Additional results:
Macrophage density in middle and apical turns: 
In the middle cochlear turn, a higher density of CX3CR1+macrophages in the spiral ganglia were observed in the standard CI group at 56 days post-CI (p=0.026) a and returned to a state comparable to the contralateral unimplanted cochlea by 112 days post-CI (p=0.98). Dex-CI reduces the CX3CR1+macrophages in the spiral ganglia of the middle turn throughout the time examined (p=0.0001, 0.009, 0.0025, 0.005 at 10-, 28-, 56-, and 112-days post-CI). 
In the lateral wall of the middle cochlear turn, a higher density of CX3CR1+ macrophages is observed in the standard CI group at 28 days (p= 0.029) and 56 days (p=0.014) post-CI. By 112 days post-CI, CX3CR1+macrophage density is comparable to the contralateral cochlea (p=0.93). Dex-CI reduced the CX3CR1+macrophage density until 56 days post-CI (p=0.0001, 0.0116, 0.001 at 10-, 28-, and 56-days post-CI). 
In the apical cochlear turn, a higher density of CX3CR1+ macrophages is observed in the standard CI group at 10 days post-CI (p=0.0013) Dex-CI keeps the macrophage density lower than the standard CI group until 56 days post-CI (p=0.0013, 0.069, 0.008 at 10-, 28-, and 56-days post-CI). In the lateral of the apical turn, no change in macrophage density was observed after standard CI implantation at any time point examined. A reduction in macrophage density was evident at 10-day post-CI (p=0.0001) Statistical analysis was performed using two-way ANOVA with Tukey’s multiple comparisons (Supplemental Figure S1).
There was no significant effect of Dex-local on the macrophage density in the spiral ganglia and lateral wall of middle and apical turns of the cochlea (p>0.05) (multiple Mann-Whitney test).
Nucleus density in spiral ganglia, and lateral walls: 
Standard CI does not increase overall cellular infiltration in areas other than ST of the base of cochlea (p>0.05 for all locations). Likewise, Dex-CI (two-way ANOVA with Tukey’s multiple comparisons) or Dex-local (multiple Mann-Whitney test) do not affect the overall cellular density in other areas of the cochlea (p>0.05, Figure 4 and Supplemental Figure S2) 
Dexamethasone-eluting implants suppress MHCII expression on CX3CR1+ macrophage in the cochlea following cochlear implantation in murine model:
Macrophages play a critical role in innate immunity and tissue homeostasis.(1) Additionally, macrophages express the antigen-presenting molecule, MHCII. MHCII-mediated antigen presentation to CD4+T cells is a key mechanism for adaptive immune response.(2) In this study, we examined the effects of cochlear implantation on MHCII expression in CX3CR1-positive macrophages. 
In the scala tympani of the base of the cochlea, compared to the contralateral, unimplanted cochlea, a delayed (112-days post-CI) increase in CX3CR1+MHCII+ macrophage density was noticed (p=0.0022) while there was no recruitment of CX3CR1+MHCII+ macrophage at 10 days post-CI (p=0.052). 
Dexamethasone eluting CIs reduces the density of CX3CR1+MHCII+ macrophages throughout the cochlea for an extended (112 days) period (p<0.05 for scala tympani, spiral ganglia, and lateral walls of the base of the cochlea for 10, 28, 56 and 112 days). Dex-Local does not significantly affect CX3CR1+MHCII+ macrophage density (p>0.05 for scala tympani, spiral ganglia, and lateral walls of the base of the cochlea at 10- and 28-days post-CI, multiple Mann-Whitney test, Supplemental Figure S3 and S4). 
Dexamethasone eluting implants do not affect SGN density following implantation:
Supplemental Figure S5 shows the representative images of Thy1YFP+ SGNs from implanted and contralateral cochlea from ‘Standard CI’ and implanted cochlea from ‘Dex-CI’ group and the statistical analyses of the data. We observed SGN degeneration in the middle cochlear turn (p=0.048) and a trend for the base of the cochlea (p=0.12) compared to respective contralateral, unimplanted groups at 112 days post-CI. Dexamethasone eluting CIs do not affect the SGN density (p=0.99, 0.99, and 0.99, for basal, middle, and apical turns, respectively, two-way ANOVA with Tukey multiple comparisons.)  
Single-cell RNA sequencing data show diversity of cellular infiltration into the cochlea following cochlear implantation:
A diverse array of infiltrating immune cells is seen from MACS-based capture and subsequent single-cell RNA-sequencing, including monocytes, macrophages, B cells, T cells, neutrophils (Csf3r+, Ly6g+), and red blood cells (Supplemental Figure S6A). The distribution of cells derived from implanted cochlea in red and control, contralateral cochlea in blue can be seen in Supp. Fig. S6B. The monocyte population can be further clustered into 3 subpopulations (Supp. Fig. S6C). Cell counts for each immune cell population detected are shown in Supp. Fig. S6D. The percent distribution and ratio of immune cells from implanted and control cochlea are shown in Supp. Fig. S6E and F, respectively. Note that few B and T cells and red blood cells (RBCs) were sequenced likely based on the method utilized for MACS-based cell isolation with a focus on assaying monocytes and macrophages amongst the infiltrating immune cell population. 
Subsequently, differential expression analysis of the transcriptome of monocytes between implanted and control cochlea was performed (Supp. Fig. S6G- I). Genes involved in suppression of the inflammatory response, including Nfkbia and Nfkb1, were upregulated in implanted cochlea (Supp. Fig. S6G- H). (3-6) Bar plots demonstrate expression fold change for each gene comparing expression in monocytes from implanted cochlea to control cochlea and violin plots demonstrate relative expression of each gene in the monocytes from implanted and control cochlea. In contrast to the above, Map4k4 expression (Supp. Fig. S6G-H), which has been shown to have a proinflammatory effect, is upregulated in monocytes derived from implanted cochlea, suggesting that the regulatory picture may be more complex.(7-10) Further supporting this complex picture is the downregulation of Tpt1, Epsti1, S100a4, and Adgre1 (Supp. Fig. S6I- J). Tumor protein translationally-controlled 1 (Tpt1), encodes TCTP (previously known as histamine-releasing factor or HRF) has been shown to promote allergy-associated inflammation.(11)
 Epithelial stromal interaction 1 (Epsti1) has been shown to be highly expressed in activated macrophages and its deficiency in bone marrow-derived macrophages results in an enhancement of the M2 macrophage phenotype.(12) S100 calcium binding protein A4 (S100a4) plays a role in amplifying an inflammatory microenvironment contributing to nuclear factor (NF)-ĸB activation in macrophages in the setting of colon inflammation.(13) Adhesion G-protein-coupled receptor E1 (Adgre1) expression is associated with monocyte-to-macrophage transition(14, 15)  and immune cell infiltration in head and neck tumors.(16) Overall, these findings support the idea that monocytes may be acting in response to an inflammatory trigger (e.g. cochlear implantation).
Examining for the possibility of a change in monocyte signature, we performed a deeper examination of the monocyte subcluster transcriptional profiles. Monocyte populations were subclustered separately and 3 subpopulations were identified (Supplemental Figure S7A). Differential expression analysis identified top differentially expressed genes in each of the 3 monocyte subpopulations (Supplemental Figure S7B-E). Transcriptional changes related to differential gene expression seen in monocytes as a group were similar across monocyte subpopulations. 
Drugs corresponding to differentially expressed genes are colored as red dots (Supplemental Figure S8) and are listed in Supplemental Table 2. The complete list of drugs identified as interacting with genes expressed by macrophages and monocytes is shown in Supplemental Table 2. In addition to a variety of corticosteroids that interact with macrophage- and monocyte-expressed gene targets, these data identify an additional group of FDA-approved drugs of interest for future explorations into targeted therapy against these immune cells in the setting of cochlear implantation. This is particularly important as steroids impact a heterogeneous group of genes expressed by cochlear cell types (17, 18) and identifying drugs that specifically target individual genes or groups of specific genes may shed light on relevant underlying signaling mechanisms.


Supplemental Figure Legends:
Supplemental Figure S1. Quantification of macrophage infiltration following cochlear implantation in the middle, and apical cochlear turns. Maximum intensity z-projections of 3D confocal image stacks of 30-µm thick mid-modiolar sections were used to count CX3CR1+ macrophage cells using IMARIS image analysis software. Following tracing of the outline of the Rosenthal canal (RC) and lateral wall middle and apical turn of the cochlea, volumes were measured. Using a supervised, automated counting system aided by a custom-made macro, counts of CX3CR1+ macrophages were done. density was quantified in each area measured. An average value from 3 sections from a cochlea was taken. Macrophage density in (A) spiral ganglion of the middle turn, (B) lateral wall of the middle turn, (C) spiral ganglion of apex, and (D) lateral wall of the apical turn of the cochlea is shown. Error bars indicate SEM. Dexamethasone eluting CIs reduce macrophage infiltration. Statistical analysis was performed using two-way ANOVA with Tukey’s multiple comparisons and the multiple Mann-Whitney test.
Supplemental Figure S2. Quantification of cellular density in the spiral ganglia, lateral walls of Cochlea following implantation. Following cochlear implantation and electrical stimulation, mice were euthanized at desired time points (10, 28, 56, or 112 days)
Nuclei labeled with Hoechst 3342 in 30-µm thick midmodiolar sections were quantified and density calculated in traced area. Error bars indicate SEM. Statistical analysis was performed using two-way ANOVA with Tukey’s multiple comparisons and the multiple Mann-Whitney test.
Supplemental Figure S3. CX3CR1+ MHCII+ macrophages in implanted cochlea. 30-µm thick midmodiolar sections were labeled with anti-MHCII antibody and imaged. Maximum intensity z-projections of 3D confocal image stacks were used to count CX3CR1+MHCII+ macrophage cells. Confocal microscopic images of representative mid-modiolar sections of the basal turn of the cochlea are shown.
Supplemental Figure S4. Quantification of CX3CR1+ MHCII+ macrophages in implanted cochlea. 30-µm thick midmodiolar sections labeled with MHCII antibody were analyzed using IMARIS image analysis software. Scala tympani of the base and Rosenthal canal (RC) and lateral wall of the base, middle and apical turn of the cochlea were traced, and volumes were measured. Using a supervised, automated counting system aided by a custom-made macro, counts of CX3CR1+MHCII+ macrophages were made. In every area traced, CX3CR1+MHCII+ macrophage density was quantified. An average value from 3 sections from a cochlea was taken. Error bars indicate SEM. Statistical analyses were done using the multiple Mann-Whitney test.
Supplemental Figure S5. Spiral ganglion neurons (SGN) density following cochlear implantation. Following cochlear implantation and electrical stimulation, cochleae were harvested at desired endpoints (10, 28, 56, or 112 days). 30-µm thick midmodiolar sections from the implanted CX3CR1+/GFP Thy1+/YFP were imaged. Representative images of the spiral ganglion base from (A) Standard CI, (B) Dex-CI, and (C) Contralateral to standard CI is shown. Rosenthal canals were manually traced, and Thy1+ SGNs were counted. The density of SGNs was calculated by dividing the SGN counts by the volume of the respective Rosenthal canals and expressed as SGN/ 105 µm3. Quantification of overall SGN density (D), Base (E), Middle (F), and Apex (G). Error bars indicate SEM. Statistical analysis was performed using two-way ANOVA with Tukey’s multiple comparisons.
Supplemental Figure S6. scRNA-Seq reveals a diverse group of immune cells in the cochlear microenvironment with an increase in infiltrating monocytes in the setting of a cochlear implant. (A) UMAP plot demonstrates a diverse array of immune cells including monocytes, macrophages, B cells, T cells, and neutrophils where each cell is represented by a dot and transcriptional similar groups of cells cluster together and are color-coded for ease of identification. (B) UMAP plot depicts the distribution of cells derived from implanted (red dots) and control (non-implanted) cochlea. C. UMAP plot demonstrates further subclustering of the monocyte population into 3 subpopulations. D. Bar plot depicts immune cell population counts. E. Percent distribution of immune cells from implanted (red) and control (blue) cochlea. F. Ratio of immune cells from implanted compared to control cochlea depicts increases in monocyte populations. G. Differential expression analysis shown in the bar plot demonstrates the top upregulated genes in monocytes derived from implanted cochlea compared to control cochlea. H. Violin plots show expression levels (in normalized counts) in these top upregulated genes in both monocytes derived from control (blue) and implanted (red) cochlea. L. Similarly, differential expression analysis shown in the bar plot demonstrates the top down-regulated genes in monocytes derived from implanted cochlea compared to control cochlea. J. Violin plots demonstrate expression levels (in normalized counts) in these top down-regulated genes in both monocytes derived from control (blue) and implanted (red) cochlea.
Supplemental Figure S7. Transcriptional analysis of infiltrating monocytes suggests shift to proinflammatory phenotype. A. UMAP demonstrates monocyte subpopulations (Monocyte 1-3). B. Violin plot demonstrates similar CD44 expression amongst monocyte subpopulations. C. Violin plot demonstrates top differentially expressed genes in monocyte-1 subpopulation. D. Violin plot demonstrates top differentially expressed genes in monocyte-2 subpopulation. E. Violin plot demonstrates top differentially expressed genes in monocyte-3 subpopulation.
Supplemental Figure S8. GI absorption and blood-brain barrier penetration of FDA-approved, potentially repurposable medications that interact with genes expressed by cochlear macrophages and monocytes in the setting of cochlear implantation. Druggable macrophage and monocyte genes are displayed in the BOILED-Egg plot that utilizes topological polar surface area (TPSA) and the water partition coefficient (WLOGP), a measure of lipophilicity, to predict how well a molecule can be absorbed by the gastrointestinal tract and penetrate the blood-brain barrier. Molecules lying within the blue and green ellipses, respectively, have a high probability of being absorbed by the gastrointestinal tract and a high probability of crossing the blood-brain barrier, respectively. GIA: Gastrointestinal tract absorption, BBB: Blood-Brain Barrier Penetration. Monocyte-expressed genes are defined as those that are expressed in more than 50% of monocytes. Red dots are drugs that target DE genes.
Supplemental Figure S9. Quality Control (QC) metrics for single-cell RNA-Seq of CD11b+ immune cells. A. Box-and-whisker plots demonstrate the distribution of genes as determined by counts in CD11b+-immune cells isolated from control (Ctrl) and implanted cochlea. Bottom of box is the lower quartile, followed by median, followed by the top of the box, representing the upper quartile. The box represents the interquartile range (IQR). Top and bottom whiskers represent the upper and lower extreme, respectively.  B. Similarly, box-and-whisker plots demonstrate total count distribution between Ctrl and implanted cochlea. C. Box-and-whisker plots demonstrate mitochondrial percentage distribution in CD11b+-immune cells isolated from Ctrl and implanted cochlea. Mitochondrial percentage was less than 5% in both samples. D. Finally, starting cell counts and ending cell counts after filtering steps are shown in the bar graph with the last red bar indicative of the final count number after application of Dedoublet.


