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A B S T R A C T   

Head and neck squamous cell carcinoma (HNSCC) patients treated with high-dose cisplatin concurrently with 
radiotherapy (hdCis-RT) commonly suffer kidney injury leading to acute and chronic kidney disease (AKD and 
CKD, respectively). We conducted a retrospective analysis of renal function and kidney injury-related plasma 
biomarkers in a subset of HNSCC subjects receiving hdCis-RT in a double-blinded, placebo-controlled clinical 
trial (NCT02508389) evaluating the superoxide dismutase mimetic, avasopasem manganese (AVA), an investi
gational new drug. We found that 90 mg AVA treatment prevented a significant reduction in estimated 
glomerular filtration rate (eGFR) three months as well as six and twelve months after treatment compared to 30 
mg AVA and placebo. Moreover, AVA treatment may have allowed renal repair in the first 22 days following 
cisplatin treatment as evidenced by an increase in epithelial growth factor (EGF), known to aid in renal recovery. 
An upward trend was also observed in plasma iron homeostasis proteins including total iron (Fe-blood) and iron 
saturation (Fe-saturation) in the 90 mg AVA group versus placebo. These data support the hypothesis that 
treatment with 90 mg AVA mitigates cisplatin-induced CKD by inhibiting hdCis-induced renal changes and 
promoting renal recovery.   

1. Introduction 

High-dose cisplatin (100 mg/m2, once every three weeks) 
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administered concurrently with ionizing radiation therapy (RT, 60–70 
Gy total in 2–2.2 Gy fractions) is a commonly used treatment regimen 

(hdCis-RT) for head and neck cancers (HNC) [1]. This regimen, how
ever, is associated with significant toxicities, including acute and 
chronic nephrotoxicity [2]. 

Approximately 31–68% of patients treated with hdCis will experi
ence acute cisplatin-induced nephrotoxicity within one week of cisplatin 
administration and an estimated 30% will go on to develop chronic 
kidney disease (CKD) long-term [3,4]. Recently, several studies identi
fied acute kidney injury (AKI) and CKD as related parts of the same 
pathophysiological process of renal injury wherein patients with AKI 
have an increased risk of developing CKD which is worsened by other 
underlying risk factors including diabetes and advanced age [5,6]. 
However, cisplatin-induced AKI may be under-recognized based on the 
current serum creatinine definition. The most common presentation of 
kidney injury is tubular electrolyte wasting that results in hypokalemia, 
hypomagnesemia, and hypophosphatemia in up to 70% of patients 
compared to the incidence of 30% AKI predicted based on serum 
creatinine [7,8]. Markers of tubulointerstitial injury in AKI can predict 
the duration and recovery from AKI, as well as the development of CKD 
in human studies [9]. Based on these findings, a recent AKI consensus 
report recommends that biomarkers of tubulointerstitial disease be 
incorporated into post-AKI and AKD care to refine AKD staging and 
predict patient outcomes [9]. Thus, markers of tubulointerstitial disease 
may be useful to identify early the potential beneficial effects of renal 
protective therapies to prevent CKD [7,10]. 

hdCis-induced AKD and CKD are suggested to involve the production 
of superoxide (O2

•− ) in the pathogenesis of initiation and transition from 
AKI to CKD in preclinical models [2,11,12]. Increased O2

•− levels can 
cause reactive oxygen species (ROS)-mediated damage to normal tissues 
and thus result in tubular epithelial cell impairment [12-15]. O2

•− is 
normally scavenged in cells by superoxide dismutases (SODs). 
Redox-active iron is another critical regulator of ROS damage, with the 
iron-binding protein, ferritin, responsible for preserving cellular iron 
homeostasis. Increased levels of ferritin may alleviate oxidative stress by 
the sequestration of free iron, impeding its role in Fenton reactions that 
generate ROS including hydroxyl radical [16-19]. 

The SOD mimetic, avasopasem manganese (AVA), selectively cata
lyzes the dismutation of O2

•− to hydrogen peroxide (H2O2) which is then 
converted to water and oxygen by enzymes including catalase, gluta
thione peroxidases, and peroxiredoxins [20,21]. Preclinical work 
strongly suggested a role for AVA in reducing cisplatin-induced AKI and 
AKD [12]. Given these exciting data, it seemed opportune to investigate 
the effects of AVA on renal outcomes in a subset of subjects who received 
hdCis-RT in a randomized, double-blinded, placebo-controlled phase 2b 

trial, undertaken to evaluate the effect of AVA on severe oral mucositis. 

