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Abstract

:

Simple Summary


Immune checkpoint inhibitors offer the chance for the durable disease control of advanced/metastatic non-small-cell lung cancer (NSCLC). However, they come with the risk of immune-related adverse events (irAEs) which may be severe or life-threatening, or lead to long-term toxicity. We confirm that the occurrence of irAEs is associated with improved survival outcomes in patients with NSCLC treated with pembrolizumab. These survival benefits are only seen in patients with particular irAEs, or mild irAEs. Significantly, we account for the time-dependent association between time on treatment and the development of irAEs. Low levels of systemic inflammation, as defined by simple biomarkers of systemic inflammation, have previously been shown to predict the occurrence of irAEs. However, we find that their predictive power is confounded by their independent prognostic value. We suggest that these findings are taken into account by other studies investigating potential biomarkers of irAE risk.




Abstract


Background: Pembrolizumab monotherapy for non-small-cell lung cancer (NSCLC) expressing PD-L1 ≥ 50% doubles five-year survival rates compared to chemotherapy. However, immune-related adverse events (irAEs) can cause severe, long-term toxicity necessitating high-dose steroids and/or treatment cessation. Interestingly, patients experiencing irAEs demonstrate better survival outcomes. Biomarkers of systemic inflammation, including the Scottish Inflammatory Prognostic Score (SIPS), also predict survival in this patient group. This study examines the relationship between inflammatory status, irAEs, and survival outcomes in NSCLC. Methods: A retrospective analysis was conducted on patients with NSCLC expressing PD-L1 ≥ 50% receiving first-line pembrolizumab monotherapy at a large cancer centre in Scotland. Regression analyses were conducted to examine the relationship between SIPS, irAEs, and survival. Results: 83/262 eligible patients (32%) experienced an irAE. Dermatological, endocrine, gastrointestinal, and hepatic, but not pulmonary, irAEs were associated with prolonged PFS and OS (p <= 0.011). Mild irAEs were associated with better PFS and OS in all patients, including on time-dependent analyses (HR0.61 [95% CI 0.41–0.90], p = 0.014 and HR0.41 [95% CI 0.26–0.63], p < 0.001, respectively). SIPS predicted PFS (HR 1.60 [95% CI 1.34–1.90], p < 0.001) and OS (HR 1.69 [95% CI 1.41–2.02], p < 0.001). SIPS predicted the occurrence of any irAE in all patients (p = 0.011), but not on 24-week landmark analyses (p = 0.174). The occurrence of irAEs predicted favourable outcomes regardless of the baseline inflammatory status (p = 0.015). Conclusion: The occurrence of certain irAEs is associated with a survival benefit in patients with NSCLC expressing PD-L1 ≥ 50% receiving pembrolizumab. We find that the association between low levels of systemic inflammation and the risk of irAEs is confounded by their independent prognostic value.
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1. Introduction


Immune checkpoint inhibitor (ICI) therapies have revolutionised the management of advanced or metastatic non-small-cell lung cancer (NSCLC). In particular, the anti-programmed cell death protein 1 (anti-PD-1) inhibitor pembrolizumab, either alone or in combination with cytotoxic chemotherapy, is established as a key component of first-line systemic anticancer therapy (SACT) [1,2,3,4]. A key benefit of ICI therapy is the potential for the durable control of disease. In the KEYNOTE-024 trial, patients with NSLC expressing PD-L1 ≥ 50% treated with pembrolizumab monotherapy experienced double the five-year survival rate compared to patients who received cytotoxic chemotherapy (32% v 16%, respectively) [1,2].



The potential for this benefit of ICI therapy is tempered by the risk of immune-related adverse events (irAEs) [1,2,5]. These adverse events, specific to immunotherapy treatments, occur in up to 66% of patients with NSCLC and may affect any organ, including the lungs, skin, gastrointestinal tract, liver, endocrine glands, and central nervous system [5,6]. They result from the heightened immune response, with PD-1 and its ligand (PD-L1) being critical molecules involved in T-cell regulation [7]. IrAEs may be clinically significant events, with high-grade events (i.e., National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) v. 5.0 ≥ 3) frequently managed with immunosuppressive high-dose steroids and cessation of further treatment [5]. There is also the potential for life-changing, long-term toxicity or death.



It has been established that the occurrence of irAEs predict enhanced ICI efficacy [8,9,10,11,12]. In patients with NSCLC treated with ICI, irAEs were associated with a higher objective response rate (OOR) (risk ratio: 2.43 (95% CI 2.06–2.88), p < 0.00001), improved progression-free survival (PFS) (HR0.50 (95% CI: 0.44–0.57), p < 0.00001), and overall survival (OS) (HR0.51 (0.43–0.61)) [13]. Subgroups of patients with irAEs, including those relating to dermatological, endocrine, and gastrointestinal toxicity, demonstrated significantly better OS. A possible explanation for this is that these toxicities are less severe, or are less likely to be life-threatening. By contrast, hepatobiliary, pulmonary, and high-grade irAEs were not correlated with survival, with these toxicities more likely to be life-threatening [13].



A unifying predictive biomarker that describes the risk/reward benefit for ICI treatment in terms of survival and irAEs would be a valuable tool in the oncology clinic. It is widely established that the inflammatory status of the patient predicts survival, quality of life, and treatment efficacy across all solid tumours including NSCLC [14,15,16]. Taking this further, we have also demonstrated that biomarkers of systemic inflammation (Scottish Inflammatory Prognostic Score [SIPS]; combining albumin and neutrophil count [NC]) predict survival in patients with NSCLC treated with pembrolizumab [17]. We hypothesise that the inflammatory status of the patient may be related to irAEs and/or survival. Therefore, the aim of the present study was to examine how the inflammatory status may be related to irAEs and/or survival in patients with NSCLC expressing PD-L1 ≥ 50% who received first-line pembrolizumab monotherapy.




2. Methods


2.1. Study Population


All patients being treated with first-line pembrolizumab monotherapy for advanced NSCLC in a large regional cancer centre in Scotland, UK between June 2016 and April 2022 were identified from the South East Scotland Cancer Network Lung Cancer Database. Eligible patients were 18 years or over; had a pathological diagnosis of NSCLC, PDL1 expression ≥ 50%, with no sensitising EGFR, ROS1, or ALK molecular aberrations; and had received at least one dose of pembrolizumab therapy.




2.2. Procedure and Assessment


Patient demographics, clinicopathological characteristics, and irAE incidences were recorded. Eastern Co-operative Oncology Group Performance Status (PS), white cell count (WCC), NC, lymphocyte count (LC), platelets, and albumin within 14 days prior to cycle 1, day 1 pembrolizumab monotherapy were recorded. Neutrophil/lymphocyte ratio (NLR) (NC (×109/L)/LC (×109/L)), platelet/lymphocyte ratio (PLR) (platelets (×109/L)/LC (×109/L)), prognostic nutritional index (PNI) (albumin (g/L) + (5 × LC (×109/L)), and SIPS (1 point each for albumin < 35 g/L and NC > 7.5 × 109/L to give a 3-tier categorical score) were calculated. WCC, NC, and albumin were categorised within normal limits, in line with previous work in this area [17,18,19,20]. Cut-offs for NLR (≤/>5) [21,22], PLR (≤/>180) [23,24], and PNI (≥/<45) [25,26] were based on previous studies examining these factors and not derived from the present analysis [17].



The diagnosis of irAEs followed internationally recognised guidelines [5]. Grading of irAEs was determined using the National Cancer Institute Common Terminology Criteria for Adverse Events v. 5.0 [27]. Patients were monitored for the development of irAEs per routine clinical practice, with clinical review at each visit including regular examination, and laboratory and radiological assessments. irAEs were grouped into mild (i.e., CTCAE grade 1–2) or severe (i.e., CTCAE grade ≥ 3). Treatment with steroids was defined as any steroid use ≥ 10 mg oral prednisolone equivalent by any route. Patients were considered to have discontinued pembrolizumab secondary to irAEs if this decision was documented in the patient clinical record.



Progression-free survival (PFS), defined as the number of months from C1D1 pembrolizumab until radiological or clinical evidence of progressive disease prompting cessation of treatment, or censorship (11 May 2023) if there is no evidence of progressive disease at follow-up date, was calculated. Overall survival (OS), defined as the number of months from C1D1 pembrolizumab until death, or censorship (11 May 2023) if alive at follow-up date, was calculated.



