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Translational Relevance (144/150 words) 

Combining chemotherapy with immune checkpoint inhibitors has improved outcomes 

across multiple solid tumors, though current approaches typically rely on established cytotoxic 

"backbones" rather than regimens selected for their immunomodulatory properties. Preclinical 

studies have demonstrated that oxaliplatin enhances antitumor immunity by inducing 

immunogenic cell death and increasing immune cell infiltration, making it a promising partner 

for immune checkpoint blockade. This randomized phase 2 trial evaluated 

gemcitabine/oxaliplatin and gemcitabine/carboplatin, each combined with nivolumab, in 

cisplatin-ineligible metastatic urothelial carcinoma patients. The carboplatin-containing 

regimen achieved a higher response rate. Exploratory biomarker analyses revealed that 

carboplatin treatment was associated with transcriptional and cellular changes indicative of 

enhanced adaptive immune activation, whereas oxaliplatin treatment induced signatures 

consistent with tumor-promoting inflammation. These findings underscore that cytotoxic 

agents may exert distinct immunomodulatory effects when combined with immune checkpoint 

blockade and emphasize the critical need to dissect these mechanisms directly in human 

studies. 
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Abstract (213/250 words) 

Purpose 

Oxaliplatin has demonstrated the ability to sensitize tumors to immune checkpoint 

blockade through its immunomodulatory properties in model systems of cancer. This 

randomized trial aimed to evaluate gemcitabine/oxaliplatin and gemcitabine/carboplatin, each 

combined with nivolumab, in cisplatin-ineligible metastatic urothelial carcinoma (mUC) 

patients. 

Patients and Methods 

Cisplatin-ineligible patients with mUC were randomized 1:1 to gemcitabine/carboplatin 

plus nivolumab or gemcitabine/oxaliplatin plus nivolumab for up to 6 cycles, followed by 

nivolumab monotherapy. A pick-the-winner design was employed with objective response rate 

(ORR) as the primary endpoint. Secondary endpoints included progression-free survival (PFS) 

and overall survival (OS). Exploratory analyses evaluated plasma protein analytes, circulating 

immune cell populations, and circulating tumor cells. 

Results 

Forty-nine patients were enrolled (carboplatin arm, N = 25; oxaliplatin arm, N = 24). 

The ORR was 69.6% (95% confidence interval [CI] 0.48–0.87) for the carboplatin arm and 

33.3% (95% CI 0.15–0.57) for the oxaliplatin arm. Median OS was 24.74 months and 16.43 

months for the carboplatin group and oxaliplatin arms, respectively (hazard ratio 1.99, 95% CI 

0.94–4.22; p = 0.07). Exploratory biomarker analyses revealed sustained adaptive immune 

activation in the carboplatin arm and features suggestive of tumor-promoting inflammation in 

the oxaliplatin arm. 
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Conclusions 

Oxaliplatin-based chemo-immunotherapy, versus carboplatin-based chemo-

immunotherapy, did not yield a higher response rate, challenging assumptions based on 

preclinical data. 
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Introduction 

Cisplatin-based combination chemotherapy has been a standard-of-care for patients 

with metastatic urothelial carcinoma (mUC) since the late 1980s. However, approximately 50% 

of patients are ineligible for cisplatin due to either renal insufficiency or other comorbidities (1–

3). In this patient population, carboplatin-based regimens have been used in lieu of cisplatin-

based regimens but may be associated with inferior outcomes (4). Optimal regimens for 

cisplatin-ineligible patients with mUC have historically been a major unmet need. 

PD-1/PD-L1 immune checkpoint blockade has transformed the treatment landscape 

for mUC. As monotherapy, PD-1/PD-L1 inhibitors can induce durable responses, but only in 

approximately 20–30% of patients (5,6). This limited activity has prompted efforts to expand 

the benefit of immunotherapy through combination strategies. A widely adopted approach, 

across multiple tumor types, has been to combine PD-1/PD-L1 blockade with cytotoxic 

chemotherapy. Chemotherapy can potentially induce immunogenic cell death, promote 

antigen release, and modulate the tumor microenvironment (TME) in ways that may enhance 

the efficacy of immune checkpoint blockade (7,8). Despite these potential effects, most clinical 

trials have combined PD-1/PD-L1 blockade with standard-of-care chemotherapy regimens 

optimized for direct cytotoxicity, not for their immunomodulatory properties. This conventional 

strategy may overlook opportunities to potentiate immune responses by selecting cytotoxic 

agents optimized to potentiate adaptive immunity. 

