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Therapeutic Underuse and Delay in
Hepatocellular Carcinoma: Prevalence,
Associated Factors, and Clinical Impact
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Prognosis of hepatocellular carcinoma (HCC) could be affected by lack of or delayed therapy. We aimed to characterize
the prevalence, correlates, and clinical impact of therapeutic underuse and delay in patients with HCC. Patients with
HCC diagnosed between 2010 and 2017 were analyzed from the United States National Cancer Database. Logistic
regression analysis identified factors associated with no and delayed (>90 days after diagnosis) HCC treatment. Cox
proportional hazards regression with landmark analysis assessed the association between therapeutic delay and overall
survival (OS), accounting for immortal time bias. Of 116,299 patients with HCC, 24.2% received no treatment and
18.4% of treated patients had delayed treatment. Older age, Black, Hispanic, lower socioeconomic status, earlier year of
diagnosis, treatment at nonacademic centers, Northeast region, increased medical comorbidity, worse liver dysfunction,
and higher tumor burden were associated with no treatment. Among treated patients, younger age, Hispanic, Black,
treatment at academic centers, West region, earlier tumor stage, and receipt of noncurative treatment were associated
with treatment delays. In multivariable Cox regression with a landmark of 150 days, patients with and without treat-
ment delays had similar OS (adjusted hazard ratio [aHR], 1.01; 95% confidence interval [CI], 0.98-1.04) with a me-
dian survival of 33.7 vs. 32.1 months, respectively. However, therapeutic delay was associated with worse OS in patients
who had tumor, nodes, and metastases (TNM) stage 1 (aHR, 1.06; 95% CI, 1.01-1.11) or received curative treatment
(aHR, 1.12; 95% CI, 1.05-1.18). Conclusion: One-fourth of patients with HCC receive no therapy and one-fifth of
treated patients experience treatment delays. Both were associated with demographic, socioeconomic, and clinical char-
acteristics of patients as well as facility type and region. The association between therapeutic delay and survival was

stage and treatment dependent. (Hepatology Communications 2022;6:223-236).

epatocellular carcinoma (HCC) continues
to be one of the fastest rising cancers glob-
ally and locally, with increasing mortality
rates.? Patients diagnosed at an early stage are eligi-
ble for curative treatment options, with 5-year survival
exceeding 60%.° Increasing efforts, therefore, have

focused on improving surveillance to detect HCC at
an early stage.*”) While timely guideline-concordant
follow-up and treatment are required for early cancer
detection to translate into improved overall survival
(08),® single-center studies suggest pervasive down-
stream failures in the HCC care continuum.

Abbreviations: AFB alpha-fetoprotein; aHR, adjusted hazard ratio; CI, confidence interval; CoC, Commission on Cancer; HCC, hepatocellular
carcinoma; IQR, interquartile ratio; MELD, Model for End-Stage Liver Disease; NCDB, National Cancer Database; OS, overall survival; SES,

socioeconomic class; TINM, tumor, nodes, and metastases; US, United States.
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Underuse and therapeutic delays in cancer care are
in part attributable to interrelated disparities in health
care use and access to therapy, including racial and
ethnic inequities in the delivery of appropriate care,
with lower rates of treatment among elderly, Black
individuals, and those of lower socioeconomic class
(SES)."? In addition, cancer care is a complex and
multistep process influenced by several patient factors
(fear of treatment, adherence rates, access to resources,
cultural preferences, clinical factors), provider factors
(knowledge, coordination of care, timely references
to specialists), and systemic factors (logistics, national
and regional policies, multidisciplinary team). If the
care continuum is disrupted at any of these levels, it
can lead to suboptimal and delayed therapy, with an
enormous economic burden.'

Given the rapid tumor doubling time of HCC,
there is a concern that even brief therapeutic delays
could lead to tumor profgression, stage migration, and
poor survival outcomes."
malignancies have demonstrated mixed results, with
delayed treatment being associated with worse survival
in some but not others.1>'® Understanding the clin-
ical impact of HCC therapeutic delays is highly rele-
vant and timely considering the ongoing coronavirus
disease 2019 (COVID-19) pandemic and its impact

on health care delivery and outcome.’’ " A recent

1) However, studies in other
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international survey from 76 centers found most cen-
ters reported delays in HCC treatments related to
the COVID-19 pandemic.?” Although single-center
studies have evaluated HCC treatment underuse and
delays,(9’21_23) no large-scale study has characterized
no therapy and therapeutic delays in a national cohort
of United States (US) patients. Therefore, our study
investigated the nationwide prevalence, correlates,
and clinical impact of no therapy and delayed therapy
among patients with HCC in the United States.