2. Methods 

2.1. Subjects 

Subjects included in this analysis had pathologically confirmed 
squamous cell carcinoma of the oral cavity or oropharynx and received 
high-dose cisplatin (hdCis; 100 mg/m2 every three weeks) plus con
current intensity-modulated radiotherapy (IMRT) delivered as single 
daily fractions of 2.0–2.2 Gy reaching a cumulative dose of 60–70 Gy. 
These subjects had participated at the University of Iowa in an industry- 
sponsored (Galera Therapeutics), randomized, double-blind, placebo- 
controlled, multicenter trial (NCT02508389) of avasopasem to reduce 
severe oral mucositis (SOM), the primary results of which have been 
published [22], Subjects participating in NCT02508389 were randomly 
assigned to one of three treatment arms: placebo (bicarbonate-buffered 
0.9% saline), or 30 mg or 90 mg AVA (in the same vehicle), each given 
daily within 1 h prior to IMRT as a 60 min IV infusion. As part of the 
study, these subjects were followed for oncologic outcomes every 3 
months after treatment for the first year and every 4 months for the 
second year. All subjects received intravenous hydration as part of the 
institutional standard of care. 

Table 1 summarizes the characteristics of the randomized trial sub
jects included in the present report. This is a post-hoc selected subset 
from the randomized trial which included a total of 88 subjects receiving 
hdCis: 31 receiving avasopasem 90 mg, 29 receiving avasopasem 30 mg, 
and 28 receiving Placebo. Selection was based solely on the availability 
of the necessary renal follow-up data and appropriate subject consent. 

2.2. Ethics and oversight 

The IRB of record for the parent clinical trial (GT-201, 
NCT02508389) was the University of Iowa Biomedical IRB 
(IRB00000099, FWA000003007). Prospective consent for future use of 
blood specimens was obtained from all participants; this was optional 
with the allowance to have samples destroyed at a future date if desired. 
Research use of these codified specimens was considered exempt under 
45 CFR 46.104(d) [4](ii). Good Clinical Practice as defined by ICH E6 
(R2) and as adopted by U.S. Federal Law was applied to both the parent 
study and secondary specimen analysis. 

2.3. Assessment of renal outcomes 

Kidney function markers including serum blood urea nitrogen (BUN) 

Abbreviations: 

(SOD) Superoxide Dismutase 
(AVA or GC4419) Avasopasem Manganese 
(hdCis) High Dose Cisplatin 
(RT) Radiation Therapy 
(hdCis-RT) High Dose Cisplatin concurrently with Radiation 

Therapy 
(IMRT) Intensity-Modulated Radiotherapy 
(HNC) Head and Neck Cancer 
(HNSCC) Head and neck Squamous Cell Carcinoma 
(SOM) Severe Oral Mucositis 
(eGFR) Estimated Glomerular Filtration Rate 
(AKI) Acute Kidney Injury 
(AKD) Acute Kidney Disease 

(CKD) Chronic Kidney Disease 
(ROS) Reactive Oxygen Species 
(O2

•− ) Superoxide 
(H2O2) Hydrogen Peroxide 
(NGAL) Neutrophil Gelatinase-Associated Lipocalin 
(KIM-1) Kidney Injury Molecule-1 
(TNFR1 and TNFR2) Tumor Necrosis Factor Receptors 
(EGF) Epithelial Growth Factor 
(4-Hydroxynonenal)-modified proteins 4HNE 
(3NT) 3-Nitrotyrosine 
(Fe-blood) Ferritin 
(Fe-Saturation) Ferritin saturation 
(Tf) Transferrin 
(TIBC) and Total Iron Binding Capacity  
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and creatinine (Cr) were obtained from electronic medical records pre- 
hdCis-RT (D0), 3 weeks (D22, prior to second cisplatin dose) and 6 
weeks (D43, prior to third cisplatin dose), and 3 months (M3), 6 months 
(M6) and 12 months (M12) after completion of to assess longitudinal 
changes within each treatment group (Illustration 1). The estimated 
glomerular filtration rate (eGFR) was derived from the Chronic Kidney 
Disease Epidemiology (CKD-EPI) creatinine-based equation at the same 
time points. 

Additional exploratory kidney injury biomarkers were evaluated pre- 
hdCis-RT on (D0) and on (D22) since serum samples were collected only 
at these time points. Evaluation of tubulointerstitial disease biomarkers 
were performed on U-Plex plates by electrochemiluminescence using the 
MESO QuickPlex SQ 120 instrument [Meso Scale Discovery (MSD) 
Platform, Rockville, MD, USA] according to manufacturer’s instructions. 
Analysis of these was performed using the Discovery Workbench 4.0 
Analysis Software. Standard curves for each analyte were measured and 
plotted to calculate the concentration of each sample. Exploratory bio
markers measured using the MSD platform included Neutrophil 
Gelatinase-Associated Lipocalin (NGAL), Kidney Injury Molecule-1 
(KIM-1), Cystatin C, Tumor Necrosis Factor Receptors (TNFR1 and 
TNFR2), Epithelial Growth Factor (EGF), Osteopontin, Osteoactivin, and 
Uromodulin. 

