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Background: The role of second-line chemotherapy in advanced biliary cancers (ABCs) has only recently been established in phase
III randomized trial and the optimal selection of patients most likely to benefit from it remains challenging.
Methods: A cohort of 98 ABC treated second-line chemotherapy was used as a developmental dataset to identify covariates
independently associated with overall survival (OS). Kaplan–Meier analysis was used to investigate the association between variables
and OS and those retaining statistically significance were combined in a multiplexed score.
Results: The following pretreatment variables were independently associated with OS: ECOG PS > 0, peritoneal disease, LDH > 430
UI/L, albumin <3.5 gr/dL, gamma-GT >100 UI/L, sodium <140 mEq/L, absolute lymphocyte count <1000/mmc, and PFS to first-line
<6 months. Based on these results, a scoring system was developed that identified three subgroups with statistically different OS: low-
risk (mOS 18 months), intermediate-risk (mOS 9.4 months) and high-risk (mOS 2.9 months) (p < 0.001). The prognostic model was
both internally and externally validated in a multicentre cohort of 120 ABCs.
Conclusion: The Modena score is a multiplexed scoring system capable of accurately risk-stratified ABCs treated with second-line
chemotherapy. Based on its reproducibility, usability and generalizability, it has the potential for assisting therapeutic decision-making
in the clinic and risk-stratification in future trials.
Keywords: biliary tract cancer, chemotherapy, second-line, prognostic score, survival

Introduction
Biliary tract cancers (BTCs) are anatomically distinct and genetically heterogeneous tumor entities representing roughly
3% of gastrointestinal malignancies and the second most common primary liver cancer. Based on their anatomic location
within the biliary tree, BTCs are commonly subdivided into intrahepatic (iCCA), perihilar (pCCA) and distal (dCCA)
cholangiocarcinoma and gallbladder cancer (GBC).1,2 Despite being regarded as relatively rare tumors, their incidence is
increasing steadily worldwide,3 mainly as a result of a rise in iCCA cases.4–6 Surgical resection followed by adjuvant
capecitabine offers the only chance of cure in the 15–20% of patients diagnosed with potentially resectable disease.
However, 68–86% of them still relapse and additional two-thirds present with unresectable advanced-stage disease at
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diagnosis.7 Palliative-intent chemotherapy in the form of cisplatin and gemcitabine combination is the standard regimen
for recurrent, locally advanced and metastatic BTCs resulting in median overall survival (mOS) around 12 months.8

For patients failing first-line, until recently only a poor level of evidence (level C) was available to support the use
of second-line chemotherapy so that its benefit has been largely debated in recent years.9 A systematic review of the
literature pooling together data from 25 prospective uncontrolled and retrospective studies involving 761 patients
suggested a benefit in selected patients with good performance status (PS).10 However, the interpretation of these results
has been challenged by potential inherent biases and heterogeneity across studies. In parallel, active symptom control is
considered an alternative standard of care endorsed by international guidelines for advanced biliary cancer (ABC)
patients who progress following first-line chemotherapy.9 Nonetheless, 20–40% of patients are offered salvage che-
motherapy in clinical practice, based on a case-by-case discussion within the multidisciplinary tumor board.11–16 Finally,
the results of the first prospective randomized phase III trial (ABC-06) in this setting have been presented showing
a reduced risk of death for patients treated with mFOLFOX6 regimen compared to active symptom control alone (HR
0.69; p = 0.031).17

Notably, the balance between the risks and benefits of a treatment resulting in a 1-month absolute mOS advantage and
increased toxicity needs to be carefully evaluated. To this end, there exists an urgent need for factors guiding treatment
selection to identify patients more likely to benefit from second-line chemotherapy. In this study, we aimed at developing
a user-friendly and robust prognostic tool to assist in the decision-making process of ABC progressing on or after upfront
chemotherapy.

Patients and Methods
Patient Selection
Patients with cyto-histologically proven unresectable locally advanced or metastatic BTCs treated with second-line
chemotherapy were retrospectively identified from the Modena Cancer Centre Biliary Tract Cancer Database (training
cohort; TC).

The validation cohort (VC) was made up of ABC patients undergoing second-line treatment at the following Italian
Centres: Milano, Napoli, Cefalu’ (Palermo), Trento and Cremona.
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Patients with mixed hepatocellular-cholangiocellular carcinoma and ampullary carcinoma, as well as those with signs
and/or symptoms suggestive of infectious disease within two weeks of starting treatment, were deemed not eligible.
Moreover, treatment with immunotherapy, targeted therapy and investigational drug, together with liver-directed loco-
regional procedures were not allowed.