Oxaliplatin is a third-generation platinum compound known to induce immunogenic cell 

death and stimulate antitumor immunity across multiple model systems of cancer. In contrast 

to other platinum agents, oxaliplatin has been shown to enhance dendritic cell activation, 

increase T cell infiltration, and reduce immunosuppressive myeloid populations within the TME 

predominantly in murine models and in vitro cell lines (8,9). These findings suggest that 

oxaliplatin could serve as a superior cytotoxic backbone for combination regimens with PD-

1/PD-L1 blockade. 
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We hypothesized that cisplatin-ineligible mUC disease setting would be ideal to probe 

the impact of different cytotoxic regimens combined with immune checkpoint blockade based 

on the following rationale: (a) a large proportion of patients with mUC are cisplatin ineligible, 

(b) gemcitabine plus carboplatin has been a standard treatment for such patients, (c) a small 

phase 2 study previously demonstrated favorable activity with gemcitabine plus oxaliplatin 

versus gemcitabine plus carboplatin in cisplatin-ineligible patients with mUC (10), and (d) at 

the time of study design, PD-1/PD-L1 monotherapy was being widely used for this patient 

population. We therefore conducted a randomized phase 2 trial of gemcitabine/oxaliplatin plus 

nivolumab and gemcitabine/carboplatin plus nivolumab, in cisplatin-ineligible patients with 

mUC. 

Patients and Methods 

Study design 

HCRN GU16-287 was an investigator-initiated multi-center randomized open-label 

phase 2 clinical trial. Patients were enrolled at five participating medical centers (Icahn School 

of Medicine at Mount Sinai, Johns Hopkins Sidney Kimmel Comprehensive Cancer Center, 

Huntsman Cancer Institute University of Utah, Rutgers Cancer Institute of New Jersey, and 

Vanderbilt-Ingram Cancer Center). Patients (described below) were randomized 1:1 to receive 

either gemcitabine/carboplatin plus nivolumab (Arm A: carboplatin arm) or 

gemcitabine/oxaliplatin plus nivolumab (Arm B: oxaliplatin arm) for up to 6 cycles in the 

absence of prohibitive adverse events or disease progression. Patients with at least stable 

disease at the completion of 6 cycles of combination therapy could continue single-agent 

nivolumab every 4 weeks for up to 12 cycles. Randomization was done using a centralized 

web-based system and was stratified by sites of metastatic disease (lymph node–only versus 

other) via permutated blocks. The trial was registered on clinicaltrials.gov (NCT03451331) and 

was conducted in compliance with Good Clinical Practice guidelines and all applicable federal, 

state, or local laws. The study protocol was reviewed and approved by the Institutional Review 
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Boards at all participating sites, and all patients provided written informed consent prior to 

enrollment. The full study protocol is available in Supplementary Material. 

Patients 

Eligible patients were adults aged 18 years or older with histologically documented 

inoperable, locally advanced or metastatic urothelial carcinoma, for which no prior systemic 

therapy was administered. Patients were cisplatin ineligible as defined by at least one of the 

following: calculated creatinine clearance ≥30 but ≤60 mL/min, Eastern Cooperative 

Oncology Group performance status = 2, or National Cancer Institute Common Terminology 

Criteria for Adverse Events (CTCAE) v4 Grade ≥ 2 audiometric hearing loss. Major exclusion 

criteria included 1) prior treatment with anti-PD-1, anti-PD-L1, anti-CTLA4, or any other 

antibody or drug specifically targeting T cell co-stimulation or immune checkpoint pathways; 

2) concurrent active, known or suspected autoimmune disease; 3) known history of human 

immunodeficiency virus (HIV) infection or acquired immunodeficiency syndrome (AIDS); 4) 

solid organ or tissue transplant recipients. Full inclusion/exclusion criteria are available in 

study protocol (Supplementary Material). 

