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11 ABBREVIATIONS

12 AHF, acute hepatic failure

13 DEXA, dual-energy x-ray absorptiometry 

14 FOBT, faecal occult blood test

15 HBV, hepatitis B virus

16 HCC, hepatocellular carcinoma

17 HCV, hepatitis C virus 

18

19 ABSTRACT

20 Low ESL, Gow PJ, Testro A, Sinclair M. Low participation in preventative health 

21 measures in a cohort of liver transplant recipients: a cross-sectional analysis. Clin. 

22 Transplant.

23 Background: 

24 Despite high rates of infection and malignancy post-solid organ transplant, there are 

25 little data on patient participation in preventative healthcare. 

26 Methods: 

27 We conducted a cross-sectional survey of post-liver transplant patients to evaluate 

28 insight into transplant-associated infective and neoplastic risks, and receipt of 

29 vaccination and cancer surveillance in accordance with Australian and local 

30 institution-specific guidelines. Descriptive analyses were used to assess 

31 characteristics potentially influencing adherence.

32 Results: 

33 Of 219 patients surveyed, adherence to bowel cancer surveillance was significantly 

34 reduced in those distant from transplantation compared to those recently 
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1 transplanted (95.8% if transplanted 5 years ago vs. 68.3% if transplanted >5 years 

2 ago, p<0.001). Skin cancer surveillance participation with annual physician-directed 

3 examination was low (42.9%), particularly in younger patients (29.5% in <50yo vs. 

4 48.1% in 50yo, p=0.01), who were also less adherent to vaccination 

5 recommendations (72.1% in <50yo vs. 87.3% in 50yo, p=0.008).

6 Conclusions: 

7 This is the first analysis of preventative healthcare participation in a cohort of 

8 Australian liver transplant recipients, revealing concerning adherence to bowel and 

9 skin cancer surveillance recommendations. Major interventions to avoid preventable 

10 disease in this high-risk cohort are warranted.  

11

12 KEYWORDS

13 Organ transplantation, population surveillance, neoplasms. 

14

15

16

17 MAIN TEXT

18 Introduction

19 Liver transplantation remains the only curative option for end-stage cirrhosis and a 

20 subset of patients with hepatocellular carcinoma (HCC).1-3 With 5-year survival 

21 exceeding 80%, preventative health is an increasingly important component of 

22 successful post-transplant care.2,4,5 Both pre- and post-transplant factors contribute 

23 to the increased vulnerability of transplant recipients to non-liver disease, many of 

24 which can be targeted by established preventative healthcare.6,7

25

26 Australia conducts free screening programs for the early detection of breast, cervical 

27 and bowel cancers, for which evidence-based screening recommendations exist.8 

28 Nationwide vaccination recommendations also exist for the immunocompromised, 

29 and all aged 65 and above, including yearly influenza vaccines, and single-dose 

30 pneumococcal vaccination (three doses if immunocompromised).9 

31

32 Preventative healthcare is vital post-transplant, where infections and cancers 

33 contribute considerably to morbidity and mortality.2,10,11 Infections remain the leading 
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1 cause of hospitalization within 2 years of transplantation, while malignancies, 

2 purportedly more biologically aggressive in transplant recipients, account for 

3 approximately 20% of mortality.2,10,11 In the post-liver transplant population, the 

4 incidence of de-novo cancer is reportedly double that of the general population.2,12 

5 This excess risk is likely driven by immunosuppressive agents, whose actions 

6 impairing immunosurveillance also increase susceptibility to infections in a 

7 population already rendered vulnerable by long-term chronic illness.1,13 

8

9 Scant data have been published characterizing participation in preventative health 

10 strategies in solid organ recipients.14,15 Recipient awareness of the elevated cancer 

11 and infection risks, which may influence participation in screening interventions, is 

12 unknown. This cross-sectional analysis aims to describe receipt of preventative 

13 healthcare recommendations, and evaluate transplant recipients’ insight into the 

14 non-liver risks associated with transplantation.    

