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Background

Standard combination ipilimumab/nivolumab (I/N) is given as 4 induction doses for advanced stage melanoma followed by nivolumab single-agent maintenance therapy. While many patients receive less than 4 doses due to immune-related toxicities, it is unclear if fewer doses of I/N may still provide long term clinical benefit. Our aim is to determine if response assessment after 1 or 2 doses of I/N can predict long-term survival and assess if fewer doses of I/N can lead to similar survival outcomes.



Methods

We performed a retrospective analysis on a cohort of patients with advanced melanoma who w0ere treated with standard I/N. Cox regression of progression-free survival (PFS) and overall survival (OS) models were performed to assess the relationship between response after 1 or 2 doses of I/N and risk of progression and/or death. Clinical benefit response (CBR) was assessed, defined as SD (stable disease) + PR (partial response) + CR (complete response) by imaging. Among patients who achieved a CBR after 1 or 2 doses of I/N, a multivariable Cox regression of survival was used to compare 1 or 2 vs 3 or 4 doses of I/N adjusted by known prognostic variables in advanced melanoma.



Results

199 patients were evaluated. Patients with CBR after 1 dose of I/N had improved PFS (HR: 0.16, 95% CI 0.08-0.33; p<0.001) and OS (HR: 0.12, 0.05-0.32; p<0.001) compared to progressive disease (PD). Patients with CBR (vs PD) after 2 doses of I/N also had improved PFS (HR: 0.09, 0.05-0.16; p<0.001) and OS (HR: 0.07, 0.03-0.14; p<0.001). There was no survival risk difference comparing 1 or 2 vs 3 or 4 doses of I/N for PFS (HR: 0.95, 0.37-2.48; p=0.921) and OS (HR: 1.04, 0.22-4.78; p=0.965).



Conclusions

Early interval imaging with response during induction with I/N may be predictive of long-term survival in advanced stage melanoma. CBR after 1 or 2 doses of I/N is associated with favorable survival outcomes, even in the setting of fewer I/N doses received. Further studies are warranted to evaluate if electively administering fewer combination I/N doses despite tolerance in select patients may balance the benefits of therapy while decreasing toxicities.





Keywords: melanoma, biomarker, radiological assessment, combination immune checkpoint therapy, ipilimumab and nivolumab, early response assessment, immune related adverse effects



Introduction

Immune checkpoint inhibitors (ICIs) are standard of care for treatment of advanced melanoma. Combined inhibition of cytotoxic T lymphocyte antigen-4 (CTLA-4) and programmed death 1 (PD-1) with ipilimumab and nivolumab has been shown to be highly effective for treatment of unresectable stage III or IV melanoma (1, 2). Results from the CheckMate-067 trial found that previously untreated, advanced melanoma patients had statistically improved objective response rate (ORR), progression-free survival (PFS), and overall survival (OS) with combination ipilimumab/nivolumab (I/N) versus ipilimumab monotherapy (3, 4). Although the trial was not designed to compare the nivolumab-containing cohorts, descriptive subgroup analyses showed superior PFS and OS with I/N compared to nivolumab alone (3). Recently published data found more than half the patients receiving I/N were alive at 5-year follow up (2). Based on these results, I/N is frequently used as first-line treatment of advanced stage melanoma.

Despite its apparent greater efficacy, combination therapy comes at the expense of considerably higher immune-related adverse events (irAEs) than the respective single-agent counterparts. Rates of grade 3-4 treatment-related toxicities in I/N, nivolumab, and ipilimumab were 59%, 22%, and 28%, respectively (4). Similar rates of toxicities were also noted in the CheckMate-218 North American cohort (5). Standard combination I/N for advanced melanoma is given as four induction doses with ipilimumab and nivolumab once every 3 weeks, followed by nivolumab monotherapy (2, 6). However, a substantial number of patients are unable to receive all 4 doses due to irAEs. In the trials, 41-61% of patients received fewer than 4 induction doses (4, 5). At present, differential clinical outcomes in patients receiving fewer combination I/N doses received, for reasons other than toxicity, remains uncertain.

