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Background

This study aims to evaluate real-world (rw) outcomes of immunotherapy (IO) for advanced stage NSCLC at King Hussein Cancer Center (KHCC) in Jordan.





Methods

Advanced stage NSCLC patients who received IO at KHCC between 2017 and 2022 were included. The data were retrospectively collected. PFS and OS were estimated for patients with ECOG performance status (ECOG PS) 0-1. Cox regression analyzed predictors of OS in first-line (1L) IO, regardless of performance status.





Results

The total number of patients included was 244. Out of those, 160 (65%), 67 (28%), and 17 (7%) patients received IO as 1L, second-line (2L), or third-line or beyond (3L or beyond), respectively. The median age for all patients was 59 years. Male were 88%, and 77% were smokers. The median follow-up time was 12.5 months. The median PFS and OS for 1L IO were 7 [95% CI 5.8 – 10.3] and 11.8 [95% CI 8.8 – 14.4], months, respectively. In the first 3 months after starting 1L IO, 34/160 (21%) patients had died. For those who survived beyond 3 months after starting 1L IO, the median PFS and OS were 11.3 [95% CI 8.3 – 16.5] and 15.4 [95% CI 13.2 – 21] months, respectively. In the Cox regression model of 1L IO patients with any performance status, ECOG PS 2 was predictive of worse OS compared to ECOG PS 0-1 (p= 0.005).





Conclusion

This real-world study of advanced-stage NSCLC patients treated with immunotherapy at KHCC reveals outcomes that fall short of those anticipated from clinical trials. The inclusion of Middle Eastern patients in lung cancer trials is essential to ensure adequate representation of various ethnicities in clinical research.
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Introduction

Lung cancer ranks as the fourth most common cancer in Jordan, comprising 6.5% of all annual cancer cases. In males, it is the second most prevalent type of cancer and the primary cause of cancer-related mortality, accounting for 22.4% of all cancer deaths among men (1). The smoking prevalence in Jordan reaches up to 51% (2) and the average age for lung cancer diagnosis was reported as 63.8 years (3).

Immunotherapy (IO) has revolutionized the treatment of advanced-stage non-small cell lung cancer (NSCLC). Utilizing the patient’s immune system to combat cancer, IO has demonstrated significant efficacy in these patients. The advent of checkpoint inhibitors, including PD-1 and PD-L1 inhibitors, has enhanced clinical outcomes, yielding improved tumor response rates and extending survival compared to conventional cytotoxic chemotherapy (4). The 5 year overall survival estimate for stage IV NSCLC patients with PD-L1 expression of ≥50% who received single agent pembrolizumab, a PD-1 inhibitor, was 32% (5).

Clinical trials have underscored the importance of PD-L1 immunohistochemistry as a crucial biomarker for assessing the effectiveness of immunotherapy (IO) in treating NSCLC (6). This finding emerged from extensive research on single-agent IO (4), IO-chemotherapy combinations (7, 8), and IO-IO combinations (9). Consequently, evaluating PD-L1 expression levels in advanced-stage NSCLC has become a critical aspect of treatment planning. The PD-L1 expression in a lung cancer patient population from the Middle East was found to be similar to published literature (10).

The objective of this study is to delineate the clinical characteristics and treatment outcomes of advanced-stage NSCLC patients treated with IO at King Hussein Cancer Center (KHCC) in Jordan, particularly since the introduction of pembrolizumab at KHCC in 2017. This research holds significant global implications, as it addresses a notable gap in survival outcomes data for NSCLC patients receiving immunotherapy in the Middle East, a region often underrepresented in international clinical trials (11). The findings of this study contribute to a better understanding of the outcomes of IO across diverse patient populations.





Materials and methods




Study design and patient population

This retrospective study investigates the outcomes of advanced-stage NSCLC patients with a favorable performance status (ECOG PS 0-1) who underwent immunotherapy (IO) at King Hussein Cancer Center (KHCC) in Jordan. Throughout the study, data confidentiality and privacy were rigorously upheld in line with the Health Insurance Portability and Accountability Act (HIPAA) standards. Adherence to the ethical principles outlined in the Declaration of Helsinki was ensured. The study protocol received the requisite approval from the Institutional Review Board (IRB) at KHCC (IRB number: 23 KHCC 020), and the IRB granted a waiver for informed consent.

