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ABSTRACT

Background: Over the years, prognostic indexes have been developed to help clinicians stratify patients with biliary tract can-
cers (BTC) into risk groups. This study aims to identify a new prognostic index for patients with BTC treated with cisplatin,
gemcitabine and durvalumab (CGD) in the first-line setting.

Patients and Methods: The study population consisted of patients with BTC from 11 Eastern and Western Countries. Using
multivariate analysis for overall survival (OS), we identified 5 baseline statistically significant variables: stage, carcinoembry-
onic antigen (CEA) levels, albumin levels, gamma glutamyl transferase (GGT) levels, neutrophil-to-lymphocyte ratio (NLR).
Metastatic disease is a prognostic factor with a superior weight considering the HR of 3.62, while all the others can be considered
prognostic factors with equivalent weight as the HRs are quite similar (HRs between 1.55 and 1.92). Based on these reasons, we
developed a prognostic model called the MAGIC-D index by assigning a score of 2 for metastatic disease, and a score of 1 for CEA
increased levels, albumin decreased levels, GGT increased levels, NLR > 3. Patients were stratified into three risk groups as fol-
lows: low-risk group (Score from 0 to 2), intermediate-risk group (Score from 3 to 4) and high-risk group (Score from 5 to 6). At the
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first data cutoff (April 2024), these data were available for 319 patients that composed the training cohort used for the analysis.
At the second data cutoff (May 2025), 79 patients were further enrolled and composed the validation cohort.

Results: Median progression-free survival was 11.7months in low-risk group (20.7%), 8.7 months in intermediate-risk group
(46.4%) and 5.4months in high-risk group (32.9%) [low-risk hazard ratio (HR): 0.27, intermediate-risk HR: 0.55, high-risk HR:
1, p<0.0001]. Median OS was 18.4 months in low-risk group,15.9 months in intermediate-risk group and 7.8 months in high-risk

group (low-risk HR: 0.17, intermediate-risk HR: 0.43, high-risk HR: 1, p<0.0001). There was no difference in overall response

rate (low-risk: 31.8%, intermediate-risk: 36.5% and high-risk: 25.7%; p=0.0718), while disease control rate was significantly dif-
ferent across the three risk groups (low-risk: 83.3%, intermediate-risk: 70.9% and high-risk: 60.9%; p <0.0001) as well as the rate
of patients receiving a second-line therapy (low-risk: 54.5%, intermediate-risk: 48.6% and high-risk: 25.7%; p=0.0061). Finally,
the prognostic role in terms of OS and PFS of the MAGIC-D index was confirmed in a validation cohort of 79 patients.

Conclusion: The MAGIC-D index is an easy-to-use tool able to stratify patients with BTC with different prognoses undergoing

first-line therapy with CGD.

1 | Introduction

Biliary tract cancers (BTC) are counted among rare tumours, but
their incidence has been increasing in recent years. Based on their
site of origin from the biliary tract, BTC are classified as intrahe-
patic cholangiocarcinoma (CCA), extrahepatic (including perihilar
and distal) CCA and gallbladder carcinoma [1]. In more than 60%
of cases, the diagnosis occurs when radical surgery is no longer
feasible [2], and therefore the initial treatment strategy is systemic
therapy based on a combination of chemotherapy, cisplatin and
gemcitabine and immunotherapy, with the programmed cell death
ligand 1 (PD-L1) inhibitor durvalumab or the PD-1 inhibitor pem-
brolizumab. These combinations represent the standard of care for
the treatment of BTC in the first-line setting based on the results of
the phase III TOPAZ-1 and KEYNOTE-966 trials [3-8]. Recently,
the molecular characterisation of these tumours has allowed the
study and approval of targeted therapies that have expanded the
therapeutic armamentarium available in the second-line setting
for patients carrying specific gene alterations [9-19].

In the literature, there are numerous analyses demonstrating
the prognostic value of some parameters, such as albumin, car-
cinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA
19-9) and neutrophil-to-lymphocyte ratio (NLR), in patients with
BTC undergoing radical surgery or first-line therapy with cispla-
tin and gemcitabine in the pre-immunotherapy era [20-32]. Over
the years, prognostic indices have also been developed to help cli-
nicians stratify patients with BTC into risk groups with the aim
of identifying who can benefit the most from a specific treatment
[33-39]. However, studies evaluating new prognostic indexes to
be used in the first-line setting with the combination of cisplatin,
gemcitabine and durvalumab (CGD) are still absent. The aim of
this real-world retrospective study is to evaluate and validate a
new prognostic index for stratifying patients in this treatment set-
ting in a large population from Western and Eastern countries.

