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Tumor density is associated with response to endobronchial
ultrasound-guided transbronchial needle injection of cisplatin
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Background: Endobronchial ultrasound-guided transbronchial needle injection of cisplatin (EBUS-TBNI
cisplatin) is a therapeutic option for patients with recurrent lung cancer. However, the tumor characteristics
that influence the distribution of the agent following intratumoral delivery remain largely unknown.
Methods: We performed a retrospective evaluation of EBUS-TBNI cisplatin cases performed at two
centers. Semi-automated tumor segmentation from CT scans was performed while blinded to the outcome
of response. Twenty-four algorithmic radiomics features from two categories, Morphology (i.e., shape,
volume) and Intensity (i.e., density), were extracted, and feature selection performed via least absolute
shrinkage and selection operator (LASSO) regression. Models were constructed from clinicoepidemiologic
variables and selected radiomics features and evaluated using the likelihood ratio chi-square assessment and
Akaike’s information criterion (AIC).

Results: Thirty-eight patients with available imaging data were analyzed. Based on RECIST criteria, 27
of 38 treated sites demonstrated complete or partial remission (71%). The top three features identified by
LASSO regression were variance, energy, and kurtosis. All three are measures of intensity, a surrogate for
tumor density. Two logistic regression models with the outcome of response were created, each with the top
3 categorical features: (I) an Intensity model including variance, energy, and kurtosis, and (I) a Morphology
model including surface-to-volume ratio, spherical disproportion, and maximum 3-dimensional (3D)
diameter. Only the Intensity model met criteria for significance (P=0.024), and it resulted in a lower AIC and
higher pseudo R square value vs. the Morphology model.

Conclusions: Measures of tumor density are more highly associated with response to EBUS-TBNI

cisplatin than measures of morphology.
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Introduction

Over half of all advanced lung cancers will progress or recur
despite appropriate therapy, a problem associated with a
median overall survival of approximately 5 months (1).
The advent of immunotherapy has improved this prognosis
for the 20-50% of patients who respond, the majority of
patients remain without effective therapies (2-4). Due to the
lack of options for these patients, there has been increasing
interest in direct delivery of agents into tumors for adjuvant
or palliative indications (5-10). The rationale for this
approach lies in the opportunity to achieve therapeutic
concentrations of the agent within the tumor while
minimizing exposure to the systemic circulation and off-
target organs.

The most commonly utilized direct delivery approach
is endobronchial ultrasound-guided transbronchial needle
injection of cisplatin (EBUS-TBNI cisplatin) (11-14). In
contrast to intravenous administration, different regional
concentrations of cisplatin may be achieved depending
on where within the tumor the agent is delivered. Based
on initial descriptions (15), the two US institutions that
have reported using EBUS-TBNI cisplatin independently
adopted a practice of delivering up to 40 mg of cisplatin
into the tumor at each treatment (11,13). This dose,
however, has been selected on entirely empirical grounds.
Furthermore, there are no guidelines as to where within
the tumor the cisplatin should be injected to maximize
the effective distribution. The administration of cisplatin
by EBUS-TBNI could potentially be very heterogeneous
depending on the spatial injection pattern that is employed.
In contrast to the heterogeneous distribution achieved
following IV administration (that in part results from
varying blood vessel density) appropriately selecting the
dose and delivery sites within the tumor for EBUS-TBNI
will allow us to optimize the distribution and efficacy of
the agent. However, we must first understand the tumor
characteristics that influence the final distribution of the
agent.

It is apparent that tumors with large volumes or greater
maximum diameters may be more challenging to treat
due to the longer diffusion distances and lower effective
concentration of a single EBUS-TBNI dose. It also seems
reasonable to suppose that regional variations in cisplatin
diffusivity could play an important role in the therapeutic
effectiveness of EBUS-TBNI by influencing how well
cisplatin is able to be distribute throughout the tumor
before being cleared into the vasculature by the tumor’s
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blood supply. Testing this latter idea directly is challenging
because cisplatin diffusivity is not easily measured in situ.
On the other hand, diffusivity is likely to be reflected by the
distribution of mass density of the tumor tissue, which itself
can be determined from a 3-dimensional (3D) CT scan.
Accordingly, the goal of the present study was to determine
how a variety of pre-defined, quantitative, tumor image
characteristics, termed “radiomics”, influence the response
of lung tumors to EBUS-TBNI cisplatin therapy (16,17).
Radiomics features capture both morphologic features, such
as maximum diameter, as well as intensity based features,
which are markers of tissue density (18). Leveraging data
from two centers, we sought to understand how features

such as geometric structure and density influence response
to EBUS-TBNI cisplatin therapy.

