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Abstract

Context: Little is known about receipt of specialty-level palliative care by people with
hepatocellular carcinoma (HCC), or its impact on healthcare utilization.

Objectives: Identify patient characteristics associated with receipt of specialty-level palliative
care among hospitalized HCC patients and measure association with time to readmission.

Methods: We used logistic regression to examine relationships between receipt of inpatient
palliative care consultation by HCC patients at an academic center (A=811, 2012-2016), and
clinical and demographic covariates at index hospitalization. We used a survival analysis model
accounting for competing risk of mortality to compare time to readmission among individuals who
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did or did not receive palliative care during the admission and performed a sensitivity analysis
using kernel weights to account for selection bias.

Results: Overall, 16% received inpatient palliative care consults. Those who received consults
had worse laboratory values than those who did not. In a multivariable model, higher MELD-Na,
receipt of sorafenib, and higher pain scores were significantly associated with increased odds of
palliative care, while liver transplantation and admission to a surgical service were associated with
lower odds. For time to readmission (2,076 hospitalizations for 811 individuals with 175 palliative
care visits), the sub-hazard ratio for readmission for patients who received consults was 0.26 (95%
Confidence Interval [CI] 0.18-0.38) and 0.35 (Cl 0.24-0.52) with a kernel-weighted sample.

Conclusion: Inpatient palliative care consultation was received by individuals with more
advanced disease, and was associated with lower readmission hazard. These findings support
further research and the development of HCC-specific programs that increase access to specialty-
level palliative care.
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Introduction:

Hepatocellular carcinoma (HCC) has a rising incidence, carries a high mortality rate, and is
difficult to treat. HCC accounts for 90% of primary liver tumors and usually develops in the
background of underlying cirrhosis (1), or progressive scarring of the liver. The five-year
survival of HCC is 18% (2) and curative treatments are available in only a third of cases
because of late diagnosis and donor organ shortage (3). Patients may receive non-curative
treatments including radio- (4) and chemoembolization (5) chemotherapy (6,7), radiation
(8), and immunotherapy (9). The landscape of HCC treatment is developing rapidly (10),
with multiple new agents approved for first- and second-line systemic treatment in the last
few years.

HCC is unique compared to other solid cancers because of concurrent cirrhosis in the
majority of cases, which leads to: (i) a uniquely unpredictable disease trajectory that
combines the cancer and end-stage organ failure trajectories (11), (ii) significant symptom
burden related to both cancer and cirrhosis, and (iii) a complex treatment algorithm, with
many treating clinicians. These factors make patients with HCC and their family caregivers
particularly amenable to palliative care consultation, yet little is known about the impact of
specialty-level palliative care in this specific patient population.

Palliative care is specialized, interdisciplinary care for people facing serious illnesses.
Palliative care can be delivered by specialist palliative care teams, also known as
consultative or specialty-level palliative care, or delivered by primary treating clinicians,
known as generalist or primary palliative care (12). The focus of this report is the provision
of inpatient, specialty-level palliative care to people with HCC. Palliative care teams have
been shown to reduce patient (13,14) and family distress (15,16), reduce healthcare
utilization (17,18), and improve survival (19,20) largely in the context of cancer. However,
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cancer represents a heterogeneous group of diseases (21), and there is evidence that the
maximal benefits of palliative care differ by type of cancer (14). Evidence suggests that
there are unmet palliative care needs among people with HCC and their families (22-24).
HCC patients and their caregivers experience distress related to symptoms (23) and
uncertainty (22,24) in the face of an increasingly complex series of treatments, yet there is a
paucity of research addressing the frequency and impact of palliative care delivery on their
care.

The objectives of this study were to: (i) determine HCC patient characteristics associated
with receipt of specialty-level palliative care in the hospital setting; and (ii) compare rates of
hospital readmission for HCC patients who did and did not receive inpatient palliative care
consultation, since this has been examined in oncology patients but not HCC specifically.
We hypothesized that HCC patients who received inpatient palliative care consults represent
a sicker population as compared to those who did not. Moreover, based on studies of
palliative care in other patient populations showing reduced hospital readmissions (25,26),
we hypothesized that those who received inpatient palliative care would have a lower hazard
of readmission to the hospital. We created a secondary dataset of inpatient hospitalizations
of HCC patients at a large academic center, and collected data on patient demographics,
health characteristics, and healthcare utilization, to examine patient characteristics
associated with palliative care receipt in the hospital and the association between palliative
care and hospital readmission.