Baseline clinical and laboratory data were retrieved through electronic medical records review and the following
baseline variables were collected and analyzed before the commencement of second-line chemotherapy: age, gender,
ECOG PS, primary tumor site, disease status, first-line regimen, progression-free survival (PFS) to first-line. Still,
haematological and biochemical parameters including white blood cell count (cell/µL), haemoglobin (gr/dl), platelet
count (cell/µL), lymphocyte count (cell/µL), neutrophil count (cell/µL), total bilirubin (mg/dL), alkaline phosphatase
(ALP; IU/L), lactate dehydrogenase (LDH U/L), alanine aminotransferase (ALT; IU/L), aspartate aminotransferase (AST;
IU/L), gamma-GT (UI/L), albumin (g/dL), sodium (mEq/L), carbohydrate antigen 19-9 (CA 19-9) (U/mL), and
carcinoembryonic antigen (CEA) (ng/mL).

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Data accessed complying
with relevant data protection and privacy regulations were collected under the protocol 183-2019/OSS/AOUMO. The
protocol was reviewed and approved by the Area Vasta Emilia Nord Ethics committee, which serves the University
Hospital of Modena and the surrounding geographical area.

Statistical Analysis
The primary endpoint was OS calculated from the date of the first cycle of second-line chemotherapy to the date of death
for any cause or last follow-up visit. In descriptive statistics, continuous variables were reported as the median and 25–
95 percentile, while categorical variables were reported as absolute and percentage frequencies. Laboratory variables
initially recorded as continuous parameters were later dichotomized according to the usual clinical thresholds reported in
the literature or according to their upper 75 percentile, chosen as worst status. The OS was calculated using Kaplan–
Meier estimators.18 Statistical comparisons between the curves were performed with the Log rank test and the effects
were estimated using the Cox proportional hazard (PH) regression analysis, with a confidence interval at 95% (95%
CI).19 The proportionality of hazard was checked graphically using scaled Schoenfeld residuals.20 The prognostic
performance of each variable on OS was first evaluated through PH univariate model, selecting covariates with
p-value <0.20. The final model was developed step by step in multiple Cox PH regression using the likelihood ratio
test. Furthermore, the over-optimism and calibration of the model were computed over 250 bootstrap replications
employing the Harrell’s methods.21

The specificity and sensitivity of the prognostic model were evaluated with the ROC-AUC curves according to
Heagerty et al.22

Both internal and external validations were performed, and measures of model performance were reported to assess
the reliability and generalizability of the model. Discrimination is presented graphically by a Kaplan–Meier plot of
survival for patients in different risk groups, and the c-Harrell index was used as a measure of discriminant power of the
model. Calibration was evaluated through reporting at a fixed time point, a comparison of predicted percentage survival
in risk groups with actual survival percentages.23

The statistical analyses were performed using Stata version 14.0 or later (StataCorp. LLC, College Station,
TX, USA).

Results
Training Cohort
Between 1st January 2008 and 31st December 2020, a total of 98 ABC patients (39%) fulfilling the aforementioned
criteria were identified and included in the analysis. The median age of patients was 63 years (range 29–82 years), with
a slight prevalence of females (53%). The most common primary tumor site was iCCA (62%), followed by eCCA (22%)
and GBC (16%). All the patients had metastatic disease.
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Overall, the vast majority of patients (72%) received platinum/gemcitabine doublet chemotherapy as a first-line
treatment, resulting in a disease control rate of 69%. The mPFS to first-line was 5 months (range 1–38), with 61% of
patients progressing within 6 months from treatment commencement.

Upon disease progression, fluoropyrimidine-based chemotherapy was the preferred second-line choice in the form of
mFOLFIRI (26%), mFOLFOX6 (20%) and fluoropyrimidine monotherapy (19%), respectively. Regarding second-line
antitumor activity, the disease control rate was achieved in 39% of patients, yielding a 7% of objective responses. Other
baseline clinicopathologic and laboratory characteristics are summarized in Table 1.

As of data cut-off, a total of 94 deaths had occurred. The median OS in the whole patient population was 7.2 months
(95% CI; 7–14 months), while the mPFS was 3.5 months; the 1-year OS and 2-year OS were 28% (95% CI; 20–37) and
7% (95% CI; 3–14), respectively.

Development of the Prognostic Model, Scoring System and Risk Groups
Globally, among all the covariates tested in the univariate analysis for OS in the VC, the following were associated with
shorter OS: male gender (p = 0.032), ECOG PS > 0 (p < 0.001), peritoneal involvement (p < 0.001), LDH > 430 (p =
0.001), albumin <3.5 gr/dl (p < 0.001), absolute lymphocyte count <1000/mmc (p = 0.001), absolute monocyte count
>630/mmc (p = 0.002), absolute neutrophil count >8000/mmc (p < 0.001), lymphocyte–monocyte ratio <2.1 (p = 0.001),
neutrophil–lymphocyte ratio >3 (p < 0.001), sodium <140 mEq/L (p < 0.001), gamma-G >100 UI/L (p = 0.003), GOT
>40 UI/L (p = 0.034), GPT >45 UI/L (p = 0.005), CA 19.9 >700 UI/L (p < 0.001), PFS to first-line <6 months (p <
0.001). At the multivariate analysis for OS, the following covariates retained statistical significance as poor prognostic
factors: ECOG PS > 0 (p = 0.002), peritoneal involvement (p < 0.001), LDH > 430 UI/L (p < 0.001), albumin <3.5 gr/dL
(p = 0.001), gamma-GT >100 UI/L (p = 0.001), sodium <140 mEq/L (p = 0.010), absolute lymphocyte count <1000/mmc
(p = 0.030), and PFS to first-line <6 months (p = 0.025) (Table 2).

Based on these eight variables, a prognostic model was developed to predict OS, and a prognostic score was derived
from the model as a sum of the variables, assuming each of these weighted equally to 1. This scoring system was named
after the institution, which serves as the TC (ie Modena Score). Then, three risk groups were identified as follows: a low-
risk group (0–2 negative prognostic factors), an intermediate-risk group (3–4 negative prognostic factors) and a high-risk
group (5–8 negative prognostic factors) (Table 3). Globally, the patients were evenly distributed across these risk groups,
with 27 (27%) patients categorized as low-risk, 35 (36%) patients as intermediate-risk and 36 (37%) as high-risk. The
survival was significantly different between groups (p < 0.001): the mOS for low-, intermediate-, high-risk group was 18
months (95% CI, 14.7–21-2 months), 9.4 months (95% CI, 7.9–11.0 months), and 2.9 months (95% CI, 2.4–3.5 months),
respectively. Survival curves according to risk-group stratification are depicted in Figure 1. With regard to the
reproducibility of the model, the internal validation showed a shrinkage (overfitting) of 0.128 (250 bootstraps) and
c-Harrell index of 0.847.

The ROC-AUC for the prognostic model in the training sample at 12 months of follow-up was 0.886, with
a specificity of 0.986 and sensitivity of 0.664 at the median value of the linear prediction. The ROC-AUC associated
with median linear prediction in the test sample was 0.820 (specificity 0.886 and sensitivity 0.688), with an AUC ratio
between training/validation sample of 0.926.

With the aim of providing a simpler and user-friendly pictorial representation of our model, a prognostic nomogram
including selected covariates has been constructed (Figure 2).

External Validation Cohort
The VC included a total of 120 patients (35%), enrolled from 1st January 2006 to the 31st December 2018 at five Italian
Cancer Centres. Baseline demographic and clinicopathologic characteristics were well balanced compared to the TC. The
median age was 65 years old, 61 were male (51%). Overall, 64 (54%) patients had iCCA, 35 (29%) GBC and 21 (23%)
eCCA. A total of 78 (65%) patients received multiagent chemotherapy, among which mFOLFIRI (35%) was the most
commonly adopted regimen, followed by mFOLFOX (29%). The median OS was 7.5 months (95% CI; 5.9–8.6 months)
and 1-year OS was 17.5% (95% CI 10–24). Regarding the prognostic variables of interest: 80 (67%) patients had ECOG
PS > 0, 30 (25%) had peritoneum involvement, 56 (47%) LDH > 430 U/L, 66 (55%) had albumin <3.5 g/dL, 30 (25%)
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Table 1 Baseline Patients’ Characteristics in the
Training Cohort (n = 98)

Variable N (%)

Age, years median 63 (29–82)

Gender

Female 52 (53)

Male 46 (47)

ECOG PS

0 62 (63)

1–2 36 (37)

Primary tumor site

Intrahepatic cholangiocarcinoma 61 (62)

Perihilar cholangiocarcinoma 14 (14)

Distal cholangiocarcinoma 8 (8)

Gallbladder carcinoma 15 (16)

Previous surgery on the primary tumor

Yes 19 (19)

No 79 (81)

Liver metastases

Yes 85 (87)

No 13 (13)

Distant node metastases

Yes 43 (44)

No 55 (56)

Lung metastases

Yes 28 (29)

No 70 (71)

Peritoneum metastases

Yes 26 (27)

No 72 (73)

Bone metastases

Yes 9 (9)

No 89 (91)

First-line chemotherapy

Gemcitabine/platinum 71 (72)

Gemcitabine monotherapy 15 (15)

(Continued)
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had gamma-GT >100 UI/L, 50 (42%) had progression-free survival to first-line <6 months, 42 (35%) Na+ <140 mEq/L,
71 (59%) absolute lymphocyte count <1000/uL. In the VC, 25 (20%), 47 (40%) and 48 (40%) patients were assigned to
the low-, intermediate- and high-risk group, according to the presence of 0–2, 3–4 and 5–8 risk factors, respectively. The
score was able to identify prognostic classes with different median OS: 12.8 months (7.4–11.0), 6.4 months (5.2–8.3) and
2.5 months (1.8–2.7), in the low-, intermediate- and high-risk groups, respectively (p < 0.001) (Figure 3). The
performance of the prognostic model in the VC was adequate, in terms of both discrimination (c-Harrell index 0.712;
D-Royston 1.467) and prediction accuracy (calibration slope = 0.65).

Table 2 Multiple Cox Proportional Hazard Regression in the Training Cohort
(n = 98)

Factor HR (95% CI) p-value

ECOG PS >0 2.33 (1.38–3.95) 0.002

Peritoneal involvement 2.93 (1.70–5.07) <0.001

LDH >430 UI/L 3.30 (1.92–5.67) <0.001

Albumin <3.5 g/dL 3.14 (1.55–6.24) 0.001

Gamma-GT >100 UI/L 2.44 (1.47–4.07) 0.001

PFS to 1st line <6
months

1.75 (1.07–2.85) 0.025

Na+ <140 mEq/L 2.93 (1.29–6.63) 0.010

ALC < 1000 /uL 1.94 (1.07–3.53) 0.030

Table 1 (Continued).

Variable N (%)

Fluoropyrimidine-based doublet 12 (12)

Best response to 1st-line

Complete response 1 (1)

Partial response 30 (31)

Stable disease 36 (37)

Progressive disease 31 (31)

2nd-line chemotherapy

FOLFIRI 25 (26)

FOLFOX 20 (20)

Gemcitabine/platinum 18 (18)

Fluoropyrimidine monotherapy 19 (19)

Other 16 (16)
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Discussion
In the present study, we developed a prognostic model and a scoring system based on eight variables (ie PFS to first-line,
ECOG PS, peritoneal carcinomatosis, LDH, albumin, sodium, lymphocyte count, gamma-GT) showing an accurate
performance in risk-stratified ABC patients treated with second-line chemotherapy into three statistically different
prognostic subgroups. Interestingly, we validated our findings in an external independent cohort of 120 patients enrolled
across five Italian Cancer Centres.

Only recently, the value of second-line chemotherapy for ABC has been established in a randomized fashion.17 In the
phase III ABC-06 trial, 162 patients progressing on or after cisplatin/gemcitabine combination were randomly allocated (81 in
each arm) to either active symptom control plus mFOLFOX6 or active symptom control alone. The administration of salvage
chemotherapy resulted in improved survival, with mOS and 1-year OS of 6.2 months (vs 5.3 months) and 25.9% (vs 11.4%),
respectively. As expected, grade 3–4 adverse events, particularly fatigue and neutropenia, were more commonly reported in
the experimental arm. On the other hand, new horizons of precision medicine are heading to the targeting of actionable
drivers, such as FGFR fusion rearrangements and IDH1/IDH2 mutations with promising results in clinical trials.23–27

Although statistically significant, the relative benefit provided by second-line chemotherapy in ABC is clinically
marginal, and it has to be balanced against increased toxicity and impaired quality of life. Moreover, only 20% to
40% of patients remain candidates to second-line because of their rapidly worsening PS and the occurrence of biliary

Figure 1 Overall survival by risk groups in the training cohort (n=98). Kaplan–Meier curves of overall survival (OS) according to the Modena score in the training cohort.
The prognostic score assigned patients to three risk groups with statistically different OS: low-risk (n=27; mOS 18 months), intermediate-risk (n=35; mOS 9.4 months) and
high-risk (n=27; mOS 2.9 months) (p<0.001).