Univariate analysis of survival and calculation of hazard ratios was performed using Cox’s proportional hazards model. Multivariate analysis of survival was carried out using a backward conditional approach: variables with a p-value > 0.10 were removed in a stepwise fashion to leave only those with an independent significant relationship with survival. The Kaplan–Meier method was used to plot survival curves. Log-rank testing and Mantel–Byar time-dependent analysis were applied to assess statistically significant differences in survival [28]. Odds ratios and Student’s t-test were used to assess associations between variables.





3. Results


Table 1 details the patient characteristics. Two hundred and sixty-two patients were eligible. Of these, 56% were female and the median age of the cohort was 68 years (interquartile range (IQR) of 62–73 years).



The median PFS was 5.9 (IQR 1.6–20.8) months. Forty-five (17%) patients had no evidence of progressive disease at censorship, in whom the minimum and median follow-up was 12.4 and 35.2 months, respectively. The median OS was 11.70 (IQR 3.6–33.2) months. Fifty-nine (23%) patients were alive at censorship, in whom the minimum and median follow-up was 12.4 and 33.7 months, respectively. Eighty-three (32%) patients experienced an irAE. There were no significant differences between those who did and did not experience an irAE in terms of routine clinicopathological features. However, a trend towards a higher incidence of irAEs was observed in patients aged ≥ 75 year (p = 0.086) and those with a PD-L1 expression ≥ 90% (p = 0.055).



Figure 1 shows the Kaplan–Meier survival analyses according to irAE status. The occurrence of any irAEs was associated with prolonged PFS (HR 0.41 (95% CI 0.30–0.56), p < 0.001) and OS (HR 0.36 (95% CI 0.26–0.50), p < 0.001) (Figure 1a). These associations were maintained at both the 12-week (Figure 1b) and 24-week (Figure 1c) landmark analyses. The occurrence of any irAE was also associated with prolonged OS (HR0.53 (95% CI 0.78–0.73), p < 0.001), but not PFS (HR0.77 (95% CI 0.57–1.05), p = 0.095) on the Mantel–Byar time-dependent analyses.



Table 2 provides detailed clinical information for individual irAEs by the organ affected. One hundred and two irAEs were recorded, with 17 (6%) patients experiencing > 1 irAE. The majority (69%) of irAEs were mild (i.e., grade 1–2). The most frequent irAEs were endocrine (n = 33 (32%)), dermatological (n = 19 (19%)), and gastrointestinal (n = 13 (13%)). Gastrointestinal, pulmonary, and hepatic irAEs were most frequently severe (62%, 80%, and 64%, respectively). One patient died as a result of irAE pneumonitis (treatment-related mortality rate of 0.4%).



Thirty-one (12%) patients experienced a severe irAE and 52 (20%) experienced only mild irAEs. All patients with severe irAEs received oral steroids, as did 22 patients with mild irAEs (total n = 53 (64%)). All patients with severe irAEs discontinued pembrolizumab, as did 12 patients with mild irAEs (total n = 44 (43%)).



The median time to first irAE was 3.4 (IQR 1.4–7.4) months. Forty-three (42%) and sixty-eight (67%) irAEs occurred within 12 and 24 weeks of starting pembrolizumab, respectively. No significant difference in the time to mild or severe irAEs was observed (3.4 (IQR 2.0–7.5) months v 3.4 (0.7–8.3) months, respectively, p = 0.533).



Dermatological (p = 0.002), endocrine (p < 0.001), gastrointestinal (p < 0.001), hepatic (p = 0.0.11), and musculoskeletal (p = 0.039) irAEs were associated with prolonged PFS compared to the absence of irAEs. Dermatological (p = 0.001), endocrine (p < 0.001), gastrointestinal (p = 0.001), and hepatic (p = 0.005) irAEs were associated with prolonged OS compared to the absence of irAEs (Supplementary Table S1). Patients with pulmonary irAEs demonstrated PFS and OS most similar to patients who did not experience irAEs.



Table 3 shows the relationship between irAEs and survival. Severe irAEs were associated with improved PFS versus no irAEs in all patients (p = 0.024), but this association was lost at the 12-week (p = 0.094) and 24-week landmark (Supplementary Figure S1). No association was seen between severe irAEs and PFS on the Mantel–Byar time-dependent analyses (HR1.04 (95% CI 0.91–1.20), p = 0.567). Severe irAEs were also associated with improved OS versus no irAEs in all patients (p = 0.008) and at the 12-week landmark (p = 0.011), but the association was lost at the 24-week landmark (p = 0.074) (Supplementary Figure S1). Again, there was no association between severe irAEs and OS on the Mantel–Byar time-dependent analyses (HR0.92 (95% CI 0.79–1.06), p = 0.258). By comparison, mild irAEs were associated with improved PFS and OS in all landmark analyses (Supplementary Figure S2). On the Mantel–Byar time-dependent analyses, mild irAEs were associated with both improved PFS (HR0.61 (95% CI 0.41–0.90), p = 0.014) and OS (HR0.41 (95% CI 0.26–0.63), p < 0.001).



Amongst patients with any irAE, those who received steroids had poorer OS than those who did not receive steroids (HR 1.95 (95% CI 1.04–3.67), p = 0.037), but no significant differences between PFS was observed (Supplementary Figure S3). When only patients with mild irAEs were considered, steroid use was not associated with differences in PFS or OS. When treatment discontinuation due to irAEs was considered as a variable, patients with any irAE who discontinued treatment had poor PFS (HR 1.76 (95% CI 1.03–3.01), p = 0.041) and OS (HR 2.00 (95% CI 1.10–3.65), p = 0.024), but, again, these differences were not observed with respect to mild irAEs (Supplementary Figure S4). Amongst 17 patients who experienced multiple irAEs, 12 (71%) experienced at least one endocrine irAE. No statistically significant differences in survival were observed between patients with single or multiple irAEs.



As we have previously demonstrated, biomarkers of systemic inflammation at pre-treatment baseline were predictive of survival (Supplementary Table S2). On multivariate analyses, SIPS was the only inflammatory biomarker to predict PFS (HR1.64 (95% CI 1.38–1.96), p < 0.001), stratifying PFS from 1.6 months (SIPS2) to 7.1 months (SIPS1) to 9.9 months (SIPS0) (p < 0.001). SIPS remained predictive of PFS in the 12-week (HR 1.43 (95% CI 1.13–1.81), p = 0.003) and 24-week (HR 1.42 (95% CI 1.06–1.91), p = 0.018) landmark cohorts (Supplementary Figure S5. SIPS was also predictive of OS on the multivariate analysis (HR 1.69 (95% CI 1.41–2.02), p < 0.001), stratifying OS from 3.1 months (SIPS 2) to 12.4 months (SIPS1) to 19.9 months (SIPS0). Again, it remained predictive of OS in the 12-week (HR 1.56 (95% CI 1.26–1.94), p < 0.001) and 24-week (HR 1.49 (95% CI 1.16–1.89), p = 0.001) landmark cohorts (Supplementary Figure S5). In addition to SIPS, on multivariate analyses, PS was independently predictive of PFS (HR1.40 (95% CI 1.07–1.83), p = 0.012) and OS (HR 1.49 (95% CI 1.12–1.98), p = 0.006) (Supplementary Figure S6). PD-L1 status was also independently predictive of PFS (HR 0.71 (0.54–0.93), p = 0.012), but no significant associations were seen between PD-L1 status and OS (Supplementary Figure S7).



Table 4 describes the association between pre-treatment baseline biomarkers of systemic inflammation status and the occurrence of iRAEs. Lower levels of systemic inflammation as defined by WCC, NC, albumin, and SIPS were associated with a significantly higher risk of irAEs. However, no association between pre-treatment baseline WCC, NC, albumin, or SIPS status and the occurrence of irAEs was observed in the 12- and 24-week landmark cohorts (p > 0.05). NLR, PLR, and PNI did not predict the incidence of irAEs in our cohort.



Finally, we examined the prognostic significance of WCC, NC, albumin, or SIPS and the occurrence of irAEs in combination (Table 5). We found that, regardless of the level of baseline systemic inflammation, as defined by WCC, NC, albumin, and SIPS, patients who experienced irAEs demonstrated more favourable PFS and OS. These same biomarkers of systemic inflammation were predictive of PFS and OS in patients who did not experience an irAE. In patients who experienced an irAE, neither WCC, NC, albumin, or SIPS were predictive of PFS, but SIPS and albumin stratified OS from 16.7 months (SIPS 2), to 23.6 months (SIPS 1), to 34.3 months (SIPS 0) (p = 0.037), and from 16.7 months (albumin < 35 g/L) to 43.9 months (albumin ≥ 35 g/L) (p = 0.005), respectively.