Methods:

Overview:

This is a retrospective cohort study of patient characteristics and healthcare utilization of
hospitalized HCC patients who did and did not receive at least one inpatient palliative care
consultation (2012—2016). We identified HCC patients who were seen by palliative care
and used logistic regression to determine patient characteristics associated with inpatient
palliative care receipt. We measured differences in time to readmission using a competing
risks analysis. Stata 16 software was used for the statistical analyses (27).

Source of data:

We created a dataset of HCC patients who were seen by palliative care to be used in our
analysis (figure 1) by merging data from three sources.

Liver Cancer Clinical Database: This dataset contains demographics, disease severity,
and treatment data for patients seen at Mount Sinai Hospital (New York, NY) during the
study period. It contains details about their disease and treatments. Demographic data are
collected at the first visit, and disease and treatment data updated longitudinally.

Palliative Care Clinical Database: The institution’s palliative care service maintains a
clinical database with all patients seen by specialty-level palliative care between 2012 and
present that captures dates and setting of the visit. Regular audits ensure completeness and
accuracy of data. We used this dataset to identify patients with HCC seen by palliative care.
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Clinical and Administrative Data Warehouse: This institutional database
encompasses all inpatient and outpatient encounters within the health system, and was the
source of hospitalization data, including admission and discharge dates, primary hospital
service, laboratory values, and mortality data.

Study population:

Outcomes:

We included adult HCC patients seen July 2012 to April 2016, so that their initial visit to the
liver cancer practice occurred after palliative care data are available in 2012. For the first
part of the study, we excluded patients who had received outpatient palliative care (N=31) in
order to isolate decisions to consult inpatient palliative care.

We had two outcomes of interest: receipt of an inpatient palliative care consult at any time
and number of days to readmission after a hospital discharge.

Other variables of interest:

All variables were collected before the time of the palliative care consultation. Demographic
data were collected at the time of presentation to the Liver Cancer Practice, while laboratory
and patient-reported pain scores were collected at the time of admission. In the few cases
where demographic or disease severity data were missing, we retrieved information through
manual chart review.

Variables representing basic demographics were collected from the HCC database, including
age, sex, race and ethnicity, distance of home address from the site, marital status, whether
they were English-speaking, active alcohol use, primary insurance type, and tobacco-
smoking history.

We used additional data from the HCC database and data warehouse to capture HCC and
liver disease severity and treatments received, including: source of underlying liver disease,
HCC treatments received (embolization, transplant, sorafenib) (1), Model for End-Stage
Liver Disease Sodium (MELD-Na) score (28), receipt of rifaximin (for hepatic
encephalopathy), and relevant laboratory values at the time of admission, including
hemoglobin, prothrombin time, total bilirubin, serum sodium, serum creatinine, and platelet
count, which correlates with portal venous hypertension (29).

Additional variables from the data warehouse to capture illness status include patient-
reported pain score at admission, receipt of mechanical ventilation, intensive care unit
admission, admission on a medical or surgical service, and Charlson Comorbidity Index
(30). We collected information about hospitalization dates and mortality from the data
warehouse, including both in-hospital death and Social Security Death Index data.

Analysis of Factors Associated with Receipt of Palliative Care Consultation:

Bivariate tests (#tests, thests) were used to characterize differences among patients who
were and were not seen by specialty-level palliative care. We considered p-values of less
than 0.05 to be statistically significant. To determine the relationship between these patient
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characteristics and the receipt of palliative care, we included non-collinear variables (as
determined using variance inflation factor) in a multivariable logistic regression model.

Analysis of Time to Readmission:

Results:

Our goal was to understand the association between specialty-level palliative care receipt
and time to readmission. The unit of analysis was the patient-hospitalization (N=2,076). We
used a survival analysis model to measure the difference between median time to
readmission among the groups, adjusted for the sex, age, race/ethnicity, primary Medicaid
insurance, source of underlying liver disease, history of liver transplantation, receipt of
embolization treatments, receipt of sorafenib, receipt of rifaximin, Charlson Co-morbidity
Index, pain score at admission, admission to a surgical service, MELD-Na, and platelet
count. Because illness severity may be associated with both readmission and mortality risk
we used a competing risk approach in which readmission was treated as the “failure” and
mortality was treated as a competing risk (26).

