
BMI-WLGs. However, association between 
increasing WLG and likelihood of treatment 
modification in our association sub-cohort 
appeared only detectable in cancers with substan-
tial sample size (n > 8600).

Conclusion
Our results provide comprehensive, population-
level insights into the prevalence of weight loss in 
SACT-treated cancer patients in England and 
identify cancers that are prone to weight loss-
associated treatment modifications. We highlight 

Grouped Upper GI* Odds ratio 95% CIs p-value

Log(Follow-up time) (days) 1.22 1.14, 1.30 <0.001

Age 0.98 0.98, 0.99 <0.001

Sex:

 Male 1.19 1.05, 1.34 0.01

 Female 1.00 (ref) − −

Patient received SACT + radiotherapy:

 SACT treatment only 1.00 (ref) − −

 SACT treatment + radiotherapy 1.95 1.51, 2.47 <0.001

*group includes: Upper GI (other) (ICD-10: C17, C22–C24), Stomach (ICD-10: C16), Pancreatic (ICD-10: C25), Oesophageal 
(ICD-10: C15), Colon (ICD-10: C18).
95% CIs, confidence intervals; BMI-WLG, body mass index-adjusted weight loss grade; CNS, central nervous system; GI, 
gastro-intestinal; log, logarithmic; SACT, systemic anti-cancer therapy.

Table 7. (Continued)
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potential gaps in awareness and management of 
patient weight loss during treatment which could 
be addressed with clearer guidelines of when 
nutritional interventions may benefit patient 
treatment outcomes.

Our report begins to demonstrate how clinically 
relevant weight loss thresholds could be applied 
to routinely collected patient EMR and could aid 
clinicians in tracking and treating early presenta-
tions of involuntary weight loss in SACT-treated 
cancer patients. However, the applicability of the 
BMI-WLG to predict patient likelihood of treat-
ment modification from EMR data requires fur-
ther exploration given the mixed results of this 
study. Our study highlights that a wider than 
expected population of cancer patients are vul-
nerable to weight loss-associated treatment modi-
fications. Still, future evaluation of the beneficial 
role of weight stability on patient-reported out-
comes and the role of nutritional interventions to 
maintain weight stability is recommended.
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