Methods
Study oversight

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
was approved by the University of Vermont (UVM)
Committee on Human Research in the Medical Sciences
(CHRMS 17-075) and by The University of Florida (UFL)
Institutional Review Board (201700864). Informed consent
was not required by these oversight committees due to the
retrospective nature of the study.

Study populations

All cases where EBUS-TBNI cisplatin performed between
September 2010 and December 2017 were reviewed by
the two institutions. All patients included in this series
had recurrent lung cancer following radiation therapy.
Recurrence was pathologically confirmed. Each case was
presented at the local multidisciplinary tumor board and
EBUS-TBNI cisplatin recommended by the respective
group. The goal of therapy in all cases was local control,
either due to a local recurrence or with palliative intent
for treatment of a non-stentable airway obstruction.
Cases without CT scans (e.g., only PET images) or with
CT scans performed more than 5 weeks prior to onset
of EBUS-TBNI therapy were excluded. Descriptive data
and outcomes from portions of the two cohorts have been
published previously (11,13).

CT scans for all included cases were assessed in a blinded
fashion. Response to therapy was defined as either complete
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Figure 1 Axial CT image of a right lower lobe lung cancer, before and after EBUS-TBNI cisplatin. EBUS-TBNI cisplatin, endobronchial

ultrasound-guided transbronchial needle injection of cisplatin.

response (CR) or partial response (PR) based on the
Response Evaluation Criteria in Solid Tumors (RECIST)
1.1 criteria (19). An example is show in Figure 1. All other
imaging data were acquired via automated quantitative
analysis.

Quantitative CT analysis

All CT scans were evaluated while blinded to the outcome
variable of response. Semi-automated segmentation of
the treated volume was performed as previously described
using the freely available Chest Imaging Platform (https://
chestimagingplatform.org) (20-22). A single point was
also placed on the right deltoid. Variance of the density
of this point was measured to allow for normalization of
CT scan reconstruction in the statistical models. Twenty-
four radiomics features were then extracted from the
segmented lesion based on previously published algorithms
for assessment of intensity and morphology (https://
pyradiomics.readthedocs.io/en/latest/features.html,
accessed 1/20/2019).

Statistical analysis

All statistical analyses were performed using STATA
(Version 13, College Station, TX, USA). P values less
than or equal to 0.05 were considered significant and all
statistical tests were two-sided. In order to limit the degrees
of freedom, demographic and clinical features were selected
via backwards stepwise selection with an inclusion criteria
of 0.10.

The higher dimensionality of radiomics features
necessitated using the commonly utilized approach of
logistic regression with least absolute shrinkage and
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selection operator (LASSO) regularization (23,24).
This approach allows for selection of features in high
dimensionality data while simultaneously penalizing
correlated predictors. Two separate LASSO operations were
performed, one within each radiomics category (Figure 2).
The top three features from each category were selected for
evaluation in logistic regression models.

Logistic regression models were constructed with the
outcome of response to EBUS-TBNI cisplatin. Models
were compared using the likelihood ratio test and Akaike’s
information criterion (AIC).

Results

Thirty-eight cases met criteria for inclusion in the
analysis (28 UFL, 10 UVM). Characteristics of the
cohort by response, are shown in 7able 1. There were no
significant differences in any of the variables in 7able 1 by
response. There were also no significant differences in the
distribution of any of those variables by institution. There
was a significant difference in the range of slice thickness
of obtained CT scans between the two institutions (UVM
0.9 mm, UFL 1-3.75 mm). There was no difference in the
overall response rate (70% vs. 71%, P=0.62) between the
two institutions.

