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Abstract

Background The combination of gemcitabine and cisplatin (gem/cis) with the anti-PD-L1-antibody durvalumab was recently 

approved as first line therapy for biliary tract cancer (BTC) based on the results of the TOPAZ-1 trial.

Objective We aim to analyse the feasibility and efficacy of the triple combination therapy in patients with BTC in a real-

world setting and in correspondence with the genetic alterations of the cancer.

Methods In this single-centre retrospective analysis, all patients with BTC and treated with durvalumab plus gem/cis from 

April 2022 to September 2023 were included. Survival and treatment response were investigated, within the context of the 

inclusion and exclusion criteria of TOPAZ-1 and in correspondence with genetic alterations of the cancer.

Results In total, 35 patients, of which 51% met the inclusion criteria of the TOPAZ-1 trial, were analysed. Patients treated 

within TOPAZ-1 criteria did not have a significantly different median overall survival and progression free survival than 

the rest of the patients (10.3 versus 9.7 months and 5.3 versus 5 months, respectively). The disease control rate of patients 

within the TOPAZ-1 criteria was 61.1%, in comparison to 58.8% in the rest of patients. A total of 51 grade 3 and 4 adverse 

events were observed without significant differences in the subgroups. No specific correlating patterns of genetic alterations 

with survival and response were observed.

Conclusions The treatment of advanced patients with BTC with durvalumab and gem/cis, even beyond the inclusion criteria 

of the TOPAZ-1 trial, shows promising safety.

Extended author information available on the last page of the article

Key Points 

We show that under real-world conditions the treatment 

of patients with advanced biliary tract cancer with the 

combination of gemcitabine and cisplatin with dur-

valumab seems safe in a broader patient population, and 

we did not observe differences in efficacy after stratifica-

tion for fulfillment of the TOPAZ-1 inclusion criteria.

We further could not identify any signal that specific 

genetic alterations of the tumor could help us predict an 

individual patients’ response to this therapy regimen.

1 Introduction

Biliary tract cancer (BTC) represents a heterogenous group 

of malignancies originating from the biliary tree, including 

cholangiocarcinoma (CCA) of the intrahepatic and extrahe-

patic bile ducts as well as gallbladder carcinoma (GBC) [1]. 

Extrahepatic CCAs (eCCAs) are further classified into peri-

hilar and distal CCAs according to their anatomical localisa-

tion [2]. The survival rates of BTCs are poor, and the inci-

dence of intrahepatic CCAs (iCCAs) in particular, is rising 

globally, leading to an increasingly significant public health 

concern [3]. Most patients are diagnosed with advanced dis-

ease, and the only curative treatment, which requires surgical 

resection, can only be offered to up to a quarter of patients 

[4]. Thus, effective palliative systemic treatment is needed 

for the majority of patients.

The standard first-line treatment over the last decade has 

been the combination of gemcitabine and cisplatin (gem/

cis) based on positive results of two randomised trials (5, 



214 A. Olkus et al.

6). Recently, the phase III TOPAZ-1 trial with 685 patients 

showed that the addition of immune checkpoint therapy 

using the anti-programmed cell death ligand-1 (anti-PD-L1) 

antibody durvalumab in combination with gem/cis increased 

patient survival and has since become the new first-line treat-

ment standard [7]. In this selected patient population, hazard 

ratios (HRs) for overall survival (OS) favoured durvalumab 

plus gem/cis over gem/cis with placebo (HR: 0.80) [7]. 

While the median OS in the intervention arm did increase 

by just 1.6 months in comparison with the placebo arm, a 

subgroup showed durable response with a 24-month survival 

rate of 23.6% versus 11.5%, respectively [8]. Parameters or 

biomarkers to specify these patients have yet to be identified, 

but response does not seem to be associated with PD-L1 

expression (tumour area positivity higher versus lower than 

1%). However, the genetic heterogeneity of BTCs and the 

critical influence of various oncogenic signaling pathways 

on the tumour microenvironment and therefore anti-tumour 

immunity might play a role in response to the triple therapy 

[9, 10].