Patients and Methods

DATABASE

The National Cancer Database (NCDB) is a large,
comprehensive, nationwide clinical oncology database
containing more than 70% of newly diagnosed cancer
cases in the United States.?¥ It is a joint project of
the Commission on Cancer (CoC) of the American
College of Surgeons and the American Cancer Society.
It is sourced from hospital registry data collected in
more than 1,500 CoC-accredited cancer facilities in
the United States and Puerto Rico. The NCDB con-
tains approximately 34 million records from hospital
cancer registries across the United States and Puerto
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Rico. Data elements are collected and submitted to
the NCDB from CoC-accredited cancer program
registries using nationally standardized data item and
coding definitions, as specified in the CoC’s Facility
Oncology Registry Data Standards, and nationally
standardized data transmission format specifications
coordinated by the North American Association of
Central Cancer Registries.

PATIENTS AND VARIABLES

All patients with HCC diagnosed between 2010
and 2017 were identified from the NCDB. HCC
diagnosis was based on the International Classification
of Disease Oncology, Third Edition, code C22.0 and
the histology codes 8170-8175. Patients with missing
treatment information, including time to treatment
initiation, were excluded (Supporting Fig. S1).

Demographic, socioeconomic, reporting medical
facilities, and clinical information of patients were
extracted from the NCDB. Patient demographic
information included age, sex, and race/ethnicity. The
extracted socioeconomic data included insurance sta-
tus, income (median household income for patient zip
code based on the 2016 American Community Survey
data, in quartiles), education (median percentage of
adults age 25 years or older in the patient’s zip code
with a high school degree based on 2016 American
Community Survey data), and living community type
(metropolitan, urban, rural). The treatment facilities
data included the facility type and their geographic
location. The facility type was categorized into aca-
demic (>500 new cancer diagnoses annually and at least
four postgraduate training programs), comprehensive
community (>500 new cancer diagnoses annually),
integrated network (no minimum caseload, joint ven-
ture with multiple facilities providing integrated can-
cer care and comprehensive services, with at least one
facility in the category being a hospital and a CoC-
accredited cancer program), and community (100-500
new cancer diagnoses annually). The collected clinical
data included Charlson/Deyo comorbidity index (0, 1,
2, 23), alpha-fetoprotein (AFP) (normal vs. elevated),
Model for End-Stage Liver Disease (MELD) score,
tumor size, and treatment modality. Tumor, nodes,
and metastases (TNM) staging was based on the sev-
enth edition of the American Joint Committee on
Cancer. Curative treatment included tumor ablation,
liver resection, and liver transplantation. For patients
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who received multiple courses of treatments, NCDB
reports the most curative treatment (i.e., liver trans-
plantation > resection > ablation > noncurative treat-
ment) as the type of treatment.

In contrast, time to treatment was defined by date
of the first treatment that the patient received. The
number of days between the date of HCC diagnosis
and date of first treatment that patients received at
any facility, including treatment received from non-
CoC-accredited cancer programs, was calculated. For
instance, a patient who underwent bridging therapy
with transarterial chemoembolization (TACE) and
then underwent liver transplantation would have days
from diagnosis to first TACE recorded. Treatment
delay was defined as time from diagnosis to treatment
exceeding 90 days based on HCC doubling time and as
used in prior publications.”?"?>) Institutional review
board review was exempted as the study involved the
analysis of the de-identified data set.

STATISTICAL ANALYSIS

Baseline and demographic characteristics were
summarized by standard descriptive measures (fre-
quency and percentage for categorical variables and
mean + SD or median with interquartile range [IQR]
for continuous variables). These characteristics were
then compared by receipt of treatment and treatment
delay using the Pearson’s chi-squared test for cate-
gorical variables and the Welch’s 7 test or the Mann-
Whitney-Wilcoxon test for continuous variables, as
appropriate. Survival probabilities were estimated
using the Kaplan-Meier method and compared using
the log-rank test. Median survival was estimated using
the reverse Kaplan-Meier method.

All multivariable analyses were performed on the
full respective cohort with missing data imputed
using the multivariate imputation by chained equa-
tion approach.®® Missing data rates were assessed
for all covariates included in the multivariable model
and were as follows: race/ethnicity (0.28%), insurance
(1.3%), education (7.8%), income (7.9%), community
(2.6%), facility type (1.0%), region (1.0%), TNM stage
(7.4%), MELD (28.5%), tumor size (24.2%), and
AFP (13.2%). Multiple imputations replace missing
data with estimates based on a multivariable model
that follows the same distribution of the missing data.
We generated five complete data sets with five iter-
ations using the predictive mean-matching method
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among missing covariates to account for the uncer-
tainty around the true value of the missing data and
to obtain approximately unbiased estimates. The mul-
tivariable estimates from the fitted model were the
aggregated averages of the results of fitting the model
among the five independent data sets, with variance
equal to the imputation-corrected variance/covariance
matrix.

Factors associated with no receipt and delay in can-
cer treatment were identified using univariable and
multivariable logistic regression. Factors associated
with OS were estimated using univariable and mul-
tivariable Cox proportional hazards regression with
time to event defined as the time from diagnosis to
last follow-up or death. Immortal time bias refers to a
bias attributed to the period of follow-up time where
a patient is “immortal,” i.e., the patient needs to sur-
vive long enough to receive the exposure of interest
(treatment delay in this study). This may select for
more indolent tumors, with more favorable prognosis,
thereby mitigating risk of stage migration and worse
survival from treatment delays. In order to address the
issue of immortal time bias, a landmark analysis was
performed to evaluate the association between treat-
ment delays and OS, with a designated landmark date
of 150 days after HCC diagnosis.?” In this analy-
sis, patients who died before the designated landmark
time and those who received HCC treatment after
the landmark were excluded, thus eliminating immor-
tal time bias in the treatment-delay group. Sensitivity
analysis was further conducted with landmark dates of
120 and 180 days after HCC diagnosis.

All statistical analyses were performed using R sta-
tistical software (version 4.0.3; R Foundation, Vienna,
Austria) with two-sided tests and a significance level

of 0.05.

Results
PATIENT CHARACTERISTICS

Patient characteristics of the 116,299 patients
with HCC are summarized in Table 1. The mean
age of the population was 64 years, and the major-
ity were men (76%). The cohort was racially diverse,
with the greatest proportion being White (62%), fol-
lowed by Black (15%), Hispanic (15%), and Asian/
others (8.5%). More than half of the patients were
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treated at academic centers. In terms of their clinical
status, half of the patients had no comorbidity and
median MELD score was 12. Over one third (39%)
had TNM stage 1 HCC, and median tumor size was
4.2 cm (IQR, 2.5-7.2).

There were 28,147 (24.2%) patients who received
no HCC treatment; among those who were treated,
16,307 (18.4%) patients had a therapeutic delay.
Between 2010 and 2017, the proportion of untreated
patients decreased from 26.8% to 22.8% (P < 0.001);
however, the proportion of those with treatment
delays was stable between 17% and 19% (Fig. 1).

Among patients who received HCC treatments,
38% received potentially curative treatment. Ablation
was the most commonly used potentially curative
treatment modality (40%), while 36% received surgi-
cal resection (36%) and 24% received liver transplant.

FACTORS ASSOCIATED WITH NO
HCC TREATMENT

Patient demographics and SES, diagnosis year,
medical facility type, region, and patient clinical
characteristics were significantly associated with not
receiving HCC treatment (Table 2). Demographic
factors that increased the likelihood of no treatment
included older age, Hispanic ethnicity or Black race
compared to White race, and measures of lower SES
(no insurance, living in a zip code area with lower
income, and lower education). Several clinical charac-
teristics were associated with higher odds of no HCC
treatment, including increased medical comorbidity
(Charlson comorbidity index 23), worse liver dysfunc-
tion (higher MELD score), and increased tumor bur-
den (higher AFP and TNM stage). Finally, there were
geographic and temporal variations in receipt of HCC
treatment; receiving care at nonacademic programs,
Northeast region (compared to Midwest/South), and
early years of diagnosis were associated with higher
odds of no HCC treatment. For every 1 year increase
in the year of diagnosis, the odds of no HCC treat-
ment decreased by 4%.

FACTORS ASSOCIATED WITH
DELAYED HCC TREATMENT

Among those who underwent HCC treatment, pre-
dictors of treatment delay are summarized in Table 3.
There continued to be racial/ethnic disparities, with
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TABLE 1. PATIENT CHARACTERISTICS BY TREATMENT STATUS

Treatment Treatment delay
Overall, No Treatment Treatment No Delay Treatment Delay

Characteristic n=116,299 n=28,147 n=2388,152 PValue n=71,845 n=16,307 PValue

Age <0.001 <0.001
Mean (SD) 64 (10) 65(11) 64 (10) 64 (10) 63 (9)

Sex 0.675 0.924
Male 88,754 (76%) 21,507 (76%) 67,247 (76%) 54,802 (76%) 12,445 (76%)

Female 27,545 (24%) 6,640 (24%) 20,905 (24%) 17,043 (24%) 3,862 (24%)

Race <0.001 <0.001

White 71,444 (62%) 16,463 (59%) 54,981 (63%) 45,477 (64%) 9,504 (58%)
Hispanic 17,103 (15%) 4,802 (17%) 12,301 (14%) 9,572 (13%) 2,729 (17%)
Black 17,518 (15%) 4,675 (17%) 12,843 (15%) 10,158 (14%) 2,685 (17%)

Asian + others 9,790 (8.5%) 2,094 (7.5%) 7,696 (8.8%) 6,361 (8.9%) 1,335 (8.2%)

Insurance status <0.001 <0.001
Not insured 6,121 (5.4%) 2,564 (9.3%) 3,557 (4.1%) 2,843 (4.0%) 714 (4.4%)

Private 34,705 (30%) 6,290 (23%) 28,415 (33%) 23,405 (33%) 5,010 (31%)
Medicaid/Medicare 71,033 (62%) 18,255 (66%) 52,778 (61%) 42,878 (61%) 9,900 (62%)
Other 2,345 (2.1%) 461 (1.7%) 1,884 (2.2%) 1,458 (2.1%) 426 (2.7%)

High school degree <0.001 <0.001
82.4% or less 31,981 (30%) 9,119 (35%) 22,862 (29%) 18,216 (28%) 4,646 (32%)
82.5%-89.1% 28,793 (27%) 7,329 (28%) 21,464 (27%) 17,497 (27%) 3,967 (28%)
89.2%-93.7% 25,844 (25%) 6,032 (23%) 19,812 (25%) 16,372 (25%) 3,440 (24%)

More than 93.7% 18,612 (18%) 3,724 (14%) 14,888 (19%) 12,543 (19%) 2,345 (16%)

Median income <0.001 <0.001
Less than $40,227 26,430 (25%) 7,498 (29%) 18,932 (24%) 15,199 (24%) 3,733 (26%)
$40,227-$50,353 24,247 (23%) 6,332 (24%) 17,915 (23%) 14,633 (23%) 3,282 (23%)
$50,354-$63,332 23,722 (23%) 5,743 (22%) 17,979 (23%) 14,672 (23%) 3,307 (23%)
$63,333+ 30,631 (29%) 6,581 (25%) 24,050 (30%) 20,006 (31%) 4,044 (28%)

Community type 0.035 0.035
Metro 97,915 (87%) 23,878 (87%) 74,037 (87%) 60,197 (87%) 13,840 (88%)

Urban 13,227 (12%) 3,250 (12%) 9,977 (12%) 8,207 (12%) 1,770 (11%)
Rural 1,520 (1.3%) 414 (1.5%) 1,106 (1.3%) 916 (1.3%) 190 (1.2%)
Facility type <0.001 <0.001
Academic 65,963 (57%) 10,946 (39%) 55,017 (63%) 43,801 (62%) 11,216 (69%)
Community cancer 5,335 (4.6%) 2,695 (9.7%) 2,640 (3.0%) 2,224 (3.1%) 416 (2.6%)
program

Comprehensive 29,071 (25%) 10,498 (38%) 18,573 (21%) 15,759 (22%) 2,814 (17%)
community cancer
program

Integrated network 14,511 (13%) 3,758 (13%) 10,753 (12%) 8,993 (13%) 1,760 (11%)

Region <0.001 <0.001
Northeast 23,119 (20%) 5,178 (19%) 17,941 21%) 14,522 (21%) 3,419 (21%)

Midwest 23,039 (20%) 4,855 (17%) 18,184 (21%) 15,350 (22%) 2,834 (17%)
South 46,323 (40%) 12,089 (43%) 34,234 (39%) 28,283 (40%) 5,951 (37%)
West 22,399 (19%) 5,775 (21%) 16,624 (19%) 12,622 (18%) 4,002 (25%)

Charlson comorbidity <0.001 <0.001
index
0 58,602 (50%) 14,187 (50%) 44,415 (50%) 36,434 (51%) 7,981 (49%)

1 26,693 (23%) 5,952 (21%) 20,741 (24%) 16,958 (24%) 3,783 (23%)
2 10,910(9.4%) 2,375 (8.4%) 8,535 (9.7%) 6,863 (9.6%) 1,672 (10%)
>3 20,094 (17%) 5,633 (20%) 14,461 (16%) 11,590 (16%) 2,871 (18%)
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TABLE 1. Continued

Treatment Treatment delay
Overall, No Treatment Treatment No Delay Treatment Delay
Characteristic n=116,299 n=28,147 n=288,152 PValue n=71.845 n=16,307 PValue
TNM stage <0.001 <0.001
Stage 1 40,233 (39%) 5900 (26%) 34,333 (43%) 26,798 (42%) 7,535 (50%)
Stage 2 21,952 (21%) 3,091 (14%) 18,861 (24%) 14,526 (23%) 4,335 (29%)
Stage 3 21,336 (21%) 6,179 (27%) 15,157 (19%) 12,912 (20%) 2,245 (15%)
Stage 4 18,639 (18%) 7,491 (33%) 11,148 (14%) 10,134 (16%) 1,014 (6.7%)
MELD <0.001 0.154
Median [IQR] 12[8,19] 16[11,24] 111[8,16] 11[8,17] 111[8,16]
Tumor size, cm <0.001 <0.001
Median [IQR] 4.2[2.5,7.2)] 5.7[3.2,9.2] 3.9[2.5,6.7] 4.0[25,7.0] 3.2[2.2,5.0]
AFP <0.001 <0.001
Negative 26,931 (29%) 431521%) 22,616 (31%) 17,946 (30%) 4,670 (34%)
Positive 66,722 (71%) 16,552 (79%) 50,170 (69%) 41,060 (70%) 9,110 (66%)
Treatment <0.001 <0.001
Noncurative freatment 55,095 (62%) - 55,095 (62%) 44,580 (62%) 10,515 (64%)
Curative 33,057 (38%) - 33,057 (38%) 27,265 (38%) 5,792 (36%)
Liver transplant 7,995 (24%) 7,995 (24%) 6,299 (23%) 1,696 (29%)
Resection 11,746 (36%) 11,746 (36%) 10,459 (38%) 1,287 (22%)
Ablation 13,316 (40%) 13,316 (40%) 10,507 (39%) 2,809 (49%)
30%
! e SN
I e S L.
§ 20% a—— - Ee F 3
g §-oeeeeed SR Foromeneee e
k=
o
=%
ne. 10%
No Treatment: P < 0.001
0% Treatment Delay: P < 0.001

2010  20M1 2012 2013 2014 2015 2016 2017
Year of Diagnosis

-+~ No treatment —= Treatment delay

FIG. 1. Trends in HCC treatment underuse and delay in treatment between 2010 and 2017. Error bars represent 95% CI.

Hispanic ethnicity and Black race both associated odds of treatment delays. Among clinical character-
with higher odds of HCC treatment delay, similar to  istics, poor prognostic factors, including higher tumor
their association with no HCC treatment. However, burden (positive AFP, higher TNM stage), were
the association between age and treatment delay was associated with decreased odds of treatment delay.
discrepant, with younger patients having increased We noted geographic differences in HCC treatment

228



HEPATOLOGY COMMUNICATIONS, Vol. 6, No. 1, 2022 GOVALANET AL.

TABLE 2. FACTORS ASSOCIATED WITH NO RECEIPT OF HCCTREATMENT

Univariate Multivariable

Characteristic OR 95% Cl PValue OR 95% Cl PValue
Age (10-year change) 1.17 1.16,1.19 <0.001 1.19 1.17,1.22 <0.001
Sex

Male — — — —

Female 0.99 0.96,1.02 0.669 1.03 0.99,1.07 0.134
Race

White — — — —

Hispanic 1.30 1.26,1.35 <0.001 1.18 1.13,1.23 <0.001

Black 1.22 1.17,1.26 <0.001 1.16 1.11,1.21 <0.001

Asian + others 0.91 0.86,0.96 <0.001 0.94 0.89,0.99 0.023
Insurance status

Not insured — — — —

Private 0.31 0.29,0.33 <0.001 0.37 0.35,0.40 <0.001

Medicaid/Medicare 0.48 0.45,0.51 <0.001 0.49 0.46,0.52 <0.001

Other 0.34 0.30,0.38 <0.001 0.40 0.35.0.44 <0.001
High school

82.4% or less — — — —

82.5%-89.1% 0.86 0.83,0.89 <0.001 0.90 0.86,0.93 <0.001

89.2%-93.7% 0.76 0.74,0.79 <0.001 0.86 0.82,0.91 <0.001

More than 93.7% 0.63 0.60,0.65 <0.001 0.76 0.71,0.80 <0.001
Median Income

Less than $40,227 — — — —

$40,227-$50,353 0.89 0.86,0.93 <0.001 0.94 0.91,0.99 0.007

$50,354-$63,332 0.81 0.77,0.84 <0.001 0.89 0.86,0.94 <0.001

$63,333+ 0.69 0.67,0.72 <0.001 0.87 0.83,0.93 <0.001
Community type

Metro — — — —

Urban 1.01 0.97.1.056 0.643 0.91 0.87.0.96 <0.001

Rural 1.16 1.03,1.30 0.010 0.96 0.83,1.07 0.560

Year of diagnosis 0.96 0.96,0.97 <0.001 0.96 0.95,0.96 <0.001
Facility type

Academic — — — —

Community cancer program 513 4.84,5.43 <0.001 3.85 3.51,3.96 <0.001

Comprehensive community cancer 2.84 2.75,2.93 <0.001 2.42 2.31,2.48 <0.001

program

Infegrated network 1.76 1.68,1.83 <0.001 1.60 1.52,1.66 <0.001
Region

Northeast — — — —

Midwest 0.93 0.89,0.97 <0.001 0.82 0.79.0.86 <0.001

South 1.22 1.18,1.27 <0.001 0.93 0.89,0.97 <0.001

West 1.20 1.15,1.26 <0.001 1.02 0.97,1.07 0.515
Charlson comorbidity

0 — — — —

1 0.90 0.87,0.93 <0.001 0.91 0.88,0.95 <0.001

2 0.87 0.83,0.91 <0.001 0.93 0.89,0.99 0.007

>3 1.22 1.18,1.26 <0.001 1.33 1.29,1.39 <0.001
TNM stage

Stage 1 — — — —

Stage 2 0.95 0.91,1.00 0.048 0.97 0.93,1.02 0.201
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TABLE 2. Continued

Univariate Multivariable
Characteristic OR 95% Cl PValue OR 95% Cl PValue
Stage 3 2.37 2.28,2.47 <0.001 1.80 1.78,1.92 <0.001
Stage 4 3.91 3.76,4.07 <0.001 2.59 2.57,2.79 <0.001
AFP
Negative — — — —
Positive 1.73 1.67,1.79 <0.001 1.22 1.16,1.24 <0.001
MELD (10-unit change) 1.78 1.74,1.81 <0.001 1.33 1.31,1.35 <0.001
Tumor size (1-cm change) 1.16 1.14,1.18 <0.001 1.00 1.00,1.01 <0.001

Abbreviation: OR, odds ratio.

delays; receiving care at nonacademic programs
and Midwest/South regions was associated with a
decreased likelihood of treatment delays, while the
West region was associated with increased odds of
treatment delay. Finally, receipt of curative treatment
was inversely associated with HCC treatment delay.