2 | Materials and Methods

The study population consisted of patients treated with CGD for
locally advanced or metastatic BTC at 39 clinical institutions
across 11 countries (Italy, Germany, Austria, Spain, Portugal,
United Kingdom, United States of America, Republic of Korea,
China, Hong Kong Special Administrative Region of China, and

Japan) between September 2022 and May 2025. At the first data
cutoff (1 April 2024), the population consisted of 618 patients from
which the training cohort was derived. At the second data cutoff
(1 May 2025), 79 patients were further enrolled and composed the
validation cohort. Patients were included in the study if they had
histologically confirmed BTC and if they had not received prior
systemic treatments for locally advanced or metastatic disease.
All patients were treated with 1500 mg durvalumab intravenously
every 3weeks (on Day 1 of the cycle) in combination with 1000 mg/
m? gemcitabine and 25 mg/m? cisplatin intravenously on Day 1 and
8 every 3weeks for up to eight cycles. Thereafter, patients received
durvalumab (1500 mg) monotherapy intravenously every 4 weeks
until disease progression or unacceptable toxicity as determined
by the TOPAZ-1 trial [3-5]. Treatment interruptions and/or dose
reductions were allowed to manage adverse events (AEs) accord-
ing to local clinical practice at each centre. AEs were graded using
the National Cancer Institute Common Terminology Criteria for
Adverse Events (NCI-CTCAE) version 5.0.

2.1 | Statistical Analysis

Results of the haematological blood tests and clinical parame-
ters were collected before starting treatment with CGD.

Univariate analyses were estimated using the product-limit
method of Kaplan-Meier. Unadjusted and adjusted hazard ra-
tios (HRs) by baseline characteristics were calculated using the
Cox proportional hazards model. A p-value <0.05 was consid-
ered statistically significant.

Categorical variables were compared with Chi-square test.
Overall survival (OS) was defined as the time from the start date
of the studied treatment to the date of death. OS was reported as
median values expressed in months, with 95% confidence inter-
val (CI). Progression-free survival (PFS) was defined as the time
interval from the first day of treatment to the progression of the
disease or the day of death for any cause.

Overall response rate (ORR) was assessed by the investiga-
tor and defined as the proportion of patients who achieved
complete response (CR) or partial response (PR); disease con-
trol rate (DCR) was defined as the proportion of patients who
achieved ORR or stable disease (SD). Treatment response was
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Summary

« The MAGIC-D index is a prognostic index able to strat-
ify patients with locally advanced or metastatic biliary
tract cancer undergoing first-line chemoimmunother-
apy with cisplatin, gemcitabine and durvalumab.

« This index comprises of factors widely used in clinical
practice: disease stage, carcinoembryonic antigen, al-
bumin levels, gamma glutamyl transferase levels and
neutrophil-to-lymphocyte ratio.

evaluated by computed tomography and categorised as CR, PR,
SD, or progressive disease by local review according to Response
Evaluation Criteria in Solid Tumours (RECIST) 1.1.

To build a prognostic model using baseline clinical and labora-
tory characteristics, we performed univariate and multivariate
analyses to identify variables with prognostic value for OS. We
then stratified patients into risk groups by assigning scores to
each significant variable, weighted by its HR.

Patients were stratified into three risk groups based on their
score: low-risk group (score 0-2); intermediate-risk group (score
3-4); high-risk group (score 5-6).

MedCalc package (MedCalc version 16.8.4) was employed for
statistical analysis.

3 | Results

Overall, 618 patients with locally advanced unresectable or met-
astatic BTC were enrolled.

With a median duration of follow-up (FU) of 8.5months (95%
CI: 7.9-9.5months) at the data cutoff (1 April 2024), 327 (52.9%)
patients discontinued treatment due to disease progression, and
188 (30.4%) patients died. In the whole population, the median
OS was 15.1 months (95% CI: 13.4-17.9 months) and the median
PFS was 8.1 months (95% CI: 7.5-8.8 months). This population
was included in the univariate and multivariate analysis. Patient
characteristics are listed in Table 1.