Sensitivity analyses: Our primary readmission analysis accounts for the influence of
covariates on time to readmission, but it is likely that a patient’s clinical status influences
both the likelihood of palliative care receipt and'time to readmission. To isolate the impact of
palliative care receipt on time to readmission from the impact of observed factors associated
with palliative care receipt and outcomes, we repeated the analysis with propensity score
kernel weights. This allowed us to balance our samples of hospitalizations where patients
either did or did not receive palliative care to be as similar as possible on observed
covariates, other than receipt of palliative care. Propensity score models included variables
hypothesized to be associated with both receipt of palliative care and time to readmission
(supplementary table S2). Covariate balance across the treatment and comparison group was
considered adequate if each covariate had <10% mean standardized difference (31).

Further sensitivity analyses included repeating the analysis including only the index hospital
admission for each person, to account for the fact that individuals may have more than one
hospitalization represented in the dataset (N=438 individuals); using cluster robust standard
errors to account for clustering at the level of the individual; using bootstrapped standard
errors, to adjust for uncertainty in the estimation of treatment effect in the propensity score
model (32); excluding individuals who had received a liver transplant; and excluding
individuals with less than 60 days follow-up time.

We identified 1,434 individual patients seen in the outpatient liver cancer practice, as
determined by their presence in the Liver Cancer clinical database, between July 2012 and
April 2016. Of these, 811 individuals had at least one hospitalization at Mount Sinai. Only
133 (16%) received inpatient palliative care (figure 1). In bivariate analyses, receipt of
palliative care was more likely among patients who had worse laboratory values (e.g. higher
MELD-Na), had mechanical ventilation at any time, had a higher pain score on admission,
received rifaximin (treatment of hepatic encephalopathy), received sorafenib, or who were
admitted to a medical service in the hospital (table 1). Conversely, those with an unknown
cause of liver disease, who had received embolization treatments, underwent a liver
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transplant, had an admission to an intensive care unit (ICU), or were admitted to a surgical
service in the hospital were less likely to have received palliative care.

In a multi-variable, logistic regression model (Table 2), receipt of sorafenib (odds ratio [OR]
1.71, 95% confidence interval [CI] 1.02-2.85), higher MELD-Na (OR 1.08, CI 1.05-1.11),
and higher patient-reported pain score (OR 1.08, CI 1.01-1.16) remained significantly
associated with increased odds of palliative care consultation. Receipt of a liver transplant
(OR 0.28, Cl 0.11-0.72) and admission to a surgical service in the hospital (OR 0.60, ClI
0.38-0.94) remained associated with lower odds of palliative care consultation.

We measured the association between receipt of specialty-level palliative care with the
subhazard of hospital readmission using a survival analysis model accounting for competing
risk of mortality, with readmission as the “failure” and mortality as a competing risk (Figure
2, Supplementary Table S1). The sub-hazard ratio (SHR) for hospital readmission for those
who received inpatient palliative care consultation was 0.26 (C1 0.18-0.38). Results were
substantively similar, though modestly more conservative, in sensitivity analyses accounting
for observed selection bias (SHR 0.35 (Cl 0.24-0.52), kernel weighted sample).
Additionally, there was no change in the treatment effect of lowering the hazard of
readmission when using models that use only index hospitalizations in the analysis, cluster
robust standard errors, bootstrapped standard errors, individuals who did not undergo liver
transplant, and only those with 60 days or greater follow-up period.

Discussion:

This is the first report that we are aware of that investigates factors associated with receipt of
palliative care by people with HCC, and the impact of palliative care consultations on their
time to readmission. While there are reports of rates of HCC patients’ referral rates to
hospice at the end of life (33,34), there is very little reported about patterns of referral to
palliative care across the trajectory of HCC.

In the bivariate and multivariable analyses, the laboratory values of the palliative care group
were consistent with a “sicker” population, with worse liver function: a higher MELD-Na
score is associated with higher odds of receiving palliative care. This is consistent with
literature showing that palliative care consultation for people with liver disease occurs
infrequently and late in the course of their illness (35,36). One exception was that ICU
admission was associated with lower frequency of palliative care consultation in the sample,
possibly as a result of those receiving curative treatments for early stage HCC. We did not
have the necessary data to stratify the sample by reason for ICU admission.