Multiple next generation sequencing efforts have dis-

sected the BTC genome over the last decade, revealing that 

BTCs are genetically very heterogeneous, with a variety of 

different oncogenes and tumour suppressor genes involved, 

and that these alterations are associated not only with the 

anatomical localisation but also with risk factors and pathol-

ogies [11–14]. Particularly for iCCAs, multiple targetable 

alterations such as IDH1 mutations, FGFR2 fusions or muta-

tions and NTRK gene fusions led to the approval of new 

targeted therapeutics by regulatory agencies as monotherapy 

after failure of chemotherapy [15–19]. Additionally, while 

the percentage of microsatellite instability-high or mismatch 

repair deficient (MSI-H/dMMR) BTCs is low (1.3–1.5% 

in Western cohorts) [7, 20], these patients showed good 

response to the anti-programmed cell death protein-1 (PD-

1) monoclonal antibody pembrolizumab with an objective 

response rate (ORR) of 40.9%, which is now approved as a 

second line therapy in this subgroup [21].

In this retrospective analysis we aim to investigate 

efficacy and safety of gem/cis and durvalumab in a less 

restricted real-world population and within the context of 

cancer genome alterations.

2  Materials and Methods

2.1  Study Population

For this analysis, requirements for inclusion were (1) histo-

logically proven diagnosis of biliary tract malignancy, (2) 

irresectable (metastatic or locally advanced) disease and (3) 

start of palliative treatment with gem/cis and durvalumab 

between April 2022 and June 2023 at the National Center 

for Tumor Diseases (NCT) in Heidelberg, Germany. Gem/

cis and durvalumab were administered intravenously on 

a 21-day cycle according to the TOPAZ-1 protocol: dur-

valumab (1500 mg) at day 1, gemcitabine (1000 mg/m2) and 

cisplatin (25 mg/m2) at days 1 and 8, respectively [7]. After 

eight cycles, treatment was continued with durvalumab 1500 

mg monotherapy every 4 weeks until radiological progres-

sion, unacceptable toxicity or death.

The data were maintained via a prospective database, 

the Liver Cancer Center Heidelberg (LCCH) registry. The 

observation period for each patient started with initiation of 

gem/cis and durvalumab (after primary diagnosis of meta-

static or unresectable disease, or after diagnosis of recur-

rence). The follow-up period for this analysis ended on 30 

September 2023.

Written informed consent was obtained from all patients 

prospectively enrolled in the Liver Cancer Center Heidel-

berg (LCCH) registry, which was approved by the Heidel-

berg University ethics committee (ethical permit number 

S-693/2019), complied with the provisions of the Good 

Clinical Practice guidelines and the Declaration of Helsinki 

and local laws and fulfilled the Regulation (EU) 2016/679 

of the European Parliament and of the Council of 27 April 

2016 on the protection of natural persons with regard to the 

processing of personal data (ID number DSAN854-A-OS/5).

2.2  Assessments

The clinical data were reported via an electronic medical 

record by the attending oncologists and medical staff. Infor-

mation included date of previous treatment (surgery, adju-

vant chemotherapy and radiochemotherapy), start and stop 

date of chemotherapy, type and severity of toxicities, Eastern 

Cooperative Ongology Group performance status (ECOG 

PS) and date of death. Adverse events were registered 

according to the US National Cancer Institute’s common 

terminology criteria for adverse events (CTCAE). Tumour 

response was routinely evaluated with a structured oncology 

reporting in analogy to the response evaluation criteria in 

solid tumours (RECIST) 1.1 [22].

2.3  Statistical Analysis

Descriptive statistics were used to analyse baseline char-

acteristics, survival times, treatment response, adverse 

events (AEs) and molecular tumour characterisation. OS 

was defined as time from the date of treatment initiation 

to the date of death. PFS was defined as time from the date 

of treatment initiation to the date of disease progression or 

death. Treatment response was assessed radiologically by 

computed tomography (CT) or magnetic resonance imag-

ing (MRI) by local review. ORR was defined as the rate 
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of complete responses (CR) and partial responses (PR). 

Disease control rate (DCR) was defined as the sum of CR, 

PR and the rate of stable disease (SD). Survival plots were 

presented as Kaplan–Meier curves and quantified by the 

Gehan–Breslow–Wilcoxon test, HR and 95% confidence 

interval (CI) based on a log-rank test. Statistical analyses 

were performed with GraphPad prism V10 (GraphPad Soft-

ware, San Diego, CA, USA). A P < 0.05 was considered 

statistically significant.

2.4  Molecular Profiling

DNA and RNA extraction was performed on formalin-

fixed paraffin-embedded tumour sections from 29 patients, 

who had been included in a personalised oncology pro-

gram. All samples had a tumour cell content > 20%. DNA 

based genetic alterations were obtained using the TruSight 

Oncolocy 500 (TSO500) panel. RNA based alterations and 

gene fusions were detected using the TruSight Tumor 170 

(TST 170) RNA assay. Analysis was performed by at least 

two pathological experts and has been previously described 

[23].

3  Results

3.1  Patient Demographics

The analysis included 35 patients with BTC: 21 (60%) with 

iCCA, 8 (23%) with eCCA and 6 (17%) patients with GBC, 

who received gem/cis plus durvalumab as palliative therapy. 

Patients had a median age of 62 years (range 27–80 years) 

at start of therapy, 20 of which were female (57%) and 15 

of which were male (43%). A total of 25 patients (71%) pre-

sented with initially unresectable disease, of which 8 (23%) 

were locally advanced and 27 (77%) had metastatic disease. 

Ten patients (29%) presented with recurrent disease, and two 

patients (6%), both with iCCA, suffered from liver cirrhosis, 

of which one was caused by chronic hepatitis B infection. 

Nine (26%) patients had previously undergone resection, 

of which eight patients received further adjuvant therapy 

(chemotherapy or radiation). Two additional patients (6%) 

had undergone radiation therapy prior to the systemic triple 

therapy, and four (11%) patients had received prior palliative 

systemic therapy, of which one of these reveived radiation 

therapy and systemic therapy. A total of 22 (63%) patients 

were therapy-naïve; 31 patients (88%) presented with ECOG 

performance status of 0 and 1 and 4 patients (12%) with 

ECOG 2 and 3. Additional baseline characteristics are pre-

sented in Table 1.

A total of 18 patients (51%) fulfilled the inclusion criteria 

of the TOPAZ-1 trial (TOPAZ-1 IN), whereas 17 patients 

(49%) did not (TOPAZ-1 OUT). The most common reason 

for failing to meet the TOPAZ-1 trial inclusion criteria was 

the prior existence of autoimmune-associated disorders (n 

= 4 patients: ulcerative colitis, sarcoidosis, SAPHO-syn-

drome and autoimmune mediated urticaria), followed by 

ECOG performance status > 1 (n = 4), and five patients 

had received prior chemotherapy or radiotherapy (Table 2). 

Seven additional patients would have been excluded from 

the TOPAZ-1 trial because of insufficient organ function 

assessment (haematopoiesis and renal function).

3.2  Progression and Survival

Of all patients included, 34 patients (97%) had at least one 

radiological assessment after starting therapy to evaluate 

tumour response. One patient died before the first assess-

ment. Median duration of follow-up after start of treat-

ment was 6.2 months (range 1–14.7 months). A total of 

16 patients (46%) died. Median OS in the cohort was 10.3 

months (Fig. 1A). Median PFS was 5.1 months (Fig. 1C). 

The investigator-assessed ORR was 14.7%, and the disease 

control rate (DCR) was 61.7%.

Median OS in TOPAZ-1 IN patients was not significantly 

different to TOPAZ-1 OUT patients (10 versus 10.3 months 

(HR: 0.97, 95% CI 0.3–2.6; Fig. 1B). Similarly, the median 

PFS with 5.3 months in the TOPAZ-1 IN patient cohort 

was not significantly different to the 5 months in TOPAZ-1 

OUT patients (HR: 1.06, 95% CI 0.49–2.29; Fig. 1D). DCR 

was similar in both subgroups (TOPAZ-1 IN 61.1% versus 

TOPAZ-1 OUT 58.8%, respectively), but the ORR in the 

TOPAZ-1 IN subgroup was higher, with 22.2% versus 5.8%.

3.3  Safety

During the observation period, a total of 51 grade 3–4 AEs 

were registered in 21 patients (Table 3). The most com-

mon AEs were bone marrow toxicity (n = 21, 40%), such 

as anaemia (n = 8, 23%), thrombocytopenia (n = 7, 20%) 

and leukopenia (n = 6, 17%). Infectious complications, in 

particular cholangitis, were observed in five patients (11%). 