Outcomes 

The primary objective of the trial was to estimate objective response rate, as 

determined by RECIST v1.1, with gemcitabine/carboplatin plus nivolumab and 

gemcitabine/oxaliplatin plus nivolumab in cisplatin-ineligible patients with mUC. Secondary 

endpoints included adverse events (AEs) determined by the NCI CTCAE v4, duration of 

response (DOR), progression-free survival (PFS), and overall survival (OS). Tumor responses 

were assessed after cycle 3 and cycle 6 during combination therapy, every 3 months during 

maintenance therapy, or at the time of suspected clinical progression by computed 

tomography (CT) scan of chest, and CT or magnetic resonance imaging (MRI) of abdomen 

and pelvis. 
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Translational analyses 

Plasma samples were collected at multiple treatment timepoints (Cycle 1 Day 1, Cycle 

2 Day 1, Cycle 3 Day 1, and Cycle 8 Day 1) and analyzed using the Olink Immuno-Oncology 

panel, which quantifies 92 protein analytes relevant to immune response and tumor biology, 

following the manufacturer’s protocol (a full list of analytes is provided in Supplementary Table 

1). The data output from the Olink platform is reported as Normalized Protein Expression (NPX) 

units, which are log2-transformed values proportional to the underlying protein concentrations; 

thus, an increase of one NPX unit corresponds to a doubling of the protein concentration in 

the sample. 

Mass cytometry (CyTOF) was performed on peripheral blood mononuclear cells 

(PBMCs) collected at Cycle 1 Day 1, Cycle 3 Day 1, and Cycle 8 Day 1. The full antibody 

panel is listed in Supplementary Table 2. All utilized antibodies were either purchased pre-

conjugated from Fluidigm (RRID: AB_3717872) or conjugated at the Human Immune 

Monitoring Center (HIMC, RRID: SCR_027571) of Icahn School of Medicine at Mount Sinai 

(X8 polymer conjugations kits from Fluidigm). Antibodies conjugated in HIMC were all titrated 

and validated on healthy donor PBMCs. Data were acquired on a Helios mass cytometer 

(RRID: SCR_019916) and repeat acquisitions of the same sample were concatenated and 

normalized with Fluidigm software (RRID: SCR_021055). The resultant FCS files were 

cleaned, normalized, and demultiplexed with an internal pipeline at the HIMC. Astrolabe was 

then used for automated computational annotation (Astrolabe Diagnostics). Subsequent 

analyses were performed with Astrolabe annotated data and statistical modeling with R. 

Circulating tumor cells (CTCs) enumeration was performed on whole blood samples 

collected at Cycle 1 Day 1, Cycle 2 Day 1, and Cycle 3 Day 1. Blood samples were shipped 

to Epic Sciences and processed and analyzed as previously described (11). Any cell that was 

CK+CD45− with an intact nucleus was classified as a CTC. CD45− nucleated cells with a CK 

expression lower than assay threshold, but have cytomorphometric features consistent with 
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CTCs, were also counted as CTC. CTC enumerations were normalized to blood volume used 

for assay and the final readout was the number detected per 1mL. 

Statistical analyses 

The modified full analysis set (mFAS) consisted of all patients who received at least 1 

dose of study treatment, and the primary evaluable set consisted of all patients who received 

at least 1 cycle of study treatment and had their disease re-evaluated. The mFAS population 

was used for safety analyses. A randomized phase 2 “pick-the-winner” design was employed 

(12) to identify the regimen with truly higher response rate. Accordingly, the ORR and its 

associated 95% confidence interval (95% CI) were constructed for both arms without formal 

hypothesis testing. Treatment-emergent adverse event (TEAE) rates were summarized by 

frequency tables. All time-to-event endpoints, i.e. DOR, PFS, and OS, were analyzed using 

Kaplan-Meier method without formal hypothesis testing. Therefore, no p-value was reported 

with clinical data. 

With 21 patients per arm and an assumed baseline response rate of 40%, the 

probabilities of selecting the arm that had a true response rate of 60%, 58%, and 55% were 

0.9, 0.88, and 0.83, respectively. The planned sample size per arm was inflated to 24 patients 

to account for early dropouts or unevaluable patients. More detailed power calculations are 

tabulated in Supplementary Table 3. 

