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ABSTRACT

Introduction: Veno-occlusive disease (VOD) is a life-threatening complication of haematopoietic stem cell transplantation
(HSCT). The diagnosis remains challenging, with under recognition of the initial signs and symptoms potentially resulting in
delayed diagnoses. The aim of this Delphi study is to establish a consensus regarding the optimal risk assessment and onward care
of patients with VOD.

Methods: The process employed a modified Delphi methodology. A steering group of six VOD experts working in the United
Kingdom attended a virtual meeting in September 2023, developed 44 statements for testing. Respondents were offered a four-point
Likert scale to indicate their level of agreement with each statement.

Results: A total of 70 responses were received from healthcare providers working in the area of haematology and oncology in the
United Kingdom. All statements achieved consensus. Overall, 82% of statements achieved > 90% (n = 36/44), and 18% achieved >
75% agreement (n = 8/44).

Conclusion: This modified Delphi process achieved consensus across all statements, allowing for a set of recommendations to be
developed to support a consistent approach across the United Kingdom for the risk assessment and patient monitoring procedures
for VOD post-HSCT.

Trial Registration: The authors have confirmed clinical trial registration is not needed for this submission.

1 | Introduction prevalence of the condition varies from 3% to 5% in adults aged
> 25 years [1, 2].

Veno-occlusive disease (VOD), also known as sinusoidal obstruc-

tion syndrome (SOS), is a life-threatening complication of  There are several risk factors associated with VOD, and the pres-

haematopoietic stem cell transplantation (HSCT) [1, 2]. The ence of two is considered an indication of increased risk of VOD
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development which requires vigilance and prompt management
[2, 3]. Yoon et al. found that amongst 203 patients, very severe
VOD was associated with a significantly lower overall survival
(OS) than lower severity cases (58.6% vs. 89.3%, p < 0.0001)
and a higher Day +100 transplant-related mortality (36.7% vs.
8.3% in mild, 8.0% in moderate and 2.7% in severe) (p < 0.0001)
[4]. An analysis of the European Society for Blood and Marrow
Transplantation (EBMT) database suggests that mortality rates
due to VOD are underreported, and around 30% of post-transplant
deaths attributed to multi-organ failure (MOF) of unknown origin
may be due to VOD [5].

The development of VOD involves activation of sinusoidal
endothelial cells and damage to hepatocytes [1, 2]. Sinusoidal
endothelial cells swell, resulting in damage to the sinusoidal
barrier. Blood cells are then able to infiltrate gaps formed
in the sinusoidal barrier, leading to further damage of the
endothelial lining [2]. Progressive narrowing of the venous lumen
leads to a reduction of sinusoidal venous outflow and subse-
quent post-sinusoidal portal hypertension. As a consequence,
ascites, weight gain, painful hepatomegaly and jaundice may
be observed [1, 2].

Prior to HSCT, patients undergo a conditioning regimen to max-
imise disease control and assist engraftment, but some regimens
may be limited by associated toxicity [6]. In some patients, the
use of chemotherapy +/— total body radiation can lead to severe
VOD [7]. Severe VOD can lead to multi-organ failure, resulting
in increased length of hospitalisation, transfer to intensive care
units (ICUs) and is characterised by mortality rate of greater than
80% [1, 2, 7].

Symptoms of VOD typically develop within 3 weeks post-HSCT.
However, this varies, and a significant number of cases are
considered late-onset, occurring > 21 days post-HSCT [1, 8, 9]. In
the United Kingdom, approximately 30% of cases are late onset

[8].

Daily monitoring is essential for the prompt identification of
VOD from the start of conditioning to at least 21 days post-
HSCT [2, 10, 11]. The role of the multidisciplinary team (MDT)
in early identification and prompt management is key, although
awareness of patients and caregivers also has a significant role to
play—particularly in cases of late-onset VOD which may occur
after discharge from inpatient care [3, 12].

In practice, the Baltimore or modified Seattle criteria are widely
used for the purposes of diagnosis [2, 9]. However, in 2016 the
EBMT proposed a set of criteria for diagnosis and grading of the
severity of VOD [13]. The limitations of the EBMT criteria have
been demonstrated in real-world studies, indicating that patients
often did not meet EBMT criteria for VOD and may subsequently
remain undiagnosed. In 2023 the EBMT criteria were updated to
address the limitations of the 2016 version [2, 5, 8].

Despite these validated criteria, VOD diagnosis remains chal-
lenging. In the earlier stages, the disease can manifest subtly,
and the presence of other clinical problems, such as sepsis or
drug-induced liver injury, can confound early diagnosis. The
heterogeneity of clinical manifestations, particularly in late-onset
cases, can also complicate diagnosis [5, 8].

A standard approach to risk assessment and monitoring for signs
and symptoms of VOD is needed to ensure best-practice care for
patients, and a focus on raising the profile of VOD to improve
suspicion and early detection amongst both HCPs and patients
is needed. To achieve this, the Delphi method was chosen to
establish consensus amongst the UK VOD experts regarding
current best practice in risk assessment and onward care of
patients with VOD, and avoid unwarranted variation in practice.

2 | Methods

The process followed a modified Delphi methodology (Figure 1).
In June 2023, a literature review on the topic of VOD was
conducted on PubMed and Google Scholar identifying 452
records. After removal of duplicates and screening for relevance
to the study objectives, 25 full-text articles were included in the
literature review. The findings from this review were used to
inform a steering group expert meeting.

The expert steering group composed of four Consultant Haema-
tologists, a Haematology Consultant Nurse and a Lead Haema-
tology Specialist Pharmacist convened in September 2023. The
steering group was selected based on location, role, previous
publications in the relevant area and clinical experience. The
information gathered from the literature review was used to
inform the meeting discussion. As part of the discussion, the
group agreed on six main domains of focus:

Pre-transplant risk assessment of VOD
Assessing and diagnosing VOD
Monitoring VOD patient

Escalation of care

Care delivery considerations

m | Y Q0w o

Other considerations

All domains were discussed in detail, and statements were
developed by the steering group working collaboratively. The
statements were then independently rated by the group members
as either ‘accept’, ‘remove’ or ‘reword with suggested changes’,
with acceptance based on a simple majority. This constituted the
initial round of consensus.

A four-point Likert survey (‘strongly agree’, ‘agree’, ‘disagree’ and
‘strongly disagree’) was developed and distributed by a third party,
M3 Global, to a wider panel for Round 2 of the process. Selection
for the survey panel was according to:

* Current role of haematology/oncology consultant, nurse
specialist or clinical pharmacist

* Experience in VOD

Panel selection (N = 70) was based on the rarity of the condition
[7], resource availability, location within the United Kingdom
and therapeutic area. Demographic data collected included prac-
ticing nation, role, experience with VOD, proportion of the role
concerned with autologous versus allogeneic HSCT and the esti-
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Steering Group Meeting 1

*  Current problem identification

+ Agreement on six main domains

» Discussion of each domain in detail
+ Consensus statements generation

¥

Statement Agreement (Round 1)

* Individual anonymous assessment of statements
* Modification of statements based on feedback

Steering Group Meeting 2

+ Discussion of the updated set of statements
+ Agreement on final set of statements

Survey (Round 2)

* Generation of a four-point Likert survey with a set of statements
*  Survey distribution by third-party, M3 Global
»  Survey opened for a period of four months (February—May 2024)

¥

Results Analysis

Survey results analysis by independent facilitator

Percentage agreement score calculation for each statement
Subgroup analysis by practicing country, current role, experience
treating patients with VOD, proportion of the role concerned with
autologous vs allogeneic stem cell transplant, and the estimated
number of allogeneic stem cell transplants delivered by participant
centre each year professional roles

]

Steering Group Meeting 3

»  Steering group discuss the results

+ Agreement whether further rounds are needed

* If no further rounds needed (i.e., all statements achieve
consensus), formulation of recommendations by steering group

A
|

Modified Delphi study design.

mated number of allogeneic HSCT delivered by the participants
centre each year.

Stopping criteria were established as 70 responses, 90% of state-
ments achieving consensus and a threshold for consensus set
at 75% [14]. A statement of consent was included at the start
of the survey. Completed surveys were analysed and responses
were aggregated to provide an overall agreement level for each
statement.

3 | Results

After review, one statement was removed for duplication, result-
ingin a final set of 44 statements for testing during Round 2. Com-
pleted surveys were received from clinical nurse specialists in
haematology/oncology (n = 30), clinical pharmacists in haema-
tology/oncology (n = 20) and consultant haemato-oncologists (n
=20) (Figure S1). Further demographic information can be found
in Figures S2-S4.
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FIGURE 2 | Agreement level according to specialist roles.

At the end of Round 2, all statements achieved consensus, with
36/44 achieving > 90% agreement (Table 1, Figure S4). Figure 2
shows agreement levels by responder role, which indicates that
agreement was largely role-agnostic. The steering group agreed
upon a set of recommendations based on the achieved consensus.

4 | Discussion

Outside of paediatric medicine, allogeneic transplants are carried
out less frequently than autologous transplants. According to
British Society of Blood and Marrow Transplantation and Cellular
Therapy (BSBMT) data, 1535 allogeneic and 2913 autologous
transplants were performed in the United Kingdom in 2022 [15].
The majority of respondents (n = 52) reported working in a
centre that delivers more than 50 allogeneic transplants annually,
suggesting many respondents were based at larger centres.

A high agreement level for all statements suggests good under-
standing of the issues covered, which is more likely to be gained
at larger centres. In addition, a significant level of experience has
been established with severe VOD treatment since defibrotide
became available for use in the NHS [7, 16]. However, there are
currently no definitive diagnostic tests for VOD, and diagnosis
relies on clinical judgement. Therefore, where knowledge and
experience of VOD is limited, there is potential for missed
diagnosis, resulting in a significant number of patients remaining
undiagnosed [5].

4.1 | Pre-HSCT

Prior to HSCT, the level of VOD risk should be established
for each patient (S3, 95.7%) to inform the ongoing care plan.

To assist the risk-assessment process, a locally agreed standard
operating procedure (SOP) should be in place with specific
criteria used to determine VOD risk (S6, 95.7%), and should use
a validated score such as the Centre for International Blood and
Marrow Transplant Research (CIBMTR) Risk Calculator or the
Endothelial Activation and Stress Index (EASIX) score (S8, 95.7%;
S9, 88.6%). Both are valid, but the EASIX risk score provides
an indication of mortality risk and survival outcomes which
CIBMTR does not [17, 18]. There was a strong agreement (S10,
95.7%) that local risk-assessment protocols should also be based
on the most recent 2023 EBMT risk factor classification [2].

There are some specific risk factors that indicate an elevated risk
of VOD, and HCPs need to be aware of these [2, 19]:

* Prior exposure to gemtuzumab ozogamicin, inotuzumab
ozogamicin, busulfan or total body irradiation (TBI)

* Existing liver disease

* Previous HSCT transplantation

If a patient is deemed at elevated increased risk of VOD, the
transplant team should consider how the protocol might be
adapted to mitigate this risk. Although not specifically included
in the Delphi consensus statements (and therefore not tested
with the wider expert group), the authors suggest that this may
primarily include the use of reduced intensity conditioning (RIC),
but may also include strict fluid management and prophylactic
use of heparin and/or ursodeoxycholic acid, but these decisions
should be made by the HSCT team according to individual patient
factors. Compared with RIC, patients who undergo myeloablative
conditioning (MAC) prior to allogeneic HSCT tend to develop
VOD earlier and more often in allogeneic transplant patients (S16,
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TABLE 1 | Defined consensus statements and corresponding levels of agreement (all numbers rounded to 1 decimal place).

