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Background—Management of hepatocellular carcinoma (HCC) often involves many

subspecialist providers, as well as a broad range of treatment options. This study sought to

evaluate referral and treatment patterns among patients with HCC at a large academic medical

center.

Methods—Data from our cancer registry between 2003–2011 were abstracted on 394 patients

who were primarily diagnosed/treated for HCC at Johns Hopkins Hospital (JHH); data on patients

who were diagnosed/treated with HCC elsewhere and who received secondary treatment at JHH

(n=391) were also abstracted for comparison purposes.

Results—Among the main cohort, the most common specialties to be consulted were surgery

(n=225, 57.1 %), gastroenterology (n=225, 57.1 %), and interventional radiologist (n=206, 52.3

%), while only 96 (24.4 %) were referred to medical oncology. Factors associated with surgical

consultation included younger age (odds ratio (OR) 3.35, 95 % CI 1.62–6.92), tumor size <5 cm

(OR 1.82, 1.09–3.02), and unilobar disease (OR 2.94, 1.31–6.59) (all P<0.05). Patients initially

diagnosed/treated elsewhere had larger tumors (4 vs. 6 cm), bilateral disease (19.2 vs. 26.8 %),

and were more likely to be seen by interventional radiology (all P<0.05)

Conclusions—Most patients were seen by surgeons, gastroenterologists, or interventional

radiologists, with only a minority being seen by medical oncologists. Referral patterns depended

on patient-level factors, as well as extent of disease.
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Introduction

Worldwide, hepatocellular carcinoma (HCC) represents 5 % of all cancers, with annual

cases exceeding 500,000.1 In the US, the incidence of HCC has been rising over the past

three decades and currently represents the fastest growing cause of cancer-related deaths

among men.2,3 Patients with HCC have a broad range of management options including

resection, ablation, transplantation, chemoembolization, systemic chemotherapy, as well as

the possible need for antiviral therapies for patients with hepatitis. As such, many patients

with HCC may benefit from seeing a wide scope of physician specialists. In fact, HCC

frequently requires multidisciplinary care involving expertise from specialists including

surgical oncologists, transplant surgeons, interventional radiologists, gastroenterologists,

hepatologists, radiation oncologists, and medical oncologists.4

To date, there has been a lack of comprehensive information on factors affecting referral to

specialists and subsequent receipt of treatment in patients with HCC. A recent survey-based

study of surgeons treating HCC revealed that choice of therapy for patients with early HCC

was influenced by both provider level factors, including practice type, patient volume, and

provider subspecialty.5 Other studies have suggested that nonclinical factors can also

significantly impact choice of therapy for HCC and account for some of the variation in

therapy choice across providers that are not accounted for by differences in tumor-specific

factors.6 Variation in choice of therapy and its relation to specialist referral is particularly

relevant to understanding patterns of care for patients with HCC. Unlike the management of
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many other malignancies, in which there is general consensus on treatment

recommendations, the National Comprehensive Cancer Network’s clinical practice

guidelines in oncology recommends an array of potential treatment options for both

resectable (e.g., ablation, resection, transplantation, etc.) and nonresectable (intraarterial

therapy (IAT), sorafenib, etc.) HCC.7 In fact, large geographic and institutional variations in

the treatment of HCC have been noted.8 The underlying relation of provider referral patterns

and treatment recommendations and choice of therapy for HCC, however, remains poorly

understood.

Understanding processes of care, as well as referral patterns, has been suggested as both a

means to standardize and optimize cancer care.9 Accordingly, studies aimed at defining the

pattern of care and the overall trajectory of medical and surgical care for patients with HCC

from the time of diagnosis through treatment may help provide insight into understanding

practice pattern variation. In turn, such studies may better elucidate some of the underlying

causes of heterogeneity in patient care around HCC. With this in mind, the current study

sought to evaluate the referral and treatment patterns among patients with HCC utilizing an

institution-based tumor registry.

Methods

Study Design

Data was abstracted from the Johns Hopkins Hospital (JHH) cancer registry for patients

diagnosed with liver cancer between the years 2003 and 2011. This registry contains data on

all cancer patients who were diagnosed at, treated at, or underwent some combination of

diagnostic workup or treatment at JHH. The registry is continually updated by trained

personnel according to the Commission on Cancer’s 2012 Facility Oncology Registry

Standards.10 Data from the registry are accessible by request from investigators at Johns

Hopkins Medical Institutions. The study protocol was approved by the Johns Hopkins

medicine institutional review board.

Data were abstracted on the 394 patients who were primarily diagnosed and treated at the

JHH; data on patients who were diagnosed and/or treated elsewhere and received secondary

consultation or treatment at JHH (n=391) were also abstracted for comparison purposes.

Patient identifiers provided within the registry data were used to access institutional medical

records for each patient in order to obtain variables that were not recorded in the registry,

including details of HCC staging and treatment, dates of specialist visits, and dates of

procedures.

Technical Information

Treatment referred to the cancer-directed therapy for HCC management during the course of

disease. Limited disease was defined by a previous validated algorithm11 and included

patients without any of the following: metastatic disease, tumors larger than 5 cm, nodal

metastasis, extrahepatic extension, and major vascular invasion. To summarize burden of

comorbid diseases, a modified Elixhauser classification system was used to calculate a
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single numeric score for patient comorbidities.12 Those with a modified Elixhauser score at

the 75th percentile or greater were defined as having a high comorbidity burden.

Patients were considered to have consulted a specialist if medical record documentation of a

provider visit was present on or subsequent to the date of diagnosis. Surgeon consultation

included general surgeons, surgical oncologists, and transplant surgeons. Visits to a

gastroenterologist were recorded only if relevant to liver pathology. Other specialties

recorded were interventional radiology, medical oncology, and radiation oncology. The

order of specialists seen, from first to fifth, was recorded; however, we did not distinguish

the order of multiple consultations on a single day. Time to specialist visit and time to

treatment were measured in days from the recorded date of diagnosis. Type of IAT and

associated IAT–chemotherapy regimens were recorded from procedure notes.

Statistical Analysis

Data were organized via summary statistics using medians and percentages as appropriate

with corresponding interquartile range (IQR) or as frequency distributions for continuous

and categorical variables, respectively. Rates of consultation and treatments were

determined for the whole cohort of abstracted patients, as well as for subgroups determined

by whether initial HCC diagnosis was made at JHH versus an outside hospital. Differences

in patient, demographic, and disease-related characteristics were assessed with the chi-

square test and the Wilcoxon rank sum test, as appropriate. Logistic regression was used to

evaluate the association of multiple variables on referral and receipt of treatment.

Association of patient survival and other variables were analyzed using Cox regression

analysis and reported as hazard ratios (HR) and corresponding 95 % confidence intervals (95

% CI). Statistical analysis was performed using SAS version 9.3 software (SAS Institute,

Cary, NC). A P value of less than 0.05 was considered to be statistically significant, and all

P values were two-sided.

Results

Patient Characteristics

Characteristics and demographics of the study cohort are shown in Table 1. Among the 394

patients who were primarily diagnosed and treated at the JHH, the majority was male

(n=306, 77.7 %), and median age at diagnosis was 57 years (IQR 52–65 years). The most

common race in the cohort was white (n=235, 59.6 %). Local patients (living in Delaware,

Maryland, Pennsylvania, Virginia, or District of Columbia) comprised the majority of cases

(n=367, 93.2 %). Married patients (n=227, 57.6 %) were more common than single,

divorced, or widowed patients. The cohort exhibited a high prevalence of history of tobacco

use (n=254, 64.5 %) and history of alcohol use (n=228, 57.9 %). The annual number of

patients who were primarily diagnosed and treated at the Johns Hopkins Hospital was 44;

there was a trend toward an increasing number of new HCC cases per year over the study

period (2003–2005, 31/year vs. 2005–2006, 44/year vs. 2007–2008, 44/year vs. 2009–2011,

52/year; P<0.05 for trend).
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Most patients had one or more comorbidities documented (n=258, 65.5 %) and a high

comorbidity burden (n=181, 45.9 %) as represented by a modified Elixhauser comorbidity

score of 11 or greater. Liver-related comorbidities were common, with viral hepatitis present

in 186 (47.2 %) and cirrhosis in 144 (36.5 %) patients. Roughly one half of patients had

early stage HCC disease (n=210, 53.2 %). Patients with advanced disease had metastatic

disease (n=37, 20.1 %), tumors larger than 5 cm (n=147, 80.8 %), nodal metastasis (n=44,

23.9 %), and extrahepatic extension (n=44, 23.9 %).

Compared with patients who were initially diagnosed and managed at JHH (n=394), patients

who were initially diagnosed and/or treated at an outside hospital and only subsequently

referred to JHH (n=391) had a number of different clinical and tumor-specific characteristics

(Table 1). Specifically, patients diagnosed elsewhere were older (median age, 57 vs. 62

years) and were more likely to be White (59.6 vs. 68.0 %) (both P<0.05). Patients initially

diagnosed and/or treated elsewhere were also more likely to have advanced disease (46.7 vs.