The differential protein expression and cell abundance were analyzed with a 

generalized linear mixed-effect model strategy to account for repeated measurements and 

relevant baseline variables. Quality control analyses were first performed on both Olink and 

CyTOF data to identify low detection and poor sample quality. To identify any underlying biases 

and assess the effect of relevant baseline variables, the variance profiles and data 

distributions were explored with the packages variancePartition (RRID: SCR_019204) and 

Dream (13,14). The variables were verified as linearly independent such that no redundancy 

was present in the data. Protein expression and cell abundance were thus modeled as a 

function of treatment group, timepoint, and relevant covariates. Differential expression or 
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abundance was thereafter performed by applying a contrast matrix to each model. Multiple 

comparison correction was performed wherever deemed necessary with the Benjamini-

Hochberg method. Over-representation analysis of differentially expressed Olink analytes was 

performed by Enrichr (RRID: SCR_001575) with the whole Olink panel as the background 

(15). Univariate Cox models were used to estimate the hazard ratios and corresponding 95% 

CIs for PFS and OS. Landmark analyses were used at Cycle 2 Day 1 and Cycle 3 Day 1. All 

biomarker analyses were exploratory. Reported p-values serve as descriptive measures of 

evidence and should not be interpreted as results of formal hypothesis testing. All statistical 

analyses were performed using R version 4.3. 

Data availability 

All de-identified clinical and exploratory experiment data will be deposited under 

controlled access via the database of Genotypes and Phenotypes (dbGaP), under PHS 

accession number phs004060.v1.p1, and are available upon reasonable request to the 

corresponding author until their release. Additional data underlying the figures are available 

upon reasonable request to the corresponding author. 

Results 

Patient characteristics 

Between May 2018 and August 2021, 55 patients were screened at the five 

participating centers. A total of 49 patients were enrolled, of whom 25 were randomized to 

gemcitabine/carboplatin plus nivolumab (Arm A) and 24 were randomized to 

gemcitabine/oxaliplatin plus nivolumab (Arm B). The CONSORT diagram is shown in 

Supplementary Figure 1. Demographic and baseline characteristics of all randomized patients 

are summarized in Table 1. The median age of both groups was 72 years and approximately 

30% of patients in both groups had lymph node–only metastases. The majority of patients had 

primary urothelial cancers originating in the urinary bladder. More than 60% of patients had 
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baseline Bellmunt score (16) of 1 in both groups. A summary of the representativeness of the 

study participants is provided in Supplementary Table 4. 

Primary and secondary endpoints analyses 

Twenty-three patients from the carboplatin arm and 21 from the oxaliplatin arm were 

included in the primary efficacy analysis. Objective responses were achieved in 16 (69.6%, 

95% CI 0.48–0.87) and 7 (33.3%, 95% CI 0.15–0.57) patients in the carboplatin and oxaliplatin 

groups, respectively (Table 2). The maximal percentage change of tumor burden from baseline 

for each patient is illustrated in Figure 1A. The median PFS was 9.4 months (95% CI, 5.62–

12.88) in the carboplatin arm and 8.57 months (95% CI, 2.56–10.38) in the oxaliplatin arm 

(HR 1.46 [95% CI, 0.76–2.82]). The median OS was 24.74 months (95% CI, 17.45–NE) for 

carboplatin arm and 16.42 months (95% CI, 7.66–28.68) for the oxaliplatin arm (HR 1.99 [95% 

CI, 0.94–4.23]) (Figure 1B, C). The clinical trajectory for each patient is illustrated in Figure 

1D. 

Safety 

The safety population comprised 23 patients from each arm. The three most common 

treatment-emergent adverse events (TEAEs) among all patients were anemia (67.4%), 

decreased platelet count (65.2%), and decreased neutrophil count (58.7%) (Table 3). One 

death occurred in the oxaliplatin arm; this patient experienced a subdural hematoma 

secondary to a fall while being thrombocytopenic. Grade 3 or 4 TEAEs occurred in 22 (95.7%) 

and 21 (91.3%) patients in the carboplatin and oxaliplatin arms, respectively. Overall, the two 

treatment regimens showed similar safety profiles. No new safety signal was observed. 

Exploratory biomarker analyses 

Olink analyses were performed at C1D1, C2D1, and C3D1, while CyTOF analyses 

were performed at C1D1 and C3D1 (Figure 2A). Among the circulating analytes, in both 

treatment groups, soluble plasma PD-1 (PDCD1) demonstrated the highest upregulation 
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magnitude (2.1- to 2.8-fold increases) from baseline to Cycle 2 or Cycle 3 (Supplementary 

Figure 2A–D). 

In the carboplatin arm, plasma IFN-γ showed ~2-fold increases from baseline to Cycle 

2 or Cycle 3, accompanied by increases in CXCL9, CXCL10, CXCL11 (1.5- to 2.1-fold), and 

the co-stimulatory molecule CD70 (~1.5-fold). Concurrent increases of IL-10, galectin-9 (Gal-

9), and galectin-1 (Gal-1) by approximately 1.2- to 1.9-fold, from baseline to Cycle 2 or Cycle 

3 were also observed (Supplementary Figure 2A–B). Enrichment analysis of differentially 

expressed Olink protein analytes revealed pathways related to T cell proliferation and IFN-γ 

production, as well as macrophage and myeloid differentiation (Supplementary Figure 2E). 

Within circulating immune cell populations, two natural killer (NK) cell subsets declined by 24–

38% from baseline to Cycle 3 (Supplementary Figure 3A). 

In the oxaliplatin arm, increases in decorin (DCN, 1.2-fold), carbonic anhydrase 9 

(CAIX, 1.4- to 1.7-fold), angiopoietin-1 receptor (TIE2, 1.3-fold), and nitric oxide synthase 3 

(NOS3, ~1.4-fold) (Supplementary Figure 2C–D) were observed from baseline to Cycle 2 or 

Cycle 3. Enrichment analysis revealed the collective changes in analytes from baseline to 

post-treatment timepoints represented pathways related to macrophage and myeloid 

differentiation whereas pathways related to T cell proliferation and IFN-γ production showed 

attenuated enrichment compared to carboplatin (Supplementary Figure 2E). These changes 

in plasma analytes by Olink were corroborated by expansions of non-classical (2.5-fold) and 

intermediate (1.8-fold) monocyte populations from baseline to Cycle 3. Notably, circulating 

plasmacytoid dendritic cells (pDCs) also showed 2-fold expansion at Cycle 3 (Supplementary 

Figure 3B). 

Between-group analysis further highlighted these diverging patterns. Treatment-

induced elevations in plasma IFN-γ levels were approximately 2-fold greater with carboplatin 

versus oxaliplatin at both Cycle 2 and Cycle 3, whereas oxaliplatin showed greater on-

treatment elevations versus carboplatin in IL-6 (2-fold at Cycle 2), TIE2 (~1.2-fold at Cycle 2), 

and CAIX (1.6-fold at Cycle 3) (Figure 2B–D). Non-classical monocytes expansion in blood 

was also 2-fold greater at Cycle 3 with oxaliplatin versus carboplatin (Figure 2E–F). 
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Correlative analyses identified biomarkers associated with objective response. 

Baseline CXCL9, CXCL10, and CXCL11 (odds ratio [OR] 2.1–2.3) and on-treatment PD-1 at 

Cycle 2 and Cycle 3 (OR 3.6–5.3) were associated with higher likelihood of response, whereas 

on-treatment CSF-1 at Cycle 2 (OR 0.06–0.08), tumor necrosis factor receptor super family 

member 21 (TNFRSF21) at Cycle 2 and Cycle 3 (OR ~0.05), and vascular endothelial growth 

factor A at Cycle 2 and Cycle 3 (VEGFA, OR 0.2–0.3) were associated with lower likelihood of 

response. CAIX correlated with higher likelihood of response at both baseline and post-

treatment timepoints (Figure 3A–C). Among immune cell blood populations, CD8+ central 

memory T (TCM) cells at baseline and Cycle 3 (OR 1.4–1.5), and pDCs at Cycle 3 (OR 1.4) 

positively correlated with response, whereas baseline classical monocytes negatively 

correlated response (OR 0.56) (Figure 3D–E). 

Survival analyses demonstrated that while pre-treatment plasma CSF-1 level was not 

associated with survival outcomes (Supplementary Figure 4A), its on-treatment elevations 

were associated with inferior OS at Cycle 2 and Cycle 3 (Supplementary Figure 4B–G). 

TNFRSF21 similarly demonstrated consistent negative associations with OS (Supplementary 

Figure 4A–C). Among immune cell blood subsets, higher levels of CD8+ TCM and CD8+ naïve 

T cells at baseline and Cycle 3 were associated with improved OS (Supplementary Figure 

5A–B). Despite CSF-1's negative impact on OS, no monocyte subset showed clear prognostic 

value (Supplementary Figure 5A–E). 