4. Discussion


This study reports the association between irAEs, biomarkers of systemic inflammation, and clinical outcomes in patients with NSCLC expressing PDL1 ≥ 50% treated with pembrolizumab. The work benefits from a large, well-characterised, and uniform population, with the inclusion of time-dependent survival analyses. We confirm that the occurrence of irAEs is associated with survival, but found that these differences are not observed in all subgroups of irAEs. We also provide further validation that biomarkers of systemic inflammation predict survival in this patient group. Although we identify that there is a higher risk of irAEs in patients with lower levels of baseline pre-treatment systemic inflammation, we find that these associations are lost when time-dependent analyses are performed.



Our findings closely mirror those of recent large meta-analyses which demonstrated that the occurrence of any irAE was a strong predictor of efficacy in patients with NSCLC treated with ICIs [13,29]. We found similar differences in the prognostic significance of specific irAEs. Although both PFS and OS were significantly longer in patients experiencing dermatological, endocrine, and gastroenterological irAEs, no significant difference was observed in patients with pulmonary irAEs. The latter finding is unsurprising given the respiratory frailty of patients with NSCLC [30]. Contrary to previous findings, hepatic irAEs were associated with more favourable survival in our cohort [13,29].



Immortal time bias (ITB) is common in observational studies and describes the situation when groups of participants cannot experience an outcome of interest during some period of the follow-up [28,31,32]. In this study, patients with shorter survival have a lower chance of irAE development due to the shorter duration of ICI exposure. Not all studies have taken ITB into account when assessing the association between irAEs and survival. In those that have, landmark analyses have most frequently been used [9,12,29,30,33,34,35,36]. We demonstrate that the positive association between any irAE occurrence and survival is maintained on landmark analyses, suggesting this is a true effect. A limitation of this approach, though, is that results may differ depending on the choice of landmark used. In this example, a short interval may continue to include patients with only a limited exposure to treatment. To further validate our findings, we performed time-dependent analyses using the Mantel–Byar method. In this approach, every patient contributes both unexposed and exposed patient time according to their individual exposure status during follow-up. It is felt to be a more conservative model, with the potential to underestimate survival in the exposed cohort (i.e., with irAE) [37]. In our study, it provides additional reassurance that the observed impact of any irAE on OS is a true association. To our knowledge, this is one of only a handful of studies to have applied such a robust methodology [9].



Significantly, the survival benefit associated with the occurrence of irAEs in our cohort is restricted to mild irAEs. In a recent study of patients with NSCLC receiving chemoimmunotherapy, an approach typically restricted to those with PDL1 expression < 50% in our practice, patients with mild irAEs demonstrated improved PFS and OS compared to patients with severe or no irAEs [8]. That study benefited from the use of landmark analyses at 12 and 24 weeks, in which the development of mild irAEs remained predictive of OS, but not PFS. Our data support these findings, with patients experiencing mild irAEs having more favourable survival outcomes than those without irAEs at each landmark and on time-dependent analyses. Although severe irAEs were associated with improved OS in all patients and at 12 weeks, this association was lost in the 24-week landmark cohort. We note that only one additional patient was excluded from the severe irAE cohort between the 12- and 24-week landmarks, suggesting this effect was not due to significantly smaller sample sizes. Indeed, there was no association between OS and severe irAEs on time-dependent analyses.



Several reasons for the observed differences in clinical benefit between mild and severe irAEs have been proposed. Mild irAEs may be detected sub-clinically (e.g., by routine thyroid hormone monitoring), whereas severe irAEs typically cause symptoms and may be life-threatening themselves [5]. Although, in our cohort, only one patient’s death was directly attributable to an irAE, the sequelae of severe irAEs and the need for immunosuppression may contribute to other events that lead to death not detected in our dataset. Steroid use appears unfavourable if it is required for cancer-related indications or is initiated in the early part of ICI treatment, but not if it is required for irAE management, as we find here [38,39,40]. Severe irAEs invariably result in the cessation of further ICI therapy [5]. Feasibly, this may result in poorer outcomes as these patients have less exposure to ICI. However, this remains unclear in our cohort. We note that the majority of irAE events in patients with more favourable dermatological or endocrine irAEs did not require oral steroids and patients were able to continue with treatment. However, patients with gastrointestinal or hepatic irAEs had favourable outcomes, but events were predominately severe, all patients received steroids, and the majority discontinued treatment. Further work is needed to understand these differences.



The identification of factors that predict the likelihood of irAEs would be a useful tool in the clinic when counselling patients on the risks and benefits of ICI therapy. Clinicopathological factors such as age, performance status, active or former smoking status, and a higher PD-L1 expression may be associated with an increased risk of irAEs [41,42]. Patients with pre-existing auto-immune diseases, particularly those requiring immunosuppressive therapy, are typically excluded from ICI therapy due to the high risk of irAE development [1,2,3,4]. In our practice, pre-existing pulmonary fibrosis or ground glass attenuation on CT imaging is also considered contraindication to ICI, with studies suggesting this is a risk factor for pneumonitis in patients with NSCLC [43]. Laboratory markers of systemic inflammation have also been suggested as biomarkers of irAE risk. Amongst these, NLR has been most extensively investigated, albeit with conflicting results. Although several studies have shown low NLR to be a predictor for developing irAE, others have found no association [36,42,44,45].



As we have previously demonstrated in this setting, biomarkers of systemic inflammation are predictive of survival in patients with NSCLC expressing PD-L1 ≥ 50% treated with pembrolizumab [17]. Most studies have focused on pre-treatment or baseline measurements of biomarkers of systemic inflammation with respect to any irAE risk. We find that low levels of baseline systemic inflammation as evidenced by WCC, NC, albumin, and SIPS, but not NLR, PLR, or PNI, are predictive of any irAE. However, in the 12-week landmark cohort, only albumin and SIPS remained predictive of any irAE, with these associations subsequently lost in the 24-week landmark cohort. A possible explanation for this observation, returning to the issue of ITB, is that patients with higher levels of inflammation have a poorer prognosis, and, hence, less opportunity to develop an irAE. In support of this, we note that the 12- and 24-week landmark cohorts were less inflamed by each baseline biomarker than the entire cohort. This suggests that the individual prognostic value of irAEs and biomarkers of systemic inflammation is a confounder in associations between these two factors. We, therefore, urge caution when attributing associations between biomarkers of systemic inflammation and the risk of any irAEs.



WCC, NC, albumin, and SIPS stratified PFS and OS in patients without irAE; however, in patients experiencing any irAE, the associations were less consistent. Significantly though, the occurrence of any irAE was associated with improved survival regardless of baseline systemic inflammation status. Survival outcomes for patients with high inflammation and irAEs were the same or better than those observed in patients with low inflammation without irAEs. In an unselected cohort of patients treated with anti-PD1 monotherapy, NLR was raised at the time of irAE occurrence and was significantly elevated up to 4 weeks before the diagnosis of pneumonitis [46]. The continuous monitoring of NLR identified patients with a subsequent prompt reduction in NLR after irAEs who have more favourable PFS and OS compared to patients who maintained a high NLR. This suggests an interplay between irAEs and systemic inflammation. Significantly, we have previously demonstrated that biomarkers of systemic inflammation are predictive of subsequent survival whenever they are measured during treatment [47]. A key question here is whether changes in inflammatory status reflect irAEs, their management with immunosuppressive treatments, or the effects of diminished cancer activity in response to therapy.



In addition to biomarkers of systemic inflammation, PS independently predicted both PFS and OS. PS is recognised as a gold-standard prognostic factor for patients with cancer. Previous studies have identified a very high PD-L1 score (i.e., ≥90%) as being predictive of survival outcomes in patients with NSCLC treated with first-line pembrolizumab [48,49]. In our cohort, PD-L1 status was also predictive of PFS on multivariate analyses, but, although a trend was seen towards improved OS on univariate analyses, this finding was not significant. It is interesting that we observed a non-significant trend towards a higher incidence of irAEs in patients with a very high PD-L1 expression. Further work is required to understand the association between PD-L1 status, irAE risk, and survival.