15

16

17 Materials and Methods

18 A cross-sectional analysis was conducted on data collected from post-transplant 

19 patients attending outpatient consultations at the Victorian Liver Transplant Unit 

20 (Melbourne, Australia) from June to December 2018. All patients upon arrival were 

21 invited to participate by clinic nurses. Following informed consent, participants were 

22 given a paper-based, 14-item institution-formulated questionnaire (see 

23 Supplementary Materials). Completion occurred while awaiting appointments, and 

24 was collected prior to clinic exit. 219 responses were collected. This project was 

25 approved by the Austin Health Research Ethics Committee (RQ number 28333).

26

27 Outcome Measures

28 The primary aim was to describe participation in nationally recommended and local 

29 institution-specific preventative health measures. Australian recommendations 

30 included 2-yearly faecal occult blood test (FOBT) or 5-yearly colonoscopy if greater 

31 than 50 years old for bowel cancer, and in females, 5-yearly Pap smears for cervical 

32 cancer and 2-yearly mammography if greater than 50 years old for breast cancer.8,16 

33 Local institution guidelines, based on national or international practice guidelines, 

34 include annual physician-conducted full-skin examinations and 2-yearly dual-energy 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

1 X-ray absorptiometry (DEXA) scans, as well as yearly influenza and 5-yearly 

2 pneumococcal vaccination.7,9 

3

4 We assessed participation in preventative health measures with ‘yes’/‘no’ categories, 

5 and asked patients to document dates of last screening interventions. Individuals 

6 were classified as “adherent” or “non-adherent” if screening last occurred within the 

7 time interval specified by guidelines. 

8

9 Participants responded to ‘yes’/‘no’ categories to the statements, ‘transplant patients 

10 are at higher risks of… cancer’ and ‘transplant patients are at higher risk of infection’, 

11 to assess underlying awareness of elevated cancer and infection risks associated 

12 with transplantation, as detailed during pre-transplant evaluation education sessions 

13 and government-driven reminder letters. 

14

15 To uncover potential factors associated with screening participation, time interval 

16 from transplantation, age, gender and underlying transplantation indications were 

17 retrieved from medical records. Time from transplantation was divided into two 

18 groups, those within and those greater than 5 years from transplantation, to assess 

19 for differences in participation between those with recent compared with distant 

20 transplantation. Acknowledging the margin of error with patient-reported outcomes, 

21 patient responses were compared with specific screening intervention dates 

22 recorded within the centre’s database. For discrepancies that affected the binary 

23 outcome of adherence, the most recent date (patient-reported or database recorded) 

24 was accepted. If no corresponding database dates were found, the patient’s reported 

25 date was accepted. If no patient-reported date was given, database dates were 

26 accepted. Language spoken, ethnicity and location of residence were also extracted, 

27 with postcode used to determine rurality according to the Australian Bureau of 

28 Statistics’ Remoteness Area Codes.17 

29

30 Statistical Analysis

31 Frequencies for dichotomous and polychotomous variables were generated. 

32 Descriptive statistics, including Chi-squared and Fisher’s exact tests were used to 

33 evaluate for factors associated with screening participation. Analyses were 

34 performed using Statistical Analysis Software (SAS) v.9.4. 
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1 Results

2 219 of 730 patients attending post-transplant clinics during the recruitment period 

3 participated (response rate 30.0%). Respondents’ characteristics are presented in 

4 Table 1. The median age of participants was 58.9 years (IQR 47.4-64.5 years). Most 

5 were male (68.5%), Caucasian (79.0%), English-speaking (93.6%) and of 

6 metropolitan residence (74.9%). The median time from transplantation was 3.7 years 

7 (IQR 1.2-9.7 years). Compared to survey non-respondent clinic attendees, survey 

8 respondents did not differ with respect to age (p=0.70), gender (p=0.31) or ethnicity 

9 (p=0.09), however English-speaking patients were significantly more likely to 

10 participate than non-English-speaking patients (30.5% vs. 16.7%, p=0.01). 

