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Radiotherapy and high bilirubin may be metformin like effect
on lung cancer via possible AMPK pathway modulation
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ABSTRACT

PURPOSE: Life expectancy of cancer patients determine the regimen of treatment. There is no feasible
marker that determines the survival other than the stage of the disease or other patients related factors.
Bilirubin can be a revealing marker for these. The effect of bilirubin may be due to the fact that the genetic
and biochemical processes of bilirubin also modulate the tumour microenvironment. Radiotherapy and
bilirubin can produce an effect similar to metformin via AMPK pathway.

MATERIALS AND METHODS: This analysis was performed retrospectively in a cohort of 80 patients with
a diagnosis of locoregional lung cancer with bilirubin levels in the accepted range. Receiver operating
characteristic curve (ROC) analysis was performed to determine the optimal cut-off points. Pre-treatment
serum total bilirubin (TBIL), direct bilirubin (DBIL), indirect bilirubin (IBIL) levels and tumour volumes in the

prognosis of the patients were investigated.

RESULTS: The cut-off points for serum TBIL, DBIL and IBIL were 0.565 mg/dL, 0.105 mg/dL and 0.415 mg/dL,
respectively. High TBIL 47.5 %, high DBIL and high IBIL were observed in 45 % of the entire patient
population. The overall survival was three times longer in the high TBIL group than in the low TBIL group
(OS; Hazard Ratio (HR), 0.33; 95% CI 0.16-0.70; p <0.001), locoregional free survival (LRFS; HR, 0.44;
95% CI 0.27-0.71; p <0.001) and distant metastasis-free survival (DMFS; HR, 0.44; 95% 0.25-0.80; p <
0.001). Similarly, high DBIL and high IBIL levels have been associated with longer OS, LRFS, and DMFS
with significant differences. In addition, in the survival analysis of the cohort stratified with gross tumour
volume (GTV) 128.5cc and TBIL 0.565 cut-off values; In the comparison of high TBIL and low TBIL groups,
a significantly longer OS was observed in the high TBIL group in the patients with a GTV volume greater

than128.5cc (p <0.001).

CONCLUSION: Plasma bilirubin level at the time of diagnosis affects the survival of the patients independent
of cancer stage and tumour volume. Possible additive interactions of radiotherapy and bilirubin are discussed
with their pathophysiological mechanisms (Tab. 2, Fig. 7, Ref. 26). Text in PDF www.elis.sk
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Introduction

Lung cancer causes nearly 23 % of cancer-related deaths in
both sexes (1). The 5-year survival for all the subtypes of loca-
lized lung cancer is 59 %, this rate decreases to 31.7 % for regional
stage lung cancer (2). Less than half of the patients have localized
disease at the time of diagnosis. The treatment of limited disease is
mainly surgical, but in locoregional disease observed in approxi-
mately 30 % of the patients, the treatment is chemo-radiotherapy
(ChRT) (2, 3, 4).
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Bilirubin is the natural end product of heme metabolism. Stud-
ies showed that total bilirubin (TBIL) and especially indirect bili-
rubin (IBIL) are associated with better survival in many diseases
due to its antioxidant and antiproliferative effects through the bili-
verdin reductase cycle (5, 6). Studies have proven that increased
bilirubin is associated with a better prognosis in cardiovascular
diseases (7), autoimmune diseases (8), and cancer (9). In addi-
tion, it has been shown that the increased bilirubin in the healthy
population is protective against many diseases with its high anti-
inflammatory and antioxidant properties (10). Serum bilirubin as
part of normal heme catabolism plays an important role against
oxidative stress. Therefore, uridine diphosphate — glucuronosyl
— transferase 1-1 (UGT1A1) gene polymorphisms in this path-
way may protect against cancer formation caused by oxidative
stress. It has been observed that people with low bilirubin levels
are more often diagnosed with lung cancer (11). Contrary to this
effect, the antioxidant activity mechanism of bilirubin may have
negative effect during treatment. With its antioxidant effect, it can
protect cancerous cells from the cytotoxic effects of chemotherapy
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Potential eligible patients identified (N:144)

Insufficient data (n:18)
Treatment protocol was
out of the treatment
scheme (n:26)

Out of stage I
as a result
of restaging (n:20)

Eligible patients eventually included (n:80)

Fig. 1. Patient elimination chart of the study.