Understanding how we can apply these findings is an unmet need in clinical practice. We continue to advocate for the use of prognostic biomarkers of systemic inflammation in discussions with patients about the expected benefits of treatment. However, we surmise that these same biomarkers tell us little about the risk of harm associated with ICI irAEs. It is widely accepted that the early detection and prompt management of irAEs are critical for avoiding substantial harm to patients [5]. In the absence of a proven sensitive and specific biomarker, strategies such as improved patient education and the standardisation of irAE surveillance have been proposed. Presumably, better early detection and treatment of irAEs would mean fewer patients progress to severe irAEs. Modifications to treatment regimens may also reduce the risk of irAEs. Much of this work has focused on a combination of ipilimumab and nivolumab, where both the dose and scheduling of ipilimumab correlates with safety and tolerability [50]. Studies such as REFINE-lung, REFINE-renal/melanoma, and PRISM are exploring whether the ICI dose frequency de-escalation of ICI remains efficacious and is safer with respect to irAEs [51,52,53]. We advocate for the inclusion of biomarkers of systemic inflammation within this work.



A limitation of this study is the inclusion of patients from a single centre, including a subset we have previously investigated. However, our cohort is well-characterised and is larger than many which have explored the association of biomarkers of systemic inflammation or irAEs and survival outcomes. We would support the validation of these findings in a large prospective multicentre study. This is feasible given the use of standardised treatment pathways, the grading of irAE severity, and the ready availability of biomarkers of systemic inflammation around the world. Other biomarkers of systemic inflammation, such as the modified Glasgow Prognostic Score (mGPS), have been shown to be predictive of survival and the occurrence of irAEs in NSCLC treated with pembrolizumab. However, our cohort lacked c-Reactive Protein (CRP) measurements as previously described [17]. We also note that SIPS has not yet been externally validated, but the other biomarkers of systemic inflammation reported here have been the subject of numerous studies.




5. Conclusions


The results of this study demonstrate that any irAEs are predictive of survival in patients with NSCLC expressing PDL1 ≥ 50% treated with pembrolizumab, but that these associations are restricted to subsets of irAEs. Most significantly, whilst patients with mild irAEs experience better clinical outcomes, those with severe irAEs demonstrate no improvement in survival. Although biomarkers of systemic inflammation have previously been identified as potential predictors of irAE risk, we find that these associations are confounded by their independent prognostic significance. The development of irAEs improves survival regardless of the baseline pre-treatment prognostic biomarkers of inflammation status. We continue to support the use of this objective prognostic information in open discussions with patients regarding the potential benefits of pembrolizumab therapy.
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Author Contributions


M.S., I.P. and M.M. conceived the idea. G.R., M.S., S.L., D.H., H.S. and D.A. led the primary data collection. G.R. and M.S. were responsible for data cleaning and M.S. analysed the data. C.B., I.P. and M.M. provided study resources. G.R., M.S., I.P. and M.M. prepared the draft manuscript. S.L. and B.L. provided significant intellectual input and advice in the re-draft of the manuscript. Collaborator: Caledonian Cachexia Collaborative. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by Cancer Research UK: University of Edinburgh, CRUK Scotland Centre, Institute of Genetics and Cancer, Western General Hospital, Crewe Road South, Edinburgh, UK, EH4 2XR.




Institutional Review Board Statement


This study uses only secondary data collected in the course of routine patient care. No patient identifiable data were used. The presented work was undertaken in accordance with guidelines from the Academic and Clinical Central Office for Research and Development (ACCORD) (NHS Lothian and University of Edinburgh) and study-specific patient consent was not required. Approval was received from the NHS Lothian Caldicott Guardian (CG/DF/E164). Further, the study was conducted in accordance with the ethical principals outlined in the Declaration of Helsinki, consistent with Good Pharmacoepidemiology Practices and applicable laws and regulations of the countries where the study was conducted, as appropriate.




Informed Consent Statement


Not applicable.




Data Availability Statement


Research data are available on reasonable request to the corresponding author.




Acknowledgments


Members of the Caledonian Cachexia Collaborative are: Barry J A Laird, Richard J E Skipworth, Marie Fallon, Donald C McMillan, Stephen Wigmore, Iain Gallagher, Ross Dolan, Ines Boehm, Thomas Di Virgilio, Iain D Philips, Robert Paval, Charlie Hall, Rebekah Patton, Josh McGovern, Tanvir Abbass, Janice Miller, Leo Brown, Judith Sayers, Holger Husi, Peter Hall, Andrew Crumley.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Reck, M.; Rodríguez-Abreu, D.; Robinson, A.G.; Hui, R.; Csőszi, T.; Fülöp, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al. Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2016, 375, 1823–1833. [Google Scholar] [CrossRef] [PubMed]

	



Reck, M.; Rodríguez–Abreu, D.; Robinson, A.G.; Hui, R.; Csőszi, T.; Fülöp, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al. Updated Analysis of KEYNOTE-024: Pembrolizumab Versus Platinum-Based Chemotherapy for Advanced Non-Small-Cell Lung Cancer with PD-L1 Tumor Proportion Score of 50% or Greater. J. Clin. Oncol. 2019, 37, 537–546. [Google Scholar] [CrossRef] [PubMed]

	



Gandhi, L.; Rodríguez-Abreu, D.; Gadgeel, S.; Esteban, E.; Felip, E.; De Angelis, F.; Domine, M.; Clingan, P.; Hochmair, M.J.; Powell, S.F.; et al. Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2018, 378, 2078–2092. [Google Scholar] [CrossRef]

	



Paz-Ares, L.; Luft, A.; Vicente, D.; Tafreshi, A.; Gümüş, M.; Mazières, J.; Hermes, B.; Çay Şenler, F.; Csőszi, T.; Fülöp, A.; et al. Pembrolizumab plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2018, 379, 2040–2051. [Google Scholar] [CrossRef] [PubMed]

	



Haanen, J.; Obeid, M.; Spain, L.; Carbonnel, F.; Wang, Y.; Robert, C.; Lyon, A.; Wick, W.; Kostine, M.; Peters, S.; et al. Management of toxicities from immunotherapy: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 2022, 33, 1217–1238. [Google Scholar] [CrossRef]

	



Vaddepally, R.; Doddamani, R.; Sodavarapu, S.; Madam, N.R.; Katkar, R.; Kutadi, A.P.; Mathew, N.; Garje, R.; Chandra, A.B. Review of Immune-Related Adverse Events (irAEs) in Non-Small-Cell Lung Cancer (NSCLC)-Their Incidence, Management, Multiorgan irAEs, and Rechallenge. Biomedicines 2022, 10, 790. [Google Scholar] [CrossRef]

	



Postow, M.A.; Sidlow, R.; Hellmann, M.D. Immune-Related Adverse Events Associated with Immune Checkpoint Blockade. N. Engl. J. Med. 2018, 378, 158–168. [Google Scholar] [CrossRef]

	



Morimoto, K.; Yamada, T.; Takumi, C.; Ogura, Y.; Takeda, T.; Onoi, K.; Chihara, Y.; Taniguchi, R.; Yamada, T.; Hiranuma, O.; et al. Immune-Related Adverse Events Are Associated with Clinical Benefit in Patients with Non-Small-Cell Lung Cancer Treated with Immunotherapy Plus Chemotherapy: A Retrospective Study. Front. Oncol. 2021, 11, 630136. [Google Scholar] [CrossRef]

	



Daniello, L.; Elshiaty, M.; Bozorgmehr, F.; Kuon, J.; Kazdal, D.; Schindler, H.; Shah, R.; Volckmar, A.-L.; Lusky, F.; Diekmann, L.; et al. Therapeutic and Prognostic Implications of Immune-Related Adverse Events in Advanced Non-Small-Cell Lung Cancer. Front. Oncol. 2021, 11, 703893. [Google Scholar] [CrossRef]

	



Toi, Y.; Sugawara, S.; Kawashima, Y.; Aiba, T.; Kawana, S.; Saito, R.; Tsurumi, K.; Suzuki, K.; Shimizu, H.; Sugisaka, J.; et al. Association of Immune-Related Adverse Events with Clinical Benefit in Patients with Advanced Non-Small-Cell Lung Cancer Treated with Nivolumab. Oncologist 2018, 23, 1358–1365. [Google Scholar] [CrossRef]

	



Fukuoka, T.; Yamamoto, Y.; Utsunomiya, J.; Usami, E.; Kimura, M.; Yoshimura, T.; Nakamura, M.; Toda, Y. Association between immune-related dermatologic adverse events and efficacy of pembrolizumab in non-small cell lung cancer patients. Pharmazie 2021, 76, 239–242. [Google Scholar] [PubMed]

