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Abstract

Fuhrman Grade is Associated with Radiological Features in Patients with Renal Cell
Carcinoma

By Caroline Tai

Background

Tumor grade is an important determinant of RCC prognosis that can influence
treatment decisions; it is typically measured using the Fuhrman grading scale,
originally introduced in 1982. Identifying factors that could be used to predict
Fuhrman Grade (FG) without biopsy prior to surgery would be valuable and
would avoid the challenges involved with renal mass biopsies.

Objective
We aim to use these data to evaluate the association between radiological feature
scores and FG, while considering other clinical variables.

Methods

The present study is based on 171 renal masses from 171 patients at Emory
University between 2006 and 2010. Fuhrman grade was dichotomized into a two-
tiered grading system, low (FG I and II) versus high (FG III and IV) since
adjacent tumor grades share similar prognosis. Radiological features for each
patient were evaluated as score sums calculated by adding up the scores given
by four readers. The range across the scores for each kidney mass was also
calculated as a measure of agreement or disagreement among the readers.

Results

In unadjusted analyses, Overall Aggressiveness Rating (OAR) (p<0.0001),
Contour (p<0.0001), Venous Invasion (p=0.0076), Regional Lymph Node
Involvement (p<0.0001), Tumor Necrosis (p=0.0004), Tumor Consistency
(p=0.0031), Hilar Status (p=0.0022), and Collateral Vascularity (p<0.0001) were all
significantly associated with high tumor grade. OAR score sum was significantly
associated with high FG (p=0.0029) while controlling for age, sex, tumor size, and
disagreement (OAR score range).

Conclusions
This study confirmed the association between FG and radiological features such
as OAR, indicating that there may be predictive value in radiological features.
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Background

Incidence of kidney and renal pelvis cancers has been increasing each year
for the past few decades. In 2011, 60,920 cases of this malignancy were estimated
to occur in the United States, with an estimated 13,120 deaths (23). Kidney
cancers are a heterogeneous group that includes renal cell carcinoma (RCC),
renal pelvis carcinoma, and Wilms tumor. The most common of those is RCC,
which arises in the renal parenchyma and accounts for 92% of all incident kidney
cancer cases (23). Additionally, within RCC there are several histologic subtypes;
the five most common include clear cell, papillary, chromophobe, hereditary,
and multilocular cystic (21). Most kidney cancers including RCC are treated with
surgical resection that involves removal of a part or the entire kidney (partial or
radical nephrectomy). The economic burden of this malignancy has been
estimated to be $4.4 billion based on SEER-Medicare data (16). Currently,
screening is not conducted for kidney cancer in the general population and it is
typically found incidentally on imaging by computerized tomography (CT) or
ultrasound conducted for other indications such as abdominal pain, gynecologic
issues, or gastrointestinal problems (18). After incidental discovery, additional

CT scans are taken to characterize renal tumors in more detail.

Tumor grade is an important determinant of RCC prognosis that can

influence treatment decisions, it is usually measured using the Fuhrman grading
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scale, originally introduced in 1982 (6, 9). Fuhrman grade (FG) has been shown
in numerous studies to be one of the most significant predictors of survival and
is currently the most widely accepted grading system for RCC in clinical practice
(25). FG is organized into four grades (I, I, III, and IV) and is based on nuclear
characteristics including nuclear size, nuclear pleomporphism, and nucleolar
prominence (20). Predicted 5-year survival for RCC ranges from 91% to 32%, for
FG I and FG 1V respectively (3). After imaging by CT or ultrasound, many
patients undergo renal mass biopsy (RMB) to obtain tissue samples for histologic
processing which is then used to determine FG before considering treatment
options and prognosis. However due to concerns about biopsy failure rates,
reported to be as high as 37% for fine needle biopsy or because of the likelihood
of indeterminate pathology, shown to be as high as 36%, only 30-67% of patients
undergo RMB (13,17,24). Alternatively FG may be determined post-operatively
using tissue samples obtained from nephrectomy; in these cases, FG is not
considered before surgery is performed. FG and Classification of Malignant
Tumors (TNM) staging are the strongest independent prognostic factors for

localized RCC, thus FG is important to consider prior to surgery.