11

12 Overall adherence to bowel cancer screening recommendations (FOBT or 

13 colonoscopy) was 85.3% (see Table 2). The proportion of recipients meeting bowel 

14 cancer screening recommendations significantly reduced as interval from 

15 transplantation increased, from 95.8% for those transplanted within 5 years, to 

16 68.3% for those transplanted greater than 5 years ago (p<0.001). This difference 

17 remained on exclusion of patients within 5 years of transplant whose most recent 

18 screening occurred pre-transplant (transplant  5 years (88.1%) vs. transplant > 5 

19 years (68.3%), p=0.02). 

20

21 Overall participation with annual skin cancer surveillance was 42.9%, and was lower 

22 in non-Caucasians (29.6% in non-Caucasians vs. 46.2% in Caucasians, p=0.046), 

23 non-English-speaking compared with English-speaking patients (7.7% vs. 45.1%, 

24 p=0.008) and younger patients (Table 2, Supplementary Table 1). Sun protection 

25 use was not associated with increased skin cancer surveillance (p=0.24). Adherence 

26 of females (>50 years old) to biannual mammography was 74.4%, and 80.0% of all 

27 women reported up-to-date Pap smears. Era of transplantation did not significantly 

28 impact on female-specific cancer surveillance rates, even with exclusion of patients 

29 within two years of transplant with pre-transplant mammography (p=0.43). 

30

31 Overall adherence to annual influenza vaccination was 83.0%. Younger patients 

32 (<50 years old) were less likely to comply with influenza vaccine recommendations 

33 (72.1% in <50 years old vs. 87.3% in 50 years old, p=0.008), as were metropolitan-
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1 based patients compared to their rural counterparts (79.8% vs. 92.7%, p=0.03). 

2 Compliance to 5-yearly pneumococcal vaccination was 46.0%. Subgroup analysis of 

3 vaccination adherence in patients 65 years and over (for whom national 

4 recommendations exist) demonstrated 88.5% adherence to influenza and 64.7% 

5 adherence to pneumococcal vaccinations. 

6

7 89.5% of participants reported DEXA scans within the last 2 years, occurring more 

8 frequently in Caucasians than non-Caucasians (93.6% vs. 73.9%, p<0.001) 

9 (Supplementary Table 2). Awareness of transplantation-associated increased cancer 

10 and infective risks (79.0% and 97.2% respectively), and underlying transplant 

11 indication, did not correlate with significant differences in screening behaviours 

12 (Supplementary Tables 3 and 4). Discrepancies between patient-reported and 

13 database recorded cancer screening occurred in 3.2% of patients.      

14 Discussion

15 This is the first Australian study evaluating preventative healthcare participation in 

16 liver transplant recipients. Participation in bowel and skin cancer surveillance was 

17 concerningly low in population subsets, with 31.7% of patients more than 5 years 

18 post-transplant not meeting bowel cancer surveillance recommendations. Despite 

19 regular surveillance participation reviews with transplant clinicians encouraging 

20 screening, and free national screening programs, 73.1% of patients below 50 years 

21 old and 70.4% of non-Caucasians did not have appropriate skin cancer surveillance,  

22 concerning findings in patients with some of the highest rates of skin malignancies 

23 worldwide.18 Clearly current strategies inadequately motivate participation in 

24 preventative healthcare.