	



Haratani, K.; Hayashi, H.; Chiba, Y.; Kudo, K.; Yonesaka, K.; Kato, R.; Kaneda, H.; Hasegawa, Y.; Tanaka, K.; Takeda, M.; et al. Association of Immune-Related Adverse Events with Nivolumab Efficacy in Non-Small-Cell Lung Cancer. JAMA Oncol. 2018, 4, 374–378. [Google Scholar] [CrossRef] [PubMed]

	



Zhao, Z.; Wang, X.; Qu, J.; Zuo, W.; Tang, Y.; Zhu, H.; Chen, X. Immune-Related Adverse Events Associated with Outcomes in Patients with NSCLC Treated with Anti-PD-1 Inhibitors: A Systematic Review and Meta-Analysis. Front. Oncol. 2021, 11, 708195. [Google Scholar] [CrossRef] [PubMed]

	



Dolan, R.D.; Laird, B.J.A.; Horgan, P.G.; McMillan, D.C. The prognostic value of the systemic inflammatory response in randomised clinical trials in cancer: A systematic review. Crit. Rev. Oncol. Hematol. 2018, 132, 130–137. [Google Scholar] [CrossRef] [PubMed]

	



Laird, B.J.; Fallon, M.; Hjermstad, M.J.; Tuck, S.; Kaasa, S.; Klepstad, P.; McMillan, D.C. Quality of Life in Patients with Advanced Cancer: Differential Association with Performance Status and Systemic Inflammatory Response. J. Clin. Oncol. 2016, 34, 2769–2775. [Google Scholar] [CrossRef]

	



Simmons, C.P.; Koinis, F.; Fallon, M.T.; Fearon, K.C.; Bowden, J.; Solheim, T.S.; Gronberg, B.H.; McMillan, D.C.; Gioulbasanis, I.; Laird, B.J. Prognosis in advanced lung cancer—A prospective study examining key clinicopathological factors. Lung Cancer 2015, 88, 304–309. [Google Scholar] [CrossRef]

	



Stares, M.; Ding, T.; Stratton, C.; Thomson, F.; Baxter, M.; Cagney, H.; Cumming, K.; Swan, A.; Ross, F.; Barrie, C.; et al. Biomarkers of systemic inflammation predict survival with first-line immune checkpoint inhibitors in non-small-cell lung cancer. ESMO Open 2022, 7, 100445. [Google Scholar] [CrossRef]

	



McMillan, D.C. The systemic inflammation-based Glasgow Prognostic Score: A decade of experience in patients with cancer. Cancer Treat. Rev. 2013, 39, 534–540. [Google Scholar] [CrossRef]

	



Simmons, C.; McMillan, D.C.; Tuck, S.; Graham, C.; McKeown, A.; Bennett, M.; O’Neill, C.; Wilcock, A.; Usborne, C.; Fearon, K.C.; et al. ‘How Long Have I Got?’—A Prospective Cohort Study Comparing Validated Prognostic Factors for Use in Patients with Advanced Cancer. Oncologist 2019, 24, e960–e967. [Google Scholar] [CrossRef]

	



Leitch, E.F.; Chakrabarti, M.; Crozier, J.E.M.; McKee, R.F.; Anderson, J.H.; Horgan, P.G.; McMillan, D.C. Comparison of the prognostic value of selected markers of the systemic inflammatory response in patients with colorectal cancer. Br. J. Cancer 2007, 97, 1266–1270. [Google Scholar] [CrossRef]

	



Jin, J.; Yang, L.; Liu, D.; Li, W. Association of the neutrophil to lymphocyte ratio and clinical outcomes in patients with lung cancer receiving immunotherapy: A meta-analysis. BMJ Open 2020, 10, e035031. [Google Scholar] [CrossRef] [PubMed]

	



Petrova, M.P.; Eneva, M.I.; Arabadjiev, J.I.; Conev, N.V.; Dimitrova, E.G.; Koynov, K.D.; Karanikolova, T.S.; Valev, S.S.; Gencheva, R.B.; Zhbantov, G.A.; et al. Neutrophil to lymphocyte ratio as a potential predictive marker for treatment with pembrolizumab as a second line treatment in patients with non-small cell lung cancer. Biosci. Trends. 2020, 14, 48–55. [Google Scholar] [CrossRef] [PubMed]

	



Gu, X.; Sun, S.; Gao, X.-S.; Xiong, W.; Qin, S.; Qi, X.; Ma, M.; Li, X.; Zhou, D.; Wang, W.; et al. Prognostic value of platelet to lymphocyte ratio in non-small cell lung cancer: Evidence from 3,430 patients. Sci. Rep. 2016, 6, 23893. [Google Scholar] [CrossRef] [PubMed]

	



Ksienski, D.; Wai, E.S.; Alex, D.; Croteau, N.S.; Freeman, A.T.; Chan, A.; Patterson, T.; Clarkson, M.; Fiorino, L.; Poonja, Z.; et al. Prognostic significance of the neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio for advanced non-small cell lung cancer patients with high PD-L1 tumor expression receiving pembrolizumab. Transl. Lung Cancer Res. 2021, 10, 355–367. [Google Scholar] [CrossRef]

	



Johannet, P.; Sawyers, A.; Qian, Y.; Kozloff, S.; Gulati, N.; Donnelly, D.; Zhong, J.; Osman, I. Baseline prognostic nutritional index and changes in pretreatment body mass index associate with immunotherapy response in patients with advanced cancer. J. Immunother. Cancer 2020, 8, e001674. [Google Scholar] [CrossRef]

	



Li, D.; Yuan, X.; Liu, J.; Li, C.; Li, W. Prognostic value of prognostic nutritional index in lung cancer: A meta-analysis. J. Thorac. Dis. 2018, 10, 5298–5307. [Google Scholar] [CrossRef]

	



US Department of Health and Human Services. Common Terminology Criteria for Adverse Events CTCAE) Version 5.0. Available online: https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_5x7.pdf (accessed on 11 October 2023).

	



Jones, M.; Fowler, R. Immortal time bias in observational studies of time-to-event outcomes. J. Crit. Care 2016, 36, 195–199. [Google Scholar] [CrossRef]

	



Lin, L.; Liu, Y.; Chen, C.; Wei, A.; Li, W. Association between immune-related adverse events and immunotherapy efficacy in non-small-cell lung cancer: A meta-analysis. Front. Pharmacol. 2023, 14, 1190001. [Google Scholar] [CrossRef]

	



Zhang, Q.; Tang, L.; Zhou, Y.; He, W.; Li, W. Immune Checkpoint Inhibitor-Associated Pneumonitis in Non-Small Cell Lung Cancer: Current Understanding in Characteristics, Diagnosis, and Management. Front. Immunol. 2021, 12, 663986. [Google Scholar] [CrossRef]

	



Kawai, T.; Taguchi, S.; Nakagawa, T.; Kamei, J.; Nakamura, Y.; Obinata, D.; Yamaguchi, K.; Kaneko, T.; Kakutani, S.; Tokunaga, M.; et al. Impact of immune-related adverse events on the therapeutic efficacy of pembrolizumab in urothelial carcinoma: A multicenter retrospective study using time-dependent analysis. J. Immunother. Cancer 2022, 10, e003965. [Google Scholar] [CrossRef]

	



Newman, N.B.; Brett, C.L.; Kluwe, C.A.; Patel, C.G.; Attia, A.; Osmundson, E.C.; Kachnic, L.A. Immortal Time Bias in National Cancer Database Studies. Int. J. Radiat. Oncol. Biol. Phys. 2020, 106, 5–12. [Google Scholar] [CrossRef] [PubMed]

	



Dall’Olio, F.G.; Di Nunno, V.; Massari, F. Immortal Time Bias Question in the Association between Toxicity and Outcome of Immune Checkpoint Inhibitors. J. Clin. Oncol. 2020, 38, 105–106. [Google Scholar] [CrossRef] [PubMed]

	



Socinski, M.A.; Jotte, R.M.; Cappuzzo, F.; Nishio, M.; Mok, T.S.K.; Reck, M.; Finley, G.G.; Kaul, M.D.; Yu, W.; Paranthaman, N.; et al. Association of Immune-Related Adverse Events with Efficacy of Atezolizumab in Patients with Non-Small Cell Lung Cancer: Pooled Analyses of the Phase 3 IMpower130, IMpower132, and IMpower150 Randomized Clinical Trials. JAMA Oncol. 2023, 9, 527–535. [Google Scholar] [CrossRef]

	



Kfoury, M.; Najean, M.; Lappara, A.; Voisin, A.L.; Champiat, S.; Michot, J.M.; Laghouati, S.; Robert, C.; Besse, B.; Soria, J.C.; et al. Analysis of the association between prospectively collected immune-related adverse events and survival in patients with solid tumor treated with immune-checkpoint blockers, taking into account immortal-time bias. Cancer Treat. Rev. 2022, 110, 102452. [Google Scholar] [CrossRef] [PubMed]

	



Owen, D.H.; Wei, L.; Bertino, E.M.; Edd, T.; Villalona-Calero, M.A.; He, K.; Shields, P.G.; Carbone, D.P.; Otterson, G.A. Incidence, Risk Factors, and Effect on Survival of Immune-related Adverse Events in Patients with Non-Small-cell Lung Cancer. Clin. Lung Cancer 2018, 19, e893–e900. [Google Scholar] [CrossRef]

	



Weberpals, J.; Jansen, L.; Silversmit, G.; Verbeeck, J.; van der Geest, L.; Vissers, P.A.; Zadnik, V.; Brenner, H. Comparative performance of a modified landmark approach when no time of treatment data are available within oncological databases: Exemplary cohort study among resected pancreatic cancer patients. Clin. Epidemiol. 2018, 10, 1109–1125. [Google Scholar] [CrossRef]

	



Petrelli, F.; Signorelli, D.; Ghidini, M.; Ghidini, A.; Pizzutilo, E.G.; Ruggieri, L.; Cabiddu, M.; Borgonovo, K.; Dognini, G.; Brighenti, M.; et al. Association of Steroids use with Survival in Patients Treated with Immune Checkpoint Inhibitors: A Systematic Review and Meta-Analysis. Cancers 2020, 12, 546. [Google Scholar] [CrossRef]

	



Wang, Y.; Yang, M.; Tao, M.; Liu, P.; Kong, C.; Li, H.; Chen, Y.; Yin, X.; Yan, X. Corticosteroid administration for cancer-related indications is an unfavorable prognostic factor in solid cancer patients receiving immune checkpoint inhibitor treatment. Int. Immunopharmacol. 2021, 99, 108031. [Google Scholar] [CrossRef]

	



Bai, X.; Hu, J.; Warner, A.B.; Quach, H.T.; Cann, C.G.; Zhang, M.Z.; Si, L.; Tang, B.; Cui, C.; Yang, X.; et al. Early Use of High-Dose Glucocorticoid for the Management of irAE Is Associated with Poorer Survival in Patients with Advanced Melanoma Treated with Anti-PD-1 Monotherapy. Clin. Cancer Res. 2021, 27, 5993–6000. [Google Scholar] [CrossRef]

	



Suazo-Zepeda, E.; Bokern, M.; Vinke, P.C.; Hiltermann, T.J.N.; de Bock, G.H.; Sidorenkov, G. Risk factors for adverse events induced by immune checkpoint inhibitors in patients with non-small-cell lung cancer: A systematic review and meta-analysis. Cancer Immunol. Immunother. 2021, 70, 3069–3080. [Google Scholar] [CrossRef]

	



Chennamadhavuni, A.; Abushahin, L.; Jin, N.; Presley, C.J.; Manne, A. Risk Factors and Biomarkers for Immune-Related Adverse Events: A Practical Guide to Identifying High-Risk Patients and Rechallenging Immune Checkpoint Inhibitors. Front. Immunol. 2022, 13, 779691. [Google Scholar] [CrossRef] [PubMed]

	



Yamaguchi, T.; Shimizu, J.; Oya, Y.; Watanabe, N.; Hasegawa, T.; Horio, Y.; Inaba, Y.; Fujiwara, Y. Risk factors for pneumonitis in patients with non-small cell lung cancer treated with immune checkpoint inhibitors plus chemotherapy: A retrospective analysis. Thorac. Cancer 2022, 13, 724–731. [Google Scholar] [CrossRef]

	



Fujimoto, A.; Toyokawa, G.; Koutake, Y.; Kimura, S.; Kawamata, Y.; Fukuishi, K.; Yamazaki, K.; Takeo, S. Association between pretreatment neutrophil-to-lymphocyte ratio and immune-related adverse events due to immune checkpoint inhibitors in patients with non-small cell lung cancer. Thorac. Cancer 2021, 12, 2198–2204. [Google Scholar] [CrossRef] [PubMed]

	



Pavan, A.; Calvetti, L.; Maso, A.D.; Attili, I.; Del Bianco, P.; Pasello, G.; Guarneri, V.; Aprile, G.; Conte, P.; Bonanno, L. Peripheral Blood Markers Identify Risk of Immune-Related Toxicity in Advanced Non-Small Cell Lung Cancer Treated with Immune-Checkpoint Inhibitors. Oncologist 2019, 24, 1128–1136. [Google Scholar] [CrossRef] [PubMed]

	



Matsukane, R.; Watanabe, H.; Minami, H.; Hata, K.; Suetsugu, K.; Tsuji, T.; Masuda, S.; Okamoto, I.; Nakagawa, T.; Ito, T.; et al. Continuous monitoring of neutrophils to lymphocytes ratio for estimating the onset, severity, and subsequent prognosis of immune related adverse events. Sci. Rep. 2021, 11, 1324. [Google Scholar] [CrossRef]

	



Stares, M.; Swan, A.; Cumming, K.; Ding, T.-E.; Leach, J.; Stratton, C.; Thomson, F.; Barrie, C.; MacLennan, K.; Campbell, S.; et al. Hypoalbuminaemia as a prognostic biomarker of first-line treatment resistance in metastatic non-small cell lung cancer. Front. Nutr. 2021, 8, 734735. [Google Scholar] [CrossRef]

	



Shah, M.; Marmarelis, M.E.; Mamtani, R.; Hennessy, S. Association between Survival and Very High Versus High PD-L1 Expression in Patients Receiving Pembrolizumab as First-line Treatment for Advanced Non-Small Cell Lung Cancer. Clin. Lung Cancer 2022, 23, 731–736. [Google Scholar] [CrossRef]

	



Aguilar, E.J.; Ricciuti, B.; Gainor, J.F.; Kehl, K.L.; Kravets, S.; Dahlberg, S.; Nishino, M.; Sholl, L.M.; Adeni, A.; Subegdjo, S.; et al. Outcomes to first-line pembrolizumab in patients with non-small-cell lung cancer and very high PD-L1 expression. Ann. Oncol. 2019, 30, 1653–1659. [Google Scholar] [CrossRef]

	



Lebbé, C.; Meyer, N.; Mortier, L.; Marquez-Rodas, I.; Robert, C.; Rutkowski, P.; Menzies, A.M.; Eigentler, T.; Ascierto, P.A.; Smylie, M.; et al. Evaluation of Two Dosing Regimens for Nivolumab in Combination with Ipilimumab in Patients with Advanced Melanoma: Results from the Phase IIIb/IV CheckMate 511 Trial. J. Clin. Oncol. 2019, 37, 867–875. [Google Scholar] [CrossRef]

	



Ghorani, E.; Quartagno, M.; Blackhall, F.; Gilbert, D.C.; O’Brien, M.; Ottensmeier, C.; Pizzo, E.; Spicer, J.; Williams, A.; Badman, P.; et al. REFINE-Lung implements a novel multi-arm randomised trial design to address possible immunotherapy overtreatment. Lancet Oncol. 2023, 24, e219–e227. [Google Scholar] [CrossRef]

	



Merrick, S.; Nankivell, M.; Quartagno, M.; Clarke, C.S.; Joharatnam-Hogan, N.; Waddell, T.; O’Carrigan, B.; Seckl, M.; Ghorani, E.; Banks, E.; et al. REFINE (REduced Frequency ImmuNE checkpoint inhibition in cancers): A multi-arm phase II basket trial testing reduced intensity immunotherapy across different cancers. Contemp. Clin. Trials 2023, 124, 107030. [Google Scholar] [CrossRef] [PubMed]

	



Buckley, H.L.; Collinson, F.J.; Ainsworth, G.; Poad, H.; Flanagan, L.; Katona, E.; Howard, H.C.; Murden, G.; Banks, R.E.; Brown, J.; et al. PRISM protocol: A randomised phase II trial of nivolumab in combination with alternatively scheduled ipilimumab in first-line treatment of patients with advanced or metastatic renal cell carcinoma. BMC Cancer 2019, 19, 1102. [Google Scholar] [CrossRef] [PubMed]