The study population included patients ≥18 years old diagnosed with advanced stage NSCLC who had received at least one IO treatment between December 2017 and February 2022. For analyses, only patients with ECOG PS 0-1 were included, except for the univariate and multivariate analysis where patients with any performance status (ECOG PS 0-4) were included. The total number of patients with ECOG PS 2-4 was 67. Excluding patients with poor ECOG PS from the PFS and OS survival analysis aimed to ensure a cohort resembling NSCLC patients in clinical trials, facilitating more meaningful comparisons of survival figures. Then, ECOG PS 2-4 cases were added to the univariate and multivariate analysis to identify the impact of poor ECOG PS, among other variables, on survival specifically in our patient population. The first approved IO at KHCC was pembrolizumab. Patients received IO as monotherapy or with chemotherapy. Demographic and clinical characteristics were categorized by IO line of treatment (1L, 2L, 3L or beyond).





Data sources

A structured database was built from patient information in the VISTA CPRS Electronic Medical Record (EMR) using Fileman. Data cleaning and analysis were performed with Microsoft Excel, Python, and R. To ensure accuracy, a random sample underwent manual verification by cross-checking with original VISTA CPRS EMR records to identify discrepancies or errors.





Study variables and outcome measures

We gathered patient data, including demographics, clinical features, and treatment specifics. Key time points, such as diagnosis dates, treatment initiation, post-immunotherapy (IO) progression, last known alive status, and death dates, were recorded for outcome assessment. To prevent biases, we used the date of IO initiation, not the diagnosis date, as the reference point for survival analysis.

The study’s primary endpoints were progression-free survival (PFS) and overall survival (OS). For OS, the defining event was death. In contrast, for PFS, the event was identified as either the date of radiographic progression as determined by the official radiology read, the date of starting subsequent line of treatment following IO, or death, whichever occurred first. The most recent survival date was established based on the latest of several criteria: the last known inpatient admission, the most recent emergency room visit, the date of the last recorded vital signs, or the date of the last clinic visit.





Statistical analysis

Descriptive statistical methods were employed to evaluate baseline characteristics, stratified by the line of immunotherapy (IO) treatment. We presented categorical data as frequencies and continuous variables as medians with their respective ranges. To discern significant differences between groups, we applied Wilcoxon Rank Sum tests for continuous variables, Pearson’s Chi-Squared tests, and Fisher’s Exact tests for categorical data. In our survival analysis, the Kaplan-Meier method was utilized to estimate overall survival (OS) and progression-free survival (PFS), employing log-rank tests to determine statistical significance. Additionally, a Cox proportional hazards model was employed in the multivariate analysis to evaluate the effects of various covariates on survival outcomes, with results reported as hazard ratios (HRs) and 95% confidence intervals (CIs). All statistical analyses were conducted using R software, version 4.2.2.






Results




Patients and treatments

Of 244 patients with advanced stage NSCLC, 160 (65%), 67 (28%), and 17 (7%) received 1L, 2L, or 3L or beyond IO, respectively. Patients with known EGFR or ALK alterations were excluded. Patients and disease characteristics are listed in Table 1. The median age for all patients was 59 (range: 26 -86) years. Patients who received 3L or beyond were more likely to have younger age (median age was 60 years in 1L, 58 years in 2L, and 51 years in 3L or beyond, p = 0.004). Most of the patients were men (87%), and were smokers (75%) or ex-smokers (13%). All patients included had ECOG PS of 0-1 (100%). Numerically, more patients received 3L or beyond IO who had stage III NSCLC upon initial diagnosis compared to 1L and 2L patients (29% vs 24% and 7.5%, p = 0.054) and more who had received CCRT (29% vs 21% and 4.5%, p < 0.002), respectively. There was no significant difference between the small numbers of patients who received neoadjuvant or adjuvant chemotherapy upon initial diagnosis of NSCLC. The most common NSCLC histology was non-squamous (67%). The patients who received 1L IO were more likely to have a PD-L1 ≥50% (p < 0.001) and to receive IO and chemotherapy combination (p < 0.001). All patients received pembrolizumab except for 1 patient who received nivolumab.


Table 1 | Demographic and clinical characteristics of advanced stage NSCLC patients (ECOG PS 0 -1) who received first line, second line, or third line or beyond IO.