68.3 %), larger tumors (4 vs. 6 cm), bilateral disease (19.2 vs. 26.8 %), and multifocal

disease (28.2 vs. 40.4 %) (all P<0.05).

Referral Patterns

Patient consultations with provider specialists are shown in Table 2. Among the 394 patients

who were primarily diagnosed and treated at JHH, the most common specialties to be

consulted following diagnosis were surgery (n=225, 57.1 %) and gastroenterology (n=225,

57.1 %). While over half of patients saw an interventional radiologist (n=206, 52.3 %), only

96 (24.4 %) were referred to medical oncology. Eighty-three patients (21.1 %) saw one

specialist, 151 (38.3 %) saw two specialists, 93 (23.6 %) saw three specialists, 22 (5.6 %)

saw four specialists, and 5 (1.3 %) saw all five specialists. Among patients who saw

multiple specialists, the most common combination was surgery and interventional

radiology (13.7 %). For patients who saw multiple specialists, the average time between the

first and second consultation with any specialist was 98 days (range, 0 to 1,167 days;

median, 64 days). The order in which patients were seen by the different specialists is shown

in Fig. 1. Of note, surgeons, interventional radiologists, and gastroenterologists were more

likely to be the first and second specialists consulted, whereas medical oncologists and

radiation oncologists were more likely to be consulted later in the patient’s clinical course

(e.g., fourth and fifth specialists). Compared with patients who were initially diagnosed and

managed at JHH, patients initially diagnosed and/or treated elsewhere had different patterns

of care (Table 2). Specifically, patients initially diagnosed and/or treated at an outside

hospital were more likely to have a consult with an interventional radiologist (52.3 vs. 79.8

%) and were less likely to have a consult with a gastroenterologist (57.1 vs. 43.4 %), when

seen at JHH (both P<0.05).

Several factors were associated with consultation patterns (Table 3). Among the 210 patients

categorized with early-stage disease, a lower proportion was seen by an interventional

radiologist (47.2 %), while a higher proportion saw a surgeon (73.3 %). Proportionally,

patients who were younger and who had smaller tumor diameter were more likely to see a

surgeon compared with a medical oncologist. In contrast, more patients with advanced

disease were referred to interventional radiology (58.2 %) or best supportive care (21.7 %).
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On further analysis, several factors were noted to be associated with the odds of referral to a

specific specialist (Table 4). Surgical consultation was more common among younger

patients (age 50–55 year old, odds ratio (OR)=3.35, 95 % CI 1/62–6.92 vs. >66 years)

(P=0.01). While younger age was also associated with a higher likelihood of referral to

interventional radiology, older patients seemed to be more commonly referred to medical

oncology or best supportive care. One of the factors most strongly associated with referral

pattern was extent of disease. Patients with tumors <5 cm (OR=1.82, 95 % CI 1.09–3.02)

and unilateral disease (OR=2.94, 95 % CI 1.31–6.59) were more likely to be seen by a

surgeon than patients with more advanced disease (all P<0.05). Among those patients with

early stage disease, 56 (26.7 %) were never referred to a surgeon; most of these patients had

a significant comorbidity burden (n=40, 71.4 %). In contrast, patients with multifocal

disease (OR=2.37, 95 % CI 1.17–4.78) and those with bilobar disease (OR 2.60, 95 % CI

1.19–5.67) were more likely to be seen by interventional radiology (both P<0.05). The

proportion of patients with a high comorbidity burden who were referred to surgery was

higher than interventional radiology (56.9 vs. 49.7 %; P=0.01).

Patterns of Treatment and Long-term Outcome

Among the 394 patients who were primarily diagnosed and treated at the JHH, the most

common type of HCC treatment was surgery (n=166, 42.1 %) (index procedure, n=154 vs.

secondary procedure, n=12). Among the 154 patients undergoing surgery as the index

procedure, 93 underwent transplantation, while 61 underwent resection. IAT was performed

in 148 (37.6 %) patients as the index treatment modality, with the number of IAT procedures

ranging from 1 to 9. Among patients who underwent IAT, 59 (39.9 %) had multifocal

disease. Of those receiving IAT, the median number of treatments was 2. Median time to

first IAT was 36 days. Of all IAT procedures performed in the cohort (n=440), most utilized

a combination of cisplatin, doxorubicin, and mitomycinc (n=262, 59.5 %) or doxorubicin-

eluding beads (n=160, 36.4 %). Seventy-five (19 %) patients received supportive care only.

