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Background

Durvalumab is approved for the treatment of lung cancer, advanced biliary tract cancers, and is also being evaluated in many other solid organ tumors. The aim of our study is to define the incidence, etiology, and outcomes of liver injury in consecutive patients receiving durvalumab-based immunotherapy.



Patients and methods

Durvalumab treated patients between 1/2016 – 7/2020 were identified from the electronic medical record. Liver injury was defined as serum AST or ALT ≥ 5x upper limit of normal (ULN), ALP ≥ 2x ULN, bilirubin ≥ 2.5 mg/dl, or INR ≥ 1.5. Potential drug induced liver injury (DILI) cases were adjudicated using expert opinion scoring and confirmed with Roussel Uclaf Causality Assessment Method (RUCAM).



Results

Amongst 112 patients, 58 (52%) had non-small cell lung cancer, the median age was 65 years, and 60% were male. The 21 (19%) liver injury patients were significantly more likely to harbor hepatic metastases (52% vs 17%, p=<0.001), experience tumor progression (67% vs 32%, p=0.01) or die (48% vs 11%, p<0.001) during follow-up compared to the 91 without liver injury. Using multivariate regression analysis, the development of liver injury during treatment as well as baseline hepatic metastases were independently associated with mortality during follow-up. Six of the 21 (29%) liver injury cases were adjudicated as probable DILI with four attributed to durvalumab and two due to other drugs (paclitaxel, pembrolizumab). Durvalumab was permanently discontinued in two DILI patients, three received corticosteroids, and one was successfully rechallenged. Only one patient with DILI developed jaundice, and none required hospitalization. Liver biochemistries normalized in all 6 DILI cases, while they only normalized in 27% of the 15 non-DILI cases (p=0.002). The 6 DILI patients also had a trend towards improved survival compared to those with other causes of liver injury



Conclusion

Liver injury was observed in 19% of durvalumab-treated patients and is associated with a greater likelihood of tumor progression and death during follow-up. The four durvalumab DILI cases were mild and self-limited, highlighting the importance of causality assessment to determine the cause of liver injury in oncology patients receiving immunotherapy.
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Introduction

Durvalumab is an immune checkpoint inhibitor (ICI) that selectively binds to Programmed cell-death 1 ligand 1 (PD-L1) and inhibits its interactions with Programmed cell death-1 (PD-1) and CD80 resulting in T cell activation and anti-tumor responses (1). Durvalumab is currently approved as a single agent for non-small cell lung cancer (NSCLC), in combination with other agents for small cell lung cancer (SCLC) and most recently in 2022, gained approval for advanced biliary tract cancer in combination with chemotherapy (2, 3). Notably, durvalumab is the first immunotherapy to be approved for biliary tract cancer. Durvalumab monotherapy was previously approved for the treatment of advanced urothelial carcinoma but voluntarily withdrawn from the market after failing to meet its primary endpoint in follow-up studies (4).

ICIs are associated with a plethora of immune-related adverse events (irAE) caused by global immune system activation due to the inhibition of the “brakes” – PD-1/PD-L1 or CTLA-4 pathways – of the immune system (5). Immune-mediated liver injury due to ICIs (ILICI) is a subset of drug induced liver injury (DILI) resulting in indirect hepatoxicity presumably via intrahepatic T-cell activation (5, 6). In clinical trials, liver injury is defined based on laboratory cut-offs from the National Cancer Institute’s (NCI) Common Terminology Criteria for Adverse Events (CTCAE) (7). The degree of liver biochemistry and bilirubin elevations determine the grade of liver injury and recommendations of when to withhold or withdraw ICI therapy (8). The American Society of Clinical Oncology (ASCO) recommends evaluation for other causes of liver injury in ICI treated patients that develop elevated liver biochemistries (8). However, the incidence of ILICI compared to other causes of liver injury in patients receiving durvalumab based immunotherapy is not well defined.

Liver injury was rare in the initial clinical trials of durvalumab for NSCLC, SCLC and urothelial carcinoma, occurring in less than 1% of treated patients but elevated liver chemistries were more frequently encountered in patients with advanced biliary tract cancer (4, 9–15). Despite the low overall incidence of liver injury reported in these studies, severe or even fatal hepatic events have been reported in post-marketing surveillance (3). However, there is very limited data on the etiology of the liver injury in these trials (ILICI vs other causes) and outcome of these patients. The aim of our study was to determine the incidence, etiology, and outcomes of liver injury in 112 consecutive patients receiving durvalumab based immunotherapy at a single center who were evaluated and managed using a standardized protocol.