IMPACT OF TREATMENT DELAY
ON OS

As expected, no treatment was associated with
worse OS in univariable (adjusted hazard ratio [aHR],
3.38; 95% confidence interval [CI], 3.32-3.44) and
multivariable (aHR, 2.71; 95% CI, 2.62-2.80) analysis.
With a landmark of 150 days, patients with therapeu-
tic delay had similar OS compared to those with-
out delay in HCC therapy, with median survival of
33.7 months versus 32.1 months, respectively (Fig. 2).
Patients with HCC treatment delay had similar OS
compared to those without delay in univariable and
multivariable analysis, with a landmark date of 150
after HCC diagnosis (Table 4). Results were consis-
tent in sensitivity analyses using different landmarks
of 120 and 180 days (Fig. 2).

Subgroup analysis showed lack of association
between HCC treatment delay and OS for most
subgroups stratified by demography, SES, severity of
liver dysfunction (MELD), and treating facility type.
However, there was a significant interaction between
tumor stage, curative treatment, and treatment delay in
predicting OS (all P < 0.001). Therapeutic delay was
associated with worse OS in patients with an earlier
stage of HCC reflected by TNM stage 1 (aHR, 1.06;
95% CI, 1.01-1.11), tumor size <4 cm (aHR, 1.06; 95%
CI, 1.02-1.11), or receipt of curative treatment (aHR,
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1.12;95% CI,1.05-1.18). When curative treatment was
further stratified, the association between treatment
delay and OS was similar among those who underwent
ablation (aHR, 1.05; 95% CI, 0.97-1.13), resection
(aHR, 1.12; 95% CI, 0.99-1.12), or liver transplanta-
tion (aHR, 1.11; 95% CI, 0.95-1.31). However, HCC
treatment delay had no association with OS in patients
with TNM stage 2 (aHR, 1.03; 95% ClI, 0.97-1.09),
stage 3 (aHR, 0.95; 95% CI, 0.89-1.01), stage 4 (aHR,
0.95; 95% CI, 0.87-1.05), tumor size >4 cm (aHR,
0.98; 95% CI, 0.94-1.02), or noncurative treatment
receipt (aHR, 0.98; 95% CI, 0.95-1.02).

Discussion

Our study investigated the nationwide prevalence,
correlates, and clinical significance of no receipt or
delay in HCC treatment. About one quarter of patients
did not receive HCC treatment, although the pro-
portion of patients without treatment decreased over
time. Among treated patients, therapy was delayed in
18% of patients. In light of the transition from diag-
nosis to treatment being a complex and multistep pro-
cess, particularly in early stage patients with HCC, we
found multiple factors at different levels were associ-
ated with no and delayed treatment. Finally, we found
delay in treatment was not associated with shorter
OS in landmark analyses, although it showed a mild
association with worse OS in patients who had earlier
stage HCC and received curative treatment.

Underuse of cancer treatment has been reported
for several other cancers in the United States, with
this issue being more prevalent for low-grade non-
Hodgkin lymphoma and less prevalent for germ
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TABLE 3. FACTORS ASSOCIATED WITH HCC TREATMENT DELAY

Univariate Multivariable

Characteristic OR 95% Cl PValue OR 95% Cl PValue
Age (10-year change) 0.91 0.89,0.92 <0.001 0.85 0.83,0.88 <0.001
Sex

