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Abstract

Purpose—To develop NTCP models for hepatocellular cancer (HCC) patients who receive liver 

radiotherapy and to evaluate the potential role of pre- and during treatment functional imaging and 

blood-based circulating biological markers to improve the performance of these models.

Methods—192 HCC patients treated with radiation between 2005–2014 were evaluated: 146 

received SBRT and 46 received conventional radiation to median physical tumor doses of 49.8 Gy 

and 50.4 Gy, respectively. Physical doses were converted into EQD2 for analysis. Two approaches 

were investigated for modeling NTCP: (a) a generalized Lyman-Kutcher-Burman (LKB) model; 

and (b) a generalization of the parallel architecture (PA) model. Three clinical endpoints were 

considered: change in ALBI, change in Child-Pugh (C-P) score and grade 3 or higher liver 

enzymatic changes. Local DCE-MRI portal venous perfusion information was used as an imaging 

biomarker for local liver function. Four candidate inflammatory cytokines were considered as 

biological markers. Imaging and cytokines were incorporated into NTCP modeling and their role 

was evaluated using goodness-of-fit metrics.

Results—Using dosimetric information only, the LKB model for ALBI/C-P change had a steeper 

response curve compared to grade3+ enzymatic changes. Incorporating portal venous perfusion 

imaging information into the PA model to represent functional reserve resulted in relatively steeper 

dose response curves compared to using dose only models. Larger loss of perfusion function was 

needed for enzymatic changes compared to ALBI/C-P changes. Increased TGF-β1 and Eotaxin 

expression increased the trend of expected risk in both NTCP modeling approaches but did not 

reach statistical significance.

*Corresponding author: Randall K. Ten Haken, PhD, University of Michigan, Department of Radiation Oncology, 1500 E. Medical 
Center Drive Ann Arbor, MI 48109-5010, rth@med.umich.edu; phone: (734) 936-8695.
*Author responsible for statistical analysis: Issam El Naqa, PhD, University of Michigan, Radiation Oncology Physics Division, 
519 W. William St., Argus Bldg 1. Ann Arbor, MI 48103-4943, ielnaqa@med.umich.edu; phone: (734) 936-3592).

Conflict of Interest: All authors report grants from NIH during the conduct of the study. MM reports grants from Varian Medical 
Systems outside the submitted work. RTH reports non-financial support from Varian Medical Systems outside the submitted work.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 February 01.

Published in final edited form as:
Int J Radiat Oncol Biol Phys. 2018 February 01; 100(2): 335–343. doi:10.1016/j.ijrobp.2017.10.005.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—The incorporation of imaging and biological markers into NTCP modeling of 

liver toxicity improves estimates of expected NTCP risk compared to using dose only models. In 

addition, such generalized NTCP models should contribute to better understanding of normal 

tissue response in HCC SBRT patients and facilitate personalized treatment.

Introduction

Stereotactic Body radiotherapy (SBRT) for liver tumors has recently been widely adopted 

due to excellent local control [1–5] and the potential benefits of shorter radiation courses [6]. 

The use of advanced delivery systems of SBRT has resulted in a sharp dose gradient and 

limited dose to surrounding normal tissues. However, with varying prescription regimens 

and the drive towards treating larger tumors with SBRT, there is an increased risk of toxicity 

in the uninvolved liver. This requires better understanding of normal tissue complication 

probabilities (NTCP) for prescribing new regimens of radiation or designing future clinical 

trials.

The Quantitative Analysis of Normal Tissue Effects in the Clinic (QUANTEC) effort has 

provided recommendations for liver toxicity primarily based on conventional regimens and 

the small SBRT series available at the time [7]. It recommended that a critical volume of 700 

cc, estimated from partial hepatectomy series, of uninvolved liver receive <15 Gy in 3 

fractions, following institutional experiences in liver metastases [8]. On the other hand, in 

the case of primary liver cancers such as hepatocellular cancer (HCC), efforts have been 

directed towards minimizing the risk of liver function deterioration such as Child-Pugh (C-

P) class [9–11]. A critical volume of 800 cc of uninvolved liver was recommended to receive 

<18 Gy/3 fractions in patients presenting with C-P class A function [12]. In contrast, in 

patients with C-P class B, a 5-fraction regimen is recommended with the dose to one-third of 

the uninvolved liver <18Gy/5 fractions and a critical volume of 500 cc of uninvolved liver to 

receive <12 Gy/5 fractions [13]. However, many of these studies had small number of 

patients and did not differentiate between metastatic cancer, where the liver is normal, and 

HCC patients, where liver function is compromised [10].