The median number of IO cycles received was 6 (range, 1-43) cycles. The patients who received 1L IO had significantly higher median number of IO treatments, 8 (range 1-43) cycles compared to 2L IO and 3L or beyond IO patients who received 4(range 1-35) and 6(range 2-32) cycles, respectively (p = 0.001). Around one quarter (28%) of all patients who were treated with IO received subsequent systemic treatment upon progression on IO. Around half of the 1L IO patients (43%) received platinum based chemotherapy upon progression on IO.





Sequential introduction of IO into the advanced stage NSCLC treatment lines at KHCC

KHCC added IO for treating advanced stage NSCLC at different times. Pembrolizumab was approved on December 13, 2017, as 1L treatment if PD-L1 was ≥ 50%, and on January 10, 2018, as 2L treatment if PD-L1 was ≥ 1%. Approval was expanded on November 10, 2019, for non-squamous NSCLC with PD-L1 ≥1%, combining IO and chemotherapy as 1L treatment. On January 25, 2023, advanced squamous NSCLC with PD-L1 ≥1% became eligible for pembrolizumab and chemotherapy. This staggered introduction explains differences in 1L IO patients, more likely to have PD-L1 ≥50% (p < 0.001) and receive IO and chemotherapy combination (p < 0.001). Formulary decisions at KHCC are guided by cost-effectiveness analyses.

Figure 1 shows the evolving usage of IO in the treatment of NSCLC at KHCC from 2017 to 2022. The unique NSCLC patients receiving IO at KHCC increased from 44 in 2019 to 93 in 2021. In the 1L setting, there was a consistent rise, reaching 82% in 2021, compared to 39% in 2018. Conversely, the use of IO as 2L treatment decreased from 50% in 2018 to 16% in 2021, and only 2% of patients received IO as 3L or beyond in 2021.




Figure 1 | Distribution of IO line of treatment by year of starting IO.







Survival outcomes




Survival for patients after 1L, 2L, and 3L or beyond IO

The median follow up time for all patients was 12.1 months. The median follow up time for 1L, 2L and 3L or beyond IO was 12.6, 5.8, and 10.9 months, respectively. Progression-free survival (PFS) and overall survival (OS) for 1L, 2L and 3L or beyond IO are shown in Figure 2. Median PFS was the longest for patients who received 1L IO, 7 [95% CI 5.8 – 10.3] months. The median PFS for 2L and 3L or beyond IO was 3.4 [95% CI 2.9 – 5.2] months and 6.6 [95% CI 3.9 – 12.8] months, respectively. Median OS was the longest for patients who received 1L IO, which was 11.8 [95% CI 8.8 – 14.4] months. Median OS for 2L and 3L or beyond IO was 5.3 [95% CI 3.8 – 7.5] months and 10.5 [95% CI 4.5 – 16.2] months, respectively. Survival for 1L, 2L and 3L or beyond IO at 36 months since initiation of IO was 20%, 9%, and 18%, respectively.




Figure 2 | Kaplan-Meier estimates of overall survival and progression free survival from the date of starting immunotherapy. The patients with EGFR mutation in exon 19 or 21, ALK positivity by IHC or rearrangement by FISH, or ROS1 rearrangement by FISH were excluded from the survival analysis. (A) OS for 1L IO (B) OS for 2L IO (C) OS for 3L or beyond IO (D) PFS for 1L IO (E) PFS for 2L IO (F) PFS for 3L or beyond IO. OS, Overall survival; PFS, Progression free survival; IO, Immunotherapy; 1L, First line; 2L, Second line; 3L, Third line; mo, months.







Survival for patients who received 1L IO and survived ≥ 3 months after starting IO

Out of the 160 patients who received 1L IO, 34 (21%) died within 3 months of initiating IO. The survival outcomes for the patients who received 1L IO and survived 3 months or more after starting IO are shown in Figure 3. The median PFS was 11.3 [95% CI 8.3 – 16.5] months, and the median OS was 15.4 [95% CI 13.2 – 21] months. Survival at 36 months was 25%. Table 2 shows the characteristics of the patients who received 1L IO and survived <3 versus ≥ 3 months. Those who survived ≥ 3 months were more likely to receive subsequent systemic treatment after progression on IO (p < 0.001). The median number of IO cycles administered for the patients who survived ≥ 3 months was 11 (range 1-43).




Figure 3 | Kaplan-Meier estimates of overall survival for advanced stage NSCLC who received 1L IO excluding early deaths (survival <3 months). Part (A) progression free survival. Part (B) overall survival.