Identifying factors that could be used to predict FG without biopsy prior
to surgery would be valuable and would avoid the challenges involved with
RMB. Jeldres et al. 2009 developed a prediction model for FG that incorporated

age, gender, tumor size and symptom classification (asymptomatic, local, and
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systemic) that yielded an ROC curve with 58.3% area under the curve. Other
areas of oncology use imaging studies characteristics to predict histologic
features of the tumors, including grade. For example, Khalid et al. 2012
proposed incorporating three imaging characteristics, contrast enhancement,
calcification, and apparent diffusion coefficient, into a model for tumor grade
prediction in oligodendrogliomas of the brain. Only one study has attempted to
develop a FG prediction model using anatomic features from imaging; Kutikov
et al 2011 developed a nomogram which incorporated radiographic features
using the RENAL Nephrometry Score (Radius, Exophytic properties, Nearness
of tumor to collecting system or sinus, Anterior/posterior, Location relative to
the polar lines) in the prediction of high FG (12). This nomogram was developed
in a patient population from the Fox Chase Cancer Center in Philadelphia, PA,
and was later validated in a Chinese patient cohort from Fudan University

Shanghai Cancer Center by Wang et al 2012.

The present study is based on our experience with 171 patients evaluated
for renal masses at Emory University between 2006 and 2010. We aim to use
these data to evaluate the association between radiological feature scores and FG,

while considering other clinical variables.



Page 4

Methods

Patient Cohort

Data collection and analysis protocols were approved by the Emory
Institutional Review Board for human subjects’ research. Pathology and
laboratory information on patients who have undergone radical or partial
nephrectomy was obtained from the patient records maintained by the
Department of Urology at Emory Healthcare in Atlanta, GA. Each renal mass
was viewed as a separate observation and was included in the current analysis
based on the availability of a pre-operative contrast-enhanced CT imaging study,
renal masses with only non-contrast CTs were excluded. Each renal mass was
considered eligible for inclusion only if the radiographic assessment was
accompanied with a subsequent post-operative pathology report with a
documented FG. This yielded 196 patients with 205 renal masses. A total of 25
renal masses had not been assigned a grade and were excluded. For instances in
which multiple renal masses were identified for a single patient, only the first
incident renal mass was included. The final analytic dataset included 171 renal

masses from 171 patients.

Clinical Variables

Clinically relevant variables abstracted from medical records included age
at surgery, race, gender, smoking status (yes/no), statin use (yes/no), body mass

index (BMI), blood pressure, number of medications used prior to surgery,
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tumor histology subtype, and mass size and laterality. Laboratory measures
included serum creatinine, blood urea nitrogen (BUN), concentrations of
hemoglobin, albumin and C-reactive protein (CRP), white blood cell and platelet
counts, and erythrocyte sedimentation rate (ESR). When multiple laboratory
measures were available, the most recent measurement taken prior to the surgery
date was recorded. Tumor grade was assigned by the attending physician using

criteria described in Fuhrman et al 1982.

Radiological Features

Following a literature review and discussion, a research committee of
three urologists (readers B, C, D) and a radiologist (reader A) experienced in
urogenital imaging selected eleven radiological features that could be considered
predictive of biological kidney tumor behavior (Table 1). The same clinicians also
served as the readers, each assigning a score for every radiological feature after
viewing the images on the same size screen. CT imaging was evaluated
independently for each renal mass and all readers were blinded to each patient’s

clinical history and pathological findings.

Overall Aggressiveness Rating (OAR) was the readers’ initial perception
of aggressiveness. The scores for OAR were assigned as follows: 0 indicated a
non-aggressive mass that is likely to be benign, 1 indicated a minimally
aggressive mass believed to be malignant, and 2 indicated the mass was

aggressive and prognosis for survival would be poor. Contrast enhancement was
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assigned 0 if the renal mass was less dense than the parenchyma, 1 if the renal
mass had the same density as the parenchyma, and 2 if the renal mass was
denser than the parenchyma. Contour described the borders of the mass where 0
indicated a well-circumscribed or round shape, 1 indicated that readers had
some difficulty defining the border or the mass appeared lobulated, and 2
indicated that readers were unable to define borders or the mass was ill-

marginated.