(ChT) and radiotherapy (RT). And it can also reduce the response
to treatment by reversing the production of reactive oxygen radi-
cals, which are the products of the indirect damage mechanism of
RT and induce cancer death. In addition, it is known that bilirubin
is a T lymphocyte inhibitor (12, 13). Even though many different
effects have been proven by previous studies, the direction of the

Tab. 1. Patients characteristics.

mechanism of high bilirubin levels on cancer and its treatment in
oncological patients is still unclear.

Adenosine monophosphate-activated kinase (AMPK) is an
evolutionarily conserved cellular energy sensor that belongs to
the serine-threonine kinase enzyme family and is found in almost
all eukaryotic cells. Activation of the AMPK pathway increases
in cellular stress situations. It is known that in individuals with
high bilirubin levels due to the UGT1A1 polymorphism, AMPK
activation increases more than in the normal population in cases
of induced stress (14).

In our study, we hypothesized that high bilirubin levels through
the AMPK pathway both limit tumour growth and cause a better
tumour response by converting treatment-induced stress in favour.
Such a relation between these variables has been considered for
the first time in literature. For this purpose, locally advanced stage
patients, who received ChRT as standard therapy were included in
our study. All of the patients were Stage I1I and received concomi-
tant ChT treatment with standard 60 Gy RT. Since the bilirubin
levels may be affected by the given treatments, the TBIL, IBIL,
and DBIL levels were measured at the time of diagnosis.

TBIL (0.565) DBIL (0.105) INBIL (0.415)
HIGH LOW p HIGH LOW p HIGH LOW p
36 (%45) 44 (%55) 38 (%47.5) 42 (%52.5) 36 (%45) 44 (%55)

Age 0.964 0.67 0.685
<65 17 (21.3)  21(26.3) 19(23.8) 19(23.8) 18 (22.5) 20 (25)
>65 19 (23.8) 23(28.7) 19 (23.8) 23(28.7) 18 (22.5) 24 (30)

Gender 0.308 0.866 0.308
Female 6(7.5) 4(5) 5(6.3) 5(6.3) 6(7.5) 4 (5.0
Male 30 (37.5) 40 (50) 33 (41.3) 37(46.2) 30(37.5) 40 (50.0)

Pathology 0.727 0.777 0.865
Nonsmall Cell 26(32.5) 35(43.8) 28 (35) 33 (41.3)

Squamous 17 (21.3) 20 (25) 17 (21.3) 20 (25) 16 (20) 21(26.3)
Adenocarcinoma 8(10) 12 (15) 10 (12.5) 10 (12.5) 8 (10) 12 (15)
Large Cell 1(1.3) 3(3.8) 1(1.3) 3(3.8) 2(2.5) 2(2.5)
Small Cell 10 (12.5) 9 (11.3) 10 (12.5) 9 (11.3) 10 (12.5) 9(11.3)

T stage 0.641 0.913 0.911
T1 5(6.3) 4(5) 5(6.3) 4 (5.0 4 (5.0 5(6.3)

T2 8 (10) 10 (12.5) 8 (10) 10 (12.5) 9(11.3) 9 (11.3)
T3 15(18.8)  15(18.8) 15 (18.8)  15(18.8) 14 (17.5) 16 (20)
T4 8 (10) 15 (18.8) 10 (12.5) 13 (16.3) 9(11.3) 14 (17.5)

N stage 0.528 0.685 0.258
N1 8(10) 10 (12.5) 7(8.8) 11 (13.7) 8 (10) 10 (12.5)

N2 18(22.5) 17(21.3) 17 (21.3)  18(22.5) 19 (23.8) 16 (20)
N3 10 (12.5)  17(21.3) 14 (17.5) 13 (16.3) 9 (11.3) 18 (22.5)

TNM stage 0.401 0.983 0.331
IIA 13(16.3)  13(16.3) 12 (15) 14 (17.5) 14 (17.5) 12 (15)
11IB 17 (21.3)  18(22.5) 17 (21.3)  18(22.5) 16 (20) 19 (23.8)
11IC 6(7.5) 13 (16.3) 9 (11.3) 10 (12.5) 6 (7.5) 13 (16.3)

GTV Volume 0.037 0.298 0.037
<128.55cc 27 (33.8) 23(28.7) 26 (32.5) 24 (30) 27(33.8) 23(28.7)
>128.55¢cc 9(11.3)  21(26.3) 12 (15) 18 (22.5) 9(11.3)  21(26.3)