25

26 Few prior studies have examined post-transplant cohort’s participation in healthcare 

27 prevention.14 A population-based Canadian study reported similar 5-year compliance 

28 to bowel cancer screening of 63.3% in solid organ transplant recipients, but lower 

29 participation in cervical (15.1%) and breast (17.2%) cancer screening than our 

30 cohort.14 Comparable skin cancer surveillance rates of 40% were seen in an 

31 Australian-state prevalence study of high-risk kidney and liver transplant recipients.18 

32 Increasing awareness of white race and fair skin as risk factors for skin cancer may 

33 explain our Caucasian cohort’s greater skin surveillance.19,20 However, surveillance 

34 rates of only 29.6% in non-Caucasians and 7.7% in non-English-speaking patients 
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1 highlights a lack of participation in a group that, despite lower overall incidences of 

2 skin cancers, often present at a more advanced stage with poorer outcomes.19,21  

3

4 Screening in our transplant population compared favourably to the general Australian 

5 population rates of breast (54.3%) and bowel (41.3%) screening, and paralleled 

6 international participation rates (81.3%, 71.7% and 61.9-63.4% adherence for 

7 cervical, breast and bowel screening in the United States).22,23 Vaccination 

8 participation specifically in our cohort aged 65 years and over demonstrated higher 

9 participation with influenza (88.5% vs 74.8%) and pneumococcal (64.7% vs. 56.0%) 

10 vaccinations, compared to the general Australian population.24 Notably in our cohort, 

11 rural address significantly increased participation in influenza vaccination. This may 

12 be driven by a perceived dilution of responsibility for such interventions amongst 

13 metropolitan physicians to their colleagues, in contrast to the more all-inclusive care 

14 of the sole rural practitioner.   

15

16 There are notable limitations of our single-centre study. Our 30.0% response rate 

17 raises the concern of sampling bias, although as survey respondents are generally 

18 more likely to engage with healthcare than non-responders, true preventative 

19 healthcare participation may be even lower than reported. Reasons for participation 

20 refusal were not collected, but observation suggests that excessive effort required 

21 and inability to recall intervention dates may have contributed. While comparison of 

22 age, gender and ethnicity did not yield notable differences between survey 

23 responders and non-responders, English speakers were significantly more likely to 

24 participate, and the lower representation of non-English speakers is an important 

25 limitation. Data limitations prevented more comprehensive assessment of 

26 socioeconomic factors, which remains a potential confounder, although the cost-free 

27 nature of preventative healthcare interventions in Australia likely alleviates some 

28 financial burden. We also acknowledge that the phrasing used to determine infection 

29 and cancer risk awareness may have biased towards a positive response. 

30

31 The selection bias associated with respondent-based surveys lends to potential 

32 over-reporting. In attempt to mitigate this, we compared reported cancer screening 

33 and vaccinations rates with their occurrence dates in the centre’s transplant 

34 database, with discrepancies in only 3.2% of patients. We acknowledge that 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

1 accepting patient-reported dates from externally performed tests may falsely elevate 

2 screening rates. However, this potential for over-reporting, together with the likely 

3 contribution of pre-transplant assessment interventions in recently transplanted 

4 respondents to falsely elevating preventative healthcare participation rates, suggests 

5 that true participation for this cohort may be even lower than reported in this study.  

6 Analysis excluding recently transplanted participants with pre-transplant date cancer 

7 surveillance maintained the difference in bowel cancer screening participation 

8 between time-from-transplantation intervals. As new reports suggest relatively low 

9 diagnostic yield of cancer screening during the transplant assessment, ongoing 

10 malignancy surveillance becomes increasingly critical as time from transplantation 

11 and cumulative exposure to immunosuppressants increase.25,26  

12

13 With rising numbers of transplants occurring (transplantation rates have increased 

14 124% in Australia over the last 10 years)27, nuanced analysis into factors 

15 contributing to poor participation in preventative health measures and formulation of 

16 evidence-based, transplant recipient-specific recommendations is required. 