CTC levels increased at Cycle 2 in both groups, primarily driven by a small subset of 

patients, but subsequently declined by Cycle 3 toward their respective baselines. Neither 

baseline nor on-treatment CTC levels were notably associated with clinical outcomes 

(Supplementary Figure 6). 

Discussion 

Following the observation that PD-1/PD-L1 blockade can induce durable disease 

control in a subset of patients with metastatic solid tumors, expanding its efficacy has 
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remained a key focus of research. Given their largely non-overlapping mechanisms of action 

and toxicity profiles, combinations of cytotoxic chemotherapy with immune checkpoint 

blockade have been extensively investigated. Despite initial concerns about the possibility that 

chemotherapy might antagonize immune checkpoint blockade through immune cell depletion, 

such regimens have now been demonstrated to confer survival benefits across various solid 

tumors, leading to their adoption as treatment standards (17). Most combinations, however, 

have relied on well-established cytotoxic backbones rather than exploiting the 

immunomodulatory properties of certain drugs. At the time this trial was designed, no large 

dataset had firmly established the clinical benefit of chemo-immunotherapy in mUC. 

We conducted a randomized phase 2 "pick-the-winner" trial in which the only varied 

treatment component was the choice of platinum agent: carboplatin or oxaliplatin. We aimed 

to examine whether the immunomodulatory effects attributed to oxaliplatin in preclinical 

studies could translate into improved clinical efficacy when combined with immune checkpoint 

blockade. Unexpectedly, the carboplatin arm achieved a higher ORR than the oxaliplatin arm. 

While this result may reflect limited statistical power or potential enrollment imbalances despite 

randomization, baseline Olink and CyTOF profiling did not reveal evidence of a markedly 

skewed immune landscape between groups. Furthermore, exploratory biomarker analyses 

suggested on-treatment changes associated with adaptive immunity were more prominent on 

the carboplatin arm. 

During the conduct of this study, several pivotal randomized trials were published that 

provide critical context for our findings. Neither IMvigor130 nor KEYNOTE-361, which 

randomized patients with mUC to gemcitabine plus either cisplatin or carboplatin with or 

without PD-1/PD-L1 blockade, demonstrated improvements in PFS or OS with the addition of 

PD-1/PD-L1 blockade to chemotherapy. The ORRs in patients receiving gemcitabine, 

carboplatin, plus atezolizumab and gemcitabine, carboplatin, plus pembrolizumab in these 

studies were 42.0% and 47.2%, respectively (18,19). Subgroup analyses from these studies 

revealed that the benefit of adding PD-1/PD-L1 blockade to chemotherapy might have been 

limited to patients receiving cisplatin with translational analyses supporting that concept (20). 
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Indeed, CheckMate 901 trial, which randomized patients to gemcitabine plus cisplatin with or 

without nivolumab demonstrated a survival benefit with the addition of PD-1 blockade (21). 

Collectively, these data indicate that our high response rate with gemcitabine, carboplatin, plus 

nivolumab is likely an overestimate due to the small sample size/patient characteristics but 

that gemcitabine, oxaliplatin, plus nivolumab is still unlikely to outperform gemcitabine, 

carboplatin, plus nivolumab in this setting. 

More recently, the EV-302 trial established enfortumab vedotin plus pembrolizumab 

(EV/pembro) as a standard treatment for patients with mUC regardless of cisplatin-eligibility 

(22). However, several factors limit its displacement of cytotoxic chemotherapy, including drug 

accessibility, financial burden, and a distinctive toxicity profile (23,24). Furthermore, platinum-

based chemotherapy remains clinically relevant in the salvage setting for patients who 

progress on first-line EV/pembro regimen. 

Our exploratory biomarker analyses revealed on-treatment differences in 

immunomodulatory effects between the arms. In the carboplatin arm, IFN-γ, and the tissue-

homing T cell chemokines CXCL9 and CXCL10 increased consistently in plasma after 

treatment initiation, changes that may indicate enhanced adaptive immune activity at tissue 

sites. In the oxaliplatin arm, we observed lower IFN-γ induction, along with more pronounced 

upregulation of analytes linked to angiogenesis and inflammation, including TIE2, NOS3, and 

IL-6 (25–28). While some of the analytes increased in the oxaliplatin arm were individually 

linked to higher response rate (e.g., CAIX), the overall effects suggested a shift toward a more 

immunosuppressive circulating immune cell compartment. Importantly, gemcitabine has also 

been associated with immunomodulatory effects though was a constant between our two 

treatment arms. 