Venous invasion was assigned 0 if there was no venous involvement, 1 for
segmental or renal vein involvement, and 2 for inferior vena cava involvement.
Regional Lymph node involvement evaluated from both the axial and coronal
views was assigned 0 if there was no lymph node involvement, 1 if the involved
lymph nodes were likely to be benign because regional nodes were less than 1
cm or there was mild enhancement of involved nodes or if relatively few lymph
nodes were involved, and 2 if involved nodes were likely malignant because
regional nodes were greater than 1 cm or there was significant enhancement of
involved nodes or there was involvement of a relatively significant number of
lymph nodes. Perilesional fat stranding which compared the affected kidney to
the healthy kidney was assigned 0 if there was no stranding or that the stranding
was similar in both kidneys, 1 if there was moderate disproportionate stranding,

and 2 if there was severe disproportionate stranding.
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Tumor necrosis was assigned 0 if there was no necrosis, 1 for mild
necrosis defined as less than 25% of the tumor volume , and 2 for severe necrosis
defined as greater than 25% of the tumor volume. Tumor consistency was the
only binary radiological feature where a mass was identified as cystic or
multicystic (0) or solid (1). The location of the tumor mass was assigned 0 if
exophytic defined as <25% of the mass located within the kidney, 1 if mesophytic
defined as between 25 -75% of the mass located within the kidney, and 2 if
endophytic defined as >75% of the mass located within the kidney. Hilar status
was assigned 0 if non-hilar, 1 if near the hilum defined as <25% of the tumor
mass located within the hilar box, and 2 if the mass was hilar defined as > 25% of
the tumor located within the hilar box. The hilar box is shown in Figure 1.
Collateral vascularity was described as severe (2), mild (1), or no (0) collateral
vasculature development. Tumor size was determined by the largest tumor

diameter (cm) on CT imaging.

Statistical Methods

Fuhrman grade was dichotomized as low (FG I and II) versus high (FG III
and IV) since adjacent tumor grades share similar prognosis and the two-tiered
grading system has been used in previous studies (1, 16, 2, 6). Age was divided
into 20-year intervals: 30-49, 50-69, and 80-89. Race/ ethnicity was categorized as
non-Hispanic White (NHW) versus other. Unadjusted analyses compared low-

grade to high-grade renal masses with respect to patient’s age at surgery, race,



Page 8

gender, smoking status, statin use, BMI, number of medications used, blood
pressure, and tumor laterality, histology, and size. These unadjusted
comparisons were accompanied by chi-square tests for categorical variables and
Student’s t-tests for continuous variables. Additionally Student’s t-tests were
used to compare the distributions of laboratory measures between the

dichotomized grade categories.

Inter-rater agreement for each radiological parameter under study was
evaluated using a mean weighted kappa (x) statistic (4, 8). A x statistic was
calculated for each possible pair of raters and the mean was taken for all pairs;
this method is described in Conger 1980. Interpretation of the x statistic was
based on cutoffs reported in previous studies where x values of 0.00-0.20, 0.21-
0.45, 0.46-0.75, 0.76-0.99 and 1.0 were considered as showing fair, moderate,
substantial, almost perfect and perfect agreement, respectively (16, 19, 1). To
investigate whether a single reader affected the overall score, each reader’s
assigned points were removed, and weighted kappa statistics were recalculated
with the remaining three readers; this was repeated for every radiological
feature. A Spearman rank-correlation matrix was constructed to describe the

relation between paired radiological features.

To assess the relation between radiological parameters and tumor grade,
the sum of four scores for each radiological feature was calculated to obtain a

single value. Values for these score sums ranged from 0 (when all four readers
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assigned 0 points) to 8 (when all readers assigned 2 points). This 0-8 range
applied to all radiographic parameters with the exception of the binary (0 vs. 1)
measure, Tumor Consistency, which ranged from 0 to 4. It is important to note
that a score sum in the middle of the possible range could represent different
combinations of individual scores; for example, a score of 4 could be the results
of each reader assigning 1 pointor1, 1, 1, 1 versus 1,1,0,2 versus 0, 0, 2, 2. For this
reason the range across the four scores for each kidney mass was also calculated

for each parameter as a measure of agreement among the readers.