We found that palliative care receipt was more likely among patients receiving treatments for
advanced HCC. While there have been major advancements in HCC therapies over the last
few years, during the study period (2012-2016) sorafenib was the only systemic treatment
available for HCC and prognosis was limited (37). In our study, people who received
sorafenib were about 70% more likely to receive palliative care as those who did not, when
controlling for potential confounding variables. Those who have a history of liver
transplantation, which is available only to those with early stage disease, were about 70%
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less likely to receive a palliative care consultation when hospitalized than those who had not
had a transplant. Patients who were admitted to a surgical service in the hospital were 40%
less likely to receive palliative care than those who were not. Admission to a surgical service
may indicate earlier stage disease since therapies for early stage HCC are surgical in nature
(resection or transplantation) and those for advanced HCC are typically medical (systemic
treatment).

These results suggest that either those receiving potentially curative treatment like transplant
have less need, or less perceived need by treating clinicians, for palliative care services.
While little is known of current unmet HCC patient palliative care needs, there is evidence
that advanced and terminal stage HCC patients have significant unmet symptomatic and
advance care planning needs (23,24). Gastroenterologists and hepatologists also report
significant concern about patients having a negative perception of palliative care (38); which
may serve as a barrier to earlier referral.

Our study of hospital readmission rates is consistent with published studies showing that
palliative care consultations result in lower readmission rates (25,26). This is the first such
study in patients with HCC. In a recent randomized trial of early palliative care for people
with end-stage liver disease, Shinall and colleagues report a readmission hazard ratio of 0.36
(C10.16-0.83) (39). Additional research is needed to understand the mechanism of our
finding. As suggested by May and colleagues (40), we hypothesize that in a population with
heavy healthcare utilization patterns, even at the end of life (41), discussions of treatment
preferences have potential to reduce rates of healthcare use by aligning treatment plans with
patient goals and preferences.

This study has several limitations. First, palliative care referral in sicker HCC patients means
that the referral may coincide with higher risk of mortality. We have therefore matched the
sample as described, in order to make the two groups of subjects as similar as possible on
observed markers of illness status. We used a time to readmission model that accounted for
the competing risk of mortality and augmented mortality data in the electronic health record
with data from the Social Security Death Index, which includes additional data on out-of-
hospital deaths. While there may still be missing death data, we have taken measures to
balance the sample as well as possible to account for possible differential between the
groups.

Second, there may be unmeasured factors that may impact a person’s likelihood of receiving
a palliative care consultation. These include the care preferences and attitudes toward
palliative care held by patients, family caregivers, and primary treating clinicians. This
creates opportunity for collaboration between palliative care and HCC-treating clinicians, to
address concerns or misconceptions about the role of palliative care and reduce patient
suffering.

Third, care received outside of the study institution is not included in the study. However, we
do not anticipate that one group is more likely to receive care elsewhere, so healthcare usage
data from different health systems should not significantly affect estimates of the palliative
care treatment effect.
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Finally, the use of data from a single center is a potential threat to the generalizability of the
results. However, many HCC patients receive care at similar large academic medical centers
and larger studies suggest that palliative care delivery to HCC patients remains limited and
late in the course of disease. We believe our single-center results within the largest liver
cancer and hospital-based palliative care programs in the U.S. provide information that
justifies further, prospective studies to develop and test early palliative care interventions for
HCC patients and families.

In conclusion, our data suggest that hospitalized patients with HCC receive palliative care
consultations late in the course of their illness, and that those that do receive inpatient
palliative care may have lower hazard of readmission. Given our findings, and existing
clinical guidelines calling for the inclusion of palliative care in routine oncologic care (42),
we need more information about the nature of “upstream” needs of HCC patients across the
spectrum of HCC. Future work should address specific unmet needs of HCC patients and
their families, as well as modifiable barriers to palliative care referrals, like clinician
knowledge and attitudes about palliative care and lack of availability of palliative care
services. ldeally, clinical programs will increase palliative care availability and be tailored to
the specific needs of this growing population.
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Key Message:

Little is known about the timing and impact of specialty-level palliative care received by
people with hepatocellular carcinoma. This retrospective cohort study shows that HCC
patients with more advanced disease are more likely to receive inpatient palliative care,
and that inpatient palliative care consultation is associated with lower readmission
hazard.
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Figure 1.