Chemotherapy 0.555 0.54 0.432
Cisplatint+etoposide 14 (17.5) 14 (17.5) 14 (17.5) 14 (17.5) 15(18.8) 13 (16.3)
Carboplatint+paclitaxel 21(26.2)  26(32.5) 23 (28.7) 24 (30) 20 (25) 27 (33.8)
Carboplatint+etoposide 0(0) 2(2.5) 0(0) 2(2.5) 0(0) 2(2.95)
Cisplatin+paclitaxel 1(1.3) 2(2.5) 1(1.3) 2(2.5) 1(1.3) 2(2.5)

TNM stage — tumor-node-metastasis stage. TBIL — total bilirubin. DBIL — direct bilirubin. INBIL — indirect bilirubin. GTV — gross tumor volume
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Material and methods

Patients and methods

In this analysis, a cohort of 144 patients, who were admitted to
Kartal City Hospital between July 2015 and January 2020 with the
diagnosis of non-small cell lung cancer (NSCLC) and small cell lung
cancer (SCLC) and received concurrent ChRT was retrospectively
analysed. All the patients were reclassified according to the 8th The
American Joint Committee on Cancer (AJCC) classification system
(15) Potentially eligible patients had to have pathologically con-
firmed stage ITITA-IIIB-IIIC lung cancer without prior treatment and
complete concomitant ChT with 60 Gy RT as standard therapy. Pa-
tients with a diagnosis of another known malignancy and high bili-
rubin levels due to another disease were not included in the study.

Of the 144 patients; 18 patients were excluded from the study
because their bilirubin levels were not checked before treatment
or at the time of diagnosis, 26 patients were excluded because the
treatment protocol was out of the treatment scheme specified for
our study or could not complete the treatment, and 20 patients
were excluded because they were out of Stage 111 as the result of
restaging. Thus, the analysis continued with 80 patients, who were
eligible for the conditions of our study (Fig. 1).

Information was collected on individual patient records from
electronic and papery, and information about survival was obtained
from the follow-up registry of Kartal City Hospital. The informa-
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tion collected included age, sex, pathology, time of diagnosis, time
of death/relapse/metastasis, ChT regime and pre-treatment serum
TBIL, direct bilirubin (DBIL) and IBIL levels. All biochemi-
cal analyses were performed in the Department of Biochemistry
Laboratory, Kartal City Hospital. We also excluded patients with
TBIL levels lower than 0.15 mg/dL and higher than 1.35 mg/dL
for men and women. To avoid the potential impact of surgery or
ChT on bilirubin level, we ensured that each eligible patient had
a pre-treatment biochemical test.

Statistical analysis

The receiver operating characteristic (ROC) curve analysis was
performed to evaluate the ability of TBIL, DBIL and IBIL levels to
predict long-term outcomes and to determine the optimal cut-off
points. The cut-off points with the highest sum of sensitivity and
specificity were determined that dichotomize the entire cohort into
two. A Chi-square test was used to compare categorical variables.

The following endpoints were evaluated: overall survival
(OS), defined as the interval from the time of being diagnosed
to the time of death; locoregional relapse-free survival (LRFS)
defined as the interval from the time of being diagnosed to the
development of regional or locoregional relapse/progression of
the disease and distant metastasis-free survival (DMEFES), defined
as the interval from the time of being diagnosed to the time of di-
agnosis of distant metastases.
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Fig. 2. Kaplan—Meier curves for (A) overall survival, (B) locoregional relapse-free survival, and (C) distant metastasis-free survival stratified

by total bilirubin (TBIL) level.
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Supplementary Figure 1. Kaplan—Meier curves for (A) overall survival, (B) locoregional relapse-free survival, and (C) distant metastasis-free
survival stratified by direct bilirubin (DBIL) level.
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Supplementary Figure 2. Kaplan—Meier curves for (A) overall survival, (B) locoregional relapse-free survival, and (C) distant metastasis-free
survival stratified by indirect bilirubin (IBIL) level.
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Kaplan—Meier curves were drawn for these endpoints and
differences were compared by the log-rank test. To perform mul-
tivariate analyses, the Cox proportional hazards model was used.
In univariate analyses variables reaching p = 0.1 as a significant
level sug gested a trend and were included in multivariate analysis.
p values of less than 0.05 were considered statistically significant.
All analyses were performed using SPSS 15.0 software (SPSS,
Inc., Chicago, IL, USA).

Results

Patient population characteristics

A total of 80 patients with stage IIIA-IIIB-IIIC lung cancer,
who received concurrent ChRT were included in our study. Table
1 shows the main characteristics of the patient population included
in the study.

The OS, LRFS and DMFS cut-off points for TBIL were deter-
mined as 0.565 mg/dl, 0.575 mg/dl and 0.575 mg/dl, respectively.
In survival analysis, the cut-off point for TBIL for OS was chosen
as a uniform point of 0.565 mg/dl. Similarly, a level of 0.105 mg/dl
for DBIL and a level of 0.415 mg/dl for IBIL were chosen as cut-
off points for survival analysis of OS. In the entire patient popula-
tion, 45% high TBIL level, 47 % high TBIL level and 45 % high
IBIL level were observed. Chi-square analysis performed between
high versus low bilirubin levels in all variables and significant p
values observed only for TBIL and IBIL in Gross Tumour Volume
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cc (GTVcc). All of the high-TBIL group and the high-IBIL group
patients significantly had smaller GTVcc (TBIL p=0.037 and
IBIL p=0.037). No statistically significant difference was found
in terms of other variables except GTVcc (Tab. 1).

Survival analysis

From 80 patients for the entire cohort; LR developed in 60 pa-
tients, while LRFS duration was 15.0 months (95% CI 12.8-17.3),
53 patients developed distant metastasis, while DMFS was 16.7
months (95% CI 14.4-17.3), and 43 people died that had an aver-
age OS of 19.6 months (95% CI 17.1-22.2).

High TBIL group had significantly prolonged OS compared to
low TBIL group, median OSS was 50.2 months versus 15.9 months
(Hazard Ratio (HR), 0.33; 95% CI1 0.16-0.70; p <0.001) (Fig. 2A).

Among patients with high TBIL and low TBIL, the 2-year OS
rates were % 72.1 and 18.1 %, respectively. Also, LRFS (HR, 0.44;
95% C10.27-0.71; p<0.001) (Fig. 2B) and DMFS (HR, 0.44; 95%
0.25-0.80; p<0.001) (Fig. 2C) development time was significantly
longer in the patients of the high TBIL group. The 2-year LRFS
and DMFS development rates were 54.1 % and 56.7 % for the
patients in the high TBIL group and 10.3 % and 14.9 % for the
patients in the low TBIL group, respectively.

Similarly, the high DBIL group had a significantly longer OS
(HR, 0.46; 95% CI 0.25-86; p = 0.003) (Supplementary Figure
1A), LRFS (HR, 0.66; 95% CI 0.43-1.03; p = 0.039) (Supple-
mentary Figure 1B) and DMFS (HR, 0.71; 95% CI 0.44-1.13; p
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Supplementary Figure 3. Kaplan—Meier curves for (A) overall survival, (B) locoregional relapse-free survival, and (C) distant metastasis-free

survival stratified by GTV cc volume.
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Supplementary Figure 4. Kaplan—Meier curves for (A) overall survival, (B) locoregional relapse-free survival, and (C) distant metastasis-free
survival stratified by total bilirubin (TBIL) that with stratified by GTVcc.

=0.076) (Supplementary Figure 1C) than the low DBIL group. The
2-year OS, LRFS, and DMFS were 22.8 %, 69.5 %, and 43.1 %
for the patients in the High DBIL group and 19.2 %, 21.5 %, and
22.1 % for the patients in the low DBIL group, respectively.

The high IBIL group had longer OS (HR, 0.32; 95% CI 0.15—
0.68; p <0.001) (Supplementary Figure 2A), LRFS (HR, 0.41;
95% CI 0.25-0.67; p <0.001) (Supplementary Figure 2B) and
DMEFS (HR, 0.41; 95% CI 0.74-1.30; p <0.001) (Supplementary
Figure 2C) with significant difference. The 2-year OS, LRFS and
DMEFS values were 73.2 %, 58.3 % and 63.2 % for the patients in
the high IBIL group and 10.2 %, 9.0 %, and 10.1 % for the low
IBIL group, respectively.