Table 2 | Characteristics of advanced stage NSCLC patients who received first line according to survival time (<3 vs ≥3, months).







Survival of patients based on receiving IO monotherapy versus IO in combination with chemotherapy, and the PD-L1 status

Survival for 1L IO patients categorized by IO monotherapy versus IO with chemotherapy combination, and PD-L1 expression were also explored. The patients who received IO in combination with chemotherapy had better overall survival compared to those who received IO monotherapy in the 1L setting; however, the difference in survival was not statistically significant [HR 0.81 (95% CI 0.55 – 1.2), p = 0.3]. Regarding PD-L1 expression, the patients who received 1L IO had better survival in the first 12 months after starting IO if PD-L1 was 1 - < 50% compared to ≥50%; however, the overall survival over the follow up period for the study was not significantly different based on the PD-L1 status [HR 1.07 (95% CI 0.73 – 1.56), p = 0.74]. There was no significant overall survival difference for the 2L patients based on PD-L1 level of expression [HR 1.13 (95% CI 0.69 – 1.84), p = 0.64]. However, the 3L or beyond IO patients who had PD-L1 expression ≥50% survived longer compared to those with PD-L1 of 1 - < 50% [HR 0.36 (95% CI 0.13 – 1.01), p = 0.05].






Cox Proportional hazard model for predictors of overall survival

The univariate and multivariate Cox Proportional Hazard models for predictors of overall survival are presented in Table 3. These hazard models included patients who received 1L only and had ECOG PS 0-4. The total number of patients included was 207. The only variable that was predictive of overall survival in both the univariate and multivariate analyses was the ECOG PS. Compared to the reference ECOG PS of 0-1, those with ECOG PS 2-4 had worse overall survival on multivariate analysis. [HR 1.83 (95% CI 1.24 – 2.7), p = 0.002].


Table 3 | Univariate and multivariate analysis of overall survival for advanced stage NSCLC patients who received first line IO.








Discussion

This rw study from KHCC-Jordan provides a critical examination of IO outcomes in advanced stage NSCLC in a patient population that is under-represented in clinical trials. In the advanced stage NSCLC patients with good performance status who received 1L IO at KHCC, our findings reveal a median OS of 11.8 months, extending to 15.4 months when excluding those who survived less than three months post IO initiation. These figures fall short of the anticipated outcomes from randomized NSCLC IO clinical trials (4, 7, 8), underscoring the necessity of inclusive and diverse patient representation in global lung cancer studies.

Real-world data on outcomes of IO as a 1L treatment of advanced stage NSCLC has been reported in several publications (12–15). Khozin et al. (12) utilized Flatiron Health to study a total of 5257 NSCLC patients who received IO. The median OS for those who received 1L IO was 10.8 months (12). Another study by Velcheti et al. which included patients who received 1L IO, survived at least 6 months and had an ECOG PS of 0-1 showed a median OS of 19.6 months (16). Another retrospective study showed the survival was better for the NSCLC patients who were alive at 12 weeks after starting single agent pembrolizumab compared to the whole cohort; however, the median OS was not reached when the data was published (17). The frequency of death at 12 weeks was 11% for those who received single agent pembrolizumab and 15.2% for the pembrolizumab and chemotherapy combination group (17). In our study, 21% of the patients died within 3 months of starting IO. Deaths in the first 3 months after enrollment in four of the major 1L IO clinical trials in NSCLC were less than what we report in our study (4, 7, 8, 18). This observed early mortality rate after initiation of IO further accentuates the need for prudent patient selection to optimize treatment outcomes and minimize early mortality risks. In Tables 4–6, we summarize survival outcomes from rw data studies including figures from data from the Middle East.


Table 4 | First line rw studies.




Table 5 | Second line rw studies.




Table 6 | rw studies from the Middle East.



The influence of ECOG PS on treatment outcomes is a significant finding in our study. Patients with ECOG PS 0-1 showed better survival outcomes compared to those with higher PS scores [HR 1.83 (95% CI 1.24 – 2.7), echoing the global literature’s emphasis on the importance of comprehensive patient evaluation before IO initiation. Studies showed that careful consideration is needed when using IO in NSCLC patients with poor PS, higher comorbidity score, and older age (35–37). In a metanalysis of Pembrolizumab as monotherapy or in combination with chemotherapy of 11 randomized clinical trials and 26 retrospective real-world (rw) studies, multivariate analysis showed that an ECOG PS of 0-1 was an independent predictor of longer OS (38).

