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Abstract: CSF1R expression modulates tumor-associated macrophages, making CSF1R blockade an appealing 
immune-modulating therapeutic target. We evaluated the correlation between CSF1R tumor RNA expression and 
outcome (pan-cancer setting). RNA expression was ranked as a percentile (0-100) using a standardized internal 
reference population (735 tumors; 35 histologies). Among 514 patients, there was no difference in survival from 
biopsy between high and low CSF1R expressors (< 50 percentile versus ≥ 50 percentile rank). There was also no 
significant difference in median progression-free or overall survival (from treatment) based on CSF1R expression in 
21 patients who received CSF1R inhibitors (all p values ≥ 0.08). Concurrent upregulation of ≥ 2 additional immune 
checkpoint markers (e.g. PD-L1, BTLA, CTLA4, LAG3, TIM3) was observed in all tumor samples with CSF1R expres-
sion ≥ 50th percentile. Pending further large prospective studies, patients with high tumor CSF1R expression may 
need treatment that co-targets the specific immune checkpoint pathways activated in order to impact outcome.
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Introduction

Colony stimulating factor-1 receptor (CSF1R) 
acts as the sole receptor for the ligand colony 
stimulating factor-1 (CSF1), which facilitates 
macrophage differentiation, growth, survival, 
and migration [1]. It is also known as macro-
phage colony-stimulating factor receptor (M- 
CSFR), CD115, and c-FMS. Signal transduction 
of CSF1 through its transmembrane receptor 
CSF1R occurs through several key intracellular 
signaling pathways, including FAK, RAS, STAT3, 
and PI3K [2]. CSF1 mediates signaling path-
ways that activate macrophage differen- 
tiation [3]. M1 macrophages have a pro-inflam-
matory, immunostimulatory anti-tumor effect 
via cytokine production. Conversely, M2 macro-
phages display an anti-inflammatory pheno-
type, promoting tissue remodeling and tumor 
progression [3]. Programming of the M2 ph- 
enotype macrophages is induced by the CSF/

CSF1R axis [4]. CSF1 also facilitates macro-
phage motility as a chemokine.

In addition to macrophage activity, CSF1R also 
regulates myeloid cell lineage, promoting the 
differentiation of myeloid progenitors [2]. Pro- 
liferation and differentiation of bone-resorbing 
osteoclasts is facilitated by CSF1R [5]. CSF1R 
is also detected on the surface of other myeloid 
cells, as well as dendritic cells. CSF1R is ex- 
pressed among neural progenitor cells [6]. 
Microglia, the primary immune cells of the cen-
tral nervous system, depend on CSF1R-me- 
diated signaling pathways for survival. CSF1R 
knockout mice were noted to have skeletal mal-
formations, decreased lifespan, and impair-
ment of neurologic development [7].

In malignancy, tumor-associated macrophages 
(TAMs) have been induced to display M2 char-
acteristics, thereby suppressing the immune 
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response. Within tumor tissues, elevated num-
bers of macrophages have been associated 
with increased spread of cancer and disease 
progression. Activation of the CSF/CSF1R axis 
leads to recruitment of these CSF1R-express- 
ing macrophages. Elevated CSF1R correlates 
with poor prognosis in multiple tumor types, 
including breast, ovarian, uterine, colorectal, 
and prostate cancer [8]. This has been attrib-
uted to the recruitment of TAMs via the CSF1/
CSF1R signaling pathway, promoting progres-
sion of disease and metastasis [9]. CSF1R 
overexpression is associated with high-grade 
tumors, and high concentrations of CSF-1 and 
TAMs have been identified at the invasive sites 
of breast tumors [8]. This suggests that CSF1R 
plays an important role in both the migration as 
well as the activation of TAMs. In mouse mod-
els of pancreatic ductal adenocarcinoma, inhib-
iting signaling by the myeloid growth factor 
receptor CSF1R can functionally reprogram 
macrophage responses that enhance antigen 
presentation and productive antitumor T-cell 
responses [10].

Tenosynovial giant cell tumors (TGCTs) are of 
special interest in regard to the CSF1/CSF1R 
pathway. These tumors can be associated with 
translocations that fuse CSF1 to COL6A and 
result in overexpression of the CSF1/CSF1R 
axis [11, 12]. Pexidartinib, a potent CSF1R 
inhibitor, demonstrated clinical benefit in the 
treatment of tenosynovial giant cell tumors, 
with a 39% overall response rate in Phase III 
trial data, leading to FDA approval [13].