Also examined the survival analysis of GTV volume, which
is the only significant factor between high and low bilirubin levels
in the Chi-square analysis. For the OS, survival was significantly
prolonged to 37.8 months for the patients with GTV cc volume
less than 128.5cc (HR 0.54; 95% CI 0.30-0.86; p=0.023) (Sup-
plementary Figure 3A). The LRFS time is longer in patients with
low GTVce volumes (HR 0.58; 95% CI 0.32-0.95; p <0.001)
(Supplementary Figure 3B), likewise DMFS time (HR 0.61; 95%
CI0.36-0.92; p=0.007) (Supplementary Figure 3C).

Survival analysis for TBIL stratified with GTVcc; compar-
ing low and high TBIL levels for the patients with high GTVce
volume for OS, significantly longer survival was observed in
the high TBIL group as 29,1 months for High TBIL and 13,12

months for low TBIL group (HR 0.47; 95% CI 0.12-1.57; p=
0.012) (Supplementary Figure 4A). The same was observed for
LRFS (HR 0.47; 95% CI 0.21-0.96; p = 0.018) (Supplementary
Figure 4B) and DMFS (HR 0.50; 95% CI 0.18-1.24; p=0.018)
(Supplementary Figure 4C).

To verify survival outcomes, we also re-performed the Ka-
plan—Meier analysis of the entire cohort stratified by another me-
dian serum TBIL level of 0.605 mg/dL. The results showed that
patients with TBIL levels higher than 0.605 mg/dL had prolonged
OS, LRFS, and DMFS (p < 0.001, p <0.001, p <0.001, respec-
tively) (Supplementary Figure SA-C).

Univariate analysis and multivariate analysis of OS

In the univariate analysis age, gender, Tumor (T) stage, Node
(N) stage, Tumor-Node-Metastasis stage (TNM) stage, GT Vce,
pathology type, ChT regime, TBIL level, DBIL level and IBIL
level were determined as important potential prognostic factors
for OS. Variables that provide the determined p=0.1 signifi-
cance trend with univariate analysis, were analysed with mul-
tivariate analysis for OS. Gross Tumor Volume cc (p=0.026),
TBIL level (p=0.000), DBIL level (p = 0.004), and IBIL level
(p=0.000) had significant p-values and HR’s indicating that
they are independent, significant predictors for OS. High serum
TBIL, DBIL, IBIL levels, and GTV cc were positive prognostic
factors (Tab. 2).
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Supplementary Figure 5. Kaplan—Meier curves for (A) overall survival, (B) locoregional relapse-free survival, and (C) distant metastasis-free
survival stratified by another median serum TBIL level of 0.605 mg/dL.

Discussion

The antioxidant and anti-tumour effects of bilirubin have been
reported in literature. Our hypothesis is among the firsts in the
literature that links both high bilirubin levels and RT through the
AMPK pathway with a good prognosis in lung cancer.

In this study, prognostic factors affecting bilirubin levels and
the effects of bilirubin levels on the survival times in the patients
with locoregional stage lung cancer, with a low survival rate, were
investigated and tried to be explained. In our statistical and sur-
vival analysis, some significant differences were observed in the
high bilirubin level groups compared to the low bilirubin groups.
Significantly longer durations of OS, LRFS, and DMFS were
observed in the patients with high TBIL, DBIL and IBIL levels
compared to the patients with low TBIL, DBIL, and IBIL levels.
In addition to high TBIL, IBIL and DBIL levels, independent of
all other prognostic factors, GTV cc volume has been observed
to be an important prognostic predictor factor for OS (p <0.001,
p <0.001, p=0.004 and p=0.026 respectively).

In the similar study, Li et al showed the effect of bilirubin
levels on survival times that; in 1617 patients with resectable
lung cancer, preoperative bilirubin levels were collected retro-
spectively, and OS, disease-free survival and distant-metastasis-
free survival times were significantly longer at slightly increased
TBIL (> 9.50 mmol/L), IBIL (> 6.95 mmol/L) and DBIL (>3.45

106

mmol/L) levels, and IBIL levels have been shown to be a prog-
nostic predictor (16).