Strongly Tendto Tendto Strongly
No. Statement agree agree disagree disagree Agreement
Domain A: Pre-transplant risk assessment of VOD
1 VOD is a potentially life-threatening complication of HSCT 61.4% 35.7% 2.9% 0.0% 97.1%
2 Once established, VOD is difficult to manage in practice 21.4% 57.1% 21.4% 0.0% 78.6%
3 All HSCT patients should be assessed for VOD risk factors 70.0% 25.7% 2.9% 1.4% 95.7%
4 The clinical transplant team must be aware of the transplant 68.6% 30.0% 1.4% 0.0% 98.6%
protocol and the outcome of patient risk assessment
5 During ward rounds, the patient records should be updated 77.1% 20.0% 2.9% 0.0% 97.1%
with any change in clinical presentation relevant to emergent
VOD (weight, poor fluid balance, etc.)
6 Patients deemed to be at increased risk of VOD should receive  67.1% 28.6% 4.3% 0.0% 95.7%
more frequent monitoring for emergent signs and symptoms
7 A locally agreed standard operating procedure (SOP) should 571% 37.1% 5.7% 0.0% 94.3%
include defined risk score thresholds for use in VOD risk
assessment
8 VOD risk assessment should include the use of the online 44.3% 51.4% 4.3% 0.0% 95.7%
Center for International Blood and Marrow Transplant
Research (CIBMTR) Risk Calculator
9 VOD risk assessment should include the use of the Endothelial  38.6% 50.0% 11.4% 0.0% 88.6%
Activation and Stress Index (EASIX) score
10 VOD risk assessment should be based on EBMT risk factor 54.3% 41.4% 4.3% 0.0% 95.7%
classification (2023)
1 Patients with specific factors (prior gemtuzumab ozogamicin,  61.4% 32.9% 5.7% 0.0% 94.3%
inotuzumab ozogamicin, busulfan, treosulfan, liver disease and
previous transplantation) should be carefully assessed for VOD
risk, including autologous BMT or CAR-T patients
Domain B: Assessing and diagnosing VOD
12 Fibroscan may be a useful tool but requires all patients to 42.9% 48.6% 7.1% 1.4% 91.4%
receive a baseline assessment and further assessments at
agreed intervals according to risk
13 Trans-jugular liver biopsy is the definitive method for 32.9% 48.6% 17.1% 1.4% 81.4%
diagnosing VOD
14 Access to ultrasound services, with training in the 45.7% 50.0% 2.9% 1.4% 95.7%
identification of VOD (using HokUS-10 Scoring as per EBMT
2023), would be beneficial to diagnose VOD
15 Thrombocytopaenia is often found in patients with VOD and 41.4% 51.4% 5.7% 1.4% 92.9%
treatment of VOD can cause an increase in bleeding risk,
subsequently more frequent platelet administration at higher
doses than normally expected may be required
16 Myeloablative conditioning (MAC) patients tend to develop 40.0% 50.0% 10.0% 0.0% 90.0%
VOD earlier than reduced intensity conditioning (RIC) patients
17 Patients being treated via ambulatory care should be 37.1% 51.4% 11.4% 0.0% 88.6%
continually screened for VOD in the same way as inpatients
18 Patients should be monitored up to Day 21 for classical VOD 45.7% 45.7% 7.1% 1.4% 91.4%
19 Patients should be monitored beyond Day 21 for late-onset VOD  31.4% 57.1% 11.4% 0.0% 88.6%
20 The absence of elevated bilirubin does not exclude a diagnosis ~ 30.0% 58.6% 11.4% 0.0% 88.6%
of (anicteric) VOD
21 Patient management protocols should be audited regularly and  35.7% 62.9% 1.4% 0.0% 98.6%
updated as necessary to optimise patient outcome
(Continues)
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TABLE 1 | (Continued)
Strongly Tendto Tendto Strongly
No. Statement agree agree disagree disagree Agreement
22 Transplant protocols should be adapted for high-risk patients ~ 48.6% 51.4% 0.0% 0.0% 100.0%
Domain C: Monitoring VOD patient
23 Patients with severe VOD should remain as an inpatient until ~ 55.7% 40.0% 4.3% 0.0% 95.7%
sufficient resolution of signs and symptoms permits careful
individualised discharge planning and close monitoring as an
outpatient
24 Ambulatory care is not recommended in patients at high-risk ~ 32.9% 45.7% 17.1% 4.3% 78.6%
of VOD
25 Patients who are being treated via ambulatory care (e.g., once  34.3% 55.7% 7.1% 2.9% 90.0%
discharged, as an outpatient, and not at high risk) should
continually be screened for VOD
26 Patients suspected/diagnosed with VOD should be admitted to  58.6% 35.7% 4.3% 1.4% 94.3%
hospital, if not already inpatients
27 Proformas should be used to standardise how (and what is) 44.3% 52.9% 2.9% 0.0% 97.1%
assessed for VOD risk, agnostic of care setting
28 Proformas should be used to standardise how (and what is) 47.1% 45.7% 7.1% 0.0% 92.9%
monitored once VOD is diagnosed, agnostic of care setting
29 Critical care support is often required to address the 51.4% 42.9% 5.7% 0.0% 94.3%
complications of VOD in collaboration with the appropriate
specialist care team
Domain D: Escalation of care
30 Weight gain, ascites, right upper quadrant pain, elevated liver 571% 41.4% 1.4% 0.0% 98.6%
enzymes, elevated bilirubin, platelet refractoriness, are all
indicators of VOD and the presence of more than one of these
may require an escalation of care for VOD
31 Timings of presentation of signs and symptoms should alsobe  64.3% 32.9% 2.9% 0.0% 97.1%
recorded and assessed
32 National Early Warning Score (NEWS) is useful for VOD 35.7% 47.1% 15.7% 1.4% 82.9%
detection and escalation of care
33 Patients should be educated about their risk of VOD and how  58.6% 35.7% 5.7% 0.0% 94.3%
to take their own measurements
34 Patients educated about their risk of VOD should liaise with 61.4% 37.1% 1.4% 0.0% 98.6%
their dedicated nurse specialist to discuss concerns
Domain E: Care delivery considerations
35 Close collaboration with ICU teams is often required to deliver ~ 58.6% 35.7% 5.7% 0.0% 94.3%
effective care for severe VOD
36 Close collaboration with hepatology, renal medicine and other  57.1% 40.0% 2.9% 0.0% 97.1%
teams is required to deliver effective care for VOD
37 Pharmacy should be advised at the earliest opportunity when  52.9% 42.9% 4.3% 0.0% 95.7%
VOD is suspected or diagnosed
38 Assessing risk, diagnosis and managing VOD patients should  64.3% 34.3% 1.4% 0.0% 98.6%
be considered at relevant clinical transplant team meetings in
the planning phases of transplant and following
commencement of the transplant procedure
39 Assessing the risk of and managing diagnosed VOD patients 58.6% 37.1% 2.9% 1.4% 95.7%
should be considered daily (to ensure earliest recognition)
Domain F: Other considerations
40 Radiology liaison colleagues with expertise in VOD would be =~ 42.9% 54.3% 1.4% 1.4% 97.1%
beneficial
(Continues)
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TABLE 1 | (Continued)