Male — — — —

Female 1.00 0.96,1.04 0.916 1.02 0.96,1.08 0.594
Race

White — — — —

Hispanic 1.36 1.30,1.43 <0.001 1.19 1.10,1.28 <0.001

Black 1.26 1.21,1.33 <0.001 1.26 1.16,1.36 <0.001

Asian + others 1.00 0.94,1.07 0.895 0.90 0.81,0.98 0.024
Insurance status

Not insured — — — —

Private 0.85 0.78,0.93 <0.001 0.89 0.77,1.00 0.086

Medicaid/Medicare 0.92 0.85,1.00 0.052 1.02 0.89,1.15 0.764

Other 1.16 1.02,1.33 0.029 1.21 0.98,1.49 0.079
High school degree

82.4% or less — — — —

82.5%-89.1% 0.89 0.85,0.93 <0.001 1.01 0.93,1.07 0.796

89.2%-93.7% 0.82 0.78,0.87 <0.001 0.97 0.89,1.05 0.489

More than 93.7% 0.73 0.69,0.77 <0.001 0.90 0.80,0.98 0.037
Median income

Less than $40,227 — — — —

$40,227-$50,353 0.91 0.87,0.96 <0.001 0.95 0.86,1.01 0.184

$50,354-$63,332 0.92 0.87,0.97 0.001 0.94 0.87,1.02 0.169

$63,333+ 0.82 0.78,0.86 <0.001 0.91 0.84,1.01 0.055
Community type

Metro — — — —

Urban 0.94 0.89.0.99 0.022 1.04 0.95,1.13 0.362

Rural 0.90 0.77.1.05 0.200 1.04 0.79,1.27 0.763

Year of diagnosis 1.02 1.02,1.03 <0.001 1.02 1.00,1.03 0.008
Facility type

Academic — — — —

Community cancer program 0.73 0.66,0.81 <0.001 0.74 0.61,0.89 0.001

Comprehensive community cancer 0.70 0.67,0.73 <0.001 0.67 0.63,0.72 <0.001

program

Infegrated network 0.76 0.72,0.81 <0.001 0.79 0.72,0.86 <0.001
Region

Northeast — — — —

Midwest 0.78 0.74,0.83 <0.001 0.72 0.66,0.78 <0.001

South 0.89 0.85,0.94 <0.001 0.83 0.78,0.90 <0.001

West 1.35 1.28,1.42 <0.001 1.29 1.19,1.39 <0.001
Charlson comorbidity index

0 — — — —

1 1.02 0.98,1.06 0.404 1.01 0.94,1.07 0.812

2 1.1 1.05,1.18 <0.001 1.08 0.99,1.18 0.078

>3 1.13 1.08,1.19 <0.001 1.04 0.97,1.12 0.235
TNM stage

Stage 1 — — — —

Stage 2 1.06 1.02,1.11 0.006 1.01 0.93,1.05 0.755
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TABLE 3. Continued

Univariate Multivariable

Characteristic OR 95% Cl PValue OR 95% Cl PValue

Stage 3 0.62 0.59,0.65 <0.001 0.65 0.60,0.69 <0.001

Stage 4 0.36 0.33,0.38 <0.001 0.47 0.42,0.51 <0.001
AFP

Negative — — — —

Positive 0.85 0.82,0.89 <0.001 0.90 0.84,0.94 <0.001

MELD (10-unit change) 0.95 0.92,0.97 <0.001 0.99 0.97,1.03 0.490

Tumor size (1-cm change) 0.73 0.69,0.76 <0.001 0.99 0.99.1.00 <0.001
Treatment type

Noncurative — — — —

Curative 0.90 0.87,0.93 <0.001 0.82 0.77,0.87 <0.001

Abbreviation: OR, odds ratio.

cell, renal, and colorectal cancers.?®?” There have
been older smaller studies evaluating this question
in patients with HCC. A meta-analysis of 24 stud-
ies from January 1989 to March 2013 showed 47% of
patients with HCC had not received any HCC treat-
ment.®? Subsequent retrospective cohort studies from
an urban safety-net hospital and the Department of
Veterans Affairs both reported approximately one-
third of patients with HCC failed to receive cancer
treatment. %3V In our study, we found this to be
true in a smaller proportion of patients, consistent
with observed trends, suggesting increased treatment
use over time. The improved treatment use may reflect
increasing treatment options with higher efficacy, par-
ticularly for those with advanced-stage HCC. Despite
this encouraging trend, treatment use remains far
lower than other cancers, which might be attributed
to 1) higher HCC burden in racial/ethnic minorities
who have limited access to medical care, 2) increased
medical comorbidities, particularly underlying cirrho-
sis and hepatic dysfunction precluding cancer treat-
ment, and 3) lower familiarity of providers with HCC
treatment algorithms. Indeed, we found Hispanics
and Blacks and patients with higher MELD scores
were less likely to receive HCC treatment. This is
consistent with a recent Surveillance, Epidemiology
and End Results registry analysis that showed racial
disparities in HCC treatment use among Hispanics
and Blacks.®? Racial/ethnic disparities in the receipt
of cancer treatment are well known in multiple other
solid organ cancers, with a negative impact on the
health outcomes in racial/ethnic minorities.®® This
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disparity in treatment are often due to nonclinical fac-
tors, and developing strategies to facilitate appropriate
cancer care for racial/ethnic minorities may provide
an essential means of reducing disparities in cancer
treatment.®” In addition to race/ethnicity, prior stud-
ies in other solid organ cancers investigated socio-
economic variations in cancer treatment and patient
3439 Our results also highlight the impact
of socioeconomic status on HCC treatment receipt,

outcome.

which might stem from variation in access to care
(primary care, ambulatory care visits, subspecialist
referrals) and quality of cancer treatment.