The TNM staging system is accepted as the most determining
factor for the survival outcomes in the patients with lung cancer.
Although all the patients included in our study were stage 111, they
were in different T and N stages. Stage I1I lung cancer represents
a heterogeneous population; even though they are in the same
TNM stage there are differences in survival outcomes between the
patients receiving curative ChRT. This information suggests that,
beyond the TNM staging, a detailed pre-treatment evaluation may
improve the clinical outcome of the patients. In the study Jeremic
et al (17) investigated the prognostic factors and proved that fac-
tors such as: female gender, lower KPS, less pronounced weight
loss, lower stage, and squamous histology predict better OS and
local PFS regardless of treatment.

In our study, besides TBIL, IBIL and DBIL levels and GTVcc
volume; Age, gender, histology subtype, T stage, N stage, TNM
stage, ChT regimen were identified as other potential prognos-
tic factors and included in the survival analysis. It was observed
that the T stage, the N stage, and the TNM stage had no effect on
survival as prognostic factors in all stage III patients (T stage p:
0.809, N stage p: 0.621, TNM stage p = 0.640).

To determine the relationship with the survival time, the cut-
off value for GTVce was calculated as 128.55¢cc considering the
sensitivity and specificity rates of the analysis. In the survival
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Tab. 2. Univariate and multivariate analysis for overall survival.

volumes of the groups with high TBIL and
IBIL levels were smaller compared to the

Univariate Multivariate
Hazard ratio (95% CI) P Hazard ratio (95% CI) P groups with low TBIL and IBIL. This sig-

Age 0.126 nificant difference is p=0.037 for both TBIL
<65 reference and IBIL groups, while p=0.298 for DBIL
>65 2.007 (0.82-4.90) group. We think that bilirubin inhibits the

Gender 0.121 mTOR pathway by altering the activity of
ifi?: ¢ gegzrf rzg.eogfl 35) the AMPK pathway, thus revealing its anti-

Pathology 0.260 proliferative effect, and we observed more
Small Cell reference limited tumour volumes in the patients with
Nonsmall Cell high bilirubin.

Squamous 2.816 (0.89-8.85) As shown in our study, it is known that
Adenocarcinoma 1714 (0.48-6.16) the patients with small tumour volume gen-
Large Cell 5.143 (0.48-6.16) . .

T stage 0.809 erally have better survival. In the survival
T1 reference analysis of the cohort stratified with GT-
T2 1.563 (0.31-7.82) Vee 128.5 and TBIL 0.565 cut-off values;
T3 1.25(0.28-5.59) in the comparison of high TBIL vs low
T4 1.944 (0.41-9.24) TBIL groups, significantly longer OS was

N ?\ﬁge reference 0.621 observed in the high TBIL group in the pa-
N2 1.48 (0.47-4.65) tients with GTV volume above 128.5cc (p
N3 1.82 (0.55-6.07) =0.012 Supplementary Figure 4A). Based

TNM stage 0.64 on these data, it is possible to say that the
1IA reference slightly increased bilirubin at the time of
Hig 12(5)461 Egigég)z ) diagnosis is associated with both better sur-

GTV Volume 0.075 0.026 vival and smaller tumour volume. Investi-
<128.55¢cc reference reference gating the potential causes of this situation,
>128.55¢cc 2.348 (0.92-6.02) 1.984 (1.09-3.63) there are studies in literature proving that

Chemotherapy 0.912 both bilirubin and RT activate the AMPK
Cisplatin—*-.etoposi.de reference pathway.

Cubmhtopelims 107042279
Cisplatin+paclitaxel 0.433 (0.04-5.35) the normal limits have less metabolic and

Total bilirubin 0.000 0.000 inflammatory diseases, such as lower body
High reference reference mass indices (BMI) (18), improved glu-
Low 0.098 (0.04-0.28) 0.148 (0.07-0.33) cose and lipid profiles (19), and especially

Direct bilirubin 0.016 0.004 a lower prevalence of diabetes mellitus. It
?ﬁl :)e.gezrg%.elsfo.su gﬁ%ﬁ%ﬁzofo.m has been shown that AMPK, which plays

Indirect bilirubin 0.000 0.000 a key role in cellular energy homeostasis,
High reference reference contributes positively to these results with
Low 0.073 (0.03-0.22) 0.121 (0.05-0.28) its modulation at high bilirubin levels (14).