Strongly Tendto Tendto Strongly
No. Statement agree agree disagree disagree Agreement
41 Training should be provided to the extended staff team (nurses, 65.7% 31.4% 2.9% 0.0% 97.1%
pharmacy) about the risk of VOD
42 Improving awareness and education of assessing, stratifying 60.0% 40.0% 0.0% 0.0% 100.0%
and managing VOD with the wider-care team would be
beneficial
43 A VOD registry would be useful in quality improvement and 64.3% 30.0% 5.7% 0.0% 94.3%
research to optimise management of VOD
44 The role of clinical biomarkers in VOD risk assessment, 55.7% 38.6% 4.3% 1.4% 94.3%

diagnosis and response to treatment should be further

evaluated

90.0%). Therefore, pre-transplant conditioning regimen should be
considered in risk management [20].

4.2 | Post-Transplant Monitoring and Subsequent
VOD Diagnosis

The overarching principle for early diagnosis is one of vigilance by
the entire MDT, and all professionals working with HSCT patients
require education to recognise the early signs of VOD and escalate
care accordingly (S30, 98.6%). A dedicated nursing monitoring
protocol has been previously recommended [10].

Post-HSCT, regular monitoring of patients (and subsequent
update of patient records) should be standard practice to facilitate
continuity of care and detection of emergent VOD. Patient weight,
fluid balance/ascites and tender hepatomegaly are classic signs of
VOD which should be clearly specified in monitoring protocols
(S5,97.1%) [2, 10, 11].

Although invasive, trans-jugular liver biopsy and haemodynamic
studies are definitive diagnostic methods (S13, 81.4%). However,
standard ultrasound imaging might be helpful in identifying
abnormalities in blood flow [21, 22]. Liver stiffness measurements
through two-dimensional shear wave elastography and transient
elastography may be useful (S12, 91.4%). Both are non-invasive
and accurate but may not be suitable for those with ascites, or
who are morbidly obese or who have large amounts of chest
wall fat [22]. The Hokkaido US-based scoring system (HokUS-10)
defines 10 parameters which can be assessed during ultrasound
examination, and it’s use can be important in predicting patient
outcomes post-HSCT (S14, 95.7%) [21].