For construction of the models, we first evaluated
clinical variables as predictors of response to EBUS-TBNI
cisplatin. Although our primary goal was to evaluate tumor
features as predictors of response, clinicoepidemiologic
variables were included to account for other important
predictors. Backwards stepwise selection resulted in only
gender and smoking remaining in the model (P=0.018). Test
of interaction for gender and smoking was not significant
(P=0.627).
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Feature selection via LASSO regression
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Figure 2 Radiomics workflow. The cancer is first segmented in 3Ds, allowing distinction from other adjacent structures. This 3D structure

is then analyzed using established radiomics algorithms related to either Morphology or Intensity. These radiomics features are then

evaluated via LASSO regression to determine those most highly associated with response to the therapy. 3D, 3-dimension; LASSO, least

absolute shrinkage and selection operator.

LASSO regression of all intensity features resulted
in selection of variance, energy, and kurtosis. A separate
LASSO regression of morphology features resulted in
selection of maximum 3D diameter, surface to volume ratio,
and spherical disproportion as the top three features. No
feature alone was significantly associated with response
(Table 2). For comparison we also included the selected
variables from both the Intensity and Morphology
categories in a single LASSO. The top 3 selected features
were all related to Intensity (variance, energy, and kurtosis,
respectively) followed by surface-to-volume ratio as the
highest ranked Morphology feature.

Each of these sets of features were then included with
gender and smoking and the two models compared. Models
were also evaluated with inclusion of the deltoid variance
measurement.

Evaluation of LASSO selected features demonstrated
that inclusion of Morphology features with gender and
smoking did not result in a significant chi-square test for
the overall model (P=0.087), whereas inclusion of Intensity
features did result in a significant model (P=0.024, Table 2).
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Moreover, inclusion of Intensity vs. Morphology features
resulted in a superior AIC (45 vs. 49), and pseudo R square
(0.32 vs. 0.24), respectively.

There was no significant change in the overall
performance of the models when the deltoid variance
measurement was omitted from the Intensity and
Morphology models (P=0.0125 vs. P=0.0743, respectively).
Because there was a significant difference in the CT slice
thickness obtained at the two different centers we also
performed a stratified analysis. Stratifying the models to
only UFL, did not result in a significant change in overall
model performance for either the Intensity or Morphology
models (P=0.014 vs. P=0.123).

Discussion

Over the last several years EBUS-TBNI cisplatin has
evolved as a potential therapeutic option for patients with
recurrent lung cancer, who previously received radiation to
that region and are not receiving systemic cytotoxic therapy
(8,11-15,25). Despite a robust response rate, the ideal
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Table 1 Characteristics of the cohorts

EBUS-TBNI response

Characteristics

Yes (n=27), No (n=11),

n (%) n (%) P

Age (y)* 61.2 (8.5) 62.9 (8.7) 0.585

Gender 0.084
Female 18 (66.7) 3(27.7)

Male 9 (33.3) 8 (72.7)

Smoking, pack years*  43.7 (25.9) 60.2 (23.9) 0.069

Histopathology 0.911
Adenocarcinoma 12 (44.4) 4 (36.6)

Squamous cell 11 (40.7) 6 (54.5)
NSCLC (NOS/mixed) 13.7) 0 (0)
Small cell 3(11.1) 1(9.1)

Stage 0.905
| 1(3.7) 0
I 1(3.7) 0
A 11 (40.7) 5 (45.5)
1B 6 (22.2) 2(18.2)

\% 8 (29.6) 4 (36.4)

Therapy at initial diagnosis 0.698
Chemotherapy/ 2(7.4) 1(9.1)
radiation/surgery
Radiation/surgery 0 1(9.1)
Chemotherapy 1(8.7) 0
Radiation 2(7.4) 1(9.1)
Chemotherapy/ 22 (81.5) 8 (72.7)
radiation

Therapy following EBUS-TBNI 0.796
Chemotherapy 4(14.8) 2(18.1)
Re-irradiation 3(11.1) 0
Immunotherapy 2(7.4) 0
None 18 (66.7) 9(81.8)

*. mean (standard deviation). EBUS-TBNI cisplatin, endobronchial
ultrasound-guided transbronchial needle injection of cisplatin;
NSCLC, non-small cell lung cancer; NOS, not otherwise specified.

dosing and administration strategy for this therapy remains
unknown. Although it is intuitive that the relationship of
tumor size (a proxy for the total number of tumor cells) to
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cisplatin dose may be a driver of overall tumor response
there is accumulating evidence that tumor density may also
be important. For instance, our group recently completed
a computational modeling analysis that demonstrated the
critical importance of the diffusion rate in determining the
efficacy of the therapy (26).