In the CheckMate-067 and CheckMate-069 trials, timing of response assessment by imaging was conducted post-induction with I/N (2, 7). Several studies have investigated the utility of various radiographic imaging techniques in early detection of response to chemotherapeutic, targeted, and immunotherapeutic agents in a variety of tumor types (8–10). The utility of interval imaging while receiving dual-agent ICI therapy is unclear. One possible limitation is the phenomenon of tumor flare of pseudoprogression, where disease response occurs after an initial increase in tumor burden during treatment with ICI, which can be misinterpreted as progressive disease depending on the timing of imaging assessments. Currently, there are no clear guidelines on optimal timing or appropriateness of early response assessment. As such, response-adapted therapy remains a relatively unexplored treatment strategy in advanced melanoma management or any other malignancies treated with combination checkpoint blockade.

In our study, we examine if early response assessment after 1 or 2 doses of I/N is predictive of long-term survival. We also attempt to determine if receipt of fewer I/N doses is associated with a similar survival outcome as the standard 4 induction doses.



Methods


Study Population

We identified 548 patients with histologically proven unresectable stage III or IV melanoma following American Joint Committee on Cancer (AJCC) 8th edition criteria who were treated with ICI from February 2012 to December 2020 at the University of Michigan (11). Uveal melanoma patients were excluded. Among the cohort, 199 patients were treated with standard I/N and were evaluated in our retrospective study. The combination I/N dosing was ipilimumab 3 mg/kg and nivolumab 1 mg/kg every 3 weeks up to 4 doses followed by nivolumab therapy at 3 mg/kg every 2 weeks or 240 mg every 2 weeks or 480 mg every 4 weeks. All patients received at least 1 dose of induction I/N. Patients with insufficient clinical data or follow up (less than 30 days) from initiation of therapy were excluded.

Patients and data were collected via electronic medical record system and a pharmacy database hosted by the University of Michigan. The cohort included patients who were treatment naïve or previously treated with other systemic agents, including in the adjuvant setting, before receiving combination I/N. Prior systemic agents included: high-dose interferon, interleukin 2 (IL-2), ipilimumab monotherapy, pembrolizumab monotherapy, nivolumab monotherapy, vemurafenib, or dabrafenib +/- trametinib.



Study Design

Baseline patient characteristics and demographics included age, gender, BRAF mutation status, primary melanoma type, and prior treatment status (Table 1). Prognostic factors including AJCC stage, pre-treatment serum lactate dehydrogenase level (LDH), presence of brain metastasis, and presence of liver metastasis were documented before initiation of I/N. Efficacy end-points of treatment were objective response, progression-free survival (PFS), and overall survival (OS).


Table 1 | Patient characteristics.



At the University of Michigan, disease reassessment with imaging (CT or MRI) is frequently performed following the 1st and/or 2nd dose of I/N to guide treatment decisions (i.e. if moderate toxicities are present but response is seen, then switching to nivolumab monotherapy is considered). For the purposes of this study, we applied the revised RECIST guideline (version 1.1) (12), with the noted exception of following the largest target lesions in retrospect, with assessments of complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD). Time to initial assessment was measured from I/N treatment start date to date of initial response assessment (1st or 2nd dose, whichever occurred first). Patients defined as having a response assessment after 1 dose of I/N temporally occurred between the 1st and 2nd dose of I/N, but if a 2nd dose was never received, then the response was assessed within 30 days after the 1st dose of I/N. For patients who had a response assessment after 2 doses of I/N, this occurred between the 2nd and 3rd dose of I/N, but if a 3rd dose was never received, then the response was assessed within 30 days after the 2nd dose of I/N.

PFS was defined as the time from the date of I/N initiation to clinical progression on imaging based on the iRECIST criteria (13), or date of death, whichever occurred first. OS was determined based on electronic health record documentation. Patients who were alive at the time of the analysis were censored at last known follow up. Response and progression date evaluations were documented and verified by two independent reviewers. Discordant results were resolved by a third reviewer.



Statistical Methods

PFS and OS were assessed using Kaplan-Meier methods. A univariable Cox regression of PFS and OS models was performed to assess the effect of objective response after 1 and 2 doses of I/N. A distinct variable for disease response was defined as clinical benefit response (CBR), which encompasses SD (stable disease) + PR (partial response) + CR (complete response) by imaging (CT or MRI) per RECIST v1.1.

Univariate and multivariable Cox regression of survival was used to compare 1 or 2 vs 3 or 4 doses of I/N and the following baseline and prognostic variables: age, gender, pre-treatment LDH level, BRAF mutation status, primary melanoma type, time to initial assessment, presence of brain metastasis, and presence of liver metastasis. A repeat univariate and multivariable Cox regression assessment was performed among the cohort of patients who achieved a CBR after 1 or 2 doses of I/N. In our supplementary analysis, we used Spearman’s rank coefficient to correlate response assessment (via RECIST v1.1) after 1 and 2 dose of I/N with future best response (via iRECIST).