In the absence of elevated bilirubin (anicteric VOD), diagnosis
can be made using EBMT or modified Seattle criteria. Whilst
anicteric VOD is characterised by better patient outcomes, it is
more likely to remain undiagnosed and consequently progress to
severe VOD, it is important that HSCT care teams are educated
regarding anicteric VOD [23]. In addition, patients should be
continuously monitored regardless of care setting for > 21 days to
detect potential late onset VOD (S17, 88.6%; S18, 91.4%; S19, 88.6%)
[24].

4.3 | Post-Diagnosis Monitoring of VOD Patients

Once VOD has been confirmed, patients should be managed
via MDT to enable implementation of comprehensive patient
management protocols [25] which should be audited and updated
regularly to ensure that best practice is reflected (S21, 98.6%) 2, 10,
1].

In many cases, mild VOD can resolve with supportive care only,
but progression to more severe forms of the disease require
immediate initiation of treatment, and potential provision of
intensive care protocols (S26, 94.3%) [26, 27]. As the only licensed
agent, defibrotide should be initiated upon diagnosis of severe
VOD. In addition, results from the treatment-IND study showed
higher Day +100 overall survival rates associated with early
initiation of defibrotide, supporting immediate administration
upon diagnosis of severe disease [28]. Severe VOD patients should
be treated in an in-hospital setting until sufficient resolution of
signs and symptoms. Where VOD is non-severe, supportive care
should be implemented which includes not only daily assessment
of symptoms and risk factors but also therapeutic interventions to
manage pain and discomfort [27].

When combined into a comprehensive service, elements of
care such as access to intensive care, a multidisciplinary
approach to patient care, diligent risk assessment and earlier
initiation of treatment can help to minimise VOD-associated
mortality [27].

4.4 | Escalation of Care

Both patients and HCPs should understand the major signs
and symptoms associated with VOD and that the presence of
more than one may require an escalation of care (S30, 98.6%;
S31, 97.1%; S33, 94.3%) [1, 2]. In addition, patients and care-
givers should receive personalised education on VOD prior to
HSCT and provided with a named dedicated nurse specialist
to discuss any concerns (S34, 98.6%). Botti et al. suggests use
of a traffic light monitoring guide to assist identification of
possible symptoms of VOD [12]. As the HCP role most often
in contact with the patient, nurses should regularly check fluid
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intake, weight and be alert for incidence of abdominal discomfort
and pain [29].

The National Early Warning Score (NEWS) is used to identify and
respond to patients at risk of deteriorating [30]. In retrospect, S32
may have been better worded, NEWS is intended for detection of
deterioration in individuals which may be due to VOD, but cannot
be used to detect/diagnose VOD. Additional parameters should
supplement NEWS, such as weight-gain, ascites and abdominal
circumference to support differential diagnosis of VOD [27].

4.5 | Delivery of Care and Other Considerations

Statements 35-39 (94.3%-98.6%) align with Joint Accreditation
Committee International Society for Cell & Gene Therapy (ISCT)-
Europe & EBMT (JACIE) accredited services. In the United
Kingdom, all interventions involved in HSCT must conform to
Human Tissue Authority requirements and meet JACIE stan-
dards. The NHS recommends each centre has a local SOP in
place, and principles of collaborative working should be formally
included [7].

A named radiology liaison colleague with expertise in VOD would
be beneficial for delivery and reporting of imaging findings (S40,
97.1%). Chan et al. [31], provides a comprehensive review of the
use of imaging in VOD, with parameters for common grading
criteria.

Agreement for statements 41 and 42 (S41,97.1%; S42,100.0%,
respectively) emphasises the perceived need for increased
awareness and training on patient assessment, stratification
and management among the wider care team, to
promote vigilance and early intervention when VOD is
suspected [3, 10, 12, 13, 32].

A national VOD registry would support quality improvement
and research to optimise management of VOD, this should
include relevant biomarkers (S43, 94.3%). On this point, the
role of clinical biomarkers in VOD requires further research
(S44, 94.3%), as currently none are validated [27]. Identification
of biomarkers would help to improve detection and diagnosis
of VOD [13].

5 | Strengths and Limitations

The strength of this study is the high level of agreement demon-
strated by healthcare professionals of different roles across all
statements. Respondents clearly recognise and agree with the
steering group proposed statements, however, high agreement
may indicate a lack of challenge or a bias towards agree-
ability. Given the recognised low levels of general awareness
surrounding VOD, the steering group wished to establish the
key principles and agree a set of statements that can be used to
inform practice.

