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Abstract

Background—Little is known about the long-term outcomes and patterns of disease progression 

in patients with unresectable, liver-confined HCC who had complete response (CR) to transarterial 

embolization and do not undergo subsequent resection or liver transplantation (LT).

Methods—A retrospective review of patients who participated in a randomized phase II 

trial comparing bland hepatic artery embolization (HAE) or drug-eluting bead transarterial 

chemoembolization (DEB-TACE) with doxorubicin-loaded microspheres and had an overall CR 

by modified RECIST criteria to embolization was performed. The overall survival (OS), incidence 

of recurrence, patterns of recurrence, and factors associated with recurrence were assessed.

Results—Of the 101 patients analyzed in the randomized phase II trial, 37 with a CR were 

included in this study. Within the study cohort, 17 patients were treated with HAE (46%) and 20 
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with DEB-TACE (54%). The median age was 67 years (range: 42–82). Most patients were male 

(86.5%) and Caucasian (78%). The median pre-treatment MELD score was 10, 70% had BCLC 

Stage B or C and 38% had extrahepatic disease. The median follow-up was 49 months (95%CI: 

9–108) with a median OS of 25 months (95%CI: 18.9–30.9). Three-year and 5-year survival 

were 31% (95%CI: 16.7–45.9%) and 18% (95%CI: 6.8–32.1%). Six-month, 1-year, and 2-year 

cumulative incidence of recurrence were 51% (95%CI: 34.0–66.2%), 76% (95%CI: 57.7–86.8%), 

and 92% (95%CI: 74.5–97.6%), respectively. For the first recurrence, the most common site was 

the previously treated hepatic site or local only (32%, 12/37) followed by a new hepatic site not 

previously treated or regional (24%, 9/37). Three-year cumulative incidence of recurrence was 

65% (95%CI: 46.4–78.4%) for local, 76% (95%CI: 56.7–87.2%) for regional, and 46% (95%CI: 

29.1–69.2%) for extrahepatic or distant recurrence. Patients with higher alpha fetoprotein (AFP) 

values had a higher hazard of death (HR: 1.36, 95%CI: 1.16–1.59, p<0.001) and a higher hazard of 

any recurrence (HR: 1.20, 95%CI: 1.04–1.38, p=0.012). Patients who received DEB-TACE had a 

higher hazard of death (HR: 2.46, 95%CI: 1.13–5.35, p=0.023) compared to patients who received 

HAE. However, no significant association was found between embolization type and recurrence 

(HR: 0.82, p=0.54).

Conclusion—Patients with advanced-stage HCC and complete response to embolization do not 

have durable responses and have inevitable disease progression. Most patients with recurrence 

have liver-confined disease and should be evaluated for additional consolidative treatments.

I. Introduction

Hepatocellular carcinoma (HCC), the most common primary liver cancer worldwide, has a 

high mortality rate and its incidence continues to rise. HCC is the fifth most common cancer 

worldwide and the second most common cause of cancer-related deaths1–4. Furthermore, 

it is estimated that the 5-year survival from the time of diagnosis for resected HCC is 

approximately 30%, 9.5% for unresectable/liver-confined HCC, and 3.5% for metastatic 

HCC6.

Partial hepatectomy and liver transplantation (LT) are considered potentially curative 

treatments for those with HCC within resection and transplantation criteria. These 

treatments are also associated with improvement in overall survival. Five-year recurrence-

free survival rates of up to 83% have been reported after LT in well selected early stage 

patients7–12. Percutaneous tumor ablation and complete resection also have been shown to 

be associated with prolonged overall survival in early stage HCC11, 12.

