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Introduction

Hepatocellular carcinoma (HCC) is one of the cancers with 
the highest mortality rates worldwide (1). The standard 
of care for HCC utilises the Barcelona Clinic Liver 
Cancer (BCLC) staging system (2). Broadly, treatment 
modalities include ablation, resection, transplantation, 

chemoembolization, systemic therapy and best supportive 
care. Cases with very early stage HCC (single nodule <2 cm)  
or early stage HCC (single or 3 nodules ≤3 cm) are 
amenable to ablative therapies, of which options include 
radiofrequency ablation (RFA) or microwave ablation 
(MWA) (3,4).

Many malignancies show linear or exponential growth 
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models (5-7), and HCC has been posited to have one of the 
fastest growing incidences. Deferred cancer treatment can 
result in tumour progression and worsened survival (8-10). 
Current literature on the effect of treatment delays on HCC 
are limited to single centre studies, and displays varying 
outcomes (11-16). Wait times to hepatic ablative therapy 
has been previously studied. For instance, Brahmania et al. 
revealed a median time of 96 days in their study population. 
There are many reasons to treatment delays. For instance, 
patients must be adequately informed about the disease, the 
possible treatment options, and their effect on oncological 
outcomes and quality of life, institution schedules, obtaining 
insurance clearance, etc. (5). Brahmania et al. delineated 
the reasons for hepatic ablative delay into four sub-groups: 
patient factors, diagnostic radiology factors, interventional 
factors and hepatology factors. Overall, there is no agreed 
upon target wait times for management of HCC with 
ablative therapies. In general, early active therapy is believed 
to be necessary (16). 

The aim of this study is to evaluate the relationship 
between waiting time to ablative therapy, and outcomes 
of development of new HCC foci, or local tumour 
progression.

Methods

Study patients & design

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This is an 
Institutional Review Board approved study with waiver 
of informed consent (NHG DSRB 2020/00130). A 
retrospective cohort study was conducted. Utilizing our 
institution’s electronic medical records, we identified 
ablative procedures (including both microwave and 
radiofrequency ablation) for liver lesions suggestive of 
HCC, from January 2011 to July 2017. There were a total 
of 322 patients with 602 liver lesions. 

Standard computed tomography (CT) guided ablative 
techniques were utilised in the authors’ institution, and 
commonly used ablation equipment includes Emprint 
Ablation System with Thermosphere Technology (Covidien, 
Boulder, CO) and Cool-Tip RF system (Covidien, Boulder, 
CO), for instance. All patients are referred for ablation 
following multi-disciplinary tumour board discussion. 
Contrast enhanced cross-sectional imaging (magnetic 
resonance imaging or CT) is used for pre-operative 
planning. The procedure is performed under ultrasound 

(US) and CT guidance to obtain an ablative margin of 
0.5 to 1 cm. For MWA, a single antenna is positioned 
within the tumour and ablation is performed for 8.5 to  
10 min at 100W as per manufacturer instruction. For RFA, 
between 1 to 3 electrodes are placed within the tumour with 
impedance-based ablation performed up to 12 minutes. 
Immediate post-procedure contrast enhanced CT or 
contrast enhanced US was performed for assessment of 
ablation margins. Additional overlapping ablation zone is 
obtained where necessary.

Liver lesions with the fol lowing features were 
subsequently excluded: metastatic from primary malignancy 
elsewhere (n=93, 15.4%), having undergone previous 
treatment (n=88, 14.6%), being part of combination 
treatment (n=53, 8.8%), unsuccessful ablations (n=11, 
1.8%), and incomplete data (n=9, 1.5%). Eventually, we 
identified 348 liver lesions from 215 patients.

In patients with multiple liver lesions, we analysed 
lesions that were diagnosed earlier. If date of diagnosis was 
the same, only the lesion ablated first was included, or the 
larger lesion (if date of ablation is the same). Ultimately, we 
identified 215 liver lesions, and analysed them.