Serum BUN (10–20 mg/dL, any gender) and creatinine (Males: 
0.6–1.2 mg/dL, Females: 0.5–1.0 mg/dL) levels were evaluated using 
the reference ranges defined by Emory Warner Pathology Laboratories 

(CLIA 16D0664625) at the University of Iowa. eGFR was derived from 
the Chronic Kidney Disease Epidemiology (CKD-EPI) formula and staged 
as defined by Kidney Disease Improving Global Outcomes (KDIGO) 
guidelines [23]. 

Kidney disease was assessed using the KDIGO guidelines and chronic 
kidney disease (CKD) staging. CKD was defined as abnormalities in 
kidney structure or function for ≥ three months with implications on 
health and meeting criteria for decreased GFR (<60 mL/min/1.73 m2, 
stage G3a or greater). 

Safety was not assessed for this subpopulation but was described by 
Anderson et al. for the parent phase IIb study population [22]. 

2.4. Oxidative damage endpoints 

Oxidative damage endpoints were assessed in serum samples using a 
slot blotting technique and were assayed for protein carbonyls, 4HNE (4- 
Hydroxynonenal)-modified proteins, and 3-Nitrotyrosine (3NT) (Fig. 5) 
using the methods described below: 

Immuno-slot-blotting for 4HNE-modified proteins and 3-NT 
adducted proteins: Plasma samples were diluted in 10 mM Dieth
ylenetriaminepentaacetic acid (DETAPAC)/PBS/Roche Mini Protease 
inhibitor buffer (Sigma, # 11836153001). Protein concentration was 
measured using the Pierce BCA Protein Assay (Thermo, #23227). A 
series of positive controls were made for 3-NT by spiking 2 mg/mL 
transferrin with 100–0.001 μM peroxynitrite (Cayman, #81565) 

Table 1 
Baseline Patient Characteristics and Treatment Delivery Details. Fisher’s exact tests were used to compare categorical variables, and t-tests were used to compare 
continuous variables between treatment groups. Abbreviations: N, Number of Subjects; Col %, Column Percent.  

Covariate Statistics Level Treatment Group P-value 

Placebo 30 mg 90 mg 

N = 8 N = 7 N = 9 

Gender N (Col %) Female 0 (0) 1 (14.3) 1 (11.1) 0.74 
N (Col %) Male 8 (100) 6 (85.7) 8 (88.9)  

Race N (Col %) Black 0 (0) 1 (14.3) 0 (0) 0.29 
N (Col %) White 8 (100) 6 (85.7) 9 (100)  

Ethnicity N (Col %) Non-Hispanic 8 (100) 7 (100) 9 (100) – 
Current Tobacco Use N (Col %) No 8 (100) 6 (85.7) 6 (66.7) 0.27 

N (Col %) Yes 0 (0) 1 (14.3) 3 (33.3)  
Current Alcohol Use N (Col %) No 4 (50.0) 5 (71.4) 3 (33.3) 0.36 

N (Col %) Yes 4 (50.0) 2 (28.6) 6 (66.7)  
Age Median  56 58 54 0.16 

Range  (49–64) (56–64) (42–65)  
BUN (mg/dL) Median  13 13 10 0.50 

Range  [9-16] [7-22] [6-22]  
Creatinine (mg/dL) Median  0.8 0.9 0.8 0.20 

Range  (0.6–1.0) (0.8–1.1) (0.6–1.1)  
eGFR (mL/min/1.73m2) Median  90 85 90 0.18 

Range  (77–90) (69–90) (71–90)  
Treatment Duration (weeks) Median  7.0 7.0 7.0 1.00 

Range  (6.4–7.9) (6.3–7.4) (6.3–7.3)  
Cumulative Cisplatin Dose (mg/m2) ( Median  300 300 300 0.65 

Range  (175–300) (175–300) (175–300)   

Illustration 1. Treatment Timeline and sample collection.  
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followed by incubation in at 37 ◦C for 30 min 5 μg of protein from 
sample and standards were used for 3-NT detection. Protein was loaded 
into Hoefer PR648 slot blot manifold (Hoefer, #PR648) after assembly 
according to the manufacturer’s instruction. For 3-NT, following sample 
exposure to the membrane under vacuum pressure, the membrane was 
blocked in 5% milk/TBST for 1 h at room temperature. Following a wash 
cycle, the membrane was incubated with rabbit anti – 3-NT [1:200] 
(Cayman, #1019950) in 5% milk/TBST, overnight at 4 ◦C. After another 
wash cycle, the membrane was incubated with Anti-Rabbit IgG – 
peroxidase [1:10,000] (Sigma, #A6154) for 1 h at room temperature. 
After incubation, the membrane was put through another wash cycle 
and then incubated in Pierce ECL 2 Western Blotting Substrate (Thermo 
Scientific, # 80196) for 5 min and developed by x-ray film. Densitom
etry was done using ImageJ and results were normalized to total protein 
using Ponceau S staining (0.5% Ponceau S/0.1% Acetic Acid) (Fisher 
Scientific, #BP103-10). 