3.1 | Training Cohort

When assessed by univariate analysis, intrahepatic site, meta-
static disease, no previous surgery, ECOG performance status
>1, NLR >3, albumin, bilirubin, CA 19-9, CEA, aspartate trans-
aminase, alanine transaminase, or gamma glutamyl transferase
(GGT) levels outside of normal ranges were significantly associ-
ated with shorter OS. At multivariate analysis, the following vari-
ables retained statistical significance as poor prognostic factors:
disease stage, CEA, albumin, GGT levels and NLR. Noteworthy,
metastatic disease is a prognostic factor with a superior weight
considering the HR of 3.62, while all the others can be considered
prognostic factors with equivalent weight as the HRs are quite

TABLE1 | Baseline characteristics of the overall population.

Characteristics No. (%)
Gender
Male 328 (53.1%)
Female 290 (46.9%)
Age
<70years 355 (57.4%)
>70years 247 (40.0%)
ECOG PS
0 302 (48.9%)
>1 316 (51.1%)

Primary site
Intrahepatic CCA
Other primary sites

Stage
Locally advanced
Metastatic

Surgery
Yes
No

Biliary drainage

330 (53.4%)
288 (46.6%)

142 (23.0%)

476 (77.0%)

168 (27.2%)

450 (72.8%)

Yes 163 (26.4%)

No 455 (73.6%)
Albumin

NV 312 (50.5%)

DV 124 (20.1%)
Bilirubin

NV 468 (75.7%)

v 121 (19.6%)
AST

NV 316 (51.1%)

v 232 (37.5%)
ALT

NV 474 (76.7%)

v 112 (18.1%)
GGT

NV 132 (21.3%)

v 359 (58.1%)
CA19.9

NV 189 (30.6%)

v 395 (63.9%)

(Continues)
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TABLE1 | (Continued)

Characteristics No. (%)
CEA
NV 314 (50.8%)
v 244 (39.5%)
NLR
<3 238 (38.5%)
>3 298 (48.2%)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CCA,
cholangiocarcinoma; CEA, carcinoembryonic antigen; DV, decreased value;
GGT, gamma glutamyl transferase; I'V, increased value; NLR, neutrophil-
lymphocyte ratio; NV, normal value; ECOG PS, performance status.

TABLE 2 | Univariate and multivariate analyses for OS.

similar (HRs between 1.55 and 1.92). Based on these reasons, we
developed a prognostic model by assigning a score of 2 for meta-
static disease, and a score of 1for CEA increased levels, albumin
decreased levels, GGT increased levels, NLR >3 (Table 2). These
data were available for 319 patients that composed the population
cohort included in the analysis, with a median FU of 7.9 months
(95% CI: 7.4-9.0months). Patient characteristics of the study co-
hort are listed in Table S1. According to the assigned weight, pa-
tients were stratified into three risk groups: the low-risk group
(score from O to 2), the intermediate-risk group (score from 3 to
4) and the high-risk group (score from 5 to 6) (Table 3). We have
denominated this model the Multicenter study Assessing GGT,
albumin, CEA, NLR, and stage in patients receiving cisplatin,
gemcitabine, and Durvalumab index ‘MAGIC-D index’

Univariate analysis for OS

Multivariate analysis for OS

Characteristics HR (95% CI) p HR (95% CI) p
Gender
Female 1.05 (0.79-1.40) 0.7472
Male 1
Age
<70years 1.18 (0.88-1.59) 0.2652
>70years 1
ECOG PS
0 1 <0.0001 1 0.1055
>1 1.92 (1.44-2.56) 1.40 (0.93-2.10)

Primary site

Intrahepatic CCA 1.42 (1.07-1.90)
Other primary sites 1
Stage
Locally advanced 1
Metastatic 2.13(1.55-2.93)
Surgery
Yes 1
No 1.64 (1.20-2.24)

Biliary drainage

0.0163 1.17 (0.78-1.75) 0.4532
1
<0.0001 1 0.0001

3.62(1.98-6.62)

0.0017 1 0.6265

1.22(0.79-1.90)