Liver toxicity used in NTCP models has been assessed using several different endpoints. 

Traditionally, radiation-induced liver disease (RILD) with its classical and non-classical 

forms has been the main subject of NTCP in the liver [14–16]. The CTCAE version 4.0 

defines liver toxicity as grade ≥3 clinically if the patient develops mild to severe 

encephalopathy that would interfere with activities of daily living (ADL) or enzymatically 

by elevated levels of alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), or gamma-glutamyl transpeptidase (GGT) 5–20 times above the 

upper limit of normal [17]. In addition to the CTCAE scale, liver function measurements 

such as the Child-Pugh (C-P) scoring system (based on ascites, encephalopathy, albumin, 

bilirubin and the international normalized ratio (INR) or prothrombin time) [7] and 

Albumin-Bilirubin (ALBI) grade [18] have been proposed to grade the prognosis of liver 

toxicity from radiation. Another non-enzymatic measure of liver function is using 

indocyanine green retention at 15 min (ICG-R15), which is an intravenously administrated 

fluorescent dye for measuring liver perfusion in HCC patients [19]. ICG-R15 has been 

correlated with RILD [20] but not with C-P change [21]. Recently, it was shown that 
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baseline C-P scores and higher liver doses are associated with liver function decline in HCC 

patients 3 months after SBRT [22].

Circulating inflammatory proteins have been shown to be associated with radiation-induced 

normal tissue toxicity [23]. These cytokines have been extensively investigated in lung 

disease but not so in case of liver injury. Several biomarkers of veno-occlusive disease 

(VOD) have been suggested for RILD including serum levels of hyaluronic acid, 

plasminogen activator inhibitor, thrombomodulin, transforming growth factor (TGF)-β, and 

others [24].

Imaging could provide a very useful resource of information not only for assessment but 

also for prediction of radiation-induced toxicity. An approach that has been successfully 

applied to studying RILD and liver function is using portal venous perfusion imaging by 

dynamic contrast enhanced (DCE) CT [25] or MRI [26,27]. These studies have shown that 

mean liver portal venous perfusion is associated with ICG-R15 retention. In addition, several 

single-photon emission computed tomography (SPECT) tracers have been proposed to 

image liver fibrosis. These include using SPECT with asialoglycoprotein receptor (ASGPR) 

[28], iminodiacetic acid (IDA) [29] or albumin [30] Technetium-99m tagged tracers. 

However, the incorporation of such valuable imaging information into NTCP modeling of 

the liver remains limited with the focus being on dose-volume modeling [31].

Stratifications of patients by clinical status such as being hepatitis B carriers [15] or having 

C-P class B [32] seem to reveal different patients’ tolerances to conventional liver 

radiotherapy. Recently, it has been shown that the addition of dose modifying factors to the 

classical Lyman model such as incorporation of clinical [33,34] and biological information 

[35,36] would improve risk stratification by NTCP modeling.

In the current study, we develop and evaluate new NTCP models with liver SBRT/RT that 

utilize functional imaging information and biological markers using extended functional 

reserve and Lyman models for potential application in radiotherapy planning and adaptation.

Methods and Materials

Patients Characteristics

The patient population was retrospectively collected institutionally on IRB approved 

protocols. The cohort consisted of 146 HCC patients who received SBRT between 2005–

2014. Median prescribed physical tumor dose was 49.8 (18.6–60.0) Gy typically delivered in 

3 (47%) or 5 (51%) fractions. All 3 fraction and 43% of the 5 fraction treatments were 

delivered in an adaptive split course (3+2) with 1 month break based on a ICG-R15 test [20]. 