Table 3 Risk-Group Assignment Based on the Prognostic Score in the Training Cohort (n = 98)

Risk Group N (%) 1-Year OS% (95% CI) HR (95% CI) p-value Median OS (Months)

Low (0/2) 27 (27) 69 (48–83) 1.00 18.0 (14.7–21.2)

Intermediate (3–4) 35 (36) 26 (13–41) 3.78 (2.09–6.84) <0.001 9.4 (7.9–11.0)

High (5/8) 36 (37) NA 32.2 (27.0–38.1) <0.001 2.9 (2.4–3.5)

High vs Intermediate 16.5 (7.55–25.9) <0.001

Notes: Score: PS, peritoneum, LDH, albumin, ALC, Na+, g-GT, time to 1st progression with weight = 1. Score from 0 to 8, stratified in three groups of risk.
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Figure 3 Overall survival by risk groups in the validation cohort (n=120). Kaplan–Meier curves of overall survival (OS) according to the Modena score in the validation
cohort. The prognostic score assigned patients to three risk groups with statistically different OS: low-risk (n=22; mOS 12.8 months), intermediate-risk (n=43; mOS 6.4
months) and high-risk (n=55; mOS 2.5 months) (p<0.001).

Figure 2 Nomogram for overall survival of biliary cancers treated with second-line chemotherapy. Using and interpreting the nomogram. Each variable incorporated in the
Modena score has been listed separately together with the corresponding number of points reflecting its magnitude. For each variable, draw an upward vertical line to the
“Points” bar to calculate points, then sum the points for each variable and locate this sum on the “Total Points” axis. Draw a downward vertical line from the “Total Points”
line to calculate 6-month and 12-month overall survival probability.
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tract-related complications.28–30 Nonetheless, no specific molecular signatures or biomarkers have been incorporated
in the decision-making process in ABC. Thus, the search for a clinical tool enabling a more accurate prediction of
patients’ prognosis to maximize the benefit/risk ratio of second-line chemotherapy is an area of active investigation.

Past studies have independently reported several factors to be correlated with survival in this setting, among which
are ECOG PS, prior surgery on the primary tumor, disease status, PFS to first-line, and CA19.9.31–36 However,
individually each factor has limited accuracy in prognostication and is insufficient to reflect the complex biological
impact of this disease. More recently, four independent prognostic factors (ECOG PS, the reason for L1 discontinuation,
peritoneal carcinomatosis and prior surgery) were combined in a clinical prognostic model developed from a large French
retrospective analysis and validated in three multinational patient cohorts (n = 392).37 However, currently, there is neither
prospectively validated nor widely accepted clinical prediction model to be routinely applied to the decision-making of
ABC undergoing second-line chemotherapy.

The treatment outcomes of our study are comparable to previously published experiences in this setting, showing
a mPFS around 3 months and mOS in the range of 6.3–7.2 months. Again, the pattern of care is characterized by a slight
prevalence of irinotecan-based doublets as consistently reported across Europe, except in the UK, where oxaliplatin-
based regimens are more common following cisplatin/gemcitabine first-line.

Of note, we were able to confirm the prognostic value of established clinical variables in the multivariate analysis,
including ECOG PS, peritoneal carcinomatosis and PFS to the first-line. More interestingly, we provided
a comprehensive characterization of potential prognosticators, including in our analysis additional biological factors
compared to previous studies. To this end, we showed for the first time that LDH, sodium, lymphocyte count, and
gamma-GT were independent predictors of outcome in this setting. In particular, the inclusion of liver function
parameters represents an added value in light of the sizeable proportion of iCCA (>50%) recruited in the study,
among whom chronic liver disease is a highly prevalent underlying condition.

A multiplexed score incorporating patient (ECOG PS), disease (PFS to first-line, peritoneal carcinomatosis, LDH),
organ function (albumin, sodium, gamma-GT) and immune system (lymphocyte count) determinants may better account
for the heterogeneity and complexity of this disease. Hence, offering a more accurate tool for prognosis prediction for
both trial design and daily practice. When applied to the clinical scenario, the Modena score may identify a subgroup of
ABC portending a particularly poor prognosis (OS < 3 months), for whom best supportive care alone seems advisable.
On the other hand, the intermediate- and even more the low-risk group seem to be the best candidates for a treatment
strategy with multiple lines in light of their favourable behaviour. The retrospective design of our study along with its
relatively small sample size are limitations to be acknowledged that may have precluded us from the proper assessment
of additional variables of potential interest as well from the presence of confounders. Still, prospective validation of our
findings in larger patient populations is required in the future.

Conclusions
In conclusion, we provided evidence of a clinical prognostic model and score constructed in a rigorous methodological
framework for ABC amenable to second-line chemotherapy. This model takes into account several prognostic determi-
nants and bears the potential for improving the accuracy of currently available prediction tools. It is proved to be
reproducible, easily usable, and generalizable. We, therefore, believe that it could become a useful tool for guiding
therapeutic decisions in clinical practice and risk-stratification in future clinical trials.
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