Our findings differ from the large body of preclinical evidence demonstrating the 

immunostimulatory effects of oxaliplatin, which are not typically associated with carboplatin. 

Several factors may account for this discrepancy. First, there are fundamental differences 

between studies in model systems and more complex and heterogenous human studies. 

Second, chemotherapy dose and schedule may have impacted our findings. Preclinical 
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studies often use regimens optimized for immunologic effects, whereas the oxaliplatin-based 

regimen in our study followed common clinical practice (29,30). Third, the observed immune 

activation in the carboplatin group may have resulted from an unmeasured overrepresentation 

of patients with tumors poised to respond to nivolumab, with carboplatin contributing little to 

the observed effects. It is likely that multiple factors, including our small sample size and 

unmeasured confounders, contributed to our findings. 

There are other potential limitations to our study. On-treatment tumor biopsies were 

not obtained, precluding direct assessment of changes within the TME. The Olink proteomic 

platform can detect numerous immune-related analytes; however, in this study, only the 96-

plex target panel was used providing partial coverage of immune signaling pathways. The 

CyTOF panel also provides only limited resolution to identify more finely differentiated but 

potentially important immune cell subsets. Finally, chemotherapy is known to impact systemic 

immune parameters beyond those assessed by our translational assays (8), which were 

beyond the scope of this study. 

In conclusion, our study identified that between carboplatin- and oxaliplatin-containing 

chemo-immunotherapy regimens, the carboplatin-containing regimen was associated with a 

higher ORR, which also appeared greater than expected from similar trials. These findings 

challenge prevailing assumptions regarding the relative immunomodulatory properties of the 

two platinum agents and underscore the need for mechanistic and translational studies that 

directly compare the immunomodulatory effects of different drugs combined with PD-1/PD-L1 

inhibitors in humans in an attempt to optimize combination strategies, as preclinical model 

systems may not accurately reflect the complex anti-tumor immune responses in patients. 
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Tables 

Table 1. Demographic and baseline characteristics of all randomized patients. 

 Carboplatin arm 
N = 25* 

Oxaliplatin arm 
N = 24* 

Age, years 72 (66–81) 72 (67–78) 
Sex 

Female 7 (28%) 8 (33%) 
Male 18 (72%) 16 (67%) 

Race 
White 21 (84%) 17 (71%) 
Black or African American 2 (8%) 5 (21%) 
Asian 1 (4%) 0 (0%) 
Unknown 1 (4%) 2 (8%) 

Tobacco use history 
Never 8 (32%) 10 (43%) 
Current 1 (4%) 2 (9%) 
Former 16 (64%) 11 (48%) 
Unknown 0 1 

Primary tumor site 
Bladder 18 (72%) 18 (78%) 
Urethra 3 (12%) 2 (9%) 
Renal pelvis 2 (8%) 2 (9%) 
Ureters 2 (8%) 1 (4%) 
Unknown 0 1 

Tumor histology 
Urothelial cancer 16 (67%) 18 (78%) 
Urothelial cancer with squamous features 3 (13%) 1 (4%) 
Urothelial cancer with glandular features 1 (4%) 1 (4%) 
Urothelial cancer with micropapillary 
features 

2 (8%) 2 (9%) 

Urothelial cancer with other variant 
histologies 

2 (8%) 1 (4%) 

Unknown 1 1 
Site of metastatic disease 

Lymph node only 7 (28%) 7 (30%) 
Visceral 18 (72%) 16 (70%) 
Unknown 0 1 

ECOG performance status 
0 9 (36%) 7 (30%) 
1 11 (44%) 8 (35%) 
2 5 (20%) 8 (35%) 
Unknown 0 1 

Creatinine clearance, mL/min 42 (37–57) 46 (37–61) 
Unknown 0 1 

Bellmunt score 
1 16 (64%) 16 (70%) 
2 8 (32%) 6 (26%) 
3 1 (4%) 1 (4%) 
Unknown 0 1 

*Data are median (IQR) or n (%).  
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Table 2. Best objective response for both treatment arms. 
 