17

18 In conclusion, this study highlights concerningly low participation in preventative 

19 health measures in a cohort of liver transplant recipients. This was predominantly 

20 evident in those further from transplantation, and in younger recipients. There is a 

21 major need for interventions to engage this vulnerable population in preventative 

22 healthcare to avoid preventable diseases.
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Table 1: Characteristics of the 219 Respondents of the Austin Health ‘Liver 
Transplant Unit Preventative Health Survey’, 2018 

Patient Factor  Frequency Relative 

Frequency 

(%) 

Median (IQR) 

Age (years)    58.9 (47.4-

64.5) 

Median Time 

from Transplant 

(years) 

   3.7 (1.2-9.7) 

Sex Male 150 68.5  

Female 69 31.5  

Language 

Spoken 

English 205 93.6  

Other 14 6.4  

Race Caucasian 173 79.0  

Other 46 21.0  

Location of 

Residence 

Metropolitan 164 74.9  

Rural/Remote 55 25.1  

Year of First 

Liver 

Transplantation 

2014-2018 127 58.0  

Pre-2014 92 42.0  

Reason for 

Transplantation 

HCC 62 28.3  

Autoimmune1 45 20.5  

Alcohol 28 12.8  

Other2 27 12.3  

Viral hepatitis 20 9.1  

AHF 16 7.3  

NASH 11 5.0  

Congenital 10 4.6  

Underlying 

Aetiology of HCC 

HCV 21 33.9  

HBV 18 29.0  

Alcohol 10 16.1  
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Other 9 14.5  

NASH 4 6.5  

Current Smoker  11 5.0  

1 inclusive of autoimmune hepatitis, primary biliary cirrhosis (PBC), primary sclerosing 

cholangitis (PSC), lupoid cirrhosis  

2 inclusive of cryptogenic cirrhosis, sarcoidosis, Wilson’s disease, other metabolic 

disorders 

HCC = hepatocellular carcinoma, NASH = non-alcoholic steatohepatitis, AHF = acute 

hepatic failure, HBV = hepatitis B virus, HCV = hepatitis C virus 
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Table 2: Awareness of increased transplant-associated risks, rates of participation with screening and their association with age, 

gender and time from transplantation.   

 Participation 

n (%) 

By Gender 

n (%) 

By Age  

n (%) 

By Time from Transplantation 

n (%) 

  Male 

 

Female P Age < 50 

years 

Age 50 

years 

P  5 years > 5 years P 

Awareness of 

Increased Cancer 

Risk 

n=219 

173 (79.0) 116 (77.3) 57 (82.6) 0.37 48 (78.7) 125 (79.1) 0.95 101 (79.5) 72 (78.3) 0.82 

Awareness of 

Increased Infection 

Risk 

n=218 

212 (97.2) 146 (97.3) 66 (97.1) 1.00 59 (96.7) 153 (97.5) 0.67 126 (99.2) 86 (94.5) 0.08 

Bowel Cancer 

Screening1 

n=156 (patients 

50yo) 

133 (85.3) 98 (83.8) 35 (89.7) 0.44    92 (95.8) 41 (68.3) <0.001 

Annual Skin Check 

n=217 

93 (42.9) 63 (42.3) 30 (44.1) 0.80 18 (29.5) 75 (48.1) 0.01 52 (41.3) 41 (45.1) 0.57 

Mammography2 

n=39 (women 

50yo) 

29 (74.4)       15 (68.2) 14 (82.4) 0.46 A
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Pap Smears3 

n=65 (women) 

52 (80.0)    23 (79.3) 29 (80.6) 0.90 26 (74.3) 26 (86.7) 0.35 

DEXA Scan 

n=219 

196 (89.5) 138 (92.0) 58 (84.1) 0.07 51 (83.6) 145 (91.8) 0.08 115 (90.6) 81 (88.0) 0.55 

Vaccination – 

Annual Influenza 

n=218 

181 (83.0) 126 (84.0) 55 (80.9) 0.57 44 (72.1) 137 (87.3) 0.008 103 (81.1) 78 (85.7) 0.37 

Vaccination – 5-

yearly 

Pneumococcal 

n=200 

92 (46.0) 55 (40.7) 37 (56.9) 0.03 20 (35.1) 72 (50.4) 0.05 58 (48.7) 34 (42.0) 0.35 

1 FOBT within 2 years or colonoscopy within 5 years 

2 Mammography within 2 years  

3 Pap smear within 5 years 
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