Of note, in contrast with patients who were initially diagnosed and managed at JHH, patients

who were initially diagnosed and/or treated at an outside hospital and only subsequently

referred to JHH were more likely to undergo IAT (6.2 vs. 37.6 %) and less likely to undergo

surgery (24.1 vs. 39.1 %).

Consultation patterns of patients seeing certain specialists partly explained treatment choices

among patients (Table 3). Patients who had a single tumor were over 3-fold more likely to

undergo surgery following consultation with a surgeon as compared to those with multifocal

disease (OR 3.45, 95 % CI 1.20–9.93). Race also impacted receipt of surgical therapy, as

white patients had higher rates of surgery compared with patients of all other races on

multivariate analysis (P=0.04). Similarly, female patients were also more likely to receive

surgery after consultation with a surgeon (OR 2.26, 95 % CI 1.04–4.94; P=0.04). Tumor

diameter ≥5 cm and multifocal disease had the biggest effect on likelihood of receipt of IAT

(both P<0.05).

Overall survival was 14.2 months (95 % CI 11.2–19.2 months). Survival among patients

undergoing resection or transplantation was 47.0 months (95 % CI 35.0–89.2 months).

Tumor-specific factors were the strongest predictors of survival. On univariate analyses,
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tumor size, number, and the presence of vascular invasion all impacted long-term outcome.

Specifically, among patients undergoing resection or transplantation, patients with multiple

tumors (HR 1.76, 95 % CI 1.02–3.00) had an increased risk of death (all P<0.05). Following

IAT, overall survival was 11.0 months (95 % CI 8.8–13.2 months), and similar factors were

associated with outcome. In particular, patients with large tumors (HR 2.19, 95 % CI 1.48–

3.25) and those with multifocal disease (HR 1.77, 95 % CI 1.20–2.63) had worse long-term

outcomes (both P<0.05). Other covariates such as sex, race, and cirrhosis did not influence

survival (all P>0.05) (Table 5).

Discussion

Understanding referral patterns of patients to cancer specialists may have important

implications for utilization of health care resources, optimization of clinical outcomes, and

reduction of unwarranted variation. Unfortunately, knowledge of referral patterns for

specialty care is uncommon. In one study, Haymart et al. examined the referral patterns for

patients with high risk thyroid cancer, while in a separate study, Mandl reported on who

should be referred for total hip and knee replacements.13–17 Surprisingly, little data have

been reported on the referral patterns among patients with cancer. Patients with cancer

frequently benefit from a multi-disciplinary approach with physician input from a range of

providers including surgery, medical oncology, and radiation oncology, among others. The

case for multidisciplinary care is even more pronounced for patients with HCC.18 Treatment

of HCC often includes possible surgical, intraarterial, and systemic options. As such,

patients often benefit from being seen by various providers. Despite this, some studies have

suggested that up to 20–50 % of patients—even with early stage disease—receive no

therapy for HCC.11,19 The current study is important because we define the referral and

treatment patterns among patients with HCC utilizing an institution-based tumor registry at a

major cancer center. We found that over one half of patients had consultation with surgery

and/or interventional radiology, while only about 25 % had a referral to medical oncology.

Of note, although patients with early stage disease were more likely to be referred to

surgery, about one quarter never was referred to a surgeon. Understanding variations in

patient care, referral patterns, and utilization of physician services is important and can help

ensure optimal delivery of care. In the current study, we noted that up to one quarter of

patients with early HCC did not get referred to a surgeon. Previous work from our group

using population-based SEER data had similarly suggested that there is a significant missed

opportunity to improve survival of patients with early HCC through the use of surgical

therapy.11 The data in the current study are important not only to surgeons, but also other

health care providers/referring doctors who care for patients with HCC. The data elucidate

current referral patterns, while highlighting which factors are associated with referral and

receipt of therapy for HCC.

A particular strength of the current study was the use of our institution-based tumor registry.

The use of registries has been highlighted as an important tool for monitoring and improving

health care delivery through several means, including studies on the patterns of care.20

Tumor registries allow for more accurate data collection and management, as the registry is

continually updated by trained personnel according to the Commission on Cancer’s 2012

Facility Oncology Registry Standards.21 Unlike some traditional department-based

Stacy et al. Page 7

J Gastrointest Surg. Author manuscript; available in PMC 2014 September 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



databases that are procedure based (e.g., surgery, IAT, etc.), the cancer registry allowed us

to survey all HCC cases across the institution, independent of which provider saw the

patient. In addition to the cancer registry data, we also augmented the data with re-review of

the medical records. Previous studies have demonstrated the importance and usefulness of

registry studies to examine provider practices.22 As such, we were able to analyze a

comprehensive and truly representative population of HCC patients seen at our institution.