The dataset was created using a clinical database of HCC patients (top-most box),
identifying those who were hospitalized (middle box), and merging with a palliative care
clinical database that identifies those seen by palliative care (bottom two boxes).
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Figure 2.
Cumulative incidence functions showing time to readmission after hospital discharge for a

cohort of HCC patient hospitalizations at a single academic center accounting for competing
risk of mortality; the height of the curve represents with a readmission at a given time in
days.
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Sample characteristics of hospitalized HCC patients who either did or did not receive inpatient palliative care
in the study sample. Significance was determined using #tests or Xz-tests as appropriate; significant p-values

(p<.05) are denoted with an asterisk.

Explanatory variable gl;)nli’gelllria(té\ge)Care (N=678) N (%) szgelti:t(igg )Care (N=133) N (%) or P-value
Age at first HCC visit (years) 62.5+10.6 61.1+9.27 0.16
Female sex 169 (24.9%) 31 (23.3%) 0.69
White, non-Hispanic 195 (28.8%) 47 (35.3%) 0.13
Married 420 (61.9%) 71 (53.4%) 0.06
English-speaking 536 (79.1%) 115 (86.5%) 0.05
Home address distance (miles) 33.4+149 25.5+94.6 0.56
Medicaid 217 (32.0%) 50 (37.6%) 0.55
Smokes tobacco 110 (16.2%) 22 (16.5%) 0.36
Active alcohol use 157 (23.2%) 35 (26.3%) 0.41
Alcoholic liver disease 73 (10.8%) 15 (11.3%) 0.86
Hepatitis B 183 (27.0%) 25 (18.8%) 0.05
Hepatitis C 343 (50.6%) 71 (53.4%) 0.56
Non-alcoholic steatohepatitis 53 (7.8%) 11 (8.3%) 0.86
Autoimmune liver disease 16 (2.4%) 3(2.3%) 0.94
Cryptogenic/unknown liver disease 38 (5.6%) 14 (10.5%) 0.04*
Charlson co-morbidity index > 2 171 (25.2%) 40 (30.1%) 0.22
Initial patient-reported pain score (0-10) 11+26 26+39 <0.01*
Hemoglobin (mg/dL) 12.3+20 11.7+23 <0.01*
Platelet count (1000/uL) 136 + 82 146 + 96 0.23
Serum sodium (mg/dL) 138+ 3.9 136 £4.4 <0.01*
Serum creatinine (mg/dL) 1.14+11 1.30+1.0 0.14
Serum total bilirubin (mg/dL) 1.82+3.0 3.91+6.0 <0.01*
Prothrombin time (s) 16.4+43 17.9+45 <0.01*
MELD-Na 13.2+6.5 17.8+8.2 <0.01*
Received rifaximin 79 (11.7%) 32 (24.1%) <0.01*
Received sorafenib 108 (15.9%) 33 (24.8%) 0.01*
Received embolization treatment (TACE/TARE) | 207 (30.5%) 25 (18.8%) <0.01*
History of liver transplantation 87 (12.8%) 7 (5.3%) 0.02*
Received mechanical ventilation 42 (6.2%) 16 (12.0%) 0.02*
Admitted to the ICU 287 (42.3%) 35 (26.3%) <0.01*
Admission on a surgical service 463 (68.3%) 54 (40.6%) <0.01*
Admission on a medical service 174 (25.7%) 70 (52.6%) <0.01*
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Odds ratios of palliative care consultation in a multivariable logistic regression model with inpatient palliative

care consultation at any time as the outcome variable; statistically significant findings are shown in bold.

Explanatory variable

Odds of receiving inpatient palliative

95% confidence interval

care
Female sex 1.04 0.60 - 1.68
Age at first visit to HCC practice 0.99 0.97-1.01
White, Non-Hispanic 1.28 0.80 - 2.06
Medicaid insurance 1.49 0.91-243
Hospitalized under a surgical service 0.60 0.38-0.94
Alcoholic liver disease 0.54 0.24-1.24
Hepatitis B 0.46 0.20-1.08
Hepatitis C 0.66 0.33-1.32
Non-alcoholic steatohepatitis (NASH) 0.72 0.28-1.86
History of liver transplantation 0.28 0.11-0.72
Received embolization therapy (TACE/®Y) 0.74 0.45-1.24
Received sorafenib 171 1.02-2.85
Received rifaximin 1.26 0.71-2.25
Charlson co-morbidity index 1.20 0.73-1.97
Patient-reported pain score (first on admission) 1.08 1.01-1.16
MELD-Na score (on admission) 1.08 1.05-1.11
Platelet count (on admission) 1.00 1.00-1.00
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