[image: Cancers 15 05502 g001] 





Figure 1. Kaplan–Meier survival curves examining the relationship between the occurrence of immune-related adverse events and progression-free survival or overall survival in (A) all patients, and (B) 12-week landmark and (C) 24-week landmark cohorts. n/r = not reached. 
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Table 1. Patient characteristics and the relationship between routine clinicopathological variables and incidence of immune-related adverse events in patients with NSCLC treated with first-line pembrolizumab (* non-squamous only, where available (n = 202)).
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Characteristics

	
Total

	
Without irAE

	
With irAE

	
p




	
n = 262

	
n = 179

	
n = 83




	
n (%)

	
n (%)

	
n (%)






	
Age (years)

	
<75

	
220 (84)

	
155 (87)

	
65 (78)

	
0.089




	
≥75

	
42 (16)

	
24 (13)

	
18 (22)




	
Sex

	
Male

	
114 (44)

	
81 (45)

	
33 (40)

	
0.404




	
Female

	
148 (56)

	
98 (55)

	
50 (60)




	
ECOG-performance status

	
0/1

	
218 (83)

	
146 (82)

	
72 (87)

	
0.296




	
2

	
44 (17)

	
33 (18)

	
11 (13)




	
Histologic subtype

	
Squamous

	
54 (21)

	
32 (18)

	
22 (17)

	
0.108




	
Non-squamous

	
208 (79)

	
147 (82)

	
61 (73)




	
PD-L1 expression

	
<90

	
127 (48)

	
94 (53)

	
33 (40)

	
0.055




	
≥90

	
135 (52)

	
85 (47)

	
50(60)




	
KRAS status *

	
Wildtype

	
95 (47)

	
65 (45)

	
30 (51)

	
0.485




	
Mutant

	
107 (53)

	
78 (55)

	
29 (49)











 





Table 2. Detailed clinical information for patients with or without irAE and irAE events by the organ affected. n/a = not applicable. Bold/italics represent statistically significant findings (p < 0.005).
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Total

	
Mild irAE

(Grade 1–2)

	
Severe irAE

(Grade 3–5)

	
Time to iRAE (months)

	
Treated with Steroids

	
Pembrolizumab Discontinued Secondary to irAE

	
Progression-Free Survival

	
Overall Survival




	
n (%)

	
n (%)

	
n (%)

	
Median (IQR)

	
n (%)

	
n (%)

	
HR (95% CI)

p

	
HR (95% CI)

p






	
Patients




	
Without irAE

	
179 (68)

	
n/a

	
n/a

	
n/a

	
n/a

	
n/a

	
ref

	
ref




	
With irAE

	
83 (32)

	
52 (63)

	
31 (37)

	
3.4

(1.4–7.4)

	
53 (65)

	
42 (51)

	
0.41 (0.30–0.56)

<0.001

	
0.36 (0.26–0.50) 

<0.001




	
irAE Events




	
All

	
102

	
70 (69)

	
32 (31)

	
3.5

(2.0–7.5)

	
58 (57)

	
44 (43)

	
n/a

	
n/a




	
Dermatological

	
19 (19)

	
13 (68)

	
6 (19)

	
3.0

(1.4–7.9)

	
9 (47)

	
7 (37)

	
0.37 (0.20–0.69) 

0.002

	
0.35 (0.19–0.67) 

0.001




	
Endocrine

	
33 (32)

	
≥28 (≥85)

	
≤5 (≤15)

	
3.4

(2.0–12.3)

	
≤5 (≤15)

	
≤5 (≤15)

	
0.36 (0.23–0.57) 

<0.001

	
0.30 (0.18–0.49) 

<0.001




	
Gastrointestinal

	
13 (13)

	
≤5 (≤38)

	
≥8 (≥62)

	
7.3

(5.7–12.3)

	
13 (100)

	
11 (85)

	
0.23 (0.10–0.52) 

<0.001

	
0.21 (0.09–0.52) 

0.001




	
Hepatic

	
11 (11)

	
≤5 (≤45)

	
≥6 (≥55)

	
3.4

(1.2–6.7)

	
8 (73)

	
8 (73)

	
0.34 (0.15–0.78) 

0.011

	
0.27 (0.11–0.67) 

0.005




	
Musculoskeletal

	
8 (8)

	
8 (100)

	
0 (0)

	
2.3

(1.9–5.0)

	
8 (100)

	
≤5 (≤63)

	
0.42 (0.19–0.96) 

0.039

	
0.49 (0.22–1.11) 

0.088




	
Pulmonary

	
10 (10)

	
≤5 (≤50

	
≥5 (≥50)

	
2.3

(0.3–5.0)

	
10 (100)

	
9 (90)

	
1.12 (0.57–2.18) 

0.752

	
1.33 (0.68–2.61) 

0.408




	
Other (Cardiac, Neurological, Renal)

	
8 (8)

	
8 (100)

	
0 (0)

	
4.1

(1.7–6.6)

	
6 (75)

	
6 (75)

	
n/a

	
n/a











 





Table 3. Association between mild (i.e., grade 1–2) or severe (i.e., grade 3–5) immune-related adverse events and progression-free survival or overall survival in all patients, and 12-week landmark and 24-week landmark cohorts. n/r = not reached. Bold/italics represent statistically significant findings (p < 0.005).
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PFS

	
HR

	
p

	
OS

	
HR

	
p






	
All




	
No irAE

	
3.6 (1.3–13.1)

	
ref

	
ref

	
7.8 (2.4–20.5)

	
ref

	
ref




	
Severe irAE

	
7.8 (2.2–20.2)

	
0.61 (0.40–0.94)

	
0.024

	
16.1 (7.3–34.3)

	
0.55 (0.35–0.86)

	
0.008




	
Mild irAE

	
24.7 (8.1-n/r)

	
0.32 (0.22–0.48)

	
<0.001

	
35.3 (19.7-n/r)

	
0.27 (0.18–0.42)

	
<0.001




	
12-week Landmark




	
No irAE

	
9.8 (4.4–23.0)

	
ref

	
ref

	
11.7 (6.8–30.5)

	
ref

	
ref




	
Severe irAE

	
14.3 (7.0-n/r)

	
0.64 (0.38–1.08)

	
0.094

	
22.3 (13.9-n/r)

	
0.51 (0.31–0.86)

	
0.011




	
Mild irAE

	
24.8 (10.4-n/r)

	
0.43 (0.28–0.66)

	
<0.001

	
35.3 (19.8-n/r)

	
0.33 (0.21–0.52)

	
<0.001




	
24-week Landmark




	
No irAE

	
17.2 (9.8–33.5)

	
ref

	
ref

	
16.1 (9.7–37.2)

	
ref

	
ref




	
Severe irAE

	
14.7 (7.8-n/r)

	
0.81 (0.44–1.47)

	
0.481

	
22.3 (13.9-n/r)

	
0.62 (0.37–1.05)

	
0.074




	
Mild irAE

	
28.8 (14.3-n/r)

	
0.51 (0.31–0.84)

	
0.008

	
43.9 (19.8-n/r)

	
0.38 (0.23–0.61)

	
<0.001











 





Table 4. The association between pre-treatment biomarkers of systemic inflammation and risk of immune-related adverse event in all patients, and 12-week landmark and 24-week landmark cohorts. Bold/italics represent statistically significant findings (p < 0.005).
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Characteristics

	
All

	
12-Week Landmark

	
24-Week Landmark




	
Without irAE

	
With irAE

	
OR

(95% CI)

p

	
Without irAE

	
With irAE

	
OR

(95% CI)

p

	
Without irAE

	
With irAE

	
OR

(95% CI)

p




	
n = 179

	
n = 83

	
n = 130

	
n = 76

	
n = 105

	
n = 75




	
n (%)

	
n (%)

	
n (%)

	
n (%)

	
n (%)

	
n (%)






	
White Cell Count

	
≤11.0 × 109/L

	
109 (61)

	
64 (77)

	
2.16

(1.20–3.91)

0.011

	
89 (68)

	
59 (78)

	
1.60

(0.83–3.08)

0.158

	
80 (76)

	
59 (79)

	
1.15 

(0.57–2.35)

0.696




	
>11.0 × 109/L

	
70 (39)

	
19 (23)

	
41 (32)

	
17 (22)

	
25 (24)

	
16 (21)