Demographic data and wait time were recorded. The 
authors define wait time as the duration between date of 
diagnosis on imaging and ablation. Follow-up imaging data 
was reviewed by a single radiologist, to assess for HCC 
progression, defined by the authors as either progression 
of local tumour or development of new HCC foci. The 
authors define progression of local tumour as HCC 
progression within or peri-ablation zones, whilst new HCC 
was defined as development of new intrahepatic HCC foci.

Statistical analysis

Data was analysed using IBM SPSS version 19.0 (IBM Corp., 
Armonk, NY). Descriptive statistics were used to present 
the baseline characteristics as well as the clinical outcomes 
of the participants. The median waiting time to ablative 
therapy was 42 days, hence, patients were separated into 
two groups: wait time <42 days versus wait time ≥42 days.  
Independent t-test, Pearson chi-square test and Fisher 
exact test were used to explore the difference in baseline 
characteristics between the two groups. 

Simple cox-regression was conducted to explore the 
association between wait time and the clinical outcomes 
in view of the time-to-event nature of data. The survival 
estimates for local tumour progression and new HCC 
foci for patient with different wait times (<42 days, and 
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≥42 days) were compared using log-rank test. All of the 
statistical analysis was two-sided and P value of less than 0.05 
was considered as statistically significant.

Results

A total of 215 independent liver lesions were identified in 
215 unique patients, with baseline characteristics as shown 
in Table 1 and Figure 1. Notably, the median wait time was 
identified as 42 days (range, 0–445 days) (Table 1).

Clinical outcomes of the patients are as shown in  
Table 2. There were 152 patients with imaging done within  
12–18 months. Of these, there were 32 patients (14.9%) 
with local tumour progression, and 61 patients (28.4%) 
with new HCC foci. According to the latest follow-up data, 
46 patients (21.4%) had local tumour progression and 116 
patients (54.0%) had new HCC foci.

Hazard ratio for local tumour progression was 1.002 
(0.996, 1.007), P=0.579, while hazard ratio for new HCC 
was 1.002 (0.998, 1.005), P=0.373 (Table 3). There is no 

Table 1 Baseline characteristics of the participants (n=215)

Variables All <42 days ≥42 days P value

Demographic

Age, mean (SD) 65.56 (10.04) 68.49 (10.68) 68.62 (9.43) 0.923a

Gender, n (%)

Female 55 (25.6) 23 (21.7) 32 (29.4) 0.214b

Male 160 (74.4) 83 (78.3) 77 (70.6)

Clinical outcomes

Mode of diagnosis, n (%)

MRI 183 (85.1) 90 (84.9) 93 (85.3) 0.215c

CT 28 (13.0) 16 (15.1) 12 (11.0)

Biopsy/MRI 2 (0.9) 0 (0.0) 2 (1.8)

Ultrasound 2 (0.9) 0 (0.0) 2 (1.8)

Lesion dimension 1, mean (SD) 1.89 (0.74) 1.96 (0.76) 1.82 (0.71) 0.185a

Lesion dimension 2, mean (SD) 1.75 (0.69) 1.86 (0.73) 1.65 (0.64) 0.025a

Time from diagnosis to treatment, median (IQR) 42.00 (29.00) NA NA NA
a, independent sample t-test; b, Pearson chi-square test; c, Fisher-Exact test. SD, standard deviation; MRI, magnetic resonance imaging; 
CT, computed tomography; IQR, interquartile range.

Figure 1 Sequential diagram of distribution of waiting time.
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statistically significant difference in survival estimates when 
comparing the two groups (wait time <42 versus ≥42 days) 
for local tumour progression, P=0.346, and for new HCC 
foci, P=0.680 (Figures 2,3).

Hence, our study shows no significant association 
between wait time and local tumour progression or new 
HCC foci. 