Elevated cholestasis parameters occurred in five patients 

(11%), and elevated transaminases occurred in two patients 

(4%). Ascites or pleural effusion were observed in four 

patients (9%). In five cases (9.6%), AEs were considered 

to be immunotherapy related (irAEs), two cases of autoim-

mune colitis and one case of autoimmune hepatitis, auto-

immune encephalitis and immune-mediated urticaria each. 

Three of these patients were treated with corticosteroids. 

In 14 cases (40%), the adverse event led to a dose reduc-

tion. No grade 5 AE has been reported. IrAEs were equally 

distributed in both subgroups with 2 patients each, and 10 

patients in the TOPAZ1-IN and 11 patients in the TOPAZ1-

OUT developed non-irAEs. No significant differences in 
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AE occurence in terms of frequency and severity could be 

observed between the subgroups.

3.4  Molecular Profiling

For 29 patients, molecular profiling of the tumour was 

obtained as a diagnostic work-up in a personalised oncol-

ogy program (Fig.  2 and Supplementary Table  1). Of 

those, 18 patients presented with iCCA, 4 patients with 

eCCA and 2 patients with GBC, and among them, 5 

patients had PR, 10 patients had SD and 14 patients were 

non-responders. The most frequent genetic alteration was 

loss of tumour suppressor protein 53 (TP53) (28%, n = 8) 

followed by deletion mutations in BRCA1-associated pro-

tein 1 (BAP1; 24%, n = 7). Activating mutations of KRAS 

were observed in 21% (n = 6). Mutations leading to dele-

tion of ARID1A were observed in 17% (n = 5). Oncogenic 

IDH1 mutations, deletion mutations of and SMAD4 and 

Table 1  Patient demographics and baseline characteristics

ECOG PS Eastern Cooperative Ongology Group performance status, eCCAs extrahepatic CCAs, CCA  cholangiocarcinoma, iCCAs intrahepatic 

CCAs, MSI-H microsatellite instability-high, HBV hepatitis B virus, abs. absolute, rel. relative
a Two patients received multiple prior treatments: patient 1 first underwent resection, followed by irradiation after recurrence. Patient 2 received 

one line of palliative chemotherapy followed by irradiation
b One patient did not receive adjuvant chemotherapy after resection due to prior neoadjuvant chemotherapy

Parameter Total TOPAZ-1 IN TOPAZ-1 OUT

Abs. Rel. Abs. Rel. Abs. Rel.

Patient numbers 35 18 51% 17 49%

Median age (range)—years at start of therapy 62 (27–80) 63 (34–76) 61 (27–80)

Female sex 20 57% 12 66% 8 47%

ECOG PS

 0 20 57% 12 66% 8 47%

 1 11 31% 6 33% 5 29%

 2 3 9% 3 18%

 3 1 3% 1 6’%

Primary tumour type

 iCCA 21 60% 11 61% 10 59%

 eCCA 8 23% 5 28% 3 18%

 Gallbladder carcinoma 6 17% 2 11% 4 23%

Disease status at start of systemic therapy

 Unresectable 25 71% 11 61% 14 82%

 Recurrent 10 29% 7 39% 3 18%

Disease classification at start of systemic therapy

 Locally advanced 8 23% 4 22% 4 23%

 Metastatic 27 77% 14 78% 13 76%

MSI-status

 High 1 3% 1 6%

 Stable 30 85% 16 89% 14 82%

 Missing 4 11% 1 6% 3 18%

Liver cirrhosis present 2 6% 1 6% 1 6%

HBV infection 1 3% 1 6%

Prior  therapya

 Resection 9 26% 7 39% 2 12%

 Radiotherapy 2 6% 0 2 12%

 Adjuvant  therapyb (radiotherapy and chemotherapy) 8 23% 7 39% 1 6%

 Palliative systemic therapy 4 11% 4 23%

 Therapy—naive 22 63% 11 61% 11 65%

CA 19-9 median U/ml (range) 65.5 (1–21106 349.45 (1–21106) 29.7 (1–2480)

Duration of follow-up

 Median (range) in months 6.2 (1–14.7) 6.16 (2.3–13.1) 6.26 (1–14.7)
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MUTYH and fusions of the FGFR2 gene occurred each in 

10% (n = 3) of patients. Within this cohort, response to 

treatment was not associated with specific genetic altera-

tions (Fig. 2).