	
Median (IQR)

	
10.1

(7.8–13.2)

	
8.5

(6.8–10.8)

	
0.008

	
9.5 (7.3–11.6)

	
8.4

(6.8–10.6)

	
0.191

	
9.3

(7.1–11.5)

	
8.4

(6.8–10.6)

	
0.198




	
Neutrophil Count

	
≤7.5 × 109/L

	
101 (56)

	
63 (76)

	
2.43

(1.35–4.36)

0.003

	
84 (65)

	
58 (76)

	
1.76 

(0.93–3.34)

0.082

	
70 (67)

	
58 (77)

	
1.71

(0.87–3.35)

0.120




	
>7.5 × 109/L

	
78 (44)

	
20 (24)

	
46 (35)

	
18 (24)

	
35 (33)

	
17 (23)




	
Median (IQR)

	
6.8

(5.1–10.0)

	
5.9

(4.5–7.4)

	
0.010

	
5.8

(4.5–7.4)

	
6.1 (4.8–8.4)

	
0.245

	
5.7

(4.6–7.9)

	
6.0

(4.6–8.3)

	
0.624




	
NLR

	
<5

	
104 (58)

	
51 (61)

	
1.15

(0.67–1.96)

0.608

	
89 (68)

	
49 (64)

	
0.84 

(0.46–1.52)

0.557

	
75 (71)

	
49 (65)

	
0.76

(0.40–1.43)

0.384




	
≥5

	
75 (42)

	
32 (39)

	
41 (32)

	
27 (36)

	
30 (29)

	
26 (35)




	
Median (IQR)

	
4.3

(2.8–7.4)

	
4.3

(2.8–6.5)

	
0.122

	
3.8 (2.6–2.0)

	
3.9 (2.8–5.7)

	
0.524

	
3.6

(2.6–5.1)

	
4.4

(2.9–6.6)

	
0.737




	
PLR

	
≤180

	
51 (28)

	
28 (34)

	
1.28

(0.73–2.23)

0.390

	
41 (32)

	
28 (37)

	
1.27 

(0.70–2.30)

0.437

	
39 (37)

	
28 (62)

	
1.01

(0.55–1.86)

0.979




	
>180

	
128 (72)

	
55 (66)

	
89 (68)

	
48 (66)

	
66 (63)

	
47 (38)




	
Median (IQR)

	
225

(169–321)

	
238

(155–238)

	
0.548

	
219

(165–306)

	
226

(145–336)

	
0.477

	
202

(150–276)

	
260

(163–352)

	
0.216




	
Albumin

	
≥35 g/L

	
86 (48)

	
55 (66)

	
2.12

(1.24–3.65)

0.006

	
71 (55)

	
53 (70)

	
1.91

(1.05–3.49)

0.034

	
62 (59)

	
52 (69)

	
1.57 

(0.84–2.93)

0.159




	
<35 g/L

	
93 (52)

	
28 (34)

	
59 (45)

	
23 (30)

	
43 (41)

	
23 (31)




	
Median (IQR)

	
34 (29–38)

	
36 (32–41)

	
0.005

	
35 (31–39)

	
37 (33–41)

	
0.07

	
35 (31–38)

	
36 (33–41)

	
0.285




	
PNI

	
≥45

	
66 (37)

	
39 (47)

	
1.52 

(0.90–2.57)

0.121

	
55 (42)

	
38 (50)

	
1.36

(0.77–2.41)

0.285

	
49 (47)

	
37 (49)

	
1.11 

(0.61–2.01)

0.724




	
<45

	
113 (63)

	
44 (53)

	
75 (68)

	
38 (50)

	
56 (53)

	
38 (51)




	
Median (IQR)

	
42.0

(36.5–47.5)

	
44.8

(40.3–49.0)

	
0.411

	
43.0 (38.7–48.0)

	
45.0 (41.4–49.5)

	
0.679

	
43.2

(37.9–46.3)

	
45.6

(40.8–49.3)

	
0.743




	
SIPS

	
0

	
65 (36)

	
44 (53)

	
1.98

(1.67–3.35)

0.011

	
56 (43)

	
42 (55)

	
1.63

(0.92–2.88)

0.09

	
48 (46)

	
42 (56)

	
1.51 

(0.84–2.74)

0.174




	

	
1/2

	
114 (64)

	
39 (47)

	
74 (57)

	
34 (45)

	
57 (54)

	
33 (44)











 





Table 5. The association between biomarkers of systemic inflammation combined with the occurrence of irAEs and progression-free survival and overall survival in all patients. Bold/italics represent statistically significant associations in this table and others.
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Progression-Free Survival

	
Overall Survival




	
Without irAE

	
With irAE

	
HR (95% CI)

p

	
Without irAE

	
With irAE

	
HR (95% CI)

p




	

	
Median (IQR)

	
Median (IQR)

	
Median (IQR)

	
Median (IQR)






	
SIPS

	
0

	
7.6 (2.7–23.3)

	
14.7 (5.3-n/r)

	
0.57 (0.36–0.91)

0.015

	
14.0 (2.8–5.3)

	
34.3 (18.9-n/r)

	
0.40 (0.24–0.67)

0.001




	
1

	
3.6 (1.8–13.6)

	
19.5 (7.1–45.4)

	
0.38 (0.22–0.64)

<0.001

	
8.2 (3.0–21.5)

	
23.6 (12.3-n/r)

	
0.40 (0.24–0.69)

0.001




	
2

	
1.6 (0.8–4.0)

	
8.1 (7.5–28.8)

	
0.26 (0.11–0.64)

0.003

	
2.9 (1.5–9.2)

	
16.7 (7.5–33.2)

	
0.35 (0.16–0.81)

0.013




	
HR (95% CI)

p

	
1.75 (1.43–2.14)

<0.001

	
1.15 (0.78–1.69)

0.479

	

	
1.67 (1.37–2.04)

<0.001

	
1.53 (1.03–2.28)

0.037

	




	
White Cell Count

	
≤11.0 × 109/L

	
4.6 (1.8–16.4)

	
15.6 (5.9–45.4)

	
0.50 (0.35–0.72)

<0.001

	
10.1 (4.1–28.2)

	
32.2 (14.3-n/r)

	
0.43 (0.29–0.63)

<0.001




	
>11.0 × 109/L

	
1.6 (0.9–6.0)

	
19.6 (7.5-n/r)

	
0.27 (0.14–0.51)

<0.001

	
4.1 (1.7–11.8)

	
25.5 (7.5-n/r)

	
0.28 (0.14–0.53)

<0.001




	
HR (95% CI)

p

	
1.74 (1.26–3.40)

0.001

	
0.85 (0.45–1.62)

0.621

	

	
1.80 (1.30–2.49)

<0.001

	
1.05 (0.53–2.07)

0.896

	




	
Neutrophil Count

	
≤7.5 × 109/L

	
11.0 (6.0–14.9)

	
20.4 (15.6–27.1)

	
0.54 (0.38–0.78)

0.001

	
10.7 (4.5–31.0)

	
32.2 (14.3-n/r)

	
0.46 (0.31–0.68)

<0.001




	
>7.5 × 109/L

	
3.3 (1.6–5.2)

	
17.9 (19.6–28.8)

	
0.25 (0.13–0.47)

<0.001

	
4.1 (1.6–10.4)

	
25.5 (7.5-n/r)

	
0.26 (0.13–0.49)

<0.001




	
HR (95% CI)

p

	
2.11 (1.54–2.91)

<0.001

	
0.83 (0.44–1.57)

0.560

	

	
2.02 (1.46–2.78)

<0.001

	
1.06 (0.54–2.09)

0.868

	




	
Albumin

	
≥35 g/L

	
6.0 (1.7–23.0)

	
17.1 (5.9-n/r)

	
0.48 (0.32–0.73)

0.001

	
11.0 (4.6–32.6)

	
43.9 (19.2-n/r)

	
0.35 (0.22–0.56)

<0.001




	
<35 g/L

	
2.5 (1.2–5.9)

	
14.3 (5.9–26.5)

	
0.35 (0.22–0.57)

<0.001

	
4.7 (1.7–11.7)

	
16.7 (8.0–32.6)

	
0.42 (0.26–0.67)

<0.001




	
HR (95% CI)

p

	
1.97 (1.43–2.72)

<0.001

	
1.53 (0.89–2.61)

0.123

	

	
1.88 (1.37–2.59)

<0.001

	
2.30 (1.29–4.10)

0.005
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