For patients with advanced or unresectable disease who are not surgical candidates, 

there are other treatment options which can slow disease progression and prolong 

survival. Locoregional therapy (LRT), such as bland hepatic artery embolization (HAE), 

transarterial chemoembolization (TACE), drug-eluting bead transarterial chemoembolization 

(DEB-TACE) and Yttrium-90 radioembolization (RAE), have been widely used treatment 

modalities for unresectable liver-confined disease13. Of these, TACE has become the 

preferred treatment after it was demonstrated to provide a survival advantage in randomized 

trials compared to best supportive care 14, 15. However, a systematic review from 2007 found 

that that there was no evidence that TACE was more effective than HAE alone 16. As part of 
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a grant supported by the National Cancer Institute, we have demonstrated in a randomized 

controlled trial (RCT) that there is no difference in response, progression-free survival 

(PFS), or overall survival (OS) after treatment with HAE as compared to DEB-TACE with 

doxorubicin-loaded microspheres17.

In recent years, some centers have proposed LT after downstaging with LRT. Similar 

survival rates have been reported after LT in downstaged patients and those who initially 

presented within the Milan criteria18–22. Others have investigated the role of resection after 

downstaging with LRT and have demonstrated promising OS rates23–26. These findings 

suggest a role for resection and LT following downstaging with LRT in patients with good 

response. There is a paucity of published literature describing the prognosis of patients with 

unresectable, liver-confined HCC who had radiologic complete response (CR) to LRT and 

do not undergo subsequent resection or LT. One small retrospective study evaluated patients 

treated with TACE who had a CR and found that the median time to recurrence was 12 

months and the 3-year survival rates was 49%. In this study, the small group of patients 

who underwent LT had significantly prolonged survival27. However, this study included 

patients with early-stage HCC that did not undergo surgery for various reasons including 

old age, inaccessible tumor location for ablation or resection, or long waiting time for LT. 

Furthermore, while previous studies have reported the prognosis of patients with CR to LRT, 

they do not characterize the patterns of disease progression or recurrence in this patient 

population27–30.

The outcomes for patients with unresectable, liver-confined disease who are not offered 

resection or LT but respond well to LRT are not well described. The primary aim of this 

study was to analyze the outcomes, patterns of disease progression, and prognosis of patients 

who presented with locally advanced, liver-confined HCC treated with either HAE or TACE 

with doxorubicin-eluting beads (DEB-TACE) in a prospective randomized trial17 who had 

radiologic CR and did not undergo subsequent resection or LT.

II. Methods

Study Design and Patient Population

This study is a retrospective analysis of data collected from at prospective, single-center, 

single-blind, randomized phase II trial conducted at our center. The study protocol and 

outcomes have been previously described in detail17. In brief, patients with biopsy 

or radiologically proven HCC that is resectable/early stage, unresectable/liver confined 

(includes patients with multiple nodules with or without vascular invasion), or advanced 

stage (Barcelona Clinic Liver Cancer [BCLC] Stage C)31 were eligible. Patients who had 

resectable HCC or met the Milan or UCSF criteria for transplantation but were poor 

surgical candidates due to age, performance status, other comorbidities or patient refusal 

were included in the study. Portal vein invasion was allowed as long as liver function was 

preserved. Patients could have limited extrahepatic disease, such as a few small lung nodules 

or enlarged regional lymph nodes, at enrollment. Patients from the trial who had radiologic 

CR following embolization as defined by the mRECIST criteria were included in the present 

study32.
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Statistical Analysis

The objective of this study was to describe and analyze survival and disease progression 

among complete responders in this trial. Disease progression was assessed using multiphase 

computed tomography. Each multiphase CT was interpreted by an experienced hepatobiliary 

radiologist. Sites of progression were defined as “local” if recurrence occurred at a treated 

hepatic site, “regional” if the disease progression occurred at a hepatic site not previously 

treated, and “distant” if the progression occurred in any extrahepatic site. Liver-confined 

progression was defined as any local, regional, or combined locoregional site of progression.

OS was calculated from time of radiologic CR until death from any cause; patients alive 

at last follow up were censored. TTR was measured from CR until first progression as 

determined by imaging and/or biopsy. Death was treated as a competing risk and patients 

alive without recurrence were censored. Kaplan Meier methods and competing risk analyses 

with Fine & Grey methods were used to calculate estimates, where appropriate. We used 

event history plots to illustrate timing of each type of recurrence33. Univariable Cox and 

competing risks regression assessed the relationship between baseline patient characteristics 

and clinical outcomes.

Two-sided p-values less than 0.05 were considered statistically significant. All analyses were 

performed using SAS 9.4 TS1M6 (The SAS Institute, Cary, NC).

III. Results

Clinical Characteristics

Of the 101 treated in the randomized trial, 38 with a radiologic CR were included. One 

patient was excluded from the final analysis due to missing follow-up data. The baseline 

clinical characteristics of the 37 patients are summarized in Table 1. The median age was 

67 years (range: 42–82). Most patients were male (87%) and Caucasian (78%). The median 

Charlson Comorbidity Index (CCI)34 was 6 (range 4–13), and viral hepatitis was present in 

21 patients (57%). The median pre-treatment MELD score was 10 and 70% were classified 

as BCLC Stage B or C.

Treatment characteristics are summarized in Table 2. Among our study cohort, 17 patients 

were treated with HAE (46%) and 20 with DEB-TACE (54%). The median total number of 

embolization procedures was 2 (range 1–8). The median time to CR was 2.6 weeks (range: 

0.1–29.1). Three (8%) patients had received prior systemic therapy. Fifteen (41%) patients 

received post-CR systemic treatment at the time of progression, of which 13 received 

sorafenib, 1 received pegylated arginine deiminase (ADI-PEG20) and another received 

lenvatinib. The median time to post-CR systemic treatment was 22.6 months (range 2.9–

102.3). One patient (2.7%) received post-CR radiation at an outside institution.

Recurrence and Survival

At a median follow up time for survivors of 49 months (range 9 – 108), 32 patients (86%) 

had died with a median OS of 25 months (95%CI: 18.9–30.9). Three-year and 5-year 

survival were 31% (95%CI: 16.7–45.9%) and 18% (95%CI: 6.8–32.1%), respectively. 
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At last follow-up, 35 of the 37 patients had disease progression. Six-month, 1-year, 

and 2-year cumulative incidence of progression were 51% (95%CI: 34.0–66.2%),76% 

(95%CI: 57.7–86.8%), and 92% (95%CI: 74.5–94.6%), respectively (Figure 1). For the 

first progression, the most common site was local only (32%, 12/37) followed by regional 

(24%, 9/37). Twenty-six of 37 patients (70%) had liver-confined first recurrence sites. 

Three of 37 patients (8%) had a distant site as a first site of progression (Table 3). 

One-year and 2-year cumulative incidence of progression was 38% (95%CI: 22.3–53.3%) 

and 60% (95%CI: 41.4–73.6%) for local; 51% (95%CI: 34.0–66.2%) and 70% (95%CI: 

52–82.7%) for regional; and 27% (95%CI: 13.9–42.0%) and 43% (95%CI: 26.8–58.6%) 

for distant progression. Three-year cumulative incidence of progression was 65% (95%CI: 

46.4–78.4%) for local, 76% (95%CI: 56.7–87.2%) for regional, and 46% (95%CI: 29.1–

69.2%) for distant progression (Figure 2).

Local progression after radiologic CR frequently appeared first. A few patients had distant 

progression followed by a local progression later (Figure 3).

There were few significant associations between patient factors and OS or TTR. Patients 

with higher AFP values had a higher hazard of death (HR: 1.36, 95%CI: 1.16–1.59, 

p<0.001) and a higher hazard of any disease progression (HR: 1.20, 95%CI: 1.04–1.38, 

p=0.012). No significant association was found between AFP and distant progression (HR: 

0.98, p=0.82). Patients who received DEB-TACE had a higher hazard of death (HR: 

2.46, 95%CI: 1.13–5.35, p=0.023) compared to patients who received HAE (Table 4). 

No significant association was found between embolization type and disease progression 

(HR: 0.82, p=0.54). There were two marginal associations where patients with extrahepatic 

disease had a lower risk of death (HR: 0.46, 95%CI: 0.21–1.00, p=0.051) and patients with 

higher CCI had a lower risk of death (HR: 0.86, 95%CI: 0.74–1.00, p=0.046).

IV. Discussion:

In this study, we used data from a previous RCT at our institution, which showed 

no difference in response, PFS or OS after treatment with HAE vs embolization with 

doxorubicin-loaded microspheres17. This present study indicates that while embolization is 

effective in achieving radiologic CR and is a reasonable treatment option in patients with 

advanced-stage or unresectable, liver-confined HCC, HAE or DEB-TACE alone is palliative 

with eventual disease progression in everyone. The fact that there was no difference in 

progression rate or pattern suggests that the addition of a chemotherapeutic agent alone to 

HAE does not improve PFS.

Our study showed that by the end of follow up, 32 patients had died with a median OS 

of 25 months. Overall, the 3-year and 5-year cumulative survival rates of 31% and 18%, 

respectively, in our cohort were lower compared to what have been reported in previous 

studies of patients with radiologic CR after embolization27, 37. It is important to note that 

most reports exclude patients who are BCLC C or have portal vein tumor thrombus. A 

prospective study that investigated the risk factors for recurrence and survival in 134 patients 

with inoperable HCC who underwent TACE and had CR reported a 3-year survival rate of 

40% and 5-year survival rate of 27% among those who had local recurrence within a year36. 
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Another study in 168 treatment-naïve patients with HCC who underwent TACE as a first 

line treatment reported a cumulative survival rate of 49% after 3 years among those who 

had CR27. However, these differences could be attributed to the different patient selection 

criteria in these studies. For instance, the study by Cerban et27 al excluded patients who 

had any extrahepatic disease and had prior surgeries or treatments for HCC while 38% of 

our study population had limited extrahepatic disease, such as a few small lung nodules or 

enlarged regional lymph nodes, and approximately 11% of our cohort had either a previous 

liver ablation or liver surgery prior to embolization, which suggest more advanced disease at 

baseline. Furthermore, in the study by Rou et al36, only 1.5% of the patients had extrahepatic 

disease and 66% of the patients had solitary tumors with a median maximal diameter or 

2.5cm while only 35% of our cohort had solitary lesions and 19% had more than 5 tumors, 

suggesting more advanced disease in our cohort.

In our patients, local disease progression is common within 6 months of radiologic CR. 

The cumulative incidence of progression was more than 50% at six months and 1 year 

after radiologic CR, and over 90% at 2 years after radiologic CR. Similar rates of disease 

progression within a year have been reported in previous studies of patients with radiologic 

CR after embolization, which ranged from 39% to 58%27, 35, 36. The timing and pattern 

of progression in our cohort illustrate that local progression after radiologic CR frequently 

appears first, sometimes overlapping with regional progression. Most of our patients had 

liver-confined first recurrence sites, with 32% recurring first locally in the index lesion that 

was targeted for embolization, which suggests that radiologic CR does not equal pathologic 

CR. This also points to the limitation of the mRECIST criteria in assessing treatment 

effects of LRT on HCC, and the potential utility of other response evaluation criteria and 

incorporating other factors, such as AFP, AFP-L3 and des-gamma-carboxy protein (DCP) 

levels in assessing overall treatment response37. In our study, distant progression often 

appeared later, and the majority of patients had liver-confined disease, which presents a 

potential opportunity for more aggressive treatment, such as resection or transplant in a 

subset of patients.

Recent studies have demonstrated the effectiveness of downstaging advanced-stage HCC 

with TACE to meet Milan criteria for liver transplantation or surgical resection and excellent 

long-term outcomes associated with surgery in these patients, similar to those presenting 

with early stage HCC18–26. These studies report that patients with advanced-stage HCC who 

had radiologic CR from TACE and subsequently underwent LT had significantly improved 

survival, with five-year post-transplant survival and recurrence-free probabilities up to 

77.8% and 90.8%, respectively18–26. However, these studies seldom report the outcomes 

of those that did not undergo LT. To our knowledge, this present study is the only study 

that assessed disease progression and survival in patients with advanced-stage HCC who had 

radiologic CR after HAE versus those who had CR after DEB-TACE and did not undergo 

subsequent surgery. Our study found that the majority of the first site of disease progression 

after radiologic CR to embolization remain confined to the liver with half having liver-only 

disease at three years after radiologic CR. As such, patients treated with good responses 

to embolization should be evaluated for liver resection or transplantation when feasible, or 

should be evaluated for additional treatments, such as retreatment with LRT and systemic 

therapy usually reserved for advanced disease.
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This study was conducted before the emergence of data for various systemic therapies for 

HCC. Studies have demonstrated that molecularly targeted agents, such as sorafenib and 

lenvatinib improve survival in HCC38,39. More recently, the combination of atezolizumab, 

a checkpoint inhibitor, plus bevacizumab, a monoclonal antibody that inhibits angiogenesis 

and tumor growth, has been shown to improve survival over sorafenib alone in HCC37. 

However, it is important to note that these systemic treatments have been reserved for 

patients with advanced stage and unresectable HCC41. Furthermore, locoregional intra-

arterial therapies are still the ‘preferred’ treatment in National Comprehensive Cancer 

Network (NCCN) guidelines for the management of liver-confined disease42. Our study 

shows that a subset of patients who achieved radiologic CR with liver-confined disease 

remain at risk for disease progression after embolization in the short term and decreased 

survival without resection or transplantation. This subset of patients with liver-confined 

HCC should be evaluated for consolidative treatments, such as modern systemic therapy, 

additional LRT, liver resection, or transplantation.

We did not find many significant associations between patient factors and OS or any 

progression after radiologic CR with the exception of pre-treatment AFP levels, which 

has been reported in previous studies27,35. Our study indicates that higher AFP values are 

associated with increased risk of death and increased risk of any type of disease progression. 

However, no significant association was found between pre-treatment AFP levels and distant 

disease progression after radiologic CR, suggesting that AFP is not a true biomarker. AFP 

levels are more likely to increase as the disease progresses, and its effect on prognosis seems 

dependent on when it is measured43.

Limitations

There are a few limitations to the current study. First, this study is retrospective analysis of 

a trial looking at secondary endpoints, which by nature is subject to some degree of inherent 

bias. The second limitation is related to its small sample size given that this was an analysis 

of the long-term outcomes in a subgroup of 37 patients from an RCT who had radiologic CR 

to embolization based on the mRECIST criteria. As a result, there were unexpected marginal 

associations where patients with extrahepatic disease had a lower risk of death and patients 

with higher CCI also had a lower risk of death. Both findings are counterintuitive and may 

be a function of the small sample size.

Previous studies also have demonstrated that advanced age, multiple nodules, higher pre-

treatment MELD score, and initial pre-treatment AFP > 25 ng/ml were predictive factors for 

recurrence and disease progression after radiologic CR from TACE27,35. However, our study 

did not find significant associations between patient factors, such age, gender, comorbidities, 

or pre-treatment MELD score, with any recurrence or OS, which could also be attributed to 

the small sample size. Nevertheless, the study cohort itself represents long-term follow up 

of patients with advanced-stage HCC who had radiologic CR to embolization based on a 

robust RCT comparing HAE to DEB-TACE and provides long-term outcomes and prognosis 

for patients with liver-confined HCC who had radiologic CR to LRT and do not undergo 

subsequent resection or LT.
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V. Conclusion

Patients with advanced-stage HCC and complete response to embolization do not have 

durable responses and have inevitable disease progression. Those with liver-confined 

disease should be evaluated for additional consolidative treatments, including repeated 

LRT, systemic therapy, resection or transplantation when feasible, to improve their survival. 

Additional multicenter studies are needed to identify which patients with advanced-stage 

HCC who had radiologic CR to embolization would benefit most from subsequent liver 

resection or transplantation.
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Figure 1. 
Kaplan-Meier Plot of Overall Survival and Cumulative Incidence of First Recurrence/

Disease Progression
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Figure 2. 
First Disease Progression Plots and Estimates

Ilagan et al. Page 12

Ann Surg Oncol. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Event History Plot from Treatment Start
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Table 1.

Patient Characteristics

N (%)*

# Patients 37

Age at Treatment, years Median (Range) 67 (42–82)

Gender Male 32 (86.5)

Female 5 (13.5)

Race White 29 (78.4)

Asian 4 (10.8)

Black 3 (8.1)

Other 1 (2.7)

BMI Median (Range) (N=35) 26.9 (17.9–37.0)

Extrahepatic Disease Yes 14 (37.8)

Extrahepatic Site Lymph Nodes 8 (21.6)

Lungs 6 (16.2)

None 23 (62.2)

Portal Vein Thrombus Yes 4 (10.8)

UCSF Criteria for Transplant Yes 8 (21.6)

Milan Criteria for Transplant Yes 3 (8.1)

Pre-Treatment Meld Score Median (Range) (N=37) 10 (6–20)

BCLC Stage A 11 (29.7)

B 12 (32.4)

C 14 (37.8)

AFP Median (Range) (N=36) 12.9 (2.3–51123)

History/Comorbidities

Charlson Comorbidity Index Median (Range) 6 (4–13)

Prior Cancer Yes 8 (21.6)

Family History of Cancer Yes 16 (43.2)

History of Smoking Yes 25 (67.6)

History of Alcohol Use Yes 14 (37.8)

Hepatitis B Yes 9 (24.3)

Hepatitis C Yes 13 (35.1)

Hepatitis B or C Yes 21 (56.8)

Prior Liver Ablation Yes 4 (10.8)

Prior Liver Surgery Yes 4 (10.8)

*
Numbers represent frequency with percent of total in parentheses unless otherwise stated.

UCSF=University of California, San Francisco; BCLC=Barcelona Clinic Liver Cancer
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Table 2.

Treatment Characteristics

N (%)*

Prior Systemic Therapy Yes 2 (5.4)

No 35 (94.6)

Prior Systemic Therapy Drug None 35 (94.6)

Sorafenib 2 (5.4)

Treatment Arm DEB-TACE 20 (54.1)

HAE 17 (45.9)

Weeks between Treatment Start and CR Median (Range) (N=37) 2.6 (0.1–29.1)

# Lesions Median (Range) (N=37) 3 (1–10)

1 13 (35.1)

2 4 (10.8)

3 7 (18.9)

4 5 (13.5)

5 1 (2.7)

5+
‡ 7 (18.9)

# Target Lesions 1 23 (62.2)

2 9 (24.3)

3 3 (8.1)

4 2 (5.4)

Sum Lesion Size, cm
† Median (Range) 7.1 (1.1–15.2)

Total # Embolizations Median (Range) 2 (1–8)

Post-CR Systemic Therapy Yes 15 (40.5)

No 22 (59.5)

Post-CR Systemic Therapy Drug None 22 (59.5)

Sorafenib 13 (35.1)

Other/Trial
§ 2 (5.4)

Months between CR and Adj. Systemic Therapy Median (Range) (N=15) 22.6 (2.9–102.3)

Post-CR Radiation Yes 1 (2.7)

No 36 (97.3)

DEB-TACE=chemoembolization with doxorubicin-loaded microspheres; HAE=hepatic artery embolization; CR=complete response

*
Numbers represent frequency with percent of total in parentheses unless otherwise stated

†
Sum of all the sizes in diameter of all lesions prior to embolization.

‡
Total number of lesions too many to count

§
For post-CR systemic therapy, one patient received ADI-PEG20 and another received Lenvatinib.
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Table 3.

Survival and Disease Progression

N (%)

Follow up Time for Survivors, months Median (Range) (N=5) 49 (9–108)

Last Follow up Status AWD 5 (13.5)

DOD 30 (81.1)

DOU 2 (5.4)

First Progression Type Local Only 12 (32.4)

Regional Only 9 (24.3)

Locoregional 5 (13.5)

Regional and Distant 5 (13.5)

Distant Only 3 (8.1)

Locoregional and Distant 2 (5.4)

Local and Distant 1 (2.7)

Any Local Progression Yes 24 (64.9)

No 13 (35.1)

Any Regional Progression Yes 28 (75.7)

No 9 (24.3)

Any Distant Progression Yes 18 (48.6)

No 19 (51.4)

AWD = alive with disease; DOD = died of disease; DOU = died of unknown cause
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