Yes 1 0.8757
No 1.03 (0.73-1.43)
Albumin
NV 1 <0.0001 1 0.0162
DV 3.11 (2.08-4.64) 1.63 (1.09-2.42)
Bilirubin
NV 1 0.0010 1 0.2206
v 1.90 (1.30-2.79) 1.33(0.84-2.08)
AST
(Continues)
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TABLE 2 | (Continued)

Univariate analysis for OS

Multivariate analysis for OS

Characteristics HR (95% CI) P HR (95% CI) P
NV 1 0.0018 1 0.4676
v 1.64 (1.20-2.24) 1.17 (0.76-1.82)

ALT
NV 1 0.0075 1 0.2512
v 1.68 (1.15-2.47) 1.56 (0.88-2.16)

GGT
NV 1 0.0006 1 0.0185
v 1.82 (1.29-2.57) 1.92 (1.20-2.34)

CA 199
NV 1 0.0482 1 0.1176
Y 1.37 (1.00-1.86) 1.58 (0.95-2.08)

CEA
NV 1 0.0001 1 0.0043
v 1.85 (1.36-2.50) 1.73 (1.19-2.51)

NLR
<3 1 <0.0001 1 0.0242
>3 2.14 (1.59-2.88) 1.55(1.03-2.32)

Note: Bold values indicate statistically significant.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CCA, cholangiocarcinoma; CEA, carcinoembryonic antigen; CI, confidence interval; DV,
decreased value; GGT, gamma glutamyl transferase; HR, hazard ratio; IV, increased value; NLR, neutrophil-lymphocyte ratio; NV, normal value; OS, overall survival;

ECOG PS, performance status.

TABLE 3 | Scoring system of the MAGIC-D index.

Stage

Locally advanced 0

Metastatic +2
CEA

NV 0

v +1
Albumin

NV 0

DV +1
GGT

NV 0

v +1
NLR

<3 0

>3 +1
Score 0-2 => Low-risk group

3-4 > Intermediate-risk group
5-6 => High-risk group

Abbreviations: CEA, carcinoembryonic antigen; DV, decreased value; GGT,
gamma glutamyl transferase; IV, increased value; NLR, neutrophil-lymphocyte
ratio; NV, normal value.

Overall, 66 (20.7%) patients were categorised as low-risk-group,
148 (46.4%) patients as intermediate-risk group and 105 (32.9%)
as high-risk group.

Median PFS was 11.7months (95% CI: 10.5-15.3months) in
the low-risk group, 8.7months (95% CI: 7.1-9.6 months) in the
intermediate-risk group and 5.4 months (95% CI: 3.9-6.6 months)
in the high-risk group [low-risk HR: 0.27 (95% CI: 0.17-0.41),
intermediate-risk HR: 0.55 (95% CI: 0.38-0.80), high-risk HR: 1
(reference group), p<0.0001] (Figure 1).

Median OS was 18.4months (95% CI: 15.3-23.4months) in
the low-risk group,15.9months (95% CI: 11.2-19.1 months)
in the intermediate-risk group and 7.8 months (95% CI: 6.6-
10.2months) in the high-risk group [low-risk HR: 0.17 (95% CI:
0.10-0.28), intermediate-risk HR: 0.43 (95% CI: 0.27-0.68), high-
risk HR: 1 (reference group), p <0.0001] (Figure 2). Receiver op-
erating characteristic curve analysis displayed an area under the
curve of 0.71 (95% CI: 0.64-0.77; p <0.0001).

There was no difference in ORR [low-risk: 21 (31.8%), intermediate-
risk: 54 (36.5%) and high-risk: 27 (25.7%); p=0.0718], while the
DCR was significantly different across the three risk groups [low-
risk: 55 (83.3%), intermediate-risk: 105 (70.9%) and high-risk:
64 (60.9%); p<0.0001], as well as the rate of patients receiving a
second-line therapy [low-risk: 12 (54.5%), intermediate-risk: 36
(48.6%) and high-risk: 18 (25.7%); p=0.00061].

Median OS for subsequent anticancer treatments from the start
of second-line therapy was 6.7 months (95% CI: 2.2-10.1 months)
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in the low-risk group, 10.0months (95% CI: 3.7-10.8 months)
in the intermediate-risk group and 5.5months (95% CI:
2.6-8.6 months) in the high-risk group [low-risk HR: 0.48 (95%
CI: 0.16-1.43), intermediate-risk HR: 0.61 (95% CI: 0.24-1.56),
high-risk HR: 1 (reference group), p=0.3095] (Figure 3).

