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ARTICLE INFO ABSTRACT

Keywords: Background: Hepatocellular carcinoma (HCC) poses a significant challenge for patients ineligible for surgical
Hepatocellular carcinoma resection or liver transplantation. Local therapies like Stereotactic Body Radiotherapy (SBRT) are crucial for
IGF-1 those with liver-limited disease. Insulin-like growth factor-1 (IGF-1) is a potential biomarker for liver function.
:ﬁfvTival analysis This study evaluates IGF-1"s prognostic value in predicting survival outcomes in HCC patients undergoing SBRT.
Nomogram Methods: We analyzed 42 HCC patients treated with SBRT between May 2021 and January 2024, with IGF-1

levels measured within four weeks before SBRT. Patient demographics, tumor metrics, and clinical outcomes
were examined. The prognostic significance of IGF-1 was assessed using Cox proportional hazards and ROC curve
analysis to determine optimal IGF-1 cutoffs for survival prediction. A nomogram predicting 1-year and 2-year
survival was constructed using a multivariate Cox model.

Results: IGF-1 levels were significantly lower in patients with cirrhosis or sarcopenia. Median overall survival
(0S) was 24 months, with a significant survival difference favoring patients with IGF-1 levels above 62.4 ng/ml
(Hazard Ratio [HR]: 5.9, P = 0.0025). A multivariable Cox model including Child-Turcotte-Pugh (CTP) score,
IGF-1, and tumor volume effectively predicted survival. IGF-1 and tumor volume significantly impacted OS (HR:
6.9 and 1.004, p = 0.014 and 0.0022, respectively). Integrating IGF-1 with CTP score improved predictive ac-
curacy (c-index 0.66 to 0.75, p = 0.052).

The nomogram, integrating IGF-1 with the CTP and tumour volume, exhibited robust predictive accuracy with an
area under the curve (AUC) of 0.84 for 2-year survival.

Conclusion: IGF-1 is a reliable biomarker for liver function and survival prediction in HCC patients undergoing
SBRT. Higher IGF-1 levels indicate better prognosis. The developed nomogram, incorporating IGF-1, enhances
clinical decision-making for SBRT management. Further validation in larger cohorts is needed.

Liver cancer prognosis

Introduction traditionally considered definitive treatments, they are limited by strict

eligibility criteria [3,4]. In recent years, Stereotactic Body Radiotherapy

Primary liver cancer is the sixth most prevalent cancer worldwide,
with approximately 830,180 deaths annually, accounting for the third
leading cause of cancer-related mortality, with hepatocellular carci-
noma (HCC) constituting the majority of primary liver cancers [1,2].
While surgical resection and orthotopic liver transplantation are

(SBRT) has significantly advanced in treating HCC, showcasing
remarkable efficacy across diverse disease stages, and acting as a potent
bridging strategy prior to liver transplantation [5-9]. Numerous studies
consistently affirm that SBRT delivers exceptional local control rates
beyond 90 % and outperforms other locoregional therapies [10-13].
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Despite these impressive results, a major challenge remains that pa-
tients’ survival is often limited despite the high control rates achieved
[8]. This disparity between superior tumour control and restricted pa-
tient longevity is typically attributed to the rapid deterioration of liver
function and subsequent hepatic cell failure [14].

Insulin-like growth factors (IGFs) are polypeptide hormones that are
dependent on growth hormone (GH) and stimulate cell replication
across most mesenchymal-derived tissues, underpinning the growth-
promoting effects of GH [15]. There are two types of IGFs: IGF-1 and
IGF-2. IGF-1 is primarily synthesised in response to GH and is regulated
by hypothalamic signals including GH-releasing hormone and somato-
statin, as well as by feedback from IGF-1 itself and ghrelin, a gastric
hormone [16]. Approximately 75 % of the liver-produced IGF-1 circu-
lates to mediate systemic endocrine functions. In contrast, the remaining
25 % is synthesised in tissues such as bones, cartilage, the central ner-
vous system, kidneys, ovaries, and erythroid cell precursors and exerts
localised effects through autocrine and paracrine mechanisms [16].

As liver function deteriorates, the ability of the liver to produce IGF-1
diminishes, establishing IGF-1 as a crucial surrogate marker of liver
health [17-19]. Clinically, reduced levels of IGF-1 are frequently asso-
ciated with advanced stages of liver disease such as cirrhosis and HCC
[19,20]. This association is particularly valuable for gauging the severity
of liver conditions, offering clearer insights where traditional diagnostic
methods may fall short due to the complex influences of factors like
inflammation and fibrosis [16,20]. In addition, unlike other liver func-
tion tests, IGF-1 levels remain relatively unaffected by acute phase re-
actions, thus providing a more consistent indicator of the long-term liver
reserve. This consistency renders IGF-1 an effective tool for monitoring
disease progression or gauging recovery following various treatments,
including surgical resection, liver transplantation, or locoregional
therapies [21-24].