Results

199 melanoma patients treated with I/N were evaluated in our study (Table 1). Median follow up period was 28.8 months (interquartile range [IQR]: 13.7-43.3 months). The median age was 56 years old (IQR: 46-64 years old). 59 (30%) patients received all 4 induction doses of I/N. Of the remaining patients, 44 (22%) received 3 doses, 68 (34%) received 2 doses, and 28 (14%) received 1 dose. 162 (81%) patients were naïve to any prior systemic therapy. 158 (79%) patients had primary cutaneous melanoma; the remainder were either mucosal or unknown. In our cohort, 80 (40%) patients had liver metastases and 48 (24%) patients had brain metastases prior to starting I/N.

See Table 2 for patient treatment response and toxicity. Among the patients who received 1, 2, 3, and 4 doses of I/N; 54%, 56%, 61%, and 85% went on to receive maintenance nivolumab therapy, respectively. Of the 140 patients who received fewer than 4 induction I/N doses, 80 (57%) patients continued on to maintenance nivolumab monotherapy and 60 (43%) patients did not. IrAEs as the cause for receiving fewer than 4 doses of I/N occurred in 75%, 75%, and 80% of patients who received 1, 2, and 3 doses, respectively. The grade 3+ immune-related toxicity rate was 48% for all patients. PD or death was the reason for fewer than 4 doses for the remainder of patients. In our cohort, 49% (97/199) had imaging assessments after 1 dose of I/N and 68% (135/199) had imaging assessments after 2 doses of I/N. The vast majority of patients had early radiographic response assessment using computed tomography (CT) scans (128/135), whereas a small fraction used MRI (5/135) and PET/CT (2/135) imaging.


Table 2 | Patient treatment response and toxicity.



Among all 199 patients, the 36-month and 60-month PFS was 50.0% (95% CI, 42.7-58.5) and 36.3% (95% CI, 23.3-56.4), respectively (Figure 1A). The 36-month PFS for patients receiving 1, 2, 3, and 4 doses were 47.3%, 50.1%, 48.6%, and 52.4%, respectively (Figure 1B). The 36-month and 60-month OS for the entire cohort was 66.5% (95% CI, 59.3-74.6) and 51.6% (95% CI, 37.8-70.3), respectively (Figure 2A). The 36-month OS for patients receiving 1, 2, 3, and 4 doses were 65.5%, 59.0%, 74.3%, and 70.1%, respectively (Figure 2B).




Figure 1 | Kaplan-Meier curve for progression-free survival in advanced stage melanoma patients treated with ipilimumab/nivolumab in (A) all patients and (B) stratified by number of ipilimumab/nivolumab doses received. n = 199.






Figure 2 | Kaplan-Meier curve for overall survival in advanced stage melanoma patients treated with ipilimumab/nivolumab in (A) all patients and (B) stratified by number of ipilimumab/nivolumab doses received. n = 199.



Among all evaluable patients (n=118) with complete baseline characteristic and prognostic information, univariate Cox regression (Supplementary Table 1) and multivariable Cox regression analyses (Table 3) were performed. The multivariable Cox regression analysis demonstrated that PD (vs CBR) as initial response after 1 or 2 doses of I/N [HR: 7.62, 95% CI, 3.71-15.66; p<0.0001], treatment with 1 or 2 doses (vs 3 or 4 doses) of I/N [HR: 2.75, 95% CI, 1.47-5.13; p=0.002], presence of brain metastases [HR: 2.01, 95% CI, 1.09-3.72; p=0.025], and presence of liver metastases [HR: 2.01, 95% CI, 1.04-3.88; p=0.038] were associated with inferior PFS.


Table 3 | Multivariable Cox regression of progression-free survival and overall survival on the number of I/N (ipilimumab/nivolumab) doses and prognostic variables among patients who had response assessment after 1 or 2 doses of I/N. n = 118.



The multivariable Cox regression analysis (Table 3) found that PD (vs CBR) as initial response after 1 or 2 doses of I/N [HR: 8.04, 95% CI, 3.31-19.53; p<0.0001], treatment with 1 or 2 doses (vs 3 or 4 doses) of I/N [HR: 2.09, 95% CI, 1.04-4.19; p=0.038], and pre-treatment LDH levels greater than the upper limit of normal (vs normal) [HR: 2.69, 95% CI, 1.31-5.50; p=0.007] were associated with inferior OS.

Notable examples of patients who had early response assessment after 1 and 2 doses of I/N are shown in (Figures 3, 4). The patient in (Figure 3) demonstrated lung metastases PR after 2 doses of I/N. The patient in (Figure 4) showed a mesentery metastasis PR after 1 dose of I/N.




Figure 3 | A 52-year-old man with BRAF-wildtype, metastatic melanoma with lung, liver, spleen, and brain involvement who received dose 1 of ipilimumab/nivolumab on 11/15/19 and dose 2 on 12/03/19. (A) Baseline CT chest on 11/06/19 and (B) CT chest on 12/17/19.






Figure 4 | A 37-year-old man with BRAF-wildtype, metastatic melanoma with lung, bone, mesentery, and brain involvement who received dose 1 of ipilimumab/nivolumab on 06/23/17 and dose 2 on 07/15/17. (A) Baseline CT abdomen/pelvis on 05/23/17 and (B) CT abdomen/pelvis on 07/11/17.



Patients with CBR after 1 dose of I/N had improved PFS (HR: 0.16, 95% CI, 0.08-0.33; p<0.001) and OS (HR: 0.12, 95% CI, 0.05-0.32; p<0.001) compared to patients with PD (Table 4). Patients with CBR (vs PD) after 2 doses of I/N also had improved PFS (HR: 0.09, 95% CI, 0.05-0.16; p<0.001) and OS (HR: 0.07, 95% CI, 0.03-0.14; p<0.001). Significant correlation was found between initial response assessment and future best response after 1 dose of I/N (rho 0.5514; p<0.001) and after 2 doses of I/N (rho 0.6468; p<0.001) (Supplementary Table 2).


Table 4 | Cox proportional regression model for progression-free survival and overall survival following initial response assessment (PD as the reference group).



Among the cohort of patients with complete baseline characteristic and prognostic information and a CBR after the 1st or 2nd dose of I/N (n=94), univariate Cox regression (Supplementary Table 3) and multivariable Cox regression analyses (Table 5) were performed. The multivariable Cox regression analysis no longer demonstrated a significant difference in PFS [HR 0.95, 95% CI, 0.37-2.48; p=0.921] or OS [HR 1.04, 95% CI, 0.22-4.78; p=0.965] based on treatment with 1 or 2 (vs 3 or 4 doses) of I/N. The only variable that continued to show a significant difference in survival was presence of brain metastases [HR: 2.69, 95% CI, 1.08-6.66; p=0.033] for PFS.


Table 5 | Multivariable Cox regression of progression-free survival and overall survival on the number of I/N (ipilimumab/nivolumab) doses and prognostic variables among patients who had clinical benefit response after 1 or 2 doses of I/N. n = 94.



We used a two-sample t-test in the PASS (Power Analysis and Sample Size) 2019 software to calculate the sample size needed to have 80% power of detecting the differences among two groups at 0.05 significance level. According to our output, we needed a total of 124 total patients to have an 80% chance of detecting a difference of five units among two groups. For a total of 94 total patients in our two-group comparison (Table 5), that difference will be within 0.5-0.8 with 80%. Thus, our sample size was powered enough to draw the conclusions of the study.

A multivariable Cox regression analysis of PFS and OS on the patients who had PD after 1 and/or 2 doses of I/N is displayed in (Supplementary Table 4). Although no difference in PFS and OS was seen after adjustment by I/N doses, it is difficult to draw this conclusion based on the small sample size (n=43).



Discussion

In this retrospective analysis, patients with unresectable stage III or metastatic melanoma treated with standard combination I/N frequently receive less than 4 induction doses due to irAEs or progression. We found that a favorable early response, as measured by clinical benefit response (CBR) after 1 or 2 doses of I/N, may be a positive predictive marker for long-term survival in advanced stage melanoma. Patients who have CBR after 1 or 2 doses of I/N may have a similar survival benefit with fewer doses of I/N (1 or 2 vs 3 or 4 doses), though this requires further validation. As our study was non-interventional, treatment de-escalation was not offered based on an early favorable response. Patients who tolerated treatment were given I/N up to the planned 4 doses. Overall, our findings suggest that four I/N induction doses may not be necessary to have clinical benefit in a subset of patients.