Clinical characteristics of patients, medical facil-
ity type, and geographic region were associated with
treatment delay in HCC. Unexpectedly, we found
that patient care at academic centers was associated
with an increased likelihood of having treatment
delays. This finding may be related to time for ini-
tial referral and consultation, particularly for patients
who live remotely; involvement of multidisciplinary
teams and subspecialties; and access to advanced mul-
timodal treatment options, including liver transplan-
tation at academic centers compared to community
hospitals.?!*? We also observed that clinical factors,
such as larger tumor size, elevated AFP, and advanced
tumor stages were less likely to experience treatment
delays. This could be explained by the “triage effect”
where aggressive tumors with inherently worse prog-
nosis were prioritized for treatment while treatment of
less severe tumors were reasonably delayed. Our spec-
ulation of “case prioritization” is supported by similar

investigations in lung,***”) colon,®® and endometrial
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FIG. 2. Kaplan-Meier curve showing estimated OS in patients with no delay versus delay in treatment (landmark analysis). (A) 120 days
landmark, (B) 150 days landmark, and (C) 180 days landmark. Overall median survivals are comparable between the two groups, although
there is a statistically significant difference in median survival due to the large sample size.

TABLE 4. ASSOCIATION BETWEEN HCC TREATMENT DELAY AND OS AMONG PATIENTS WHO RECEIVED

HCCTREATMENT
Univariate Multivariable*
Characteristic HR 95% Cl PValue HR 95% Cl PValue
Landmark at 120 days 1.04 1.00,1.07 0.033 1.01 0.98,1.05 0.522
Landmark at 150 days 1.04 1.01,1.07 0.007 1.01 0.98,1.04 0.399
Landmark at 180 days 1.05 1.02,1.08 <0.001 1.03 1.00,1.06 0.078

*Adjusted by demographic, socioeconomic, center, regions, and clinical characteristic variables included in Table 3.
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cancers,® where patients with advanced cancer with

higher symptom burden received prompt treatment
compared to less aggressive tumors. Moreover, treat-
ment decision for advanced HCC is relatively straight-
torward with primarily systemic therapy, whereas there
are various curative treatment options for early stage
HCC (e.g., ablation, resection, transplant), selection of
which is dependent on several factors, including the
severity of liver dysfunction, SES, and the location of
tumor, contributing to the delay.(3)

Although it is evident that HCC treatment delays
are prevalent, available data on their impact on sur-
vival outcomes are conflicting.*!?>*0*®) Most carlier
studies concluded that delay in treatment was asso-
ciated with poorer survival 2222404249 However,
more recent studies showed no significant impact
of treatment delay on survival.?>*%%) Qur land-
mark analysis, which accounts for immortal bias
from delayed treatment, suggests that treatment delay
was not associated with patient survival. This find-
ing was consistently observed when the analysis was
repeated at different landmark points (120, 150, and
180 days). However, our subgroup analysis showed
that treatment delay was associated with worse OS
in patients who had earlier stage HCC and received
curative treatment. HCC is typically regarded as an
aggressive tumor with short tumor-doubling times,
and recent data suggest that about 35% of HCCs
have tumor-volume doubling time <3 months."*
Further, tumor-doubling times are typically shorter
among smaller tumors, suggesting that delays at an
early stage might be particularly problematic. Tumor
growth among these patients may increase the risk of
microvascular invasion and decrease the likelihood of
complete response to curative treatment.

The results of our study need to be interpreted in
the context of its limitations. First, as it is a retro-
spective analysis, it cannot determine causation; thus,
we are only able to report associations between vari-
ables, particularly between therapeutic delay and OS.
Second, even though the database contains compre-
hensive cancer-specific information, we were unable
to adjust certain important clinical factors, including
liver disease etiology and presence of cirrhosis, pres-
ence of hepatic encephalopathy or ascites, number of
HCC nodules, and Barcelona Clinic Liver Cancer
staging. Alternatively, we used tumor size and TNM
staging as measures of tumor burden and MELD
score as a measure of liver dysfunction. Third, the
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database lacked information on how patient and
provider preference, hospital resources, and other
factors may affect treatment decisions. Fourth,
NCBD does not have data on referrals to a tertiary
center for cancer management, which could have
led to treatment delay, especially in patients who
received care at academic cancer programs. However,
any treatment delay from referral would need to be
considered in light of high-volume clinical expertise;
availability of specialty services, such as liver trans-
plantation; and multidisciplinary care, all of which
have been associated with improved clinical out-
comes among patients with HCC.#”* The NCDB
does not capture a detailed longitudinal course of
HCC treatment, and so we were unable to examine
if receipt of a specific type of noncurative treatment
before curative treatment would affect treatment
delay or OS. Finally, many covariates were associated
with outcomes despite small effect size due to large
sample size; therefore, some associations reported in
this study might not be clinically relevant. We feel
these limitations are outweighed by the strengths of
this study. This is the largest cohort study evaluat-
ing treatment receipt and delays in a contemporary
cohort encompassing a broad range of all patients
with HCC, with diversity across age, race/ethnicity,
tumor stage, and treatment type.

In conclusion, no treatment and delayed HCC
treatment are widely prevalent in the United States.
There were racial/ethnic and socioeconomic dis-
parities in HCC treatment underuse and delay.
The association between therapeutic delay and OS
appears to be stage and treatment dependent, with
worse survival noted among patients with early stage
HCC or curative treatment receipt who experienced
therapeutic delays. Future studies are warranted to
turther characterize the underlying cause of health
care disparities in HCC treatment receipt and ther-
apeutic delays.
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