The prognostic utility of IGF-1 in the context of treating HCC with
SBRT has not been fully investigated. In this study, we aimed to inves-
tigate the prognostic accuracy of IGF-1 levels, assess their implications
for this particular treatment modality, and construct a nomogram to
predict survival.

Material and methods

This analysis was conducted on patients with HCC who received
liver-directed SBRT as part of their management in “RWTH Aachen
University Hospital” and had the serum IGF-1 level measured within
four weeks before SBRT started. The measurement of IGF-1 was per-
formed using the LIAISON® XL analyser, a fully automated chem-
iluminescence immunoassay system (DiaSorin S.p.A.) using the
LIAISON® IGF-I assay kit for the quantification of IGF-1 levels in serum
samples as previously described [25]. Patients without prior measure-
ment of IGF-1 or who received SBRT other than to the liver were
excluded from the analysis. The indication and delivery of SBRT have
been described [5].

Clinical data examined included age, sex, body mass index, cirrhosis,
laboratory liver function tests, liver volume, alpha-fetoprotein (AFP),
tumour size and volume, macroscopic vascular invasion, and distant
metastases.

The Child-Turcotte-Pugh (CTP) score was estimated following the
established method [26]. Similarly, the IGF1-CTP score for each patient
was derived as previously outlined [20,22]. Specifically, IGF1-CTP
scores incorporate points assigned based on levels of albumin, bili-
rubin, INR, and IGF-1, where IGF-1 scoring was performed as follows:
more than 50 ng/ml gives 1 point; 26-50 ng/ml gives 2 points; and less
than 26 ng/ml accrues 3 points. Aggregate scores ranging from 4 to 5
categorise patients into IGF1-CTP Class A, scores of 6 to 7 in Class B, and
scores exceeding 7 in Class C.

The study was approved by the local ethics committee (Faculty of
Medicine, RWTH Aachen University, EK 23-264). The analysis and
model reporting were guided by the principles of the TRIPOD statement,
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and relevant items from the checklist (Appendix 1) were considered
[27].

Sarcopenia measurement

Before initiating SBRT, all patients underwent contrast-enhanced
multislice planning computed tomography (P-CT) using a 16-slice CT
scanner (Brilliance CT Big Bore Oncology, Philips Medical Systems Inc.,
Cleveland, OH, USA). The scans were conducted at 120 kVp with a slice
thickness of 2 mm and a reconstructed pixel size of 1.17 mm x 1.17 mm.
Subsequently, the P-CT images were exported in DICOM format to the
3D Slicer segmentation software for further analysis [28]. Measure-
ments were specifically performed on a single image at the mid-lumbar
vertebrae L3 level. CT attenuation thresholds ranging from —29 to 150
Hounsfield Units (HU) were applied for the semi-automated skeletal
muscle surface area (SMA) delineation. The skeletal muscle index (SMI)
was calculated using the formula.

SMA /height?

Sarcopenia was diagnosed based on SMI thresholds of less than 41
cm?/m? for females and less than 53 cm?/m? for males [29].

Statistical analysis

The primary endpoint of the analysis was overall survival (OS),
which is defined as the interval from the initiation of SBRT to the time of
death or censoring. Progression-free survival (PFS) was defined as the
interval from initiating the radiation treatment to the point of any site
disease progression or censoring. Freedom from local progression (FFLP)
is defined at the treated lesion level as the time from radiation initiation
until the subsequent local progression or censored. In the case of a liver
transplant, FFLP, PFS, and OS for the respective patient were censored at
the time of transplant.

Pearson correlation analysis was used to examine the relationship
between IGF-1 levels and patients’ characteristics. The Mann-Whitney U
test was used to compare the medians of non-parametric data. Receiver
operating characteristic (ROC) curve analysis was conducted to deter-
mine the most statistically robust cut-point for significance. Kaplan-
Meier analysis was applied to estimate the survival parameters, and
univariate and multivariate survival analyses were performed using the
Cox proportional hazards model, from which hazard ratios (HRs) and 95
% confidence intervals (CIs) were derived. Additionally, concordance
(c) statistics were applied to evaluate the model’s predictive accuracy in
estimating overall survival. The time-dependent ROC analysis with the
area under the curve (AUC) was applied to compare the predictive ac-
curacy of different models using the “timeROC” package. For estab-
lishing and validating the nomogram, the “rms” package was used and
1000 bootstrap resamples were generated and used to validate the
nomogram. The statistical analysis and graphics were performed using
R software version 4.3.1.

Results

Between May 2021 and January 2024, 43 patients underwent liver-
directed SBRT for HCC after being deemed unresectable or as bridging
therapy before liver transplantation. IGF-1 levels were prospectively
measured before SBRT in 42 patients, and only one patient was excluded
from the analysis due to the lack of IGF-1 measurement before radiation
treatment. Survival and disease progression data were available for all
42 patients and 39 patients with 52 treated lesions, respectively. Pa-
tients’ characteristics are detailed in Table 1. Sixteen patients received
SBRT as their first therapy, while 26 were previously treated, as detailed
in Table 1.