Once each kidney mass underwent evaluation and scoring by all four
readers the distributions of summary scores were compared in high and low
grade tumors using chi-square, Fisher’s exact or Fisher Freeman Halton tests, as
appropriate. Multivariate logistic regression analysis included age, gender,
tumor size, and OAR (score sum and range). The variables age, gender and
tumor size have been consistently reported in previous studies to be associated
with high FG (15, 10, 12, 26). The addition of OAR score range is to control for
disagreement among readers. Lane et al. found smoking status to be associated
with FG, therefore this variable was also added to the model. The likelihood ratio
X? statistic was calculated for all models. All statistical analyses were performed
with SAS statistical software, version 9.3 (SAS institute Inc, Cary, NC). All tests

were defined as significant based on the two-sided a-error cutoff of 0.05.
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Results

Descriptive statistics and unadjusted analyses comparing high- and low-
grade tumors are shown in Table 1. About half of the 171 tumors (n=87) were
considered low-grade; of those, 7 tumors were assigned FG I and 80 tumors were
assigned FG II. Among the 89 high-grade tumors, FG III and FG IV were

assigned to 65 and 19 tumors, respectively.

Overall, more patients fell in the age group 50-69 yrs (55.6%) than in 30-49
yrs (19.3%) or 70-89 yrs (25.1%) and this distribution was similar between low
and high grade. Out of 157 patients, there were 60 patients of white race with
high grade and 56 patients with low grade but this difference did not reach
statistical significance. The majority of patients classified as other race were of
black race (n=18 with low grade, 16 with high grade) the other races included
Asian (n=2 with low grade, 1 with high grade), Hispanic (n=1 with low grade, 0
with high grade) and other (n=2 in low grade, 1 in high grade). In this cohort, 111
patients were male (64.9%), 80 were smokers (46.8%) and the distribution of clear
cell (74.9%), papillary (17.0%) and other (8.2%) subtypes was similar between
low and high grade (p=0.7158). Patients classified as other subtype included 5
with chromophobe subtype, 1 of multilocular cystic subtype, 1 of sarcomatoid, 3
of clear-cell papillary subtype, and 4 renal masses had subtypes not otherwise

specified. Mean BMI was similar in low grade patients (30.0 kg/m?) compared to
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high grade patients (28.6 kg/m?). Mean systolic blood pressure was similar in
both groups (133 mmHg in low grade, 131 mmHg in high grade) while mean
diastolic blood pressure was slightly elevated in low grade (76 mmHg) compared
to high grade patients (73 mmHg) but this was not a statistically significant
difference. For the univariate analyses in Table 1, only mean tumor size was
significantly associated with high grade (p<0.001). Laboratory measures are
summarized in Table 2. Mean hemoglobin (p=0.0003), albumin (p=0.0243), CRP
(p=0.0020), and ESR (p=0.0031) were all associated with high tumor grade in
univariate analyses. There were notable numbers of patients with missing values
for CRP (n=49) and ESR (n=50) since these are not part of the standard laboratory

panel.

Table 3 summarizes the score sums for each radiological feature. In
unadjusted analyses, OAR (p<0.0001), Contour (p<0.0001), Venous Invasion
(p=0.0076), Regional Lymph Node Involvement (p<0.0001), Tumor Necrosis
(p=0.0004), Tumor Consistency (p=0.0031), Hilar Status (p=0.0022), and
Collateral Vascularity (p<0.0001) were all significantly associated with high
tumor grade. The ranges of the radiological scores are shown in Table 4 where
perfect agreement is quantified by a score range of 0. For OAR, readers exhibited
greater agreement in high FG kidney masses (35.7% with score range 0-3)
compared to low FG (20.7% with score range 0-3), p=0.0499. This was also the

case for Tumor Consistency where agreement was higher in high FG than low
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FG, p=0.0073. Conversely, Venous Invasion (p=0.0061), Regional Lymph Node
Involvement (p=0.0002), Perilesional Fat Stranding (p=0.0043) and Collateral

Vascularity (p=0.0424) showed higher agreement in low FG than high FG.

The mean weighted kappa statistics for the radiological features in Table 5
indicate moderate to substantial inter-rater agreement. For OAR agreement was
moderate when all four readers were compared (mean k=0.43), this was largely
unaffected by the removal of any reader, mean x ranged from 0.38 to 0.44 for
each subset of readers. The highest overall agreement was achieved for Venous
Invasion (mean x=0.63) followed by Tumor Necrosis (mean k=0.61), Collateral
Vascularity (mean x=0.59) and Hilar status (mean x=0.58). The subgroup of
readers B, C, D consists of only urologists and among these readers, Tumor
Necrosis showed the highest agreement (mean x=66). Generally, the inclusion of
a radiologist in a group of urologists did not greatly change the x statistic. For
Perilesional Fat Stranding weighted kappa statistics could not be calculated for
pairs that included reader C because this reader did not assign a score of 2 to any
patient. The spearman rank correlation matrix in Table 6 indicated that OAR was
significantly correlated (p<0.0001) with all other radiological features, spearman

correlation values ranged from 0.3216 to 0.7717.