Discussion

HCC is one of the cancers with the highest mortality rates 
worldwide. There will inadvertently be waiting time to 
treatment due to varying reasons. A concern of treatment 
delay would be disease progression. For patients diagnosed 
with HCC, delays as little as 3 months in therapeutic 

follow-up can allow for significant tumour growth (17).
Existing literature have looked extensively into the impact 

of waiting times on many oncologic conditions, with varying 
results. For instance, in colon cancer, Hangaard showed 
that there was no association between treatment delay 
and reduced overall survival in colon cancer patients (18).  
For prostate cancer, Fossati showed that the effect of 
delayed treatment was significantly evident in high-risk 
patients only (5).

Current literature on the effect of treatment delays on 
HCC outcomes are largely limited to single centre studies 
(11-16). In this study, we demonstrated that patients with 
waiting times <42 or ≥42 days does not have significant 
differences HCC progression in terms of local tumour 
progression or findings of new intrahepatic HCC foci. This 

Table 3 Survival analysis of wait time (<42 or ≥42 days) predicting the outcomes at latest follow-up

Clinical outcomes All
Univariate analysis

Hazard ratio 95% CI P value

Presence of local tumour progression 46 (21.4) 1.002 0.996, 1.007 0.579

Presence of new hepatocellular carcinoma 116 (54.0) 1.002 0.998, 1.005 0.373

Table 2 Clinical outcome of the participants (n=215)

Variables All <42 days ≥42 days

Presence of local tumour progression within 12–18 months, frequency (%) 32 (14.9) 15 (19.7) 17 (22.4)

Presence of new hepatocellular carcinoma within 12–18 months, frequency (%) 61 (28.4) 29 (38.2) 32 (42.1)

Presence of local tumour progression at latest follow up, frequency (%) 46 (21.4) 22 (20.8) 24 (22.0)

Presence of new hepatocellular carcinoma at latest follow up, frequency (%) 116 (54.0) 59 (55.7) 57 (52.3)

Figure 2 Kaplan-Meier survival estimates for local tumour 
progression (LTP), comparing between patients with waiting times 
<42 or ≥42 days.

Figure 3 Kaplan-Meier survival estimates for new hepatocellular 
carcinoma (HCC).
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is in concordance with what Akce and Lim (11,12) found, 
that treatment delays were not associated with increased 
risk of death from HCC. The authors posit that a possible 
explanation for this non-intuitive finding would be that the 
median waiting times for our institution is relatively low, being 
that of 42 days. This is in comparison with the median wait 
times of 96 days for example, in a 2017 study that explores 
the effect of wait time to RFA on HCC outcomes (13).  
This 2017 study, along with several others, found that 
incremental wait times are associated with poorer outcomes 
of increased risk of tumour progression and death (13-16).

There are several limitations to this study. Firstly, this 
is a single centre, retrospective cohort study. To add on, 
this study focuses only on patients amenable to ablative 
therapies. We have also only analysed single liver lesion 
from each patient. In addition, the authors acknowledge 
that there are several pertinent factors that are not taken 
into consideration for the study. These include etiology of 
underlying liver disease, liver function reserve, Child-Pugh 
scoring, tumour markers, patient comorbidities, cancer 
staging, for instance. This was inadvertent, as a significant 
proportion of patients were found to be lacking these 
during data collection. 

As the healthcare systems come under increasing 
pressure from the COVID-19 pandemic (19), clinicians 
and researchers need to change and adapt management 
of oncology accordingly. For instance, Bartlett and Zhao 
(20,21) posits that patients with early HCC should receive 
ablative therapy in preference over surgical resections. 
Practically, this may not be achievable in the short run, 
as resources would need to be diverted to expanding the 
services of the relevant interventional units. 

Whilst efforts are being increasingly placed to improve 
wait times in the healthcare system, our study shows that 
the negative outcomes of increased wait time may be over-
emphasized. This study provides insight that while cancer 
treatment should ideally be initiated as soon as possible, 
minor delays due to unavoidable operational restrictions 
may not yield significant adverse outcomes. Nevertheless, 
improvement of healthcare-related efficiency is a positive 
trend that the authors are in support of.

Conclusions

This study demonstrates that delay in ablative therapy in 
the context of HCC is not associated with a significant risk 
of local tumour progression, or new HCC foci.
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