Supplemental Table 1. Human subject information
	ID
	CI
	Deactivated
Electrodes
	
Requested
	Daily Checks
Completed
	
Missed

	pilot-001
	632
	0
	92
	65
	27

	pilot-002
	632
	0
	107
	74
	33

	P50DE09
	632
	1,2
	97
	90
	7

	P50DE10
	632
	1
	113
	90
	23

	P50DE11
	632
	1-3
	96
	90
	6

	P50DE12
	632D
	0
	NA
	NA
	NA

	P50DE13
	632D
	0
	NA
	NA
	NA

	P50DE14
	632D
	0
	93
	90
	3

	P50DE15
	632D
	0
	96
	90
	6

	*P50DE16
	632D
	1
	99
	90
	9

	P50DE17
	632D
	1,2
	121
	90
	31

	P50DE18
	632D
	10
	94
	90
	4

	P50DE19
	632D
	1
	NA
	NA
	NA

	P50DE20
	632D
	0
	97
	90
	7

	P50DE21
	632D
	0
	90
	90
	0

	P50DE22
	632D
	0
	95
	90
	5

	P50DE24
	632D
	0
	NA
	NA
	NA

	P50DE25
	632D
	0
	90
	90
	0

	P50DE26
	632D
	0
	91
	90
	1

	P50DE27
	632D
	1
	105
	84
	21

	P50DE28
	632
	1
	93
	90
	3

	†P50DE29
	632
	1
	49
	43
	3



Pilot subjects and P50DE10 only participated in remote impedance checks.
P50DE23 was excluded at the time of surgery prior to implantation due to an unexpected surgical finding.
Basal electrodes (1, 2, and/or 3) were deactivated due to non-auditory percepts or poor loudness growth. Electrode 10 was deactivated due to an open circuit measurement for P50DE18.
* All but 1 of the remote impedance data exports were blank for P50DE16, whose data are not included in Figure 8A. Blank exports were encountered less frequently for a number of participants; the total number of remote impedance data per participant was often < 90.
† Denotes a participant who has not yet reached 3-months post activation. Remote impedance data collection is ongoing.
NA: not applicable. Used for participants who declined to participate in the remote impedance checks or did not have a compatible smartphone.

Supplemental Table 2. Potentially repurposable FDA-approved medications that interact with genes expressed by cochlear macrophages and monocytes in implanted cochlea
	Differentially expressed gene
	Drug(s)

	Cstb
	Cupric chloride

	Map4k4
	Vandetinib, dasatinib, midostaurin, fostamatinib, axitinib, sorafenib, bosutinib, sunitinib, nintedanib, pazopanib, neratinib, 

	Nfkb1
	Glycyrrhizic acid, pseudoephedrine, donepezil, bortezomib, sitosterol, sulfasalazine

	Nfkbia
	Acetylsalicylic acid

	Ppia
	Voclosporin, ciclosporin, proline

	S100a4
	Trifluoperazine

	Tpt1
	Calcium citrate/phosphate
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