Methods


Data collection

This retrospective study was approved by the University of Michigan Medical School Institutional Review Board. All adult patients ≥ 18 years of age who received durvalumab between 1/1/2016 – 7/14/2020 were identified from the Michigan Medicine electronic medical record (EMR) using DataDirect software. Patients who were enrolled in clinical trials that of durvalumab were included in our search. Clinical characteristics including age, gender, race, ethnicity, body mass index (BMI), Eastern Cooperative Oncology Group (ECOG) performance status, and the number of durvalumab infusions received were extracted from the EMR. Medical and oncologic history was confirmed with manual chart review. Baseline laboratory data immediately before the first durvalumab infusion were also extracted, including serum aspartate aminotransferase [AST; upper limit of normal (ULN) 30 IU/L), alanine aminotransferase (ALT; ULN 35 IU/L), alkaline phosphatase (ALP; ULN 116 IU/L), total bilirubin (Tbili; ULN 1.2 mg/dL)], international normalized ratio (INR), albumin, white blood cell count, and platelets.

Additional data regarding doses, frequency, and combination durvalumab drug regimens were verified with pharmacy records. Prior chemotherapy regimens before durvalumab excluded the chemotherapy that was given with planned durvalumab consolidation therapy. Treatment regimens were defined as durvalumab “alone” if given as monotherapy, “consolidation” when given as maintenance therapy after completion of cytotoxic chemotherapy, or “combination” if durvalumab was given simultaneously with another cytotoxic agent or immunotherapy.



Definition of liver injury

Liver injury was defined using laboratory criteria established by the Drug-Induced Liver Injury Network (DILIN) of serum ALT ≥ 5x ULN, serum ALP ≥ 2x ULN, total bilirubin ≥ 2.5 mg/dL or INR ≥ 1.5 [14]. A fold increase over baseline was used when baseline values were greater than the ULN value. Patients with isolated INR elevation on warfarin were not considered to have liver injury. In patients who met lab study criteria, serial liver biochemistries were collected to determine the course and severity of the liver injury.



Case adjudication

Three physicians (LAS, IK, RJF) adjudicated each liver injury case and assigned a DILIN expert opinion causality score for durvalumab or any other suspect drug. This 5 point scale is defined as 1 = definite (> 95% likelihood), 2 = highly likely (75-95%), 3 = probable (50-75%), 4 = possible (25-50%), and 5 = unlikely (< 25%) (16). Patients with a DILIN causality score of 1-3 were considered to have bonafide DILI. Further review of patient data and clinical history narrowed down whether the DILI was due to durvalumab versus other drug exposures. An alternate cause was specified whenever possible for the cases assigned as a DILIN score 4 or 5. R ratio values were calculated at liver injury onset using the formula R = (serum ALT/ULN)/(ALP/ULN) and classified as hepatocellular (R > 5), mixed (R = 2‐5) or cholestatic (R < 2). Additionally, the updated Roussel Uclaf Causality Assessment Method (RUCAM) for either hepatocellular or mixed/cholestatic liver injury was calculated for each liver injury case (17). The range of RUCAM final scores is -9 to 14 with the following causality levels: ≤ excluded causality; 1–2, unlikely; 3–5, possible; 6–8, probable; and ≥ 9, highly probable (17).



Analysis

Descriptive statistics are provided using mean (standard deviation) or median (range) for normally and non-normally distributed data, respectively. Kaplan-Meier survival curves were calculated from the time of first durvalumab infusion to death or last available follow-up in patients with and without liver injury. Between-group comparisons were performed using chi-squared and t-test. Multivariate regression was performed to better define the role of liver injury versus the presence of hepatic metastases in patient survival. Statistical significance was defined as P < 0.05. Analyses were completed in Microsoft Excel (Microsoft Corporation, Redmond, WA) and RStudio statistical software (Boston, MA).




Results


Clinical characteristics of the patient population

A total of 112 patients were treated with durvalumab over the study period and followed for a median of 422 days (range, 4-1463) (Figure 1). The median age was 65 (range, 42-85) years, 59.8% were male, 87% Caucasian, and the median ECOG Performance Status score was 1 (range, 1-3). Four of the five patients with pre-existing liver disease had prior chronic hepatitis C (HCV) infection that was successfully treated, resulting in sustained virologic response. The fifth patient had underlying non-alcoholic steatohepatitis. As expected, the median value of the baseline serum AST, ALT, ALP, and total bilirubin levels was within the normal range (Table 1). Of the 112 durvalumab-treated patients, 21 (19%) met laboratory criteria for liver injury after initiating therapy while 91 (81%) did not develop liver injury. Liver injury in 6 of the patients was attributed to DILI with a DILIN causality score of 1-3, while the remaining 15 liver injury cases were attributed to other etiologies.