The safety profile was similar in the three risk groups, except
for neutropenia (low-risk: 54.5%, intermediate-risk: 52.0%,
high-risk: 27.6%; p=0.0001) and nausea (low-risk: 36.4%,
intermediate-risk: 41.9%, high-risk: 26.7%; p=0.0447) (Table 4).

3.2 | Validation Cohort

The validation cohort consisted of 79 patients with BTC treated
with CGD in the first-line setting. At the data cutoff (May 2025,
1), with a median FU of 12.0 months (95% CI: 10.2-15.8 months),
the median OS was 20.7months (95% CI: 12.2-21.9 months)
and the median PFS was 8.4months (95% CI: 6.2-11.0 months).
Patients' characteristics are listed in Table S2.

In the validation cohort, 23 (29.1%) patients were categorised as
low-risk group, 38 (48.1%) patients as intermediate-risk group
and 18 (22.8%) as high-risk group.

Median PFS was 12.8months (95% CI: 7.0-12.8 months) in
the low-risk group, 8.5months (95% CI: 5.9-11.0 months) in

PFS

100
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65
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45
40
35
30
25
20
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Survival probability (%)

IllllllIIIIIIIIIIIIllllllllIIIIIIIIIIIIIIIIII\IIIIIIII\IIIIIIII\IIIIIII]III!IIIII

the intermediate-risk group and 5.0months (95% CI: 2.2-
10.5months) in the high-risk group [low-risk HR: 0.23 (95%
CI: 0.08-0.66), intermediate-risk HR: 0.42 (95% CI: 0.15-1.13),
high-risk HR: 1 (reference group), p=0.0026] (Figure 4).

Median OS was not reached in the low-risk group,19.6 months
(95% CI: 10.0-20.7months) in the intermediate-risk group and
12.2months (95% CI: 2.9-21.9months) in the high-risk group
[low-risk HR: 0.13 (95% CI: 0.04-0.42), intermediate-risk HR:
0.63 (95% CI: 0.21-1.85), high-risk HR: 1 (reference group),
p=0.0154] (Figure 5).

4 | Discussion

This is the first real-world study to propose and validate a prog-
nostic index, named the MAGIC-D index, for stratifying patients
with BTC who are candidate for first-line therapy with CGD.
The MAGIC-D index allows for the stratification of patients into
three risk groups with different survival outcomes.

Patients with a score from 0 to 2, in the low-risk group, pre-
sented a maximum of two of the parameters used to construct
the MAGIC-D index, including patients with metastatic or lo-
cally advanced disease and preserved liver function. These pa-
tients achieved an OS of 18.4months and a PFS of 11.7months,
which are longer than those reported in the pivotal phase III

RISK GROUP
— HIGH
—— INTERMEDIATE
-ees LOW

o
(&)

10

. Time
Number at risk
Group: HIGH

105 39 9
Group: INTERMEDIATE

148 86 21
Group: LOW

66 45 : I 4

9 0

5 0

FIGURE1 | Progression-free survival of risk groups in accordance with MAGIC-D index in the training cohort.
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TOPAZ-1 trial [3] and in the currently available real-world anal-
yses [40-46].

In contrast, high-risk group patients achieved a median OS of
7.8 months and a median PFS of 5.4 months, figures that are
lower than the median OS of approximately 1year reported in
both real-world studies and in the TOPAZ-1 trial. All high-risk
group patients presented distant metastases or other negative
prognostic factors, including a reduction in liver function (al-
bumin decreased levels and GGT increased levels) as well as a
high disease burden (elevated CEA levels) at the time of start-
ing first-line therapy. The negative prognostic role of these
parameters has already been extensively investigated in sev-
eral studies involving patients with BTC undergoing surgical
resection or first-line therapy with cisplatin and gemcitabine
[20-32].