In our cohort, 70% (n=102) of the SBRT patients underwent the ICG-R15 test pre- and 

during therapy. Median age was 64 (range 26–86), with 20% female patients and 85% 

cirrhotics. In addition, 46 HCC patients who received conventional IMRT treatment and had 

restorable records during the same period were added to the SBRT cohort to expand the 

range of liver dose response and reduce uncertainties associated with the estimation of 

model parameters. This population had a median prescribed tumor dose of 50.4 (30.0–90.0) 

Gy given in median fraction sizes of 2.0 (1.8–3.5) Gy. Median age was 64 (range 43–84), 
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with 26% female patients and 67% cirrhotics. The median follow-up was 11 (3–62) months 

in the whole population. A summary of characteristics is given in Table 1. Radiation dose 

distributions for total uninvolved liver exclusive of gross tumor volume (Liver-GTV) were 

computed within the Varian Eclipse treatment planning system using the AAA dose 

algorithm. All total dose values were converted to their 2 Gy equivalents (EQD2) by the 

linear-quadratic linear (LQL) model with an α/β = 2.5 Gy and mean doses of Liver-GTV 

were calculated [37].

Imaging acquisition and processing

DCE-MRI scans from a subpopulation of 23 HCC patients, part of the adaptive SBRT study, 

were acquired on 3T scanners and pre-processed as described previously [26]. The DCE 

scans had a total of 60 dynamic volumes in a coronal or oblique-coronal orientation with 2.4 

to 3.0 seconds per volume. The DCE-MRI scans were acquired within 2 weeks before RT 

(pre-RT), after delivery of approximately 60% of the planned dose, and 1 month after 

completion of RT (post-RT). To mitigate the effects of respiratory breathing on the portal-

venous input function, images were registered with respect to the liver using an 

overdetermined system of transformation equations between the image volumes in the DCE 

series to improve robustness, and the portal-venous input function was rescaled to so that its 

tail matched the amplitude of the tail of the arterial input function [38]. Liver arterial and 

portal-venous perfusion maps were quantified by fitting the DCE data to a dual-input single-

compartment kinetic model [39].

Local DCE-MRI portal venous perfusion maps were used as an imaging biomarker for local 

liver function. The subvolumes were extracted using an automated segmentation approach 

based on the optimal Otsu’s multi-threshold histogram decomposition into 4 levels: high, 

medium, low, and background perfusion clusters [40]. The resulting subvolumes were post-

processed using morphological operators based on opening to remove small and isolated 

clusters in the perfusion map using a spherical structure element.

Biological markers

Inflammatory cytokines were collected from peripheral blood samples prior to radiation and 

one month after completing the first 3 fractions on about half of the SBRT patients (n=72). 

As mentioned above, about 43% (n=31) of these patients received an additional 2 fractions 

after the second blood draw as part of an adaptive split course SBRT protocol with a one 

month break. The expression of these cytokines was measured using enzyme-linked 

immunosorbent assay (ELISA). The candidate list of cytokines considered included TGF-

β1, which has been long implicated in promoting radiation-induced liver injury [41]; 

Eotaxin (CCL11), which is upregulated in liver injury [42]; HGF, which is involved in liver 

regeneration [43]; and CD40 ligand which has been shown in anti-fibrotic effects [44].

Toxicity Criteria

Three clinical endpoints were selected for the study. One endpoint was liver toxicity based 

on elevated enzymatic changes in which grade 3 (grade3+) or higher hepatic toxicity was 

defined as ≥ 5 times the upper limit of the normal level for ALT/AST according to the 
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CTCAE 4.0. This endpoint is closely related to RILD [45]. Enzymatic changes had an event 

rate of 2% (n=3) in the SBRT group and 4% (n=2) in the conventional group.

The two other endpoints are related to preserving liver function, and for this purpose, we 

chose a one grade change in ALBI score and a two-point change in C-P score (measured 

every 3 months over a period of 12 months). ALBI has been suggested to be a less subjective 

and a more stable endpoint than C-P [18]. Changes in ALBI score had an event rate of 36% 

(n=53) in the SBRT group and 20% (n=9) in the conventional group, while C-P changes ≥ 2 

had an event rate of 31% (n=45) in the SBRT group and 35% (n=16) in the conventional 

group. Patients with terminal baseline toxicity (n=16), i.e., C-P class C or ALBI score of 3, 

were excluded from NTCP modeling.