Table 7 describes the multivariate logistic regression model in which
model 1 included OAR score sum and range, age, sex, and tumor size. OAR score

sum was significantly associated with high FG (p=0.0029) while controlling for
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age, sex, tumor size, and disagreement (OAR score range). Adding smoking
status (model 2) to the first model did not greatly change the likelihood ratio x?
statistic nor the association between OAR and FG. Overall model 2 was similar to

model 1, thus it may not be necessary to control for smoking status.
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Discussion

The heterogeneity of kidney cancers makes treatment decisions and
prognostic determination difficult. The two main predictors of kidney cancer
clinical behavior include TNM staging, and FG; however, the use of FG has been
subject to criticisms due to variable inter-rater agreement and variable
performance across histologic subtypes other than clear cell (25). FG assigned
from RMB is vulnerable to false-negative and false-positive results; the former
being most disconcerting since it may leave a renal mass untreated with a
potential for metastasis. Reported accuracy estimates for predicting high and low
grade disease using fine-needle and core biopsy have been as low as 28% and
76%, respectively, when compared to nephrectomy-derived FG (22). The
uncertainty of biopsy derived grade has complicated the use of FG as a
prognostic predictor in clinical practice. Furthermore, the value of RMB for
determining FG has been limited by insufficient tissue sampling resulting in
indiscriminate histology, which can occur in 21% of cases (17). This has spurred
the development of FG prediction models using other clinical variables that may
be readily available from patient records. This study confirmed the association
between FG and radiological features such as OAR, indicating that there may be

predictive value in radiological features.
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A major strength of this study is the relatively equal proportion of high
and low FG patients. This allows for greater discernment between high and low
grade disease. Previous studies have had a lower proportion, 38.3% to 45%, of
their patient cohort with high FG (12, 26). A model developed in a population of
mostly low FG may need to be further validated for patient populations with

greater proportions of high FG.

Following the nomogram developed by Kutikov et al. and validated by
Wang et al,, this study has also identified other radiological features that may be
considered to predict FG and prognosis. These potential predictors were
represented in multivariate models by the addition of OAR which showed at
least moderate inter-rater agreement and significantly correlated with all
radiological features presented in this study. Furthermore the final model was
adjusted for disagreement in OAR scores for each kidney mass among readers, a

component that has not been incorporated into previous models.

The limitations of this study include relatively modest inter-rater
agreement for OAR. The reliability of score assignment may need to be further
tested before implementation in clinical practice. Since the research committee
also served as the raters, it is unclear if other clinicians will interpret the

definitions for each radiological feature as intended.

Delahunt et al. indicated that FG prediction models may perform variably

in different histologic subtype. All kidney masses in these analyses were treated
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without regard to differential subtype. However most masses were of clear cell
(74.9%) and papillary (17.0%) subtype and only 8.2% belonged to other subtypes.
There were too few observations to evaluate the data by subtype but validation
of this model in a larger population would allow for these analyses. Validation of
this model is also needed since it was developed using data from a single center

and generalizability of these findings to other populations may be limited.

Future efforts should be directed at analyzing the other radiological
features for predictive and prognostic value. It may also be useful to consider the
addition of laboratory measures such as CRP and albumin to a prognostic model
as proposed by Lamb et al 2006. With the large number of variables available in
this dataset, the models presented by Kutikov et al and Lane et al can be tested in
this patient cohort and compared to a model incorporating the radiological
features presented in this study. This study is the first to identify 11 radiological
features that could later be used in prognostic and FG prediction models.
Further investigation aimed at building such predictive models will enhance the