4  Discussion

The advent of the new first-line treatment combining gem/

cis with the PD-L1 inhibitor durvalumab based on the posi-

tive results of the TOPAZ-1 phase III trial significantly 

changed the treatment landscape of BTCs in the palliative 

setting. More recently, the KEYNOTE-966 study using the 

PD-1 inhibitor pembrolizumab in combination with gem/

cis showed similar efficacy and safety data [24], confirming 

a beneficial effect of immune checkpoint inhibition (ICI) to 

standard chemotherapy. Both trials achieved median OS data 

of over 12 months [7, 24], which has not been reached by 

any other treatment regimen and has a significant impact on 

this cancer entity with such a poor prognosis. First data from 

one multicentre retrospective analysis of an early access pro-

gram in Italy were also able to consolidate the results of the 

TOPAZ-1 trial in a real-world setting [25].

In our cohort, the median OS and PFS with 10.3 months 

and 5.1 months were lower than the 12.8 months and 7.2 

months reached in the registration trial. While most of the 

baseline characteristics in our cohort were comparable with 

the TOPAZ-1 trial data, our cohort was smaller but also 

presented with less viral hepatitis as underlying liver disease 

etiology, which also correlated with favourable prognosis 

in the analysis of Rimini et al. [25]. An additional differ-

ence was that our cohort comprised primarily of Caucasians, 

while in the TOPAZ-1 trial, the Asian subgroup seemed to 

Table 2  Reasons of failure to meet inclusion criteria for TOPAZ-1

In total, 17 patients failed to meet the TOPAZ-1 inclusion criteria. 

Three patients failed to meet the inclusion criteria because of more 

than one reason: (1) autoimmune mediated urticaria and prior chemo-

therapy; (2) prior chemotherapy and prior radiotherapy and (3) anae-

mia, reduced kidney function and thrombocytopenia. ECOG PS, 

Eastern Cooperative Oncology Group performance status

Reason Absolute

Autoimmune-associated disorders 4

 Ulcerative colitis 1

 Sarcoidosis 1

 SAPHO syndrome 1

 Autoimmune mediated  urticaria(1) 1

ECOG PS 2 or 3 4

Prior  chemotherapy(2) 4

Thrombocytopenia 3

Prior radiotherapy 2

Anemia(3) 2

Reduced kidney function 2

Fig. 1  Overall survival (OS) 

and progression free survival 

(PFS) with durvalumab plus 

gem/cis. Kaplan–Meier curve 

indicating OS A in the whole 

cohort (n = 35 patients) and 

B stratified by the inclusion 

criteria of TOPAZ-1 (TOPAZ-1 

IN: n = 18 and TOPAZ-1 

OUT: n = 17). PFS depicted by 

Kaplan–Meier curve C in the 

whole cohort and D stratified 

according to TOPAZ-1 inclu-

sion criteria
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Table 3  Adverse events

AE adverse event
a One patient developed both autoimmune hepatitis and autoimmune colitis

Parameter Total TOPAZ-1 IN TOPAZ-1 OUT

Non-immune 

related AEs

No. of events No. of patients % of patients No. of events No. of patients % of patients No. of events No. of patients % of patients

Number of 

patients

35 18 17

Grade 3 43 18 51% 22 8 44% 21 10 59%

Grade 4 3 3 9% 2 2 6% 1 1 1%

Leading to dose 

reduction

12 12 34% 5 5 28% 7 7 42%

Bone marrow 

toxicity

21 14 40% 10 6 33% 11 8 47%

 Anaemia 8 8 23% 3 3 17% 5 5 29%

 Thrombopenia 7 7 20% 4 4 22% 3 3 18%

 Leukopenia 6 6 17% 3 3 17% 3 3 18%

Cholangitis 5 5 14% 2 2 11% 3 3 18%

Elevated choles-

tasis param-

eters

5 3 9% 4 1 6% 1 1 6%

Elevated 

transaminases

2 2 6% 1 1 6% 1 1 6%

Ascites and/or 

pleural effusion

4 4 11% 3 3 17% 1 1 6%

Immune-related 

AEs

Grade 3 5 41 11% 3 2 11% 2 2 12%

Grade 4 0

Leading to dose 

reduction or 

end of therapy

2 2 6% 0 0 2 2 12%

Autoimmune 

 colitisa
2 2 6% 2 2 11% 0 0

Autoimmune 

 hepatitisa
1 1 3% 1 1 6% 0 0

Autoimmune 

encephalitis

1 1 3% 0 0 1 1 6%

Immune medi-

ated urticaria

1 1 3% 0 0 1 1 6%
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have responded particularly well. Additionally, the shorter 

median observation time with 6.2 months in comparison 

with the registration trial and, therefore, a potential underre-

porting of OS. Interestingly, the 46% of patients who would 

have been excluded according to protocol of the TOPAZ-1 

trial did not show inferior survival or radiologic response 

results than TOPAZ-1 IN patients and cannot explain the 

different outcomes observed.