In recent years, there has been an increasing number of studies
highlighting the correlation between immune system activity,
carcinogenesis and the effectiveness of anticancer treatments.
NLR is representative of the state of activation of the immune
system [30, 47-52]. An elevated NLR can result from lymphope-
nia or neutrophilia. Lymphopenia can lead to an ineffective im-
mune system response to tumour cells [53], while neutrophilia
is associated with the high release of cytokines by macrophages
recruited to the tumour microenvironment, contributing to a

oS

100

Survival probability (%)
o
o

chronic inflammatory state where the perpetually active im-
mune system undergoes functional exhaustion [54]. Several
studies have demonstrated the prognostic role of NLR in pa-
tients with BTC treated with first-line cisplatin and gemcitabine
or undergoing surgical resection [20, 22, 25, 27-29]. This find-
ing was confirmed by our previous works, which demonstrated
that NLR is a prognostic factor for patients treated with first-line
chemoimmunotherapy [40, 42, 43].

There was no difference in ORR, while the DCR was signifi-
cantly different among the three risk groups. These results are
consistent with the three-year survival analysis of the phase IIT
TOPAZ-1 trial that showed that the DCR, not the response rate,
was correlated with prognosis [4]. Another interesting finding
highlighted by our analysis is that a lower percentage of high-
risk group patients accessed second-line therapy, probably due
to their worse clinical conditions, not allowing the use of subse-
quent anticancer treatments. However, there was no significant
difference in terms of OS for subsequent anticancer treatments
across the three risk groups. This suggests that the outcome
obtained with first-line therapy determines the observed differ-
ence in OS across the three risk groups, regardless of second-line
therapy. Indeed, second-line therapy for patients with BTC with-
out targetable gene alterations still represents an unmet clinical
need, offering only modest results as shown by a recent analysis
published by our research group, which reported a median OS
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FIGURE2 | Overall survival of risk groups in accordance with MAGIC-D index in the training cohort.
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FIGURE 3 | Overall survival for subsequent anticancer treatments of risk groups in accordance with MAGIC-D index in the training cohort.

TABLE 4 | Safety profiles of the three risk groups.

Adverse event

Low-risk group no. (%)

Intermediate-risk group no. (%)

High-risk group no. (%) p

Any toxicity 58 (87.9%) 132 (89.2%) 95 (90.5%) 0.8634
Any toxicity G>2 33 (50.0%) 63 (42.6%) 47 (44.8%) 0.6006
Decreased appetite 12 (18.2%) 39 (26.3%) 31 (29.5%) 0.2478
Fatigue 33 (50.0%) 84 (56.7%) 56 (53.3%) 0.6407
Fever 12 (18.2%) 29 (19.6%) 30 (28.6%) 0.1605
Neuropathy 8 (12.1%) 14 (9.4%) 6 (5.7%) 0.3266
Nausea 24 (36.4%) 62 (41.9%) 28 (26.7%) 0.0447
Vomiting 10 (15.1%) 22 (14.9%) 11 (10.5%) 0.5450
Diarrhoea 11 (16.7%) 27 (18.2%) 11 (10.5%) 0.2277
Constipation 12 (18.2%) 39 (26.3%) 22(20.9%) 0.3575
Anaemia 34 (51.5%) 67 (45.3%) 51 (48.6%) 0.6815
Leukopenia 20 (30.3%) 45 (30.4%) 19 (18.1%) 0.0586
Neutropenia 36 (54.5%) 77 (52.0%) 29 (27.6%) 0.0001
Thrombocytopenia 26 (39.4%) 47 (31.7%) 48 (45.7%) 0.0758

(Continues)
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TABLE 4 | (Continued)

Adverse event Low-risk group no. (%) Intermediate-risk group no. (%) High-risk group no. (%) P

Thrombocytosis 3(4.5%) 11 (7.4%) 7 (6.7%) 0.7333
Alt TV 11 (16.7%) 33 (22.3%) 29 (27.6%) 0.2455
Immunotoxicity 13 (19.7%) 37 (25.0%) 24 (22.8%) 0.6940
Hypothyroidism 2 (3.0%) 11 (7.4%) 7 (6.7%) 0.4613
Hyperthyroidism 0 (0%) 2(1.3%) 1(0.9%) 0.6392
Rash 5(7.6%) 18 (12.2%) 7(6.7%) 0.2860
Itching 7 (10.6%) 22 (14.9%) 8 (7.6%) 0.1994
Colitis 1(1.5%) 4(2.7%) 0 (0%) 0.2335
Other immunotoxicity 8 (12.1%) 10 (6.7%) 7 (6.7%) 0.3473
Other toxicity 6 (9.1%) 20 (13.5%) 17 (16.2%) 0.4165

Note: Bold values indicate statistically significant.
Abbreviations: ALT, alanine transaminase; G, grade; IV, increased value; NV, normal value.
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| Progression-free survival of risk groups in accordance with MAGIC-D index in the validation cohort.

of 6.2months in patients treated with second-line chemotherapy

after progr

ession to CGD [43].