4-HNE-modified protein positive controls were made as previously 
described [24] by spiking 2 mg/mL bovine serum albumin (BSA) with 
100–0.001 μM 4-hydroxynonenal (Cayman, #32100) followed by in
cubation in at 37 ◦C for 30 min. Ten ug protein were utilized for 4-HNE-
modified protein detection. After removal of the membrane from the 
apparatus and drying followed by reactivation with methanol for 1 min, 
and incubation in 80% 100 mM 3-(N-morpholino) propanesulfonic acid 
(MOPS)/20% methanol for 5 min, the membrane was incubated in 250 
mM sodium borohydride (Aldrich, # 480886) at room temperature for 
15 min to stabilize Schiff bases and Michael adducts. The membrane was 
then washed three times in dIH2O and once in PBS before the membrane 
was blocked in 5% milk/TBST for 1 h at room temperature. Following 
wash cycle with TBST, the membrane was incubated with rabbit anti – 
4HNE [1:2000] (Millipore, #ABN249) in 5% milk/TBST overnight at 
4 ◦C. The membrane was then incubated with Anti-Rabbit IgG – 
peroxidase [1:10,000] (Sigma, #A6154) for 1 h at room temperature 
after another wash cycle. Following another wash cycle, the membrane 
was incubated in Pierce ECL 2 Western Blotting Substrate (Thermo 
Scientific, # 80196) for 5 min and visualized by x-ray film. Densitometry 
was done on ImageJ using the area under the curve after subtracting the 
background. Results were normalized to total protein using Ponceau S 
staining (0.5% Ponceau S/0.1% Acetic Acid) (Fisher Scientific, 
#BP103-10). 

Detection of Carbonylated Proteins by Dinitrophenylhydrazine 
Derivatization: Plasma was collected from whole blood using a Heparin 
anticoagulant followed by centrifugation at 1000×g for 10 min at 4 ◦C. 
Protein Carbonyls were detected utilizing a Protein Carbonyl Colori
metric Assay Kit (Cayman, #10005020). Briefly, protein samples are 
derivatized by making use of the reaction between 2,4-dinitrophenylhy
drazine and protein carbonyls. The formation of a Schiff base produces 
the corresponding hydrazone which can be analyzed spectrophotomet
rically at 360–385 nm. Results are normalized to the total protein used 
per well. 

2.5. Iron panel analysis 

Laboratory tests for iron panels were assessed in serum samples 
thawed on ice and stored at 4 ◦C overnight before analysis. Ferritin (Fe- 
blood), Iron saturation (Fe-Saturation), Transferrin (TfR), and Total Iron 
binding capacity (TIBC) levels were evaluated by the University of Iowa 
Diagnostic Laboratories using an electrochemiluminescence immuno
assay (Cobas 7558 by Roche) that is used for standard clinical diagnostic 
protocols. 

2.6. Statistical methods 

Fisher’s exact tests were used to compare categorical variables, and t- 
tests were used to compare continuous variables between treatment 
groups. Changes in renal laboratory values (eGFR, creatinine, BUN) 
were calculated from baseline to each subsequent assessment time point 

[(pre-hdCis-RT (D0), 3 weeks (D22), 6 weeks (D43), and 3 months 
(M3), 6 months (M6) and 12 months (M12) post-RT]. Mean estimates 
and 95% confidence intervals for changes from baseline in renal func
tion were estimated using linear mixed effects regression models to ac
count for the longitudinally correlated nature of repeated assessments at 
unequal time spacing between visits with a spatial power correlation 
structure. Repeated measures ANOVAs were used to evaluate mean 
changes in renal metrics, functional renal biomarkers, and iron meta
bolic proteins from D0 to D22 between treatment groups. All statistical 
testing was two-sided and assessed for significance at the 5% level using 
SAS v9.4 (SAS Institute, Cary, NC). 

3. Results 

The parent phase IIb trial (GT-201; NCT02508389) involved 44 US 
and Canadian sites that enrolled 223 patients, 217 of whom received at 
least one infusion of AVA, or placebo as described previously [22]. The 
overall goal of the parent trial was to compare the efficacy and safety of 
AVA to reduce the duration, incidence, and severity of severe oral 
mucositis (SOM). Among patients included in this study, baseline 
characteristics were comparable across the three treatment groups 
(Placebo, and 30 mg and 90 mg AVA) (Table 1) with at least seven pa
tients from each group assessed for changes in renal function and bio
markers of renal injury (Illustration 1). Since the current report was an 
exploratory and retrospective analysis, only a small subset of subjects 
participating in the phase IIB study agreed to have additional analysis to 
assess renal function (Table 1). To assess longitudinal changes in renal 
function by treatment cohort, we followed markers of renal function 
(serum BUN and creatinine) and calculated estimated GFR (eGFR) 
(Fig. 1). The trends seen for each group are generally reflected in those 
for the individuals in that group (Fig. 2A and B). 

Beginning as early as D43, a trend to less reduction in group mean 
eGFR is seen with 90 mg AVA (Fig. 1A). By three months completion of 
radiation (M3), a mean eGFR reduction from pre-hdCIS-RT (D0) of 22.8 
ml/min/1.73 m2 in the placebo-treated group contrasts with a 6.9 ml/ 
min/1.73 m2 reduction in the 90 mg AVA group, which is a clinically 
and statistically significant improvement (p = 0.02) (Fig. 1A). Similarly, 
creatinine levels were also significantly different between the 90 mg 
AVA and the placebo groups (p = 0.02), consistent with a trend in serum 
BUN (Fig. 1B). No difference was observed in eGFR at M3 between 
placebo and 30 mg AVA groups (Fig. 1A), though numerically 30 mg 
may have lessened the increase in BUN (Fig. 1C). Collectively, these data 
suggest that 90 mg AVA may be effective at protecting against renal 
dysfunction in the first 3 months post therapy, while 30 mg AVA has a 
lesser effect, if at all. 

A significant difference in eGFR was also observed at M6 between the 
placebo and 90 mg AVA groups (mean eGFR decline from baseline (D0) 
of 24.7 ml/min/1.73 m2 vs. 8.3 ml/min/1.73 m2; p = 0.04) (Fig. 1A). 
Interestingly, this attenuation of mean eGFR decline was even more 
pronounced at M12 (33.0 ml/min/1.73 m2 placebo vs. 5.0 ml/min/1.73 
m2 90 mg AVA; p = 0–01) (Fig. 1A). Similarly, M12 creatinine levels 
also significantly favored the 90 mg AVA group over placebo (p = 0.02), 
consistent with a trend in serum BUN (Fig. 1C). In fact, comparing mean 
eGFR loss longitudinally across M3 through M12, it appears that 90 mg 
AVA maintains renal function over this period, while the placebo group 
shows progressive decline (Fig. 1A). Again, no difference was observed 
in eGFR at M6 between placebo and 30 mg AVA groups (Fig. 1A), 
though the trend to 30 mg lessening the increase in BUN remained 
(Fig. 1C). By M12, however, there are numerical trends favoring 30 mg 
AVA compared to placebo in all three metrics (Fig. 1). Together, these 
data suggest that 90 mg AVAcan also help reduce, or even possibly 
prevent further, loss of renal function due to cisplatin in the CKD phase, 
while 30 mg AVA may offer dose-dependent support of this benefit. 

Overall, these changes in renal functional markers, are clinically 
significant and relevant for screening, diagnosis, and monitoring kidney 
injury progression following hdCis-RT. Although the analysis is based on 
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Fig. 1. Mean changes in renal metrics up to one year following hdCis-RT. Mean change in eGFR (1A.), Creatinine (1B.), and BUN (1C.) from pre-hdCis-RT (D0) 
and p-values for the comparison between treatment groups at noted time points (* = p < 0.05). Highlighted values indicate a statistically significant difference in 
mean change from D0 between treatment groups. Changes in renal metrics (eGFR, Creatinine, BUN) were calculated from D0 to each subsequent assessment time 
point (Day 22, Day 43, Month 3, Month 6, Month 12). Linear mixed-effects regression models were used to evaluate changes over time between treatment groups 
using SAS v9.4 (SAS Institute, Cary, NC). Random effects were included to account for the longitudinally correlated nature of repeated assessments at unequal time 
spacing between visits with a spatial power correlation structure. 

Fig. 2. Changes in renal metrics in AKD and CKD 
phase of renal injury. (2A). Estimated glomerular 
Filtration Rate (eGFR), Creatinine, and Blood Urea 
Nitrogen (BUN) levels were evaluated pre-hdCis-RT 
(D0), 3 weeks (D22), and 6 weeks (D43), and 3 
months (M3) post-RT. The gray lines indicate each 
individual patient’s trajectory whereas, the red line 
indicates the estimated mean along with the 95% 
confidence interval (CI). (2B). Estimated glomerular 
Filtration Rate (eGFR), Creatinine, and Blood Urea 
Nitrogen (BUN) levels were evaluated pre-hdCis-RT 
(D0), 6 months (M6), and 12 months (M12) post- 
RT. The gray lines indicate each individual patient’s 
trajectory whereas, the red line indicates the esti
mated mean along with the 95% confidence interval 
(CI). Changes in renal metrics (BUN, creatinine, 
eGFR) were calculated from D0 to each subsequent 
assessment time point (Day 22, Day 43, Month 3, 
Month 6, Month 12). Linear mixed-effects regression 
models were used to evaluate changes over time be
tween treatment groups using SAS v9.4 (SAS Insti
tute, Cary, NC). Random effects were included to 
account for the longitudinally correlated nature of 
repeated assessments at unequal time spacing be
tween visits with a spatial power correlation struc
ture. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the Web 
version of this article.)   
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a small subset of subjects, these striking and clinically meaningful im
provements with 90 mg AVA will be interrogated as prospectively 
defined exploratory endpoints in long-term follow-up of roughly 400 
subjects. These subjects participated in the ROMAN Phase 3 trial of 
avasopasem manganese for SOM (NCT03689712). 