Despite its demonstrated efficacy in advanced melanoma, combination I/N is associated with significant treatment-related toxicities. There is a high economic burden of ICI therapy, in part due to toxicity management (14). In our study, rates of any toxicities appeared similar regardless of the number of I/N doses received, but the percent of irAEs leading to discontinuation of I/N induction were 11% (21/199) following the 1st dose of I/N and 26% (51/199) following the 2nd I/N dose (Table 2). This raises the possibility that patients who would have been candidates for more combination doses could have received fewer doses in an effort to minimize irAEs. Rates of I/N discontinuation before 4 doses was higher in our cohort compared to historic data (3, 15), which may reflect varied patient populations and/or practice patterns. As noted by other authors, irAEs in a real-world population may be more expansive than those captured in clinical trials (15).

The distinctive biologic mechanism of immune-checkpoint blockade can also lead to unconventional tumor response patterns on standard imaging; a review of melanoma clinical trials found that pseudoprogression occurred in up to 10% of patients (16, 17). This has led to the creation of several ICI-adapted response criterion such as irRC (18), iRECIST (13), and irRECIST (19), but none have an explicit role in early disease assessment for ICI-treated patients. Despite the utilization of the conventional RECIST criteria (12), our study supports the notion that early progressors after the 1st or 2nd dose of I/N may predict worse long-term outcomes. As our comparator PD group encompassed would have included any patients with pseudoprogression, the negative prognosis associated with early-PD may be more dramatic in true progressors alone. One retrospective study found that pseudoprogression is associated with better outcomes than SD and true PD in ICI-treated NSCLC patients (20), but the comparison to those who achieve a PR or CR response remain uncertain.

To our knowledge, we are the first to assess the predictive role of interval response evaluation as early as after 1 dose of dual ICI therapy. By identifying those with a CBR early in treatment, we found that receiving fewer combination doses may not compromise long term survival. Although our study was observational, interventional studies evaluating toxicity rates in patients with early CBR electively receiving less than 4 I/N doses are warranted. Many clinical trial protocols have radiographic response evaluations no sooner than 9-12 weeks after ICI treatment (21–23). One small cohort study utilized FDG PET/CT imaging after 2 or 3 cycles of anti-PD-1 monotherapy to predict post-treatment progression in non-small cell lung cancer (NSCLC) patients (24). This response-adapted treatment strategy has been adopted in Hodgkin’s lymphoma and is being explored in multiple myeloma (25, 26). An ongoing clinical study in advanced melanoma is evaluating the efficacy of administering <4 induction doses contingent on a favorable anti-tumor effect after 2 doses of I/N (27). Utilizing a response-adapted therapy strategy may ultimately minimize unnecessary treatment, limit dose-dependent toxicities, and decrease healthcare expenses. Our study suggests early response evaluation during I/N induction could be utilized as a biomarker to one day impact future clinical practice decisions including: de-escalation of therapy in treatment-responders; escalation of therapy in partial-responders with ICI dose modification or addition of other anti-neoplastic agents; or salvage non-responders with other therapies.

Merits of our study include the incorporation of time to initial assessment in our Cox regression models to limit a guarantee-time bias. Our retrospective study was also inclusive of patients with CNS metastases to reflect real-world patients in clinical practice. There are several limitations to our study. All patients were treated with ipilimumab 3 mg/kg and nivolumab 1 mg/kg for induction, despite the available flipped dosing. As already discussed, rates of I/N discontinuation prior to the 4th dose were higher in our cohort compared to historic data (3, 15). Unlike the clinical trials that utilized RECIST v1.1 (2), our observed tripling of the median PFS is likely attributed to our use of iRECIST for defining progression. We also included a small proportion of patients who had prior therapy, acknowledging that previous studies have shown that patients exposed to I/N in the latter line setting have worse ORR and survival outcomes (28).



Conclusion

Clinical benefit response (CBR) during induction with I/N may be predictive of long-term survival in advanced stage melanoma. Conclusions cannot be drawn at this time about a response-adapted treatment strategy or electively limiting I/N induction doses. Prospective clinical trials are required to validate these findings and to assess whether the elective administration of less than 4 doses of combination I/N in select patients better balances optimal treatment outcomes with diminished treatment related toxicity.
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