Carboplatin arm 
N = 23 

Oxaliplatin arm 
N = 21 

Best Response, n (%) 
Complete Response 4 (17.4%) 2 (9.5%) 
Partial Response 12 (52.2%) 5 (23.8%) 
Stable Disease 4 (17.4%) 8 (38.1%) 
Progressive Disease 3 (13.0%) 6 (28.6%) 
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Table 3. Treatment-emergent adverse events of any grade in >25% of patients and/or of grade 
≥3 in >10% of patients in either group in the safety population. 

Adverse Event 
Carboplatin group 

(N = 23)* 
Oxaliplatin group 

(N = 23)* 
Any Grade Grade ≥3 Any Grade Grade ≥3 

Any adverse event 
23 (100%) 

22 
(95.7%) 

23 (100%) 
21 

(91.3%) 
Anemia 18 (78%) 8 (35%) 13 (57%) 3 (13%) 
Platelet count decreased 12 (52%) 1 (4%) 18 (78%) 5 (22%) 
Neutrophil count 
decreased 

17 (74%) 12 (52%) 10 (43%) 6 (26%) 

Fatigue 13 (57%) 1 (4%) 13 (57%) 0 
Nausea 10 (43%) 0 14 (61%) 1 (4%) 
WBC decreased 13 (57%) 4 (17%) 10 (43%) 2 (9%) 
ALT increased 8 (35%) 1 (4%) 14 (61%) 1 (4%) 
AST increased 6 (26%) 1 (4%) 15 (65%) 4 (17%) 
Diarrhea 7 (30%) 0 14 (61%) 1 (4%) 
Anorexia 5 (22%) 0 13 (57%) 0 
Hypoalbuminemia 8 (35%) 0 9 (39%) 0 
Creatinine increased 7 (30%) 0 9 (39%) 0 
Lymphocyte count 
decreased 

8 (35%) 3 (13%) 8 (35%) 1 (4%) 

Serum amylase increased 6 (26%) 1 (4%) 10 (43%) 4 (17%) 
Lipase increased 4 (17%) 3 (13%) 11 (48%) 6 (26%) 
Pain 7 (30%) 2 (9%) 7 (30%) 0 
Constipation 7 (30%) 0 6 (26%) 0 
Peripheral sensory 
neuropathy 

1 (4%) 1 (4%) 11 (48%) 0 

Rash maculo-papular 10 (43%) 2 (9%) 2 (9%) 0 
Other skin and 
subcutaneous tissue 
disorders 

8 (35%) 2 (9%) 3 (13%) 0 

Hyperglycemia 2 (9%) 0 9 (39%) 1 (4%) 
Urinary tract infection 6 (26%) 4 (17%) 3 (13%) 1 (4%) 
Fever 6 (26%) 0 3 (13%) 0 
Weight loss 2 (9%) 0 6 (26%) 0 
Back pain 6 (26%) 0 2 (9%) 0 
Vomiting 0 0 6 (26%) 1 (4%) 

*Data are n(%).  
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Figures Legends 

Figure 1. Clinical efficacy results of the trial. A, Waterfall plot illustrating maximal tumor burden 
change from baseline for each patient. Patients who had PD as best response due to new 
lesion are marked with asterisks. B–C, Kaplan-Meier curve for PFS and OS, respectively. D, 
Swimmer plot illustrating clinical trajectory for each patient. The total length of each bar 
represents overall survival while the darker segment represents progression-free survival. 
Triangle marks the time of first documented objective response. Black rectangle marks the 
time of documented disease progression at any time during the study period. 

Figure 2. Translational assays revealed diverging patterns of immune responses to the two 
platinum agents. A, Sample collection schema for Olink and CyTOF assay. B–D, Volcano plots 
showing the differential expression of plasma proteins on C1, C2, and C3, respectively. 
Baseline imbalances were adjusted for C2 and C3 data. E–F, Volcano plots showing the 
differential abundance of peripheral immune cell abundances on C1 and C3, respectively. 
Baseline imbalances were adjusted for C3 data. (Created in BioRender. Li, Z. 
https://BioRender.com/p81s2vv). 

Figure 3. Associations of biomarkers with the likelihood of disease response. A–C, Volcano 
plots for likelihood of objective response based on C1, C2, and C3 Olink assay data, 
respectively. D–E, Volcano plots for likelihood of objective response based on C1 and C3 
CyTOF data, respectively. 
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