To assess additional markers involved in renal dysfunction that could 
predict response to nephroprotective therapy and CKD progression, we 
measured biomarkers of tubulointerstitial disease in serum samples pre- 
hdCis-RT (D0) and at three weeks (D22) for patients treated in the 
placebo and 90 mg AVA groups. The D22 biomarker levels were 
measured 3 weeks after the initial cisplatin treatment, just prior to the 
second cisplatin dose. No statistically significant baseline differences 

were noted between treatment groups. Results indicate a statistically 
significant difference in the average change in serum levels of Epithelial 
Growth Factor (EGF) between treatment groups (p < 0.01), with the 90 
mg AVA treatment group demonstrating increased EGF whereas the 
placebo group saw a decline in EGF. (Fig. 3A). EGF is known to stimulate 
proximal tubule cell proliferation [25-27], and is indicative of a po
tential increase in renal reserve and recovery from hdCis-RT treatment. 
Tumor necrosis factor alpha (TNFα), an inflammatory cytokine that 
correlates with the progression of kidney disease [28,29], and is a 
mediator of inflammation whereas, the expression of TNFR2 is mainly 
restricted to immune and endothelial cells [30,31] While not statisti
cally significant, our results indicate treatment with 90 mg AVA resulted 

Fig. 3. Expression of functional renal biomarkers 
in patients treated with placebo and 90 mg AVA 
serum samples. (3A.) Mean changes in Epidermal 
Growth Factor (EGF expression in Placebo vs. 90 mg 
AVA at D0 and D22. Mean changes in levels of kidney 
biomarkers using an MSD sandwich immunoassay 
with U-PLEX platform from Mesoscale including (3B.) 
Tumor Necrosis Factor Receptor 1 (TNFR1), (3C.) 
Tumor Necrosis Factor Receptor 2 (TNFR2), (3D.) 
Cystatin C, and (3E.) Kidney Injury Molecule 1 
(KIM1) and (3F.) Neutrophil Gelatinase-Associated 
Lipocalin (NGAL). Although no baseline differences 
were observed in the different biomarkers (3G.), the 
mean changes in EGF levels (3A.) between the pla
cebo vs. 90 mg AVA-treated group were significantly 
different with a p-value of <0.01 (3H.). Repeated 
measures ANOVAs were used to evaluate mean 
changes from D0 to D22 between treatment groups 
using SAS v9.4 (SAS Institute, Cary, NC).   
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in a smaller increase in TNFR1 (Fig. 3B) and TNFR2 (Fig. 3C), on 
average, compared to placebo, indicative of a potential reduction in the 
tubulointerstitial inflammation post-hdCis treatment. No significant 
treatment group differences were observed in the serum levels of Cys
tatin C (Fig. 3D) and Kidney Injury Molecule-1 (KIM-1) (Fig. 3E) and 
NGAL (Fig. 3F) between D0 and D22 (3 weeks after cisplatin exposure). 
The serum cystatin C, a kidney function marker, is consistent with our 
serum creatinine data and was not statistically significant amongst 
treatment groups between D0 and D22 (Fig. 1B). Analysis of other 
biomarkers of tubulointerstitial disease including osteoactivin (Fig. 4A), 
osteopontin (Fig. 4B), and uromodulin (Fig. 4C) did not show any sig
nificant treatment group differences between D0 and D22. Although the 
levels of tubulointerstitial injury were measured in the renal recovery 
phase after a single cisplatin treatment, our results suggest that selected 
biomarkers of tubulointerstitial disease could be utilized for early 
identification of patients at risk of CKD progression following cisplatin 
treatment and could potentially be utilized for early identification of 
nephroprotective therapy response. 

Our group has previously shown that cisplatin treatment alters 
mitochondrial metabolism, resulting in mitochondrially derived reac
tive oxygen species (ROS) [12,13]. Towards this end, oxidative damage 
endpoints were assessed in serum samples using protein carbonyls 
(Fig. 5A and B), and 3-Nitrotyrosine (3NT) (Fig. 5C–E), and 4HNE-modi
fied proteins (Fig. 5F–H). Results indicate no significant changes in 
oxidative damage markers in the AKD phase of renal injury. 

Since redox-active iron is a critical regulator of ROS damage with the 
iron-binding protein, ferritin, responsible for preserving cellular iron 
homeostasis, samples were also analyzed for systemic changes in iron 
homeostasis. We assessed levels of iron-related circulating markers 
including Transferrin (Tf), Total Iron Binding Capacity (TIBC), total iron 

(Fe-blood), iron saturation (Fe-saturation), and Ferritin. No different 
temporal patterns were observed regarding circulating Tf or TIBC 
(Fig. 6A and B). While no significant differences were observed between 
placebo and 90 mg AVA-treated patients (potentially due to the limited 
sample size), significant increases were observed in total iron (Fe-blood) 
(Fig. 6C), Fe-saturation (Fig. 6D) and Ferritin (Fig. 6E) between baseline 
D0 and D22 in patients receiving 90 mg AVA. Differences in Fe- 
Saturation (Fig. 6D) and Ferritin (Fig. 6E) were also observed in 
placebo-treated patients between baseline D0 and D22. Ferritin can 
function as a marker of acute and chronic inflammatory responses along 
with iron deficiency [30-32], but no significant differences were 
observed in subjects receiving 90 mg AVA vs. the placebo group 
(Fig. 6F).. 

4. Discussion 

Renal insufficiency is a frequent morbidity following treatment with 
high-dose cisplatin that can seriously impact cancer patient survivor
ship. Assessment of early and longitudinal changes in renal biomarkers 
may aid in identifying patients at risk of CKD and the development of 
nephroprotective therapies. Oxidative stress plays a significant role in 
the pathogenesis of cisplatin-induced nephrotoxicity with excess ROS 
overwhelming the defensive systems in kidney tubules resulting in 
epithelial cell damage and fibrosis [3]. Furthermore, these increased 
levels of ROS are also associated with the transition of AKI to AKD to 
CKD [6,33]. Recent preclinical data suggest that a persistent increase in 
mitochondrial superoxide mediates CKD, and that avasopasem manga
nese (AVA) protects against cisplatin-induced kidney injury [12,13]. 

Cisplatin-induced CKD is a significant health concern; however, the 
progression of renal disease is slow to manifest with distinct symptoms 

Fig. 4. Expression of functional renal biomarkers in 
patients treated with placebo and 90 mg AVA serum 
samples. Changes in levels of kidney biomarkers 
using an MSD sandwich immunoassay with U-PLEX 
platform from Mesoscale including (4A.) Osteoacti
vin, (4B.) Osteopontin, and (4C.) Uromodulin. No 
statistically significant differences were observed 
(4D.). Repeated measures ANOVAs were used to 
evaluate mean changes from D0 to D22 between 
treatment groups using SAS v9.4 (SAS Institute, Cary, 
NC).   
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presenting years after completion of therapy. As such, changes in 
tubulointerstitial biomarkers early in the disease process, i.e., in the first 
3–12 months following cisplatin exposure, may provide prognostic 
value to predict chronic kidney outcomes. Currently a considerable 
decline in eGFR is a surrogate measure of kidney health that can be 
assessed over time. In this retrospective analysis of phase IIb subjects’ 
clinical lab data and serum samples, 90 mg AVA showed significant 
renal function improvement following hdCis-RT as reflected by the 
minimal decreases in eGFR seen in the 90 mg AVA group. The protective 
effect in eGFR first manifested by at least three months post-therapy and 
was more evident one year (M12) after completion of cisplatin therapy. 
In the first 3 months (D0 vs. M3), placebo-treated subjects had a greater 
mean decline in eGFR (22.8 ml/min/1.73 m2) compared to 90 mg AVA 
subjects (6.9 ml/min/1.73 m2). This clinically relevant difference may 
be predictive of progression to kidney disease and thus have significant 

prognostic implications on the patient’s quality of life. Moreover, min
imal further decrease in eGFR was evident at one year for the 90 mg 
AVA-treated subjects (5 ml/min/1.73 m2 decline D0 vs. M12) while the 
placebo subjects continued to deteriorate (33 ml/min/1.73 m2 decline) 
indicative of renal function preservation and potential prevention of 
CKD onset and/or progression. 

4.1. Changes in biomarkers and kidney function 

As this retrospective analysis was focused solely on renal function 
and biomarkers of kidney damage, no data beyond this was collected on 
the safety and tolerability of either avasopasem or the underlying ra
diation and cisplatin regimens. In the parent GT-201 trial itself, avaso
pasem appeared well-tolerated, with an adverse event profile similar to 
that seen in the placebo group. 