Figure 1 | Patient population. 21 of the 112 (18.7%) patients receiving durvalumab based ICI therapy met lab criteria for liver injury while the remaining 91 (81.3%) did not. Six patients with liver injury were adjudicated as being bonafide DILI with high causality and RUCAM scores while 15 cases of liver injury were adjudicated to be due to various non-DILI causes. DILI, drug induced liver injury.




Table 1 | Clinical characteristics of study population.





Liver injury and non-liver injury groups

The baseline demographics and comorbidities were similar in the 21 patients with liver injury compared to the 91 patients without liver injury (Table 1). However, the liver injury patients received significantly fewer durvalumab infusions (3 vs. 10, p = 0.018) compared to the patients without liver injury. The liver injury patients were also significantly more likely to have received chemotherapy or radiation therapy (XRT) to the liver in the year prior to starting durvalumab (33% vs. 14%, p = 0.045). Prior XRT to the liver was rare in both groups but more common in those with liver injury (9.5% vs. 3.3%, p = 0.0164). Although the liver injury group was more likely to have known underlying chronic liver disease (14.3% vs. 2.2%, p = 0.016) and liver metastasis (52.4% vs. 16.5%, p < 0.001), the pretreatment baseline liver biochemistries were similar in both groups.

The non-lung cancer patients enrolled in clinical trials were more likely to experience liver injury (76.2% vs. 40.7%, p = 0.003), but the time to liver injury onset was not significantly different compared to patients with lung cancer (78 vs. 181 days, p = 0.54). The types of solid organ tumors also significantly differed between the liver injury and non-liver injury groups (p = 0.005). Durvalumab given in combination with cytotoxic chemotherapy resulted in the highest rate of liver injury (71.4%% vs. 29.7%) compared to when it was given alone (4.8% vs. 11%) or as a consolidation therapy (23.8% vs. 59.3%) in both groups.

There were significantly more patients with tumor progression in the liver injury group (66.6% vs. 31.9%, p = 0.011). Furthermore, the 21 liver injury patients had significantly lower survival (47.6% vs. 11%, p < 0.001) compared to the patients without liver injury (Figure 2). The development of liver injury during treatment and the presence of hepatic metastases at the start of therapy were both significant predictors of death in this cohort (p = 0.025 and p < 0.001, respectively) based on a multivariate regression model. However, these variables were independent without significant interaction (p = 0.172).




Figure 2 | Survival of patients with and without liver injury after starting durvalumab based immunotherapy. The actuarial patient survival of the 21 patients who developed liver injury was significantly lower than those without liver injury (p = < 0.001 Kaplan‐Meier statistics).



Other non-hepatic irAEs were noted in 27 (24%) patients, but this did not differ in the two groups.



Causality assessment of the 21 liver injury cases

Six of the 21 (28%) liver injury cases were deemed high causality DILI cases with a DILIN expert opinion score of 1 to 3. The most common cause of non-DILI mediated liver injury was liver metastases in 7 of 15 cases (47%), followed by non-malignant biliary obstruction in 5 cases (33%) (Figure 3). Other less common causes of liver injury included Gilbert’s syndrome (1 case), bone metastases leading to elevated ALP (1 case), lung abscess (1 case), and unknown causes (2 cases). The RUCAM scores in these 15 patients aligned with expert opinion scores with 7 being excluded, 7 being unlikely and only 1 scored as possible.




Figure 3 | Etiology of liver injury in 15 non-DILI liver cases of the 15 patients with a causality score of 4-5 indicating possible/unlikely DILI, 7 (47%) had liver injury attributed to the presence of liver metastases and 3 (20%) due to non-malignant biliary obstruction. Other causes in 5 (33%) included Gilbert’s (1), bone metastases (1), lung abscess (1) and unknown causes (2). DILI, drug induced liver injury.



The age, gender, race, ethnicity, and other baseline features were similar in the DILI and non-DILI groups (Table 2). Durvalumab exposure was also similar in the different groups with liver injury. Although the type of cancers varied between the two groups, all 6 DILI cases had been enrolled in clinical trials for experimental uses of durvalumab compared to 10 of the non-DILI cases. The median baseline AST and ALT were significantly higher in the DILI group compared to the non-DILI group. However, tumor response and patient survival were comparable between the DILI and other liver injury groups (p = 0.27) (Supplementary Figure 1).