In turn, we were able to explore patterns of care and elucidate provider-specific consultation

patterns across the continuum of care in a “real-world” cancer center setting.

Among patients who were primarily diagnosed and treated at the JHH, the overall

distribution of referrals among the various specialists was predominantly surgery (57.1 %),

gastroenterology (57.1 %), and interventional radiologist (52.3 %). Perhaps not surprisingly,

one of the factors that impacted referral to a surgeon the most was stage of disease (Table 3).

In fact, patients with early stage of disease were more often seen by a surgeon, as surgical

consultation was roughly 2-fold more likely among patients with a small, unilateral HCC.

Interestingly, however, up to one quarter of patients with early stage disease never saw a

surgeon. While the reason for this is undoubtedly multifactorial, it was probably due in part

to the fact that this subset of patients with early HCC had a significant comorbidity burden

and may have been deemed not appropriate for surgical consideration based on medical

factors. When examining patients with advanced disease, these individuals were more likely

to be seen by interventional radiology. Both the presence of multi-focal tumors and bilobar

disease were associated with over a 2-fold higher referral rate to interventional radiology

compared with another subspecialty. In fact, 58.2 % of patients with advanced disease were

seen by an interventional radiologist at some point in their care compared with only 33.2 %

for medical oncology. In looking at the overall pattern of referral, of particular interest was

the high number of patients who saw multiple providers (78.9 %), with many patients seeing

two (38.3 %) or three (23.6 %) specialists. Within the last few years, the Johns Hopkins

Liver Tumor Center established a single-day multidisciplinary clinic in response to this need

of patients to be seen by a range of specialists.18 The multidisciplinary liver clinic has had a

significant impact on management of patients with liver tumors, resulting in alternations to

imaging and pathology interpretation, diagnosis, and the management plan in a subset of

patients.18

Differences in referral patterns were noted for both age and race. In contrast to using claims

data such as Medicare, we were able to include patients of all ages with HCC. Interestingly,

the most common age group of HCC diagnosis in the present cohort was 51–55 years, and

74 % of patients were <65 at the time of diagnosis. We noted that patients ≤ 50 years old

were more likely to either see a surgeon or have surgery than those older than 65 years.

Some of these differences could be explained by the fact that few patients ≤ 50 years old

(34.5 %) had significant medical comorbidities compared with patients older than 65 years

of age (56.2 %). Prior research has noted that older patient age has a negative impact on

likelihood that patients will receive the standard of care in cancer.23 Moreover, in a separate

study of HCC among older patients, other authors noted an underutilization of curative

intent therapy.24 Significant differences in referral patterns were also noted based on race.

Black patients were less likely to be seen by a surgeon. In addition, among those seen by a

surgeon, race also impacted receipt of surgical therapy, as white patients had higher rates of
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surgery compared with patients of all other races on multivariate analysis (P=0.04). Racial

disparities have previously been well-documented in the use of various cancer screening

programs and therapies.25–28 In fact, in their study examining referral patterns and therapy

choices among patients with esophageal cancer, Steyerberg et al. similarly noted that both

age and race were significant factors that impacted disparities in treatment and outcome.15

The reasons underlying racial disparities among cancer patients remain poorly defined, but

are undoubtedly multifactorial and related to differences in medical access, stage at

presentation, as well as complex social and economic factors.

The current study had several limitations. We were unable to collect and analyze data on

provider-level factors. Previous data have suggested that provider specific characteristics,

such as years in practice and sex, can influence care patterns.13,14 Data on the types, dosing,

and timing of system chemotherapy were also difficult to ascertain. Given the level of

heterogeneity around systemic chemotherapy, we were not able to comment on

chemotherapy details. The current study also did not take into account patient preferences

regarding referral with a specialist and subsequent treatment. Patient preferences are

difficult, if not impossible, to determine in a retrospective analysis and therefore were not

included. Finally, the current study focused on referral patterns of patients who were able to

gain access to our health care system. As noted, compared with patients who were initially

diagnosed and managed at JHH, patients who were initially diagnosed and/or treated at an

outside hospital and only subsequently referred to JHH had different clinical and tumor-

specific characteristics, as well as referral patterns. Data from the current study cannot be

extrapolated to the population at large, as many of these patients may not have access to a

high volume quaternary hepatopancreato-biliary cancer center.