Fig. 5. Changes in oxidative damage endpoints. 
Oxidative markers were assessed in serum samples 
using a dot blot and were assayed for protein car
bonyls (5A. and 5B.), 4HNE modified proteins (4- 
Hydroxynonenal) (5C-5E.), and 3-Nitrotyrosine 
(3NT) (5F–5H.). Standard curves were generated for 
each of the three damage endpoints using increasing 
concentrations of Carbonyl (5A.), 2 mg/mL Trans
ferrin spiked with increasing concentrations of Per
oxynitrite (5C.), and 2 mg/mL Transferrin spiked 
with increasing concentrations of pure 4-HNE (5F.). 
(P1 – P9) denotes the placebo-treated patients 
whereas, (901- 909) denotes 90 mg AVA-treated pa
tient serums in panels (5C.) and (5F.). Each patient 
sample has a set of two bands with the first band 
representing the sample from D0 and the second band 
representing the sample collected on D22 (5C. and 
5F.). Blots for 3-Nitrotyrosine and 4-HNE were 
stained with Ponceau as a protein loading control 
(5D.) and (5G.) respectively. Quantification for 3- 
Nitrotyrosine and 4-HNE normalized to the protein 
is depicted in panels (5E.) and (5H.) respectively. 
Repeated measures ANOVAs were used to evaluate 
mean changes from D0 to D22 between treatment 
groups using SAS v9.4 (SAS Institute, Cary, NC).   
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In the recent past, several studies have elucidated a direct correlation 
between the rate of decline in kidney function and the changes in renal 
tubule-interstitial biomarkers levels [34-36]. Numerous tubular pro
teins, including NGAL, Cystatin C, EGF, TNFR1, TNFR2, and KIM-1 are 
reliable biomarkers of acute and chronic renal injury. The EGF family of 
mitogenic proteins plays a role in normal cell growth and differentia
tion, renal physiology, and tissue repair. Its increased expression in
dicates a regenerative mechanism making it a critical biomarker of renal 
repair [37,38]. Significantly increased levels of EGF three weeks after 
initial cisplatin treatment (D22) in the 90 mg AVA-treated group 
compared to the placebo suggest an enhanced renal function reserve 
following cisplatin exposure either by protecting from cisplatin neph
rotoxicity or by promoting renal repair. 

4.2. Iron metabolism and CKD 

The intriguing results observed regarding circulating iron suggest a 
potential iron metabolic shift may be occurring in patients treated with 

AVA. While no changes in Tf or TIBC were observed on D22, the 
increased magnitude of iron and iron saturation suggests that 90 mg 
AVA may support intestinal iron uptake from dietary sources and is 
independent of GFR changes. Iron deficiency anemia is a common side 
effect of CKD as 17–50% of patients with stage 3–5 CKD can become iron 
deficient [39]. The onset of true iron deficiency may be due to enhanced 
liver hepcidin production, ultimately resulting in decreased ferro
portin–mediated iron uptake through enterocytes [40]. In addition, 
patients with CKD appear to have significant iron accumulation in the 
proximal tubule associated with increased expression of iron import 
proteins, iron storage (ferritin heavy/light chains), and decreased iron 
export (ferroportin) compared to healthy controls [41]. Thus, the shift 
towards enriched circulating iron we observed supports a hypothesis 
that AVA is protective against O2

●--mediated detrimental tissue iron 
accumulation while simultaneously mitigating inflammation-induced 
hepcidin production allowing for the maintenance of higher levels of 
circulating iron. While this hypothesis is based on preliminary clinical 
observations and may be largely speculative, it remains easily testable 

Fig. 6. Analysis of changes in proteins involved in 
iron metabolism in placebo vs. 90 mg AVA treated 
groups. Systemic changes in iron homeostasis were 
assessed by analyzing changes in levels of iron 
metabolic proteins including (6A.) Serum Transferrin, 
(6B.) Total Iron Binding Capacity (TIBC), (6C.) Total 
iron (Fe-Blood), (6D.) Iron Saturation levels (Fe- 
Saturation), and (6E.) Ferritin. No statistically sig
nificant differences between treatment groups were 
noted, but some statistically significant mean changes 
were noted within treatment groups (*p < 0.05) 
(6F.). Repeated measures ANOVAs were used to 
evaluate mean changes from D0 to D22 between 
treatment groups using SAS v9.4 (SAS Institute, Cary, 
NC).   
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and warrants further investigation in preclinical and biochemical model 
systems. 

5. Summary 

Overall, this study is a novel post-hoc exploratory analysis of kidney 
injury markers during cisplatin therapy and renal function through one- 
year post-treatment in a phase IIb clinical trial designed to evaluate the 
amelioration of RT-associated severe oral mucositis. Limitations 
acknowledged in this study include the small number of patient samples, 
the limited available data to assess renal endpoints, and its retrospective 
nature; however, this study is strengthened by the significant changes in 
eGFR following cisplatin exposure in both in the AKD and CKD phases of 
renal injury. Despite the lack of acute change in serum creatinine in our 
cohort, our findings in the placebo group are aligned with known per
manent reduction in eGFR in cisplatin treated patients that is more 
recognizable about four months and up to one year following cisplatin 
treatment [4,8,42]. This study supports a hypothesis that a selective 
dismutase mimetic could offer potential for kidney protection following 
hdCis. The results reported here are hypothesis-generating for further 
clinical study and supported the prospective exploratory assessment of 
CKD in a subsequent randomized, placebo-controlled, double-blind trial 
of avasopasem manganese in SOM (NCT03689712), full results of which 
are pending publication. 
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