Four patients underwent liver transplantation at 1.5, 2.4, 6.2, and 10
months post-SBRT; the survival and disease progression data for these
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Table 1

Patients’ characteristics. IGF-1: IGF-1 Insulin-like growth factor 1, ALT: Alanine
transaminase, AST: Aspartate transaminase, GGT: Gamma-glutamyltransferase,
INR: international normalized ratio, CTP: Child-Turcotte-Pugh, (BCLC) Barce-
lona Clinic Liver Cancer staging system, TACE: transarterial chemoembolization,
SIRT: selective internal radiation therapy, AFP: Alpha-Fetoprotein, BMI: body
mass index, EQD2: median equivalent dose in 2 Gy per fraction, Gy Gray.

Characteristic

Age
Gender
- Female
- Male
Cirrhosis:
No cirrhosis:
Cirrhosis
Median IGF-1 (range)
Median Albumin (range)
Median Total Bilirubin (range)
Median ALT (range)
Median AST (range)
Median GGT (range)
Median INR
Ascites:
- No
- Mild
- Moderate to sever
CTP score
- A
-B
-C
IGF1-CTP score:
- A
- B
-C
Change in CTP score 3 months post SBRT.
unchanged
- 1 point increase
- 2 points increase.
- I point decrease (improvement)
Tumor size:
- <2cm
- 2-5cm
- >5
BCLC Stage:
A
B
C
D
Prior Therapy:
No
Yes:
Surgical resection
SIRT
Systemic therapy
Thermal ablation
TACE

Therapy after SBRT
No

Yes:
Systemic therapy
Second course SBRT
Thermal ablation
Liver Transplant
Median Liver volume (range)
Median Tumor volume (range)
Median AFP (range)
Sarcopenia
- Yes
- No
Median BMI (range)
Median Physical prescribed dose
Median number of fractionsMedina EQD2
(range)

74 (50-87)

16

26

7

(16.7 %)35

(83.3 %)

62.4 (21.3-161.4) ng/ml
3.75 (2.5-4.7) g/dl
0.81 (0.21-3.38) mg/dl
29 (10-211) U/L

43 (18-132) U/L

175 (14-909) U/L

1.16 (0.97-2.44)

31
3
8

27

12
3

26

i )

23

19
10

3

4

4

1407 (657-2545) cm®
20.3 (0.7-981) cm®
11.5 (2.4-9066) ng/ml

19
23

25.7 (17.58-43.95) kg/m>
40 (18-50) Gy5

(1-8) Fractions60
(31.25-83.3) Gy
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patients were censored at the time of transplantation. With a median
follow-up of 15.4 months (interquartile range [IQR]: 8.5-24.4 months),
the median OS was 24 months. OS rates at one and three years were
59.4 % (95 % CI: 45-79 %) and 46 % (95 % CI: 28-74 %), respectively.
PFS was 18.2 months. FFLP rates were 92.5 % and 81 % at one and two
years, respectively.

The c-index for the CTP score was 0.66 (95 % CI: 0.52-0.79), while
the IGF1-CTP score was slightly higher at 0.68 (95 % CI: 0.55-0.81);
however, the comparison of the two c-indexes yielded a slight difference
of 0.02 with a corresponding Z-score of 0.33, and the p-value of 0.744,
indicating that the difference in predictive performance between the
two scoring systems is not statistically significant.

Additionally, no significant correlation was observed between IGF-1
levels and several variables including liver volume (r = 0.22, p = 0.17),
tumor volume (r = —0.054, p = 0.75), age (r = 0.17, p = 0.27), BMI (r =
0.13, p = 0.42), INR (r = —0.091, p = 0.56), alanine aminotransferase
(ALT) (r = —0.16, p = 0.3) or AFP (r = —0.029, p = 0.86). Conversely,
IGF-1 levels showed a significant positive correlation with serum albu-
min (r = 0.41, p = 0.0066) and negative correlations with total bilirubin
(r = —0.39, p =0.011) and aspartate aminotransferase (AST) levels (r =
—0.49, p = 0.0011).

Patients with sarcopenia had significantly lower median IGF-1 levels
(45.4 ng/ml) than those without sarcopenia (78.2 ng/ml), with a p-value
of 0.009 (Fig. 1a).

Furthermore, the median IGF-1 level was significantly higher in
patients without cirrhosis (92.5 ng/ml) than those with cirrhosis (56.8
ng/ml), with a p-value of 0.0395 (Fig. 1b). However, there was no sig-
nificant difference between the median IGF-1 levels for patients with
and without prior therapies to SBRT among the cohort, 62,4 and 60 ng/
ml, respectively (p-value of 0.88).

Univariate and multivariate analyses

Using ROC analysis to optimise the assessment of OS, an IGF-1 cutoff
of 62.4 ng/ml was identified for this cohort (Fig. 2). Among patients
with IGF-1 levels below this threshold, “the low IGF-1" group, 12 out of
20 patients died, with a significantly higher mortality hazard (HR: 5.9, p
= 0.0025) compared to the “high IGF-1" group, only 4 out of 22 patients
died (Fig. 2). Despite these differences in OS, PFS did not differ signif-
icantly between groups (HR: 1.3, 95 % CI: 0.4-3.4, p = 0.8) (Fig. 2).

Other parameters were evaluated for their impact on OS Table 2. Age
had an HR of 0.99 (p = 0.8), and Female sex showed a trend for
significantly lower hazard than males (HR: 0.28, P = 0.05). Cirrhosis
was associated with an increased hazard (HR: 3.5) but was not statisti-
cally significant (p = 0.22). Sarcopenia significantly predicted increased
hazard (HR: 4.5, p = 0.006). CTP was a significant predictor, with scores
of B and C having HRs of 3.4 (p = 0.036) and 5.7 (p = 0.013) compared
to score A, respectively. Tumour size had an HR of 1.7 (p = 0.14), but
tumour volume was significantly associated with increased hazard, with
each em® increase correlating with a slight yet significant increase in
mortality risk (HR: 1.003, P = 0.008). Liver volume did not show a
significant association (HR: 1, P = 0.26). Furthermore, macroscopic
vascular invasion significantly predicted increased risk (HR: 2.9, P =
0.041). BMI had an HR of 1.03 with a P value of 0.52. There was no
meaningful statical difference between patients with and without prior
therapy to SBRT (HR: 0.83, p-value: 0.71).

A multivariate Cox proportional hazards model was then performed
using the three most significant liver-related parameters identified in the
univariate analysis. An IGF-1 level below 62.4 ng/ml was associated
with an HR of 6.9 (p = 0.014), indicating a significantly elevated mor-
tality risk. Although higher CTP scores (B and C) were associated with
increased HRs compared to score A (HR = 2.1, p = 0.24 for B and HR =
1.53, p = 0.59 for C), these differences did not reach statistical signifi-
cance. Moreover, tumour volume was a critical determinant of survival
(HR = 1.004, p = 0.0022). The c-index of the model was 0.8 (95 % CI:
0.65:0.85).
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Table 2

Univariate and multivariate analysis. HR: hazards ratio, IGF-1: IGF-1 Insulin-like
growth factor 1, CTP score: Child-Turcotte-Pugh score, BMI: Body mass index,
AFP: alpha fetoprotein.

Parameter Univariate analysis Multivariate cox regression
analysis
HR P value HR P value
Age 0.99 (0.9-1.05) 0.8
Sex 0.28 (0.1-3.5) 0.05 *
Cirrhosis 3.5 (0.47-26.8) 0.22
IGF-1 5.9 (1.9-19.7) 0.0025 6.9 (1.4-24.5) =
(Low vs high) * 0.014*
Sarcopenia 4.5 (1.5-13.1) 0.006 *
CTP score
Avs 3.4 2.1
e B (1.1-10.5)5.7 0.036* (0.59-7.6)1.53 0.24
e C (1.7-22.7) 0.013* (0.32-7.3) 0.59
Tumour size 1.7(0.8-3.4) 0.14
Tumour volume 1.003 0.008* 1.004 0.0022*
(1.001-1.004) (1.001-1.006)
Liver volume 1 (0.998-1) 0.26
Macroscopic 2.9 (1.04-8.14) 0.041%*
vascular invasion
BMI 1.03 (0.95-1.1) 0.52
AFP 1 (0.999-1) 0.138
Denovo SBRT vs 0.83 0.71
previous therapy (0.30—2.3)

We also compared two functional liver reserve models to predict
survival. The first was the classical CTP, and the second included CTP
and IGF-1 “categorised as low vs high” based on 62.4 ng/ml as the cut off
point; the c-index was 0.66 and 0.75, respectively. The comparison of
the two c-indices yielded a difference of 0.09 with a Z-score of 1.95 and a
p-value of 0.05, suggesting that the performance between the scoring
systems in predicting the functional liver reserve is marginally
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statistically significant in favour of CTP + IGF-1 (low vs. high).

Development and evaluation of the nomogram

Utilising the multivariate Cox regression model, we developed a
nomogram incorporating CTP, IGF-1 (low vs high) and tumour volume
to predict patients’ 1l-year and 2-year survival probabilities. The
nomogram assigns point values to each variable based on their prog-
nostic significance, which are summed to derive total points correlating
directly with survival probabilities (Fig. 3-a). The model’s two-year
predictive performance was assessed using time-dependent ROC anal-
ysis, which yielded an AUC of 0.84 (Fig. 3-b).

Further, the Calibration of this model at two years involved bootstrap
resampling, yielding a mean absolute error of 0.1 with the 0.9 quantiles
of absolute errors at 0.064, indicating that 90 % of the predictions
deviate by less than 6.4 % from actual outcomes (Fig. 3-c).

Discussion

The prognostic value of IGF-1 in assessing functional liver reserve in
the management of HCC has been investigated in the context of systemic
and other local therapies such as thermal ablation or transarterial che-
moembolization [21-23]. However, this study uniquely explores the
role of IGF-1 within the specific setting of liver-directed SBRT, marking a
novel investigation into its implications in this treatment modality.

It is important to note that although the majority of circulating IGF-1
is bound to IGF-binding proteins (IGFBPs), advancements in immuno-
assay technology have significantly enhanced the accuracy and reli-
ability of IGF-1 measurements [30]. Historically, the presence of IGFBPs
interfered with early assays by hindering antibody binding, but modern
techniques—such as the use of IGF-II to displace IGF-1 from binding
proteins—have resolved this issue, enabling more precise measure-
ments. Commercial IGF-1 assays are now widely available in clinical
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practice, offering improved sensitivity and reproducibility [30]. How-
ever, variations in assay methods between laboratories still exist, which
can influence the interpretation of IGF-1 levels. Therefore, it is recom-
mended to consistently use the same assay method [31].

Unlike other malignancies where higher IGF-1 levels might indicate
a higher risk of cancer progression, HCC patients typically have lower
serum IGF-1 levels [16,19]. This trend is attributed to impaired hepatic
synthesis resulting from advanced liver disease, which undermines liver
function [16,18,32,33]. Consistent with this, our findings indicate IGF-1
was markedly diminished in patients with liver cirrhosis with more se-
vere liver disease and subsequently poorer survival outcomes, aligning
with patterns identified in previous research [20].

The study further evaluated the IGF1-CTP classification, which re-
places subjective clinical assessments like ascites and encephalopathy
with objective IGF-1 serum levels to potentially enhance prognostic
accuracy. However, the predictive accuracy of IGF1-CTP was slightly
better than the classical CTP score but the difference was not statistically
significant. Although this finding aligns with previous reports [22,24], it
still could be attributed to the relatively small number of patients or a
difference in the percentage of patients with cirrhosis and its aetiology
among the cohort.

Also, IGF-1 levels were markedly lower in those suffering from sar-
copenia. This would be attributed to the role of IGF-1, mainly its iso-
forms IGF-1Ea and IGF-1Eb, which is crucial in promoting muscle
hypertrophy and countering age-related muscle deterioration by
enhancing autophagy, mitochondrial function, and reducing inflam-
mation [34].

Additionally, IGF-1 levels did not significantly correlate with liver
volume, tumour volume, age, BMI, INR, ALT, or AFP, suggesting that
IGF-1 does not directly reflect these HCC characteristics or patient sta-
tus. However, significant correlations were observed between IGF-1 and
markers indicative of liver function and damage, such as serum albumin,
total bilirubin, and AST, reinforcing the utility of IGF-1 in evaluating
liver synthetic capacity [15,16,21]. These insights extend the role of
IGF-1 beyond mere tumour characteristics, illustrating its broader im-
plications for liver functionality and patient physiological status.

Further, we analysed the optimal cutoff point for IGF-1 based on the
survival outcomes of the cohort. A threshold of 62.4 ng/ml was estab-
lished, dividing the cohort into two groups: a “high IGF-1” group with
levels equal to or greater than 62.4 ng/ml and a “low IGF-1” group with
levels below this threshold. The OS was significantly higher in the high
IGF-1 group than in the low IGF-1 group, with no significant differences
in PFS observed between the two groups. These findings underscore the
importance of liver reserve assessment in the management of HCC,
highlighting liver failure as an essential reason for morbidity and mor-
tality during the management of HCC unrelated to tumour progression
[14] and the enhancement in prediction accuracy when combining CTP
with IGF-1 categorised as low and high highlights the value of incor-
porating multiple biomarkers into liver reserve models, which could
significantly improve individualised patient management strategies in a
clinical setting. While our study identified optimal cut-off at 62.4 ng/ml,
different studies suggested different cut-off points for IGF-1, which may
reflect the effect of various etiologies of primary liver disease and
cirrhosis on IGF-1 levels and may necessitate further validation or
individualisation of the optimal cut-off [20,23,24,35].

Furthermore, univariate survival analysis identified male gender,
tumour volume, macroscopic vascular invasion, and sarcopenia as fac-
tors associated with poorer OS. Subsequent multivariate Cox regression
confirmed the statistical significance of IGF-1 (low vs. high) and tumour
volume, with the overall model’s significant robustness.

Finally, the development of the nomogram, integrating CTP score,
IGF-1, and tumour volume, demonstrates substantial predictive power
with an AUC of 0.84 for 2-year survival, suggesting a reliable tool for
clinical decision-making. The model’s robust calibration, reflected in a
mean absolute error of 0.1 and predictions within 6.4 % of actual out-
comes for 90 % of cases, underscores its practical utility and accuracy of
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the nomogram in predicting the survival of the patients.
Study limitations

Although the study of IGF-1 as a biomarker for the treatment of HCC
with SBRT is novel, the main shortcomings of this study were the rela-
tively small sample size and the heterogeneity of the disease groups,
which might limit the generalizability of the findings to a broader
population. Additionally, despite advancements in IGF-1 assay tech-
nologies, there may still be variability in measurement techniques across
different assays, which may influence the optimal cut-off point.