CI - confidence interval; TNM stage — tumor-node-metastasis stage; TBIL — total bilirubin; DBIL — direct bili-

rubin; IBIL — indirect bilirubin

In addition, it is known that the AMPK path-
way is activated by ionizing radiation, and
AMPK activation is associated with a good
prognosis in breast (20) and colorectal car-
cinoma (21). In the in-vitro study on breast

analysis of the cohort, which stratified by the cut-off value that
determined for Gtvcc; the survival of patients whose GTVcc
volume exceeded 128.55cc was 19.2 months, while the survival
of patients below 128.55 cc was found to be 37.8 months (p =
0.023).

In Chi-Square analysis between the groups with high TBIL,
DBIL, and IBIL levels and groups with low TBIL, DBIL and
IBIL levels; no significant difference was observed between the
groups in terms of age, gender, histology subtype, T stage, N stage,
TNM stage, and ChT regimen, except the GTV cc volume. At the
time of diagnosis, it was statistically significant that the GTV cc

cancer, it has been proven that metformin, which acts with the
activation of the AMPK pathway and is evaluated as an antineo-
plastic agent, increases radiosensitivity by affecting intracellular
reactive oxygen radicals (ROS) (20). AMPK is an evolutionarily
conserved cellular energy sensor from the serine-threonine ki-
nase family of enzymes found in almost all eukaryotic cells. The
high Adenosine Monophosphate (AMP)/Adenosine Triphosphate
(ATP) ratio activates AMPK, which inhibits energy-consuming
processes and triggers ATP-generating catabolic events to restore
energy homeostasis within the cell. Metformin and polyphenols
used in diabetes treatment, and exercise activate AMPK (22, 23).
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Recently, AMPK has been shown to participate in signal-
ling pathways that respond to genomic stress and regulate cell
survival. Apart from regulating intracellular energy, AMPK also
plays a key role in the regulation of cancer cell growth and
checkpoint control. AMPK inhibits the mammalian target of ra-
pamycin (mTOR) pathway, which is considered a cell growth
control signal, by phosphorylating Tuberous Sclerosis protein
2 (TSC2) and regulatory-associated protein of mTOR (Raptor).
It also provides cell checkpoint control by playing a role in p53
phosphorylation and makes cells more susceptible to apoptosis
with mitochondrial p53 accumulation. In addition, radiotherapy-
induced double-strand DNA breaks (DSB) lead to activation of
the kinase Ataxia Telangiectasia Mutated (ATM), which responds
through auto-phosphorylation and activation of DNA repair path-
ways (23). In addition, it is known that activated ATM inhibits
mTOR due to AMPK over p53 (24). AMPK activated follow-
ing RT works to suppress mTOR activation. AMPK activated
following RT exposure tries to suppress mTOR activation. In
the in-vitro study, it was shown that radiation activates AMPK
in lung, prostate and breast cancer and contributes to G2/M
phase regulation, and when metformin is added, it has been ob-
served that AMPK activation increases with radiation (23). When
AMPK activity was inhibited, it was found to be associated with
an increased mTOR activation and survival of cells. In the study
conducted in NSCLC cell lines (25), it was shown that metfor-
min, an AMPK activator, made cells more sensitive to radiation
and had a synergistic effect in the group, where metformin and
radiation were administered together. In addition, NSCLC cells
have been shown to be more sensitive to AMPK activation than
prostate and breast cancer cells (25). In another study performed
on the NSCLC cell line, it was observed that metformin and cis-
platin had a radiosensitizer effect, but when the AMPK inhibitor
was added, the radiosensitization disappeared. Thus, it has been
shown that the radiosensitizing effect is through an AMPK-de-
pendent pathway (26). As shown in our study, even if patients
had high tumor volumes, higher bilirubin was associated with a
better survival.

Based on this, also in our study, we think that high bilirubin
levels increase the activation of AMPK with an additive effect
together with RT by making a metformin-like effect. Thus, high
bilirubin levels at the time of diagnosis both limited tumour for-
mation in the patients and provided a longer survival in these
patients by showing an inhibitory effect on tumour progression
with radiotherapy.

Conclusion

There are some limitations to be mentioned in this study. One
of these limitations is that the study is retrospective, hence the po-
tential for bias. Patients were assumed to have increased AMPK
activation; we do not have quantitative evidence to support this
assumption. Another limitation is that although the patients with
standard 60 Gy RT dose were included in this study, ChT regi-
mens are different from each other. In order to reveal the effects
of antioxidant effects of bilirubin on ChT and RT response and its
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possible predictive effects on survival, larger studies are needed
that take into account the genetic factors of the patients.
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