A noteworthy aspect for daily clinical practice is that no differ-
ences in terms of immune-related AEs were observed across the

three groups, confirming the good safety profile of chemoimmu-
notherapy, even in high-risk group patients. The only differences
reported concerned AEs typically related to chemotherapy, neu-
tropenia, and nausea, which were less frequent in the high-risk
group. This is probably due to the shorter treatment duration and
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FIGURE S5 | Overall survival of risk groups in accordance with MAGIC-D index in the validation cohort.

the reduction in chemotherapy dose implemented during the
treatment of these patients.

The MAGIC-D index is not the first prognostic index developed
for patients with BTC treated with chemoimmunotherapy. In
fact, in 2023, Zhang et al. published a retrospective analysis
on 229 Chinese patients, developing and validating a prognos-
tic nomogram based on NLR, monocyte-to-lymphocyte ratio,
platelet-to-lymphocyte ratio, systemic inflammatory index and
controlling nutritional status scores. In contrast to our study,
the population included was made up exclusively of Chinese
patients and was extremely heterogeneous from a therapeutic
perspective, including patients treated with different chemoim-
munotherapy combinations [39].

An interesting aspect of our analysis is the evidence of a worse
OS for patients with intrahepatic CCA compared to those with
extrahepatic origin. This result contrasts with previous litera-
ture suggesting a better prognosis in patients with intrahepatic
CCA treated with cisplatin and gemcitabine [55-57]. However,
this is not an entirely surprising result, as it has also been ob-
served in a phase I/II trial of patients with BTC treated with
oxaliplatin, gemcitabine and nab-paclitaxel [58].

The survival outcomes reported in the overall cohort of our
study are superior to those observed in the phase III TOPAZ-1

trial. Randomised clinical trials often apply very strict inclu-
sion criteria, leading to the hyper-selection of patients in good
clinical conditions, typically with no significant comorbidities.
This could lead us to expect worse outcomes when treating less-
selected patients in real-world settings. However, the opposite
is often observed, with the same treatment performing better
in patients treated outside the stringent setting of a randomised
clinical trial. One possible explanation for this phenomenon is
that, in the absence of effective second-line therapeutic options
for patients without targetable genetic alterations, those treated
outside of randomised clinical trials may receive additional lo-
coregional procedures in the event of oligoprogression or an
excellent response to first-line therapy, with the aim of extend-
ing the benefits deriving from first-line chemoimmunotherapy.
Additionally, the learning curve associated with the manage-
ment of novel therapeutic combinations in patients with BTC,
such as first-line chemoimmunotherapy, should also be consid-
ered. As clinicians gain experience, they become increasingly
skilled in managing AEs, allowing for the use of supportive
therapies that can prevent the permanent discontinuation of po-
tentially highly effective treatments.

Our study has several limitations. First, its retrospective nature
may introduce selection bias. Additionally, as a multicenter study,
response evaluation and the timing of assessment were performed
at the discretion of individual physicians, leading to variability
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that may have impacted PFS, DCR and ORR estimates and to a
missing data rate in the overall population included in the multi-
variate analysis. The median FU is quite short, 8.5months, much
shorter than the median OS achieved. This is a known strong lim-
itation when building a prognostic model. Another limitation of
the study is that there is currently no established consensus on the
optimal cutoff value for NLR in clinical practice. However, much
of the available literature on patients with BTC treated with first-
line therapy has identified an NLR cutoff value of 3 as a significant
prognostic factor [20, 27, 28, 40, 42, 43].

In conclusion, despite these limitations and considering the large
population on which it was analysed the MAGIC-D index is a po-
tentially useful tool comprised of factors widely used in clinical
practice. It can better stratify patients with BTC who are candidates
for combination therapy with CGD from a prognostic standpoint.
However, its predictive role should be investigated by applying it to
patients treated with other available first-line therapies.
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