In conclusion, specific patient and disease characteristics dictated patterns of care in HCC

cancer management. Most patients were seen by surgeons, gastroenterologists, or

interventional radiologists, with only a minority being seen by medical oncologists. Referral

patterns for patients with HCC depended not only on the extent of disease but also on

demographic factors including age and race. Given that specialist consultation and

subsequent receipt of treatment has been correlated in other cancer types,29,30 data on

referral patterns from the current study may help explain some variations in treatment

among patients with HCC.
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Fig. 1.
Percentage of specialist consultations representing the first through fifth referral for each patient, by specialist type
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Table 1

Comparison of patient characteristics based on diagnosis at JHH versus elsewhere

Diagnosis at JHH (n=394) Diagnosis elsewhere (n=391) P value

Demographic characteristics

 Age at diagnosis, years, median (IQR) 57 (52–65) 62 (55–71) <0.001

 Male gender 306 298 0.63

 Race

  White 235 266 <0.001

  Black 128 74

  Asian 27 43

  Other/unknown 4 8

 Marital status

  Married 227 264 0.06

  Single, never married 86 68

  Divorced or separated 45 30

  Widowed 23 21

  Unknown 13 8

Clinical characteristics

  Any history of tobacco use 254 241 0.02

  Any history of alcohol use 228 236 0.37

Comorbidities

 Hepatitis

  HCV infection 138 104 0.04

  HBV infection 38 38

  Other or unspecified hepatitis 22 12

 Cirrhosis

  Alcoholic cirrhosis 43 38 0.85

  Nonalcoholic cirrhosis 101 102

 Ascites 10 13 0.51

Cancer characteristics

 Staging

  Nodal disease 44 62 0.05

  Extrahepatic disease 44 58 0.13

  Metastatic disease 37 53 0.07

 Multiple tumor foci 111 158 <0.001

 Bilobar disease 76 102 0.02

 Size ≥ 5 cm 146 238 <0.001

 Limited/potentially curable disease 210 124 <0.001
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Table 2

Comparison of consultations and treatment based on diagnosis at JHH versus elsewhere

Diagnosis at JHH (n=394) Diagnosis elsewhere (n=391) P value

Types of specialists consulted following diagnosis

 Seen by surgeon 225 214 0.50

 Seen by interventional radiologist 206 312 <0.001

 Seen by medical oncologist 96 105 0.42

 Seen by radiation oncologist 26 36 0.18

 Seen by gastroenterologist 225 171 <0.001

Treatment

 Surgery

  Transplant 93 34 <0.001

  Lobectomy 20 23

  Wedge or segmental resection 41 37

 Other treatment

  nterventional radiology (IAT, TACE, TAE) 148 261 <0.001

  Percutaneous ablation 7 8

  Radiation 3 0

  Supportive care only 75 20
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Table 5

Hazard ratios from survival analysis among patients primarily diagnosed and treated at JHH (n=394)

HR univariate HR adjusted HR adjusted for Tx

≤50 0.65 (0.44–0.96) 0.64 (0.43–0.95) 0.64 (0.42–0.98)

51–55 0.85 (0.59–1.21) 0.83 (0.57–1.19) 0.75 (0.51–1.12)

56–60 1.01 (0.70–1.45) 0.99 (0.68–1.43) 0.94 (0.64–1.39)

61–65 0.81 (0.55–1.21) 0.88 (0.59–1.31) 0.89 (0.59–1.35)

≥66 Reference Reference Reference

Male sex 1.68 (1.22–2.31) 1.38 (0.99–1.93) 1.11 (0.79–1.56)

White race 0.79 (0.61–1.01) 0.80 (0.62–1.03) 0.97 (0.75–1.27)

Cirrhosis 1.26 (0.98–1.62) 1.26 (0.97–1.64) 1.23 (0.94–1.61)

Multiple tumors 2.19 (1.68–2.84) 1.31 (0.89–1.92) 1.25 (0.87–1.80)

Bilobar disease 2.63 (1.98–3.50) 1.41 (0.93–2.14) 0.97 (0.65–1.44)

Node positive disease 2.74 (1.93–3.90) 2.00 (1.39–2.90) 1.26 (0.84–1.88)

Size ≥5 cm 1.98 (1.54–2.54) 1.63 (1.23–2.16) 1.66 (1.23–2.23)
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