Conclusion

This study underscores the potential of IGF-1 levels as an important
biomarker in enhancing the management of HCC by liver-directed SBRT.
The findings suggest that lower IGF-1 levels correlate with reduced
overall survival, mainly attributed to the limited functional liver ca-
pacity without significant differences in disease progression among pa-
tients with higher IGF-1 levels. Future directions should investigate
possible de-escalation of therapy to those patients to mitigate the limited
liver reserve. The analysis reaffirms the importance of a comprehensive
clinical evaluation, integrating tumour characteristics and physiological
status, to effectively tailor treatment plans.

Author contributions

Conception and design of the study (AMM, MB, FWRV, MI, MJE),
Data collection and analysis (AMM, CS, OB, BPS, KF, PB), Revision of the
analysis (MJE, EV, PB), Manuscript drafting (AMM, MW, TV), critical
revision of manuscript (TV, OB, MI).

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ctro.2024.100887.

References

[1] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin 2021;71(3):209-49.

[2] El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular
carcinogenesis. Gastroenterology 2007;132(7):2557-76.

[3] Galle PR, Forner A, Llovet JM, Mazzaferro V, Piscaglia F, Raoul JL, et al. EASL
clinical practice guidelines: management of hepatocellular carcinoma. J Hepatol
2018;69(1):182-236. Available from: doi:10.1016/j.jhep.2018.03.019.

[4] Omata M, Cheng AL, Kokudo N, Kudo M, Jeong, Lee M, et al. Asia-Pacific clinical
practice guidelines on the management of hepatocellular carcinoma: a 2017
update. Hepatol Int 2072 [cited 2019 Jan 6];11:317-70. Available from: doi:
10.1007%2Fs12072-017-9799-9.pdf.

[5] Allam Mohamed A, Berres ML, Bruners P, Lang SA, Christian Trautwein -,
Wiltberger G, et al. Managing hepatocellular carcinoma across the stages: efficacy
and outcomes of stereotactic body radiotherapy A retrospective study - Local
ablative therapy - Non-invasive oncologic intervention - High-dose radiation
therapy - Precision Oncology. Strahlentherapie und Onkologie [cited 2024 Jul 17];
Available from: doi:10.1007/500066-024-02235-5.

[6] Ohri N, Tomé WA, Méndez Romero A, Miften M, Ten Haken RK, Dawson LA, et al.
Local control after stereotactic body radiation therapy for liver tumors. Int J Rad
Oncol Biol Phys 2021;110(1):188-95.

[7] Bujold A, Massey CA, Kim JJ, Brierley J, Cho C, Wong RKS, et al. Sequential phase I
and II trials of stereotactic body radiotherapy for locally advanced hepatocellular
carcinoma. J Clin Oncol 2013 [cited 2023 Oct 3];31(13):1631-9. Available from:
https://pubmed.ncbi.nlm.nih.gov/23547075/.

[8] Dawson LA, Winter KA, Knox JJ, Zhu AX allam/Desktop/1 s2. 0 S main. pdf,
Krishnan S, Guha C, et al. NRG/RTOG 1112: Randomized phase III study of


https://doi.org/10.1016/j.ctro.2024.100887
https://doi.org/10.1016/j.ctro.2024.100887
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0005
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0005
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0005
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0010
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0010
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0030
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0030
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0030

AA.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Mohamed et al.

sorafenib vs. stereotactic body radiation therapy (SBRT) followed by sorafenib in
hepatocellular carcinoma (HCC). J Clin Oncol 2023;41(4_suppl):489. Available
from: https://doi.org/10.1200/JC0.2023.41.4_suppl.489.

Sapisochin G, Barry A, Doherty M, Fischer S, Goldaracena N, Rosales R, et al.
Stereotactic body radiotherapy vs. TACE or RFA as a bridge to transplant in
patients with hepatocellular carcinoma. An intention-to-treat analysis. J Hepatol
2017 [cited 2019 Jan 6];67(1):92-Available from: http://www.ncbi.nlm.nih.gov/p
ubmed/28257902.

Safavi AH, Dawson LA, Mesci A. Do We Have a Winner? Advocating for SBRT in
HCC Management. Clin Transl Radiat Oncol 2024 [cited 2024 Jul 23];45:100740.
Available from: http://www.ctro.science/article/S240563082400017X/fulltext.
Yang Z, Liu S, Hu L, Chen J, Wang J, Pan Y, et al. Stereotactic body radiotherapy is
an alternative to radiofrequency ablation for single HCC < 5.0 cm. JHEP Reports
2024 [cited 2024 Jul 23];0(0):101151. Available from: http://www.jhep-reports.
eu/article/S2589555924001551 /fulltext.

Comito T, Loi M, Franzese C, Clerici E, Franceschini D, Badalamenti M, et al.
Stereotactic Radiotherapy after Incomplete Transarterial (Chemo-) Embolization
(TAE\TACE) versus Exclusive TAE or TACE for Treatment of Inoperable HCC: A
Phase III Trial (NCT02323360). Curr Oncol 2022 Nov 16 [cited 2023 Oct 3];29
(11):8802-13. Available from: https://pubmed.ncbi.nlm.nih.gov/36421345/.
Méndez Romero A, van der Holt B, Willemssen FEJA, de Man RA, Heijmen BJM,
Habraken S, et al. Transarterial chemoembolization with drug-eluting beads versus
stereotactic body radiation therapy for hepatocellular carcinoma: outcomes from a
multicenter, randomized, phase 2 trial (the TRENDY Trial). Int J Radiat Oncol Biol
Phys 2023;117(1):45-52.

Llovet JM, Hernandez-Gea V. Hepatocellular carcinoma: Reasons for phase III
failure and novel perspectives on trial design. Clinical Cancer Res 2014 [cited 2024
Jul 21];20(8):2072-9. Available from: /clincancerres/article/20/8/2072/78729/
Hepatocellular-Carcinoma-Reasons-for-Phase-III.

Bonefeld K, Mgller S. Insulin-like growth factor-I and the liver. Liver Int 2011
[cited 2024 Jul 211;31(7):911-9. Available from: doi:10.1111/j.1478-
3231.2010.02428.x.

Abdel-Wahab R, Shehata S, Hassan MM, Habra MA, Eskandari G, Tinkey PT, et al.
Type I insulin-like growth factor as a liver reserve assessment tool in hepatocellular
carcinoma. J Hepatocell Carcinoma 2015 [cited 2024 Jul 21];2:131-42. Available
from: https://www.dovepress.com/type-i-insulin-like-growth-factor-as-a-liver-res
erve-assessment-tool-i-peer-reviewed-fulltext-article-JHC.

Adamek A, Kasprzak A. Insulin-like growth factor (IGF) system in liver diseases. Int
J Mol Sci 2018 May 1 [cited 2024 Jul 21];19(5). Available from: /pmc/articles/
PMC5983723/.

Volzke H, Nauck M, Rettig R, Dorr M, Higham C, Brabant G, et al. Association
between hepatic steatosis and serum IGF1 and IGFBP-3 levels in a population-
based sample. Eur J Endocrinol 2009 [cited 2024 Jul 21];161(5):705-13. Available
from: https://pubmed.ncbi.nlm.nih.gov/19690083/.

Abdel Rehem RNAM, El-Shikh WMHM. Serum IGF-1, IGF-2 and IGFBP-3 as
parameters in the assessment of liver dysfunction in patients with hepatic cirrhosis
and in the diagnosis of hepatocellular carcinoma. Hepatogastroenterology 2011
[cited 2024 Jul 21]1;58(107-108):949-54. Available from: https://europepmc.
org/article/med/21830422.

Kaseb AO, Morris JS, Hassan MM, Siddiqui AM, Lin E, Xiao L, et al. Clinical and
prognostic implications of plasma insulin-like growth factor-1 and vascular
endothelial growth factor in patients with hepatocellular carcinoma. J Clin Oncol
2011 [cited 2024 Jul 21]1;29(29):3892-9. Available from: https://pubmed.ncbi.
nlm.nih.gov/21911725/.

Kaseb AO, Guan Y, Yavuz BG, Abbas AR, Lu S, Hasanov E, et al. Serum IGF-1 scores
and clinical outcomes in the phase III IMbravel50 study of atezolizumab plus

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Clinical and Translational Radiation Oncology 50 (2025) 100887

bevacizumab versus sorafenib in patients with unresectable hepatocellular
carcinoma. J Hepatocell Carcinoma 2022 [cited 2024 Jul 21];9:1065. Available
from: /pmc/articles/PMC9569161/.

Lacin S, Yalcin S, Karakas Y, Hassan MM, Amin H, Mohamed YI, et al. Prognostic
significance of serum insulin-like growth factor-1 in hepatocellular cancer patients:
a validation study. J Hepatocell Carcinoma 2020 [cited 2024 Jul 21];7:143.
Available from: /pmc/articles/PMC7502406/.

Liu S, Liu Y, Jiang X. Prognostic significance of serum insulin-like growth factor-1
in patients with hepatocellular carcinoma following transarterial
chemoembolization. Exp Ther Med 2016 [cited 2024 Jul 211;11(2):607. Available
from: /pmc/articles/PMC4734235/.

Huber Y, Bierling F, Labenz C, Koch S, Schmidtmann I, Kloeckner R, et al.
Validation of insulin-like growth factor-1 as a prognostic parameter in patients
with hepatocellular carcinoma in a European cohort. BMC Cancer 2018 [cited
2024 Jul 23];18(1). Available from: /pmc/articles/PMC6069541/.

Chanson P, Arnoux A, Mavromati M, Brailly-Tabard S, Massart C, Young J, et al.
Reference values for IGF-I serum concentrations: comparison of six immunoassays.
J Clin Endocrinol Metabolism 2016 [cited 2024 Oct 18];101(9):3450-8. Available
from: https://pmec.ncbi.nlm.nih.gov/articles/PMC5054194/.

Tsoris A, Marlar CA. Use of the child Pugh score in liver disease. StatPearls 2023
[cited 2024 Jul 18]; Available from: https://www.ncbi.nlm.nih.gov/books/N
BK542308/.

Debray TPA, Collins GS, Riley RD, Snell KIE, Van Calster B, Reitsma JB, et al.
Transparent reporting of multivariable prediction models developed or validated
using clustered data: TRIPOD-Cluster checklist. BMJ 2023.

Fedorov A, Beichel R, Kalpathy-Cramer J, Finet J, Fillion-Robin JC, Pujol S, et al.
3D slicer as an image computing platform for the quantitative imaging network.
Magn Reson Imaging 2012 [cited 2022 Jun 29];30(9):1323. Available from: /pmc/
articles/PMC3466397/.

Martin L, Birdsell L, MacDonald N, Reiman T, Clandinin MT, McCargar LJ, et al.
Cancer cachexia in the age of obesity: Skeletal muscle depletion is a powerful
prognostic factor, independent of body mass index. J Clin Oncol 2013 [cited 2024
Jul 171;31(12):1539-47. Available from: https://ascopubs.org/doi/10.1200/
JCO.2012.45.2722.

Huang R, Shi J, Wei R, Li J. Challenges of insulin-like growth factor-1 testing. Crit
Rev Clin Lab Sci 2024 [cited 2024 Oct 18];61(5):388-403. Available from: https://
www.tandfonline.com/doi/abs/10.1080/10408363.2024.2306804.

Clemmons DR, Bidlingmaier M. IGF-I assay methods and biologic variability:
evaluation of acromegaly treatment response. Eur J Endocrinol 2024 [cited 2024
Oct 18];191(1):R1-8. Available from: https://dx.doi.org/10.1093/ejendo/
1vae065.

Caregaro L, Alberino F, Amodio P, Merkel C, Angeli P, Plebani M, et al. Nutritional
and prognostic significance of insulin-like growth factor 1 in patients with liver
cirrhosis. Nutrition 1997 [cited 2024 Jul 21];13(3):5-6. Available from:
https://pubmed.ncbi.nlm.nih.gov/9131676/.

Arturi F, Succurro E, Procopio C, Pedace E, Mannino GC, Lugara M, et al.
Nonalcoholic fatty liver disease is associated with low circulating levels of insulin-
like growth factor-1. J Clin Endocrinol Metab 2011 [cited 2024 Jul 21];96(10).
Available from: https://pubmed.ncbi.nlm.nih.gov/21816784/.

Ascenzi F, Barberi L, Dobrowolny G, Villa Nova Bacurau A, Nicoletti C, Rizzuto E,
et al. Effects of IGF-1 isoforms on muscle growth and sarcopenia. Aging Cell 2019
Jun 1 [cited 2024 Jul 211;18(3). Available from: /pmc/articles/PMC6516183/.
Shao YY, Huang CC, Lin SD, Hsu CH, Cheng AL. Serum insulin-like growth factor-1
levels predict outcomes of patients with advanced hepatocellular carcinoma
receiving antiangiogenic therapy. Clin Cancer Res [cited 2024 Jul 24];18(14).
Available from: http://clincancerres.aacrjournals.org/.


http://www.ncbi.nlm.nih.gov/pubmed/28257902
http://www.ncbi.nlm.nih.gov/pubmed/28257902
http://www.ctro.science/article/S240563082400017X/fulltext
http://www.jhep-reports.eu/article/S2589555924001551/fulltext
http://www.jhep-reports.eu/article/S2589555924001551/fulltext
https://pubmed.ncbi.nlm.nih.gov/36421345/
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0065
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0065
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0065
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0065
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0065
https://www.dovepress.com/type-i-insulin-like-growth-factor-as-a-liver-reserve-assessment-tool-i-peer-reviewed-fulltext-article-JHC
https://www.dovepress.com/type-i-insulin-like-growth-factor-as-a-liver-reserve-assessment-tool-i-peer-reviewed-fulltext-article-JHC
https://pubmed.ncbi.nlm.nih.gov/19690083/
https://europepmc.org/article/med/21830422
https://europepmc.org/article/med/21830422
https://pubmed.ncbi.nlm.nih.gov/21911725/
https://pubmed.ncbi.nlm.nih.gov/21911725/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5054194/
https://www.ncbi.nlm.nih.gov/books/NBK542308/
https://www.ncbi.nlm.nih.gov/books/NBK542308/
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0135
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0135
http://refhub.elsevier.com/S2405-6308(24)00164-2/h0135
https://pubmed.ncbi.nlm.nih.gov/9131676/
https://pubmed.ncbi.nlm.nih.gov/21816784/
http://clincancerres.aacrjournals.org/

	The prognostic utility of IGF-1 in hepatocellular carcinoma treated with stereotactic body radiotherapy
	Introduction
	Material and methods
	Sarcopenia measurement
	Statistical analysis

	Results
	Univariate and multivariate analyses
	Development and evaluation of the nomogram

	Discussion
	Study limitations

	Conclusion
	Author contributions
	Declaration of competing interest
	Appendix A Supplementary data
	References