utility of these radiographic features.
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Table 1. Patient and renal mass characteristics.
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Overall FG I/1l FG lII/IV
Patient Characteristics (N =171) (N=87) (N =84) p-valuet
Age, n (%)
30-49 yrs 33 (19.3%) 21 (24.1%) 12 (14.3%)
50-69 yrs 95 (55.6%) 48 (55.2%) 47 (56.0%)
70-89 yrs 43 (25.1%) 18 (20.7%) 25 (29.8%) 0.1692
Race, n (%)
White 116 (67.8%) 56 (64.4%) 60 (71.4%)
Other 41 (24.0%) 23 (26.4%) 18 (21.4%) 0.3892
Missing, n 14 8 6
Sex (male), n (%) 111 (64.9%) 53 (60.9%) 58 (69.0%) 0.2655
Smoker, n (%) 80 (46.8%) 41 (47.1%) 39 (46.4%) 0.9305
Missing, n 4 2 2
Statin use, n (%) 56 (32.7%) 29 (33.3%) 27 (32.1%) 0.9248
Missing, n 18 11
BMI (kg/mz), mean * SD 29.3+6.9 3007.0 28.6 £ 6.8 0.1849
Missing, n 3 1
Medications (n), mean + SD 5.7+4.0 57144 5.7+3.5 0.9935
Missing, n 1 0
f‘r‘r"s:fl_'ligc)?:]:::np;s;"m 132+ 19 133 £ 18 131 +21 0.5484
Missing, n 6 3 3
z:‘a;t::)c’ :ZZ: :r;)ss“re 74+ 11 76 + 11 73+ 11 0.0760
Missing, n 6 3 3
Renal Mass Characteristics (S‘I:esli) (;G:él;) :ﬁ L"é:‘\; p-valuet
Laterality (left), n (%) 82 (48.0%) 41 (47.1%) 41 (48.8%) 0.8257
Tumor Histology, n (%)
Clear Cell 128 (74.9%) 66 (75.9%) 62 (73.8%)
Papillary 29 (17.0%) 13 (14.9%) 16 (19.0%)
Other 14 (8.2%) 8 (9.2%) 6 (7.1%) 0.7158
Tumor Size (cm), mean + SD 4.89+2.92 3.88+2.38 5.92+3.06 <0.0001"
Missing, n 1 1 0

Values are reported as mean = standard deviation for continuous variables and as frequency (n) and
percentages (%) for categorical variables
t Chi-square tests were used for categorical variables and student’s t-test were used for continuous

variables (a=0.05)
FG = Fuhrman Grade
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Overall FG I/l FG lll/IV

Blood test results N =171 N = é7 N = é 1 p-valuet

Creatinine (mg/dL) 1.73+2.37 1.85+2.62 1.60 £2.10 0.5020

Blood urea nitrogen (mg/dL) 16.29+ 8.61 16.01+£9.47 16.58 +7.67 0.6673

Hemoglobin(g/dL) 13.20+1.82 13.69+ 1.62 12.69+1.88 0.0003"
Missing 1 1 0

Albumin(g/dL) 16.46+ 40.12 3.67+0.40 3.48+0.61 0.0243'
Missing 2 0 2

Whole blood cell count (x10%/uL) 7.73+£6.92 7.90+9.26 7.56+ 3.08 0.7471
Missing 1 1 0

Platelet count (x 10°>/uL) 257+ 87 256 + 66 259 + 105 0.8168
Missing 1 1 0

C-reactive protein (mg/dL) 16.46+ 40.12 5.13+8.78 26.41 £52.54 0.0020'
Missing 49 30 19

Erythrocyte sedimentation rate 30.96+29.22 229142135 38.13£3331  0.0031'

(mm/h)
Missing 50 30 20

Values are reported as mean * standard deviation

T Student’s t-test were used to test for difference in means (a=0.05)

FG = Fuhrman Grade




Table 3. Score Sums for Radiological Features

Page 23

. . Overall FG I/l FG lll/IV
Radiologic features N =171 N = 87 N = 44 p-valuet
Overall Aggressiveness Rating
Score sum 0-3 64 (35.6%) 43 (49.4%) 21 (25.0%)
Score sum 4-6 64 (37.4%) 34 (39.1%) 30 (35.7%)
Score sum 7-8 42 (24.6%) 9 (10.3%) 33 (39.3%) <0.0001"
Missing 1 1 0
Degree Enhancement
Score sum 0-3 86 (50.3%) 47 (54.0%) 39 (46.4%)
Score sum 4-6 69 (40.4%) 32 (36.8%) 37 (44.0%)
Score sum 7-8 15 (8.8%) 7 (8.0%) 8 (9.5%) 0.5628
Missing 1 1 0
Contour
Score sum 0-3 114 (66.7%) 68 (78.2%) 46 (54.8%)
Score sum 4-6 30 (17.5%) 14 (16.1%) 16 (19.0%)
Score sum 7-8 26 (15.2%) 4 (4.6%) 22 (26.2%) 0.0001*
Missing 1 1 0
Venous Invasion
Score sum 0-3 154 (90.1%) 83 (95.4%) 71 (84.5%)
Score sum 4-6 9 (5.3%) 3 (3.4%) 6 (7.1%)
Score sum 7-8 7 (4.1%) 0 7 (8.3%) 0.0076*
Missing 1 1 0
Regional Lymph Node Involvement
Score sum 0-3 156 (91.2%) 86 (98.9%) 70 (83.3%)
Score sum 4-6 10 (5.8%) 0 10 (11.9%)
Score sum 7-8 4 (2.3%) 0 4 (4.8%) <0.0001*
Missing 1 1 0
Perilesional Fat Stranding
Score sum 0-3 152 (88.9%) 81 (93.1%) 71 (84.5%)
Score sum 4-6 16 (9.4%) 5 (5.7%) 11 (13.1%) 0.0934
Missing 3 1 2
Tumor Necrosis
Score sum 0-3 93 (54.4%) 59 (67.8%) 34 (40.5%)
Score sum 4-6 45 (26.3%) 19 (21.8%) 26 (31.0%)
Score sum 7-8 32 (18.7%) 8 (9.2%) 24 (28.6%) 0.0004"
Missing 1 1 0
Tumor Consistency
Score sum 0-2 9 (5.3%) 9 (10.3%) 0
Score sum 3-4 161 (94.2%) 77 (88.5%) 84 (100.0%) 0.0031*
Missing 1 1 0
Location
Score sum 0-3 42 (24.6%) 23 (26.4%) 19 (22.6%)
Score sum 4-6 81 (47.4%) 43 (49.4%) 38 (45.2%)
Score sum 7-8 47 (27.5%) 20 (23.0%) 27 (32.1%) 0.4255
Missing 1 1 0




Table 3. Score Sums for Radiological Features (continued)
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. . Overall FG I/l FG lI/IV
Radiologic features N =171 N =87 N =84 p-valuet
Hilar status
Score sum 0-3 103 (60.2%) 60 (69.0%) 43 (51.2%)
Score sum 4-6 36 (21.1%) 19 (21.8%) 17 (20.2%)
Score sum 7-8 31 (18.1%) 7 (8.0%) 24 (28.6%) 0.0022"
Missing 1 1 0
Collateral Vascularity
Score sum 0-3 130 (76.0%) 77 (88.5%) 53 (63.1%)
Score sum 4-6 28 (16.4%) 8 (9.2%) 20 (23.8%)
Score sum 7-8 12 (7.0%) 1 (1.1%) 11 (13.1%) 0.0001*
Missing 1 1 0

Values are reported as frequency (n) and percentages (%)
*Fisher Freeman Halton test or Fisher’s exact test was used where cells counts < 5 (a=0.05)
t Chi-square tests were used (a=0.05)
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. . Overall FG I/l FG lll/IV
Radiologic features N =171 N = 87 N = é4 p-valuet
Overall Aggressiveness Rating
Score Range=0 48 (28.1%) 18 (20.7%) 30 (35.7%)
Score Range=1 114 (66.7%) 62 (71.3%) 52 (61.9%)
Score Range=2 8 (4.7%) 6 (6.9%) 2 (2.4%) 0.0499*
Missing 1 1 0
Degree Enhancement
Score Range=0 65 (38.0%) 37 (42.5%) 28 (33.3%)
Score Range=1 88 (51.5%) 43  (49.4%) 45 (53.6%)
Score Range=2 17 (9.9%) 6 (6.9%) 11 (13.1%) 0.2542
Missing 1 1 0
Contour
Score Range=0 64 (37.4%) 30 (34.5%) 34  (40.5%)
Score Range=1 83 (48.5%) 40 (46.0%) 43 (51.2%)
Score Range=2 23 (13.5%) 16 (18.4%) 7 (8.3%) 0.1454
Missing 1 1 0
Venous Invasion
Score Range=0 137 (80.1%) 77 (88.5%) 60 (71.4%)
Score Range=1 25 (14.6%) 8 (9.2%) 17 (20.2%)
Score Range=2 8 (4.7%) 1 (1.1%) 7 (8.3%) 0.0061*
Missing 1 1 0
Regional Lymph Node Involvement
Score Range=0 113 (66.1%) 68 (78.2%) 45 (53.6%)
Score Range=1 45 (26.3%) 17 (19.5%) 28 (33.3%)
Score Range=2 12 (7.0%) 1 (1.1%) 11 (13.1%) 0.0002*
Missing 1 1 0
Perilesional Fat Stranding
Score Range=0 92 (53.8%) 57 (65.5%) 35 (41.7%)
Score Range=1 66 (38.6%) 27 (31.0%) 39 (46.4%)
Score Range=2 10 (5.8%) 2 (2.3%) 8 (9.5%) 0.0043*
Missing 3 1 2
Tumor Necrosis
Score Range=0 85 (49.7%) 43 (49.4%) 42 (50.0%)
Score Range=1 60 (35.1%) 33 (37.9%) 27  (32.1%)
Score Range=2 25 (14.6%) 10 (11.5%) 15 (17.9%) 0.4519
Missing 1 1 0
Tumor Consistency
Score Range=0 148 (86.5%) 69 (79.3%) 79 (94.0%)
Score Range=1 22 (12.9%) 17 (19.5%) 5 (6.0%) 0.0073’
Missing 1 1 0
Location
Score Range=0 75 (43.9%) 38 (43.7%) 37 (44.0%)
Score Range=1 88 (51.5%) 45 (51.7%) 43 (51.2%)
Score Range=2 7 (4.1%) 3 (3.4%) 4 (4.8%) 0.9650
Missing 1 1 0




Table 4. Score Ranges for Radiological Features (continued)
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. . Overall FG I/l FG lII/IV
Radiologic features N =171 N = 87 N =84 p-valuet
Hilar status
Score Range=0 81 (47.4%) 46 (52.9%) 35 (41.7%)
Score Range=1 64 (37.4%) 28 (32.2%) 36 (42.9%)
Score Range=2 25 (14.6%) 12 (13.8%) 13 (15.5%)  0.2850
Missing 1 1 0
Collateral Vascularity
Score Range=0 94 (55.0%) 55 (63.2%) 39 (46.4%)
Score Range=1 68 (39.8%) 29 (33.3%) 39 (46.4%)
Score Range=2 8 (4.7%) 2 (2.3%) 6 (7.1%)  0.0424*
Missing 1 1 0

Values are reported as frequency (n) and percentages (%)

*Fisher Freeman Halton test or Fisher’s exact test was used where cells counts < 5 (a=0.05)
* Chi-square tests were used (a=0.05)
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Table 7. Logistic Regression Model Selection

Model 1 Model 2

Covariate OR (95%Cl) p-valuet OR (95%Cl) p-valuet
OAR score sum 1.42 (1.13,1.78) 0.0029' 144 (1.14,1.82)  0.0021'
OAR range 1.01 (0.49, 2.08) 0.9851 1.07 (0.51, 2.23) 0.8668
Age (50-69 yrs. old)’ 1.43 (0.58,3.51) 0.4341 1.49 (0.60, 3.70) 0.3853
Age (70-89 yrs. old)’ 1.38 (0.49, 3.87) 0.5442 1.52 (0.53,4.33) 0.4381
Sex (Male)’ 1.97 (0.95, 4.08) 0.0672 1.90 (0.89,4.02) 0.0952
Tumor Size 1.12 (0.94, 1.33) 0.2192 1.10 (0.92,1.32) 0.2802
Smoker (Current)’ -- -- 0.79 (0.39, 1.61) 0.5188

Model Statistics
Likelihood Ratio, )’ 35.41 (<0.0001) 33.34 (<0.0001)

(p-value)
t Test of significance used a = 0.05, to predict high tumor grade (l11/1V)
? Age referent = 30-49 yrs old, Sex referent = Female, Smoker referent = Not a current smoker
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Figures

Figure 1. Hilar Box

Hilar

In determining Hilar status, the readers were provided the image shown here. The hilar box is
located within the highlighted area.