Despite promising preclinical data, the per- 
formance of CSF1R inhibitors in other tumor 
types has been otherwise limited thus far. One 
potential reason for the negative clinical stud-
ies to date could be attributed to the heteroge-
neity of cancer, as targeting one marker could 
have limitations. In small studies, patients have 
been treated with CSF1R inhibitors in combina-
tion with cytotoxic therapy or immunotherapy. 
Among patients with high grade gliomas treat-
ed with pexidartinib in combination with temo-
zolomide and radiation, the addition of CSF1R 
inhibition added toxicity without improvement 
in clinical outcomes [14]. Pexidartinib was stud-
ied in combination with eribulin in triple nega-
tive breast cancer patients (n = 31) with only a 
16% response rate (NCT01596751). In a small 
phase 1 study of pancreatic and colorectal  
cancer patients (n = 19), pexidartinib and anti-

PDL1 antibody therapy demonstrated a 21% 
response rate [15]. Early phase clinical trials 
investigating combination therapy with CSF1R 
inhibitors in combination with PD1 and PD-L1 
inhibitors are ongoing in intrahepatic cholan- 
giocarcinoma, peripheral T cell lymphoma, and 
soft tissue sarcomas (ClinicalTrials.gov; NCT- 
04301778, NCT03927105, NCT02584647).

To date, there are no clinical trials in which 
CSF1R inhibitor therapies were selected based 
on CSF1R expression. To further investigate  
the role of CSF1R inhibition and clinical out-
comes depending on CSF1R expression level, 
we sought to determine if patients with high 
CSF1R RNA expression had improved clinical 
outcomes when treated with a CSF1R inhibitor.

Materials and methods

Subjects

All patients were evaluated and treated at the 
University of California San Diego Moores 
Cancer Center. Using the CLIA-certified and 
CAP-accredited laboratory Omniseq, compre-
hensive immune profiling was obtained for 
patients with solid tumor malignancies. We 
examined the electronic medical record to de- 
termine which patients received the drugs of 
interest as well as the clinical characteristics.

Ethics

The patients were analyzed according to the 
guidelines of the PREDICT (Profile Related 
Evidence Determining Individualized Cancer 
Therapy) protocol (NCT02478931) and any in- 
vestigational interventions/therapies for which 
the patients gave written informed consent;  
all ethical approvals from the University of 
California San Diego Internal Review Board.

RNA sequencing

All biopsies were obtained prior to initiation of 
CSF1R inhibitor therapy. Tumor genomic pro- 
filing was performed for all patients. Patholo- 
gy specimens were provided to Omniseq la- 
boratory as formalin-fixed, paraffin-embedded 
(FFPE) blocks for comprehensive genomic pro-
filing via multiplex PCR-based RNA sequencing. 
Using truXTRAC FFPE extraction kit (Covaris, 
Inc., Woburn, MA), RNA was extracted from 
FFPE. RNA was purified and diluted in 50 uL 
water. Quant-iT RNA HS assay (Thermo Fisher 
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Scientific, Waltham, MA) was utilized to quanti-
fy yield. Designated RNA titer cutoff for use was 
10 ng. RNA sequence was read using Torrent 
Suite’s plugin immuneResponseRNA (v5.2.0.0) 
34 and then transcription was normalized 
against internal housekeeping gene profiles. 
Using a standardized internal reference popula-
tion of 735 tumors from 35 different histolo-
gies, RNA expression was ranked as “Low” 
(0-24), “Intermediate” (25-74), or “High” (75-
100). Expression of CSF1R as well as nine  
other checkpoint markers (PD-1, PD-L1, PD-L2, 
BTLA, CTLA4, LAG3, TIM3, TNFRSF14, VISTA) 
were compared.

Statistical analysis

All statistical analyses were conducted using 
SPSS Version 27.0. Progression-free survival 
(PFS) was defined as the time from initiation of 
CSF1R inhibitor therapy to documented dis-
ease progression or death. Overall survival (OS) 
was defined as the time from initiation of CSF1R 
inhibitor therapy until death or last date of con-
tact. Patients still progression-free at time of 
last contact (for PFS) and those still alive (for 
OS), respectively, were censored at that date.

Data availability

Available upon reasonable request. 

Results

Five hundred fourteen patients underