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Abstract Purpose To determine the association between frailty, 30-day complications, rehos-
pitalization, and transplant-free survival (TFS) following conventional and drug-eluting
bead transarterial chemoembolization.
Materials and Methods A retrospective analysis was performed on a cohort of 125
patients with treatment-naïve hepatocellular carcinoma who underwent conventional
or drug-eluting beads chemoembolization at our institution between 2014 and 2015.
Liver function parameters, Barcelona clinic liver cancer tumor stage, and all compo-
nents of the five-item modified frailty index (mFI-5) were used to determine the
patient’s frailty status. Key end points included severe (grade 3 or above) adverse
events of chemoembolization, 30-day rehospitalization rates, and TFS. Logistic regres-
sion analysis was performed on conventional predictors of postoperative complications
after chemoembolization. Median survival was estimated and compared using the
Kaplan–Meier’s estimator and log-rank test.
Results Among 125 patients who underwent first-time chemoembolization, higher
frailty score was an independent predictor of both 30-day hospital readmission and
severe liver toxicity (p¼0.01 and p¼0.03, respectively) on multivariate logistic
regression analysis. Each point increase in mFI-5 conferred a threefold or twofold
increase in the risk of experiencing 30-day rehospitalization or postoperative severe
adverse events, respectively. At the data censor date, patients with mFI-5 score� 2 had
decreased overall TFS (28.1 vs. 39.8 months, p¼ 0.03).
Conclusion Increasing frailty as determined by mFI-5 is an independent predictor of
30-day complications and lower TFS following chemoembolization.
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Introduction

Hepatocellular carcinoma (HCC) is a leading cause of
cancer-related mortality worldwide. Two-thirds of new
HCC diagnoses are made at an advanced stage, precluding
these patients from curative options other than liver
transplantation.1–3 Thus, locoregional intra-arterial ther-
apies including transarterial chemoembolization (TACE)
and transarterial radioembolization yttrium-90 are
used to bridge or downstage these patients to liver
transplant or as a means of palliation to delay tumor
progression.

Currently, TACE is the most common treatment modality
employed for HCC for downstaging, bridging to liver trans-
plant, and palliation in patients with unresectable HCC.4–7

Given the heterogeneity of the TACE population, current
understanding of prognostic factors for procedural morbidi-
ty and mortality following TACE remains limited. Advanced
tumor burden (Barcelona clinic liver cancer [BCLC] classes C
and D, elevated alpha-fetoprotein), poor liver synthetic
function (Child–Pugh class C, albumin-bilirubin grade 3),
prior transjugular intrahepatic portosystemic shunt place-
ment, or hepatofugal portal venous flow has previously been
associated with higher risk of acute hepatic decompensation
and mortality after TACE. However, granularity on patient-
specific factors is currently lacking.8–11Prior studies have not
demonstrated a significant association between Eastern
Cooperative Oncology Group performance status and out-
comes after TACE, but these findings may be confounded by
the bias and interobserver variability intrinsic to this scoring
system.12

Frailty is defined as the state of increased vulnerability
to stress due to decreased physiologic reserve and repre-
sents an emerging concept in the surgical literature due to
its association with postoperative complications and mor-
tality. Frailty can be characterized by physical phenotype
(loss of grip strength, walking speed, etc.) or age-related
accumulation of deficits (decreased functional status,
comorbidities, etc.).13 The Canada Study of Health and
Aging (CSHA), a large, 5-year prospective cohort study
initially identified 70 factors which capture frailty as well
as predict morbidity and mortality in the elderly popula-
tion.14 The five-item modified frailty index (mFI-5) was
subsequently developed based on CSHA patient character-
istics available through the National Surgical Quality Im-
provement Program (NSQIP) database. This scoring system
demonstrated predictive value for postoperative complica-
tions, prolonged hospitalization, discharge to a long-term
care facility, and mortality in elderly patients across vari-
ous surgical subspecialties.15–17

To date, the mFI-5 has not been studied in patients
undergoing TACE, and its utility in predicting postproce-
dure complications and mortality remains unknown. The
purpose of this study was to determine if the mFI-5
would be predictive of 30-day complications and trans-
plant-free survival (TFS) among patients with HCC re-
ceiving TACE.

Materials and Methods

Experimental Design
This single-center, retrospective cohort study is Health In-
surance Portability and Accountability Act compliant and
was approved by the Institutional Review Board at our
institution. A waiver of informed consent was provided for
retrospective review of medical records.

From January 1, 2014, to December 31, 2015, a total of 210
patients with previously untreated HCC diagnosed by Amer-
ican Association for the Study of Liver Disease criteria or
percutaneous biopsy underwent 280 TACE procedures at our
institution. Patients with a history of liver-directed trans-
arterial or ablative therapy, surgical resection, radiation, or
systemic therapy for HCC were excluded. In addition,
patients who underwent an additional liver-directed inter-
vention 30 days after the TACE procedure were excluded.

Using our institution’s electronic medical record, variables
for calculation of model for end-stage liver disease (MELD),
Child–Pugh (CP) score, BCLC staging, tumor characteristics,
TNM staging, and all components of the mFI-5 (►Table 1) at
the time of the procedure were collected. Each patient was
assignedanmFI-5 score of0 to5. Clinical and laboratory severe
adverse events (SAEs) that occurred within 30 days of TACE
were classified according to National Cancer Institute Com-
monTerminologyCriteria forAdverseEventsv5.0, andsurvival
was recorded for 5 years through December 31, 2019. The
primaryoutcomesweresevereliver toxicity (grade3orabove),
hospital readmission at 30 days, and TFS.

Procedural Details
Recommendations for treatment with TACE were made by a
multidisciplinary team consisting of hepatologists, medical
oncologists, radiation oncologists, transplant surgeons, and
interventional radiologists after consideration of tumor
burden, tumor location, performance status, and liver trans-
plantation waiting status. All procedures were performed at
a transplant center by fellowship-trained interventional
radiologists with 2 to 25 years of experience. Depending
on lesion size, number, and distribution, up to two Coui-
naud liver segments were targeted during TACE.

Table 1 Components of mFI-5 score

Impaired functional status—partially
or totally dependent

1 point

History of COPD or current
pneumonia

1 point

Congestive heart failure present
in past 30 d

1 point

Hypertension requiring medication 1 point

Diabetes mellitus 1 point

Total 5 points

Abbreviations: COPD, chronic obstructive pulmonary disease; mFI-5,
five-item modified frailty index.
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Embolization was performed until at least five-heart beat
stasis was achieved. Operator preference and drug avail-
ability determined the use of conventional TACE (cTACE) or
TACE with drug-eluting bead microspheres (DEB-TACE).
cTACE was performed using a solution of 25mg doxorubicin
dissolved in 5mL iohexol (Omnipaque 300; GE Healthcare,
Waukesha, Wisconsin, United States) that was subsequently
emulsified in a 1:2 volume ratio with 10mL ethiodized oil
(Lipiodol; Guerbet LLC, Bloomington, Indiana, United
States). Embolization was performed with gelatin sponge
slurry. Drug-eluting microspheres (100–300 and/or 300–
500 μm LC Bead; Boston Scientific, Natick, Massachusetts,
United States) were loaded with 75mg doxorubicin per
2mL vial of microspheres per manufacturer instructions
for a maximum delivery dose of 150mg of doxorubicin. The
microspheres were reconstituted in iohexol prior to intra-
arterial delivery.

Statistical Analysis
Normally distributed continuous variables were reported as
mean� standard deviation and compared using Student’s t-
test. Nonnormally distributed continuous variables were
presented as median and interquartile range and compared
using the chi-square test. Univariate logistic regression was
performed on conventional predictors of postoperative com-
plications after chemoembolization. Covariates were then
incorporated into multivariate models based on a statisti-
cally significant univariate relationship. Kaplan–Meier’s
curves were constructed and compared with the log-rank
test followed by the Cox proportional regression model with
censoring for transplantation. Significancewas defined at the
p<0.05 level. All statistical analysis was performed using
MATLAB v2015b (MathWorks, Nattick, Massachusetts, Unit-
ed States) and R Project v3.6.1 (R Foundation for Statistical
Computing, 2017, Vienna, Austria).

Results

Patient Characteristics
A total of 125 patients (75% men, age 63�9.5 years) with
treatment naïve HCC were included in the study. Demo-
graphic and clinical features are shown in ►Table 2. Chronic
hepatitis C (84 patients) and alcohol-related cirrhosis (33
patients) were the most common risk factors for HCC in our
cohort. A majority of patients were BCLC stage B (61%, 76),
while only 13, 32, and 4 patientswere BCLC stages A, C, andD,
respectively. Approximately 54% (68) of patients were CP
class A, while only 25 and 9 patients were CP classes B and C,
respectively. Twenty-six (21%) patients were eligible for liver
transplant.

Clinical Complications and Laboratory Toxicity
Postchemoembolization
In total, patients in our cohort experienced 13 grade 3 or
above toxicity events, and 9 patients were rehospitalized
during the 30-day postprocedural period. Univariate logistic
regression analyses between various demographic markers
and key 30-day complication end points are summarized

in ►Table 3. MELD and mFI-5 were significantly associated
with rehospitalization (p¼0.04 and p¼0.008, respectively).
In addition, mFI-5 (p¼0.048) and BCLC stage (p¼0.04) were
associated with post-TACE SAE.

On multivariate analysis, MELD score and mFI-5 each
independently predicted 30-day hospital readmission
(p¼0.03 and p¼0.01, respectively). Each additional point
increase in mFI-5 conferred threefold greater odds of rehos-
pitalization within 30 days. Pneumonia (three of nine cases)
and urinary retention/urinary tract infection (three of nine
cases) were the leading causes of rehospitalization after
TACE. Preprocedural mFI-5 and BCLC stage were also inde-
pendent predictors of severe post-TACE SAE at 30 days
(p¼0.03 and p¼0.03). A twofold increase in the odds of
liver SAE was observed with incremental increases in mFI-5
score. This is further illustrated through boxplots of mFI-5
scores stratified by 30-day rehospitalization and severe liver
toxicity (►Fig. 1) wheremeanmFI-5 scores were significant-
ly greater in rehospitalized patients (Student’s t-test,
p¼0.003) and those with severe liver toxicity (Student’s t-
test, p¼0.04).

Table 2 Characteristics of patient cohort

Patient characteristic Values
N¼ 125

Age (y) 63� 9.5

Male gender 94 (75.2%)

Risk factors

Hepatitis C 84 (67.2%)

Hepatitis B 16 (12.8%)

Ethanol 33 (26.4%)

Nonalcoholic steatohepatitis 12 (9.6%)

Primary biliary cholangitis 1 (0.8%)

BCLC stage

A 13 (10.4%)

B 76 (60.8%)

C 32 (25.6%)

D 4 (3.2%)

Child–Pugh

A 68

B 25

C 9

Transplant eligible 26

DEB-TACE 71

cTACE 54

Single nodule 83

Multiple nodules 111

Maximum tumor size (cm) 3.1�1.8

Abbreviations: BCLC, Barcelona clinic liver cancer; cTACE, conventional
transarterial chemoembolization; DEB-TACE, drug-eluting bead trans-
arterial chemoembolization.
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Survival
At the time of data censor date, 49% (61) of the patients had
died with 33% (20) of the deaths occurring within 1 year of
TACE. Median overall survival was 48.9 months with median
follow-up time (reverse Kaplan–Meier) of 57.3 months. After
censoring for transplantation, survival was 33.7 months
(►Fig. 2) with median follow-up time of 49.2 months. In
stratified Kaplan–Meier analysis of TFS, patients with mFI-5
score�2 demonstrated decreased survival at the time of
data censor date (median survival time 28.1 vs. 39.8 months,
log-rank p¼0.03) and at 4 years following TACE (log-rank
p¼0.05) but not at 1 year (p¼0.09) (►Fig. 3).

►Table 3 summarizes findings of Cox proportional haz-
ards regression analysis. On univariate analysis, there was
higher hazard of death after TACE for patients with higher
BCLC stage, CP class, andMELD score at 1 year, 4 years, and at
the time of study closure. Patients with a mFI-5 score of 2 or
more demonstrated significantly lower TFS at 4 years post-
TACE (hazard ratio [HR]: 1.7, confidence interval [CI]: 1.0–
2.9, p¼0.05) and at study closure (HR: 1.7, CI: 1.04–2.9,
p¼0.04). There was increased hazard of death at 1 through
3 years following TACE, though this was not statistically
significant: HR of 2.1 at 1 year (p¼0.1), HR of 1.7 at 2 years
(p¼0.1) and HR of 1.6 at 3 years (p¼0.09). Multivariate Cox

Fig. 1 A 30-day complications after chemoembolization stratified by frailty. Higher mean (�) preoperative frailty was present in patients who
experienced 30-day rehospitalization (p¼ 0.003) and patients with grade 3 liver toxicity (p¼ 0.04). Note: “�” is the black dot that indicates the
mean in each of the plots (overlies the red line).

Table 3 Relationship between patient characteristics and 30-day rehospitalization and liver toxicity

Univariate and multivariate logistic regression of demographic markers against outcomes

Rehospitalization Toxicity Mortality 1 y post-TACE

OR (95% CI) p–Value OR (95% CI) p-Value OR (95% CI) p-Value

Univariate analysis

Sex 0.27 (0.07, 1.06) 0.060 0.82 (0.24, 2.87) 0.76 0.38 (0.13, 1.1) 0.070

Age 1.07 (0.99, 1.15) 0.070 1.06 (0.99, 1.13) 0.08 0.97 (0.92, 1.02) 0.200

BCLC class 1.7 (0.64, 4.52) 0.290 0.34 (0.13, 0.93) 0.04 2.57 (1.19, 5.56) 0.020

CP class 2.01 (0.78, 5.2) 0.150 1.21 (0.47, 3.14) 0.69 6.95 (2.58, 18.67) 0.000

MELD 1.21 (1.01, 1.45) 0.040 0.97 (0.8, 1.19) 0.8 1.57 (1.26, 1.96) 0.000

Net frailty score 2.78 (1.31, 5.89) 0.010 1.81 (1.01, 3.26) 0.0475 1.22 (0.7, 2.1) 0.480

Multivariate analyses

Model 1

Net frailty 3.09 (1.36, 6.99) 0.010

BCLC 1.23 (1.02, 1.49) 0.030

Model 2 2.05 (1.06, 3.95) 0.030

Net frailty 0.3 (0.1, 0.87) 0.030

BCLC

Abbreviations: BCLC, Barcelona clinic liver cancer; CI, confidence interval; CP, Child–Pugh; MELD, model for end-stage liver disease; OR, odds ratio;
TACE, transarterial chemoembolization.
Note: Bold indicates the statistically significant values.
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regression analysis at study closure considered mFI-5�2,
BCLC stage, tumor stage, and number of nodules with only
mFI-5�2 as a statistically significant predictor of lower TFS
(HR: 1.8, CI: 1.1–3.1, p¼0.02). Of note, frail patientswere less
likely to undergo liver transplantation (odds ratio¼0.5, CI:
0.3–0.8, p¼0.01), and patients who underwent transplant
had lower frailty scores (mean mFI-5 score¼0.6 vs. 1.2,
p¼0.008).

Discussion

Frailty as determined by mFI-5 score of 2 or more indepen-
dently predicted higher risk of post-TACE complications and
lower TFS after chemoembolization. Within the 30-day
postprocedural period, frail patients were found to have a

significantly higher likelihood of hepatic decompensation
and greater risk of rehospitalization for treatment of urinary
retention as well as pulmonary and urinary tract infections.

While the predictive value of frailty using themFI-5 index
in TACE patients has not been previously studied, the impli-
cations of frailty on preoperative risk assessment have been
the subject of extensive research across surgical specialties.
Large-scale retrospective reviews applying the mFI-5—and
its earlier version, the mFI-11—to data from the NSQIP
databasehave shown that frailty is predictive of poor surgical
outcomes, higher mortality, increased length of hospitaliza-
tion, and readmission. These associations are present in a
variety of surgical settings, including vascular surgery and
surgical oncology, that have similar patient populations to
those in interventional radiology.18–21

Although TACE is a minimally invasive procedure, the
periprocedural requirement of presedation fasting, sedation,
and immobilization during and for up to 6hours following
the procedure, as well as the postprocedural recovery can
produce a significant physiologic strain on a frail individual.
It has been proposed that the accumulation of multiorgan
deficits and sarcopenia that characterizes frailty has an
impact on pharmacokinetics of drug metabolism that
increases risk of oversedation.22–24 Postoperatively, reduced
respiratory muscle strength has been associated with higher
risk of pulmonary complications, which account for 40% of
deaths in the geriatric population.25 Frail patients are more
likely to have preexisting cognitive impairment, which pla-
ces them at a higher risk of postprocedure delirium.23

Additionally, they are more likely to experience longer
periods of diminished mobility after procedures, leading to
further deconditioning. Age is a known risk factor for urinary
retention and urinary tract infections, which has a higher
risk of evolving into sepsis in frail patients due to aweakened
immune system.26,27

In cirrhotic patients, in particular, a performance-based
frailty index based on grip strength, chair stands, and
balance has demonstrated higher predictive value for
transplant waitlist mortality than MELD-Na alone.28 This
has led our institution, among many others, to incorporate
frailty assessments into the transplant work-up process to
identify patients at higher risk of decompensation.28–30 In
our cohort, patients with higher mFI-5 trended toward
incrementally greater hazard of death during the first
3 years following TACE and demonstrated significantly
lower TFS 4 and 5 years postprocedurally. This finding,
along with the previously established association between
frailty and higher transplant-waitlist mortality, supports
the notion that frail patients may benefit from decreasing
their waitlist time by accepting higher risk donor livers and
pursing living donor transplants. However, given the higher
incidence of postprocedural complications and rehospital-
ization after chemoembolization, aggressive TACE treat-
ment with the goal of downstaging may be inappropriate
as a means to achieve this goal in frail patients. Future
research could evaluate whether technical factors such as
decreasing dose and treatment area can improve outcomes
in these patients.

Fig. 3 Transplant-free survival stratified by frailty. Patients with mFI-5
score� 2 had median survival of 28.1 versus 39.8 months for patients
with mFI-5< 2 (p¼ 0.03, log-rank test). mFI-5, five-item modified
frailty index.

Fig. 2 Kaplan–Meier’s plot of overall transplant-free survival in our
study population demonstrating a median survival of 33.7 months.
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Frailty is a reversible phenomenon that can be improved
with nutritional support and physical therapy.28,31 There-
fore, incorporating a preoperative frailty assessment in
the interventional radiology clinic and providing targeted
support and counseling to frail patients has the potential
to improve both short-term and long-term outcomes
after TACE.

This study has several limitations including utilization of
data from a single institution, a relatively small sample size,
and retrospective study design. In this study, we did not
identify a significant association between frailty and mor-
tality over 3 years immediately following TACE. Given that
other studies have seen higher transplant waitlist mortality
in frail patients, our results may reflect a type II error from a
small sample size. Alternatively, severity of hepatic disease
may be the primary driver of short-termmortality after TACE
with frailty becoming an increasingly important predictor of
long-term survival. In addition, nonfrail patients in this study
had a twofold greater likelihood of receiving a transplant,
highlighting the inherent limitations in using TFS as an end
point in studying the impact of frailty in an HCC
population of whom a significant subgroup will undergo
transplant. Future prospective multicenter studies can an-
ticipate these effects, andwith appropriate control, elucidate
the questions and hypotheses generated by this retrospec-
tive study.

Conclusion

Frailty as determined by mFI-5 score of�2 was found to be
an independent predictor of 30-day hospital readmission,
severe liver toxicity, and TFS after TACE in treatment-naïve
patients. Preprocedural frailty evaluation is a promising risk
stratification tool for TACE candidates that should be incor-
porated into patient counseling and used to inform targeted
periprocedural nutritional and functional interventions for
high-risk patients.

Note
For this type of study, formal consent is not required. This
single-center, retrospective cohort study is Health Insur-
ance Portability and Accountability Act compliant and
was approved by the Institutional Review Board at our
institution.
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