According to the BSBMT data, there were two centres that
performed over 100 allogeneic HSCTs in 2022, and three centres
reported performing > 80. The number of responders reporting
this level of activity may indicate the inclusion of groups of

responders from larger centres, which might introduce a bias
towards practices in these centres. Equally, responder reported
activity levels (Figure S3) may be inaccurate. Therefore, the
uneven distribution of specialists poses a potential limitation
for the interpretation of results. In addition, the Round 2 sur-
vey did not assess whether the centres have access to some
of the resources suggested as best practice (e.g., monitoring
tools, HOKUS-10 trained radiographers). In retrospect, this could
have been applied as part of the respondents inclusion criteria,
however, given that most respondents appeared to be based at
larger centres, it is reasonable to assume they had access to such
resource.

6 | Recommendations

Based on the survey results and subsequent discussions within
the steering group, the authors propose the following rec-
ommendations for achieving rapid diagnosis of severe VOD
post-HSCT.

1. Pre-transplant
i. A locally agreed standard operating procedure (SOP)

should be in place for VOD risk assessment, diagnosis
and management

ii. All patients should be assessed for VOD risk factors prior
to HSCT, risk assessment should be based on the latest
EBMT criteria and include a validated score such as
CIBMTR or EASIX as locally agreed

iii. Patients with specific factors (including autologous BMT
or CAR-T patients) require careful assessment of VOD
risk such as prior gemtuzumab ozogamicin, inotuzumab
ozogamicin, busulfan, total body irradiation, liver disease
and previous transplantation

iv. Patients identified at being at an elevated risk of VOD
should be flagged for appropriate close monitoring post-
transplant

v. Transplant protocols should be adapted for high-risk
patients according to clinical risk

vi. All HSCT patients should receive education on VOD
prior to transplant, this should be tailored to the individ-
ual’s level of risk

2. Post-transplant monitoring for VOD
i. All allogeneic HSCT patients should be formally moni-
tored up to Day +21 (for classical VOD) and beyond Day
+21 (for late-onset VOD) post-HSCT, regardless of care
setting
ii. A minimum dataset for clinical parameters and bio-
chemical data should be agreed locally and a common
proforma/template developed for use by the care team
iii. Precise timing of presentation of any signs or symp-
toms of VOD is critical, and should be included in the
monitoring proforma/template
iv. Ambulatory patients should be empowered to recognise
and report any signs or symptoms indicative of late-onset
VOD
v. All care staff should maintain a high-suspicion of VOD,
with particular attention to weight gain, hyperbilirubine-
mia, hepatomegaly or ascites

3. Diagnosis of VOD
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i. If there is a clinical suspicion of VOD, supportive care to
manage symptoms should be implemented immediately
while diagnosis is confirmed

ii. The Seattle, Baltimore and EBMT (where possible,
EBMT criteria should be used primarily) diagnostic
criteria should be applied in combination and according
to locally agreed protocol when considering a diagnosis
of VOD

iii. Radiology liaison colleagues with experience of VOD
should be in place to support the diagnostic process

iv. Access to ultrasound services, with training in the iden-
tification of VOD (using HokUS-10 Scoring as per EBMT
2023) is recommended

v. The absence of elevated bilirubin does not exclude the
potential presence of anicteric VOD

4. Escalation of care
i. Ambulatory patients with suspicion of or confirmed

VOD should be admitted to the hospital for escalation of
care and monitoring

ii. Weight gain, ascites, right upper quadrant pain, elevated
liver enzymes, elevated bilirubin and platelet refractori-
ness are all indicators of VOD, and the presence of
more than one of these requires immediate diagnostic
investigation and implementation of supportive care for
VOD

iii. National Early Warning Score is useful for determining
patients who are deteriorating

iv. Access to critical or intensive care support may be
required for severe VOD, the appropriate specialist team
should be consulted at the earliest opportunity to ensure
measures are in place to provide required levels of care

This modified Delphi exercise was able to achieve consensus from
a panel of 70 HCPs currently involved in management of patients
with VOD for all statements. This allowed for the formulation of a
set of reccommendations, the implementation of which in practice
could support a consistent approach across the United Kingdom
for risk assessment and patient monitoring in post-HSCT VOD.
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