Table 2 | Clinical characteristics of the 21 patients who developed liver injury on durvalumab.



The median time to liver injury onset was similar between the 6 DILI and 15 other liver injury cases at 35 and 160 days, respectively (p=0.519). Hepatocellular liver injury was more commonly observed in the 6 DILI patients, (50% vs. 6.7%), while cholestatic liver injury was seen more frequently in the non-DILI cases (73% vs. 33%). The DILI patients had significantly higher serum aminotransferase levels at liver injury onset (AST 343 vs. 82, p < 0.001 and ALT 415 vs. 96, p = 0.001), but there was no difference between ALP and total bilirubin levels in the two groups. All six patients with DILI had normalization of their liver biochemistries at a median of 52 days, while only 4 out of 15 (26.7%) patients with other causes of liver injury had liver enzymes normalized at a median follow-up of 17 days. As expected, the 6 DILI patients were also more likely to be treated with steroids (p = 0.003).



Clinical features of the six DILI cases

Four of the 6 DILI cases were attributed to durvalumab, with DILIN causality scores of 1-3 for durvalumab and RUCAM scores of 6-7 indicating probable DILI (Table 3). Most of the DILI cases had either pancreatic adenocarcinoma or hepatocellular carcinoma. The median time to liver injury onset was 35 days (range, 7-610), following a median of 2 durvalumab infusions (range, 1-20). One patient (patient 4) developed mild jaundice during the follow-up period with a peak total bilirubin of 2.6 mg/dL. Three patients required corticosteroids for ILICI for 28-77 days. None of the six patients required the addition of mycophenolate or hospitalization due to liver injury. Durvalumab was discontinued in 2 patients (33.3%) due to liver injury, two patients due to disease progression, and one patient due to immune-mediated kidney injury. Durvalumab monotherapy was successfully reintroduced in patient six after a 4-week course of corticosteroids. Liver enzymes normalized or returned to baseline values in all six patients within a median of 52 (range, 14-514) days of follow-up. After adjudication, 2 of the 6 DILI cases were attributed to another agent, including paclitaxel in case 1 and pembrolizumab in case 5. RUCAM scores for these two DILI cases due to other drugs, the RUCAM scores for durvalumab were -2 and -4, indicating durvalumab DILI causality being excluded. In the case of pembrolizumab-associated DILI, durvalumab was discontinued due to disease progression, and the patient developed ILICI while on pembrolizumab monotherapy.


Table 3 | Clinical characteristics of six patients who developed DILI due to any drug on durvalumab.





Liver injury in lung cancer patients

There were 58 patients with NSCLC and none with SCLC. Six of the 58 (10.3%) developed liver injury, but the injury was attributed to non-DILI causes in all of them.




Discussion

The number of cancer patients eligible for immunotherapy in the United States has dramatically increased from 1.5% in 2011 to an estimated 43.6% of all oncology patients in 2018, with numbers on the rise (18, 19). As of June 2022, durvalumab is currently being studied in 625 clinical trials across the globe (clinicaltrials.gov). Recent studies have shown that clinical features such as patient age are substantially higher in clinical practice compared to clinical trials, and overall survival may be diminished (19, 20). The incidence of hepatotoxicity and ILICI varies widely from 0.7% to 16% depending on the individual agent, its dose, and whether it is given in combination with an anti-CTLA4 agent (21). Therefore, there is an urgent unmet need to better understand the risk factors for developing liver injury and outcomes of patients on durvalumab therapy in clinical practice.

In this study, we describe the liver injury encountered in a diverse group of 112 cancer patients at a single center receiving durvalumab-based treatment, with nearly 50% having lung cancer and the remainder having various other solid organ tumors. Approximately 19% of these patients developed laboratory evidence of liver injury with a 5.4% incidence of DILI from any drug and 3.6% incidence of ILICI specifically attributed to durvalumab as determined by expert opinion and RUCAM scoring.

Interestingly, all cases of ILICI were in non-lung cancer patients in this cohort. A review of the published literature (Table 4) indicates that the overall incidence of liver injury based on the CTCAE grading system in the clinical trials of durvalumab was low, though higher in patients with biliary tract cancers (4, 9–15). The higher incidence of liver injury observed in our patients may be due, in part, to the heterogeneity of our patient population, given the inclusion of patients with HCC and preexisting liver disease who may be at increased risk of developing elevations in their liver chemistries from their underlying cancers. Given the recent approval of durvalumab in combination with chemotherapy for biliary tract cancer, it is important to understand how underlying liver and biliary tract disease may result in abnormal liver enzymes so that these patients do not have durvalumab prematurely discontinued due to presumed ILICI.


Table 4 | Published studies of Liver Injury in patients receiving durvalumab treatment.



In general, the ILICI experienced by our six patients was mild, arising at a median of 35 days after the initial durvalumab infusion, and associated with favorable outcomes. Only 1 of the patients developed jaundice with a peak bilirubin of 2.6 mg/dL, and none required hospitalization or died of hepatotoxicity. Durvalumab was discontinued in two patients due to ILICI based on the recommendations for CTCAE grade 3 hepatoxicity (3, 8). Furthermore, all of the DILI patients experienced normalization of their liver biochemistries during follow-up. These data provide reassurance to clinicians with an overall favorable hepatoxicity profile of durvalumab with generally mild and reversible liver injury, whether used alone or in combination with other agents.

Development of liver injury while on durvalumab immunotherapy was associated with reduced patient survival (Figure 2). Recently, the presence of hepatic metastases have been shown to limit the response to ICI and result in both local and systemic T cell loss (22). Presence of hepatic metastases in comparison to other metastatic sites of disease led to diminished responses to ICI and worsened overall survival (22). Given the high prevalence of hepatic metastases in the liver injury group compared to the non-liver injury group (52.4% vs. 16.5%), we sought to determine if the if the hepatic metastases was driving the worsened survival of this group using multivariate analysis. While the presence of baseline hepatic metastases was indeed predictive of death, liver injury during treatment was independently associated with reduced survival. Further studies are needed to understand how liver injury may independently alter the effectiveness of ICI therapy as we did note increased tumor progression and decreased remission of disease in patients who developed liver injury.

Although baseline liver biochemistries were similar in patients who did and did not develop liver injury, the 6 DILI cases had significantly higher baseline AST and ALT compared to the 15 non-DILI cases (Table 2). Pretreatment laboratory exclusion criteria to receive ICI therapy have ranged from between > 1.5 to > 3x ULN in patients without hepatic metastases and >5x ULN for patients with hepatic metastases (5). Importantly, these patients still responded appropriately to corticosteroids, normalized their liver biochemistries, and did not have worse outcomes, suggesting that baseline liver biochemical abnormalities in these patients are not predictive of worse liver outcomes. In our study cohort, only one patient was rechallenged with durvalumab after treatment with corticosteroids.

Strengths of our study include the significant number of patients who were managed using a common clinical protocol at a single center with a median follow-up of over 1.2 years. However, a large proportion of patients were enrolled in investigational studies with heterogenous tumors and the number of ethnic minority patients was small limiting the generalizability of our findings. Nonetheless, to our knowledge, this is the largest case series describing hepatic outcomes in durvalumab treated patients in clinical practice (Table 4) (23, 24). Following formal causality assessment with expert opinion adjudication and confirmation with RUCAM scores, only six of the 21 liver injury cases (28%) were attributed to DILI and the remainder were attributed to disease progression or other causes (Figure 3). These data are similar to our recent study of pembrolizumab therapy in 420 patients with melanoma and other solid tumors (25). An additional strength of our study includes the use of the well-validated RUCAM scoring system for ICI liver toxicity (26, 27).

An important limitation of our study is the small number of verified DILI cases in this cohort of 112 patients. The retrospective nature of this study also limits our ability to establish causation. The use of EMR mining for case identification may also lead to biases and loss of interpretation of clinical context (28). Additionally, we were limited by the absence of liver biopsies and incomplete serologic evaluations to diagnose alternative etiologies of liver injury. However, recent retrospective studies have indicated that liver biopsy does not necessarily influence the outcome or management of patients with grade 3 or 4 hepatotoxicity and that corticosteroids can be initiated in patients with moderate hepatocellular injury while other causes are being investigated (29). Furthermore, the histology of ILICI has been fairly heterogeneous to date so that liver biopsy may not necessarily impact clinical management. Our data support these recommendations as patients with ILICI were able to be identified by careful review of their laboratory values, serologies, and imaging by their medical oncologist.



Conclusion

In summary, 19% of patients receiving durvalumab-based immunotherapy developed laboratory evidence of liver injury. The liver injury was attributed to DILI in only a small proportion of these cases (26%), highlighting the need for a thorough evaluation of alternative causes of liver biochemistry elevations in oncology patients. All 4 patients with durvalumab ILICI had mild disease and recovered during follow-up. Our data and those from published clinical trials suggest that durvalumab-based immunotherapy has a favorable liver safety profile assuming that vigilant laboratory and clinical monitoring is undertaken.
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