NTCP modeling and calculation

Two approaches are investigated for modeling of NTCP. One approach is based on the 

generalized Lyman-Kutcher-Burman (LKB) model [35,36] and the other one is based on a 

generalization of the parallel architecture model [16].

The generalized LKB model is given by the following Probit function:

(1)

It includes the same three-parameters as the standard LKB model (TD50: denoting the dose 

position corresponding to 50% complication probability rate; m/γ50 represents the slope of 

the dose-response curve, and the volume effect parameter is set to unity (mean dose effect) 

given the parallel architecture nature of the liver. The DMF represents the dose modifying 

factor of selected risk variable (R) and is given by:

(2)

where δ is risk-factor weights and R is the risk variable. Maximum likelihood methods were 

used to estimate Probit parameters.

The generalized parallel architecture model is based on estimating the cumulative functional 

reserve [16]:

(3)

In our case, the cumulative functional reserve H is modeled using a generalized Probit 

formalism similar to Eq. (1), where f represents the loss of function (or increase in damage 

fraction) with an f50 denoting the position corresponding to 50% complication probability 
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rate. The loss of function is assumed to be represented by the local reduction in portal 

venous perfusion within a fractional volume (vi) due to dose (di) and is given by:

(4)

The probability of reduction in portal venous perfusion is estimated by a logistic function 

[16]:

(5)

where d50 is dose at which 50% of the perfusion is reduced and the slope parameter k 
determines the rate at which the probability of losing perfusion increases with dose.

The 95% error bars of binned data were calculated using Agresti’s approximation [46]. 

Model confidence intervals were calculated using profile likelihood. Deviance (profile 

likelihood ratio test) goodness-of-fit was used for comparing nested models. The p-values 

are estimated using chi-squared statistics [47].

Results

NTCP modeling using dosimetric parameters of liver SBRT

The modeling approach is based on using the classical LKB model [48]. In Figure 1a, we 

show the dose response curve with ALBI as the toxicity endpoint. In Figure 1b, NTCP of 

ALBI is compared with a two-point change in C-P score and grade3+ enzymatic change as 

toxicity endpoints. It is noted that ALBI and C-P had a similar dose response, while they had 

a shallower response curve with the slope (γ50=0.47 and 0.49) compared to liver enzymatic 

changes (γ50=1.29), but higher sensitivity with the D50 increasing from 24.3 Gy (CI 95%: 

22.0–26.5 Gy) in case of ALBI into 52.6 Gy (CI 95%: 50.4–54.7 Gy) in case of liver 

enzymatic change. The Spearman rank correlation between ALBI and C-P was 0.366 

(p<0.0001) while the rank correlation between ALBI and enzymatic changes was 

insignificant. This may indicate that ALBI/C-P are more radiosensitive endpoints and could 

potentially act as precursors to subsequent enzymatic changes occurring at higher doses.

Incorporation of imaging into NTCP modeling of liver SBRT

We assumed that fractional reduction in liver function could be expressed in terms of 

changes in portal vein perfusion from MRI-DCE, as demonstrated in earlier studies [26,27]. 

Using a logistic function (Eq. 5), the fraction of liver perfusion loss as a function of 

subregional liver dose is shown in Figure 2. Moreover, it is noticed that livers with HCC 

(D50= 23.5 Gy) seem to be more susceptible to local perfusion changes in response to 

irradiation than the general intrahepatic malignancies [26].

Using the cumulative functional reserve model (Eq. 3), the estimated NTCP model with 

ALBI is shown in Figure 3a and the NTCP models for C-P and grade3+ enzymatic changes 
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are shown in Figure 3b. Again, it is noticed that larger loss of liver perfusion function 

(damage fraction) is needed for enzymatic changes (f50=0.920) compared to C-P 

(f50=0.559) and ALBI (f50=0.515). In comparison to LKB dosimetric modeling, it is noted 

that the addition of imaging resulted in relatively steeper response curves (higher γ50), 

which could indicate stronger relationships in the case of functional reserve models; this is 

particularly noticeable in the case of C-P. In terms of goodness-of-fit comparisons, 

cumulative functional reserve had lower deviances than the corresponding LKB models by 

186.5, 149.3, 282.2 for ALBI, C-P, enzymatic changes, respectively, but the p-values were 

close to 1, i.e., the increase in the number of parameters (from 2 to 4) offset the reduction in 

deviances.

Incorporation of biological markers into NTCP modeling of liver SBRT

We investigated the action of cytokines as dose modifying factors of liver function using 

change in ALBI as the clinical endpoint in the subset of patients who had ELISA analysis 

(n=72). Only changes in TGF-β1 and Eotaxin influenced the likelihood function. The results 

in case of dosimetric LKB modeling are shown for TGF-β1 in Figure 4a and Eotaxin in 

Figure 4b. It is noticed that increased TGF-β1 or Eotaxin expressions would increase the 

trend risk of NTCP almost in a similar fashion compared to using dose-only by almost a 

factor of 1.5. However, this increase did not reach statistical significance (overlapping 

confidence intervals), most likely due to limited sample size and noise in the data.

The impact of these cytokines on accumulative functional reserve is shown in Figure 5a for 

TGF-β1 and Figure 5b for Eotaxin. It is also noticed that increased cytokine expressions 

reduce the fractional function reserve threshold for NTCP risk in the case of TGF-β1 but is 

unclear in the case of Eotaxin where the curves crossed over, but this did not reach statistical 

significance most likely due to limited sample sizes.

Impact of ICG-R15 on NTCP modeling of liver SBRT

As mentioned in the introduction, ICG-R15 is a non-enzymatic functional test that is used to 

assess liver function during radiotherapy [20]. It is noted that ICG clearance is expected to 

correlate with ALBI or C-P change, however, this correlation was only marginal here 

(p=0.07). The addition of ICG-R15 change to LKB modeling seemed to produce a large 

effect (Figure 6a) but this effect seems to disappear in case of PA model (Figure 6b), likely 

due to the correlation with portal venous perfusion [25].

Discussion

This work investigated NTCP modeling of liver SBRT in primary HCC patients. Despite 

wider application of SBRT for the treatment of metastatic and primary liver cancers, NTCP 

modeling is still lagging in this area compared to other sites, such as the lung. NTCP 

modeling of conventional fractionation has led to significant advances in liver treatment and 

almost eradication of RILD events in clinical practice. This is equally important for SBRT or 

mixed regimens as multiple dose prescriptions and larger volumes are being contemplated in 

clinical trials. We assumed parallel architecture of the liver in our NTCP modeling, which is 

established in cases of RILD and enzymatic changes, but still emerging in cases of C-P and 
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ALBI change. A summary of models presented in this study and their corresponding 

parameters is provided in supplemental Table A1.

Our study highlights the need for more consideration of parameters that can be known up 

front, such as dose, vs. those that need to be measured during treatment and would require 

replanning. Our dosimetric only model demonstrated that ALBI/C-P changes are more 

radiosensitive than enzymatic liver changes and could be a precursor for them. However, the 

small number of enzymatic liver changes precluded definite assessment of this effect. 

Sample implementation and comparisons with LKB RILD estimates for common liver 

constraints are provided in supplemental Table A2.1.

The use of functional imaging based on portal venous perfusion in NTCP modeling would 

allow relating imaging information to toxicity whether it is represented by functional 

endpoints such as ALBI/C-P or represented by more severe ones such as enzymatic changes. 

This information could be further used to optimize liver treatment plans [49] as well as to 

assess their quality when designing standard or adaptive treatment regimens. The portal 

venous perfusion from DCE-MRI imaging information was incorporated into the PA 

functional reserve model resulting in steeper response curves compared to the dosimetric 

only LKB model. This could be attributed to having different sensitivities of the functional 

units within the liver, or possible differences in how many functional units were damaged 

before producing the clinical change. In any case, this highlights the potential and added 

value of incorporating functional imaging information into NTCP model development, 

which are traditionally treated independently in treatment planning. Moreover, sample 

implementation and comparison with PA RILD estimates using anatomical volume for 

common liver constraints is provided in supplemental Table A2.2.

The addition of cytokines could improve risk stratification. Patients with increased levels of 

TGF-β1 or Eotaxin expressions during treatment are at higher levels of liver dysfunction 

than the general liver population. Interestingly, the impact of TGF-β1 was more pronounced 

than Eotaxin in the PA versus the LKB model reflecting the complex relationship between 

inflammatory cytokines and blood flow [50]. However, the impact of these cytokine risk 

trends did not reach statistical significance and would need to be further explored in larger 

datasets. These trends were explored here in case of ALBI only, as it is highly correlated 

with C-P (similar trends were seen, data not shown) while the event rate was too small (n=2) 

for modeling in case of enzymatic changes.

Despite the promising findings in our study, there are limitations that need to be 

acknowledged. Our use of conventional patients in the study is a limitation, however, this 

heterogeneity has allowed us to realize a more complete response curve when doses were 

converted into EQD2 using the LQL model. In addition, the functional imaging and the 

cytokine analyses were done on limited subsets of the SBRT data presenting promise but not 

necessarily proof yet. Therefore, larger and multi-institutional datasets are still needed to 

confirm the observations made in our study.
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Conclusions

This work presented and analyzed several NTCP models for HCC liver patients who receive 

SBRT/RT treatment. In addition, we demonstrated that the incorporation of functional 

imaging/tests and biological markers into NTCP modeling of SBRT liver toxicity is not only 

feasible but could be beneficial to further improve estimates of expected NTCP risk in these 

patients and personalization of treatment planning compared to using dose only models.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

Delivery of liver radiotherapy is limited by its impact on liver function. This work 

develops and evaluates new NTCP models for liver irradiation utilizing functional 

imaging and biological markers using generalized functional reserve. These models are 

contrasted with traditional Lyman models.
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Figure 1. 

Naqa et al. Page 13

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Dosimetric NTCP modeling using LKB. (a) ALBI change modeling with dots representing 

the original data (black). (b) ALBI model in conjunction with C-P (blue) and liver grade3+ 

enzymatic changes (red) with circles representing the original data. The solid lines represent 

the optimal fits and the dotted lines represent the 95% confidence band.
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Figure 2. 
Subregional modeling of liver loss of function using portal venus perfusion using the logistic 

model. The blue dots represent original data and the error bars represent 95% confidence 

levels of binned data. The solid line represents best fit with the dotted lines representing 

95% confidence band. Note that the curve is calculated to near zero dose only (logistic 

model predicts zero effect at 0 dose). This may indicate possible residual perfusion changes 

at no dose by less than healthy liver.
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Figure 3. 
Accumulative functional reserve NTCP PA model using portal venous perfusion. (a) ALBI 

changes with dots representing the original data (black). (b) ALBLI along with C-P (blue) 

and liver enzymatic changes (red) with circles representing the original data. The solid lines 

represent the optimal fits and the dotted lines represent the 95% confidence band.
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Figure 4. 
Dose modifying effect of cytokines on LKB model of ALBI. (a) with change in TGF-β1. (b) 

with change in Eotaxin. Red circles represeng the available data superimposed on the 

dosimetric only NTCP for ALBI change model. The solid lines represent the optimal fits and 

the dotted lines represent the 95% confidence band.
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Figure 5. 
Dose modifying effect of cytokines on functional reserve PA model of ALBI. (a) change in 

TGF-β1. (b) change in Eotaxin. Red circles represent the available data superimposed on the 

dosimetric only NTCP for ALBI change model. The solid lines represent the optimal fits and 

the dotted lines represent the 95% confidence band.

Naqa et al. Page 18

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. 
Dose modifying effect of ICG on NTCP models. (a) LKB, (b) PA. Red circles represent the 

available data superimposed on the dosimetric only NTCP model. The solid lines represent 

the optimal fits and the dotted lines represent the 95% confidence band.
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Table 1

Patient characteristics.

Characteristic SBRT (n=146) Conventional (n=46)

Age (y)

 Median 64 64

 Range 25–86 43–84

Gender

 Female 44 (20%) 12 (26%)

 Male 172 (80%) 34 (74%)

Cirrhotic Status 124 (85%) 31 (67%)

Liver-GTV volume (cc)

 Median 1534.7 1542.5

 Range 674.7–3516.0 699.3–3321.5

Mean liver EQD2 dose (Gy)

 Median 9.4 24.4

 Range 1.6–36.1 9.6–30.3
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