In our patient population, PD-L1 expression in the 1L IO treatment setting showed an unusual pattern: those with PD-L1 expression 1 - < 50% exhibited improved survival within the initial 12 months of receiving IO compared to those with PD-L1 expression of ≥50%. However, this survival advantage diminished over subsequent follow-up periods. This finding contrasts with the prevailing literature, which typically associates higher PD-L1 expression with better survival outcomes (18). While the exact cause of this observation remains unclear, it’s important to note that the limited sample size may hinder definitive conclusions. Nonetheless, one plausible explanation could be linked to heavy smoking habits, prevalent in Jordan, potentially contributing to elevated PD-L1 expression levels (39) and more smoking-related comorbidities, possibly diluting the benefits of IO among patients with high PD-L1 expression.

The benefit of IO in the 2L setting and beyond in rw data is also of interest. In our study, the patients who received 2L IO had a median PFS and OS of 3.4 [95% CI 2.9 – 5.2] months and 5.3 [95% CI 3.8 – 7.5] months, respectively. In the 2L NSCLC treatment trial, KEYNOTE-010, pembrolizumab showed a survival benefit over docetaxel with a median PFS and OS of 3·9 and 10.4 months, respectively (40). In our study, when compared to KEYNOTE-010, the PD-L1 expression was ≥50% in 34% of the cases who received 2L IO, as opposed to 42% in the latter. In rw data, Khozin et al. reported on the survival of patients who received 2L pembrolizumab showing a median PFS and OS of 3.7 (2.9-4.1) months and 12.0 (9.3-14.7) months, respectively (12). Juergens et al. also published the rw data on using nivolumab as 2L IO in Canada showing a median PFS and OS of 3.5 and 12 months, respectively (41). In a metanalysis that included 32 rw studies of 2L IO in NSCLC, safety and efficacy of IO in the rw data were comparable to the figures from randomized clinical trials with a median PFS and OS of 3.35 months and 9.98 months, respectively (42). Although the PFS in our data is similar to the published figures in clinical trials and rw data, the lower OS in our study could be due to comorbid conditions that were not captured in our study. Regarding the patients who received 3L or beyond IO, our study had a total of 17 patients. Their median PFS and OS since initiating IO were 6.6 and 10.5 months, respectively. Higher PD-L1 expression was associated with longer OS in this subgroup of patients. However, we need to exercise caution when interpreting survival figures for these patients given the small numbers and possibly selection bias of the healthiest to receive more cancer treatments.

Our study brings into focus the critical gap in the representation of Middle Eastern patients in global clinical trials. Ethnic and genetic diversity can significantly influence the efficacy and safety profile of IO therapies. Pharmacogenomics variations, lifestyle and environmental factors, prevalent comorbidities, and healthcare access disparities can modulate treatment responses (43, 44). In Jordan, the high prevalence of smoking, particularly among males (2), and the younger age at lung cancer diagnosis may result in distinct disease profiles, influencing treatment outcomes. Our study showed that 87% of the patients were males, 88% were smokers or ex-smokers, and the median age of lung cancer diagnosis was 59. Therefore, including more ethnically diverse populations in clinical trials is essential to ensure that the findings are reflective of a global patient population.

Limitations of our study include the retrospective nature of the data, which comes from a single cancer center in the Middle East and the relatively short median follow up time of 12.1 months. The authors recognize the importance of a larger sample size that includes a more diverse representation of Middle Eastern countries to improve generalizability of the findings to the region. This is especially important because different Middle Eastern countries have different ethnicities, healthcare practices and access to IO.

In conclusion, our study showed shorter survival in advanced stage NSCLC patients with good PS receiving 1L IO compared to randomized clinical trials. Even after excluding early deaths (21% of patients), survival remained suboptimal. This study serves as a clarion call for more inclusive and diverse clinical research, advocating for further participation of patients from the Middle East and other parts of the world. It stresses the importance of careful patient selection for IO therapy in NSCLC and underscores the need to account for ethnic diversity to enhance the generalizability and applicability of clinical trial outcomes. Our real-world research, alongside others, invites the establishment of real-world benchmarks for IO outcomes, complementing the outcomes of clinical trials. Such benchmarks could offer valuable insights for researchers and regulatory authorities evaluating the effectiveness of IO in lung cancer across diverse global populations.
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