In summary, our data suggests that a broader set of 

patients could profit from the triple therapy, which warrants 

additional prospective analyses in larger cohorts of that 

extended patient subgroup.

Assessing the safety profile of a treatment is essential 

for its broad clinical applicability. In general, in most reg-

istration trials the patient population is selected and only 

partially reflects the real-world population. It is therefore 

important to assess safety of a treatment in a broader collec-

tive. In our cohort, even though patients beyond the inclu-

sion criteria of TOPAZ-1 were included, the rate of grade 

≥ 3 AEs observed was not higher than in the TOPAZ-1 trial 

(60% versus 75.7%, respectively). The rate of dose reduc-

tion/discontinuation was also similar, as well as the quality 

of AEs. This was also the case when we compared the two 

subgroups, TOPAZ-1 IN and TOPAZ-1 OUT. Overall, the 

inclusion of patients beyond the TOPAZ-1 criteria in this 

cohort did not lead to an increase in AEs or alteration of the 

treatment. Our data support that selected patients beyond 

the population of TOPAZ-1 can undergo triple therapy with 

limited risk in well-monitored clinical settings.

Molecular profiling of tumours has become increasingly 

important in understanding cancer biology and guiding 

treatment decisions. Therefore, we aim to perform panel 

sequencing analysis in our clinical routine early in the pal-

liative setting, whenever enough tumour material is avail-

able. At data cut-off, 29 patients of the cohort had undergone 

molecular tumour profiling. Despite the relatively small size 

of the cohort, the distribution of the genetic alterations is 

consistent with the large, published data sets [11–13, 15]. 

Biomarkers to identify patients who respond well to immu-

notherapy are sorely lacking, but genetic alterations may 

play a role in response. To explore this, we included a first 

analysis to associate genetic alterations with response. While 

the small cohort size limits interpretation, genetic alterations 

were quite evenly distributed among both responders and 

non-responders. Even the patient with MSI-high tumour, 

where one would except a high chance of response to ICIs, 

had only moderate response of 7 months SD. However, this 

is in accordance with data from the Keynote-158 trial with 

pembrolizumab in second line MSI-high BTCs, where the 

ORR was 41% [21]. While larger cohorts with molecular 

data will be required to comprehensively explore these rela-

tionships and identify potential biomarkers for response 

prediction, it is evident that even microsatellite instability, 

despite being a generally immunoreactive condition, has 

limited predictive value. This clearly illustrates the multi-

factorial aspects involved in response to immunotherapy and 

emphasises that individual response prediction will require 

consideration of multiple parameters.

In conclusion, our real-world data provide first evidence 

that the treatment regimen of durvalumab plus gem/cis in 

patients with BTC is safe even beyond the TOPAZ-1 inclu-

sion criteria, suggesting that this treatment strategy may 

response         PR DPDS

localisa�on

frequency 3 27 32 10 26 1 4 7 17 22 23 21 24 28 30 9 13 14 2 18 8 20 16 15 12 34 19 11 31 iCCA

TP53 28 % eCCA

BAP1 24 % GBC

KRAS 21 %

ARID1A 17 % MSI-high

IDH1 10 % MSS

MUTYH 10 %

SMAD4 10 %

FGFR2 10 % dele�on

BRAF 7 % ac�va�on

BRCA2 7 % fusion

TERT 7 %

PIK3CA 7 %

RBM10 7 %

RASA1 7 %

ABL1 7 %

Fig. 2  Distribution of genetic alterations in BTCs in accordance with 

response to durvalumab plus gem/cis. BTCs are clustered based on 

the best response to treatment: PR, SD and PD. Tumour localisation 

is indicated by the respective colours. Genetic alterations are charac-

terized by either deletion, activating or activating translocation (i.e. 

fusion)
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have broader applicability in a diverse patient population and 

supporting further prospective analyses in larger cohorts.
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