Multiple factors are known to affect the diffusion of
an agent through a tumor. Several of the most prominent
include density of the tissue, rate of uptake of the agent to
the intracellular compartment, and the distribution and
flow of blood through the local vascular bed that serves as
a sink for the agent. Tissue density in particular may vary
widely among tumors and includes regions of both low-
density necrotic tissue and high-density collagen produced
by the tumor. These considerations motivated the current
investigation.

This is the first multicenter analysis of this therapy,
and the largest to date. We leveraged quantitative imaging
techniques to perform multiparametric measurements from
tumors treated with EBUS-TBNI cisplatin. Surprisingly,
measures of tumor volume were not as highly associated
with response to EBUS-TBNI cisplatin as measures of
density. It is important to note that several of the tumor
features found to be important in this analysis are metrics of
variation in tumor density, specifically variance and kurtosis.
Energy is defined as the square of the mean intensity and
is related more directly to the actual density of the lesion.
Although not statistically significant by itself, energy
was lower in the responders vs. the non-responders. One
potential explanation for this finding is that high density
regions may decrease diffusion of the agent.

Despite inclusion of two centers, the overall sample
size is small due to the focused indication for which the
procedure is performed. Thus, it is important to note
that models constructed here have not been validated for
prediction of response to therapy and are not sufficiently
powered to do so. The goal of the models (constructed
from both clinicoepidemiologic and radiomics features)
was to gain insight into the underlying biology that may
partially determine response while accounting for important
confounders. Regardless of the performance of the models,
LASSO regression of the radiomics features alone selected
measures of density as more highly associated with response
to EBUS-TBNI cisplatin. Similarly, radiomics features
from only two categories, Intensity and Morphology, were
evaluated to limit the degrees of freedom. These two were
chosen due to their straightforward biological interpretation
and preliminary data indicating their potential importance.
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Table 2 Selected radiomics features

Kinsey et al. Tumor density and response to EBUS-TBNI cisplatin

EBUS-TBNI response

Features combined in model

Features
Yes (n=27) No (n=11) P AIC Pseudo R? P
Density features 45.2 0.32 0.024
Energy 6.8x107 (2.4x10") 1.3x10° (6.4x10") 0.271
Variance 1,220.5 (180.0) 837.5 (76.5) 0.193
Kurtosis 13.1 (26.3) 33.7 (26.3) 0.245
Morphology features 48.8 0.24 0.087
Surface to volume ratio 0.68 (0.07) 0.59 (0.08) 0.442
Spherical disproportion 7.6x107° (1.8x107) 4.0x107° (1.7x107) 0.239
Maximum 3D diameter (mm) 44.1 (4.5) 53.5 (6.2) 0.251

EBUS-TBNI cisplatin, endobronchial ultrasound-guided transbronchial needle injection of cisplatin; AIC, Akaike’s information criterion; 3D,

3-dimension.

We cannot comment on the association of other radiomics
features. The CT scans evaluated in this investigation
were obtained as part of clinical care. Thus, there were
differences in CT parameters such as slice thickness
between the two centers. However, stratifying the models
based on center level variables (e.g., CT slice thickness) did
not result in a significant difference in the results. Similarly,
adjusting for reconstruction algorithms by including the
density variance of the same anatomic regions across the
CT scans did not change model performance.

In summary, our analysis of clinical data and radiomics
features from a multicenter cohort of patients undergoing
EBUS-TBNI cisplatin indicates that tumor density may be
an important determinant of response to direct intratumoral
therapy. These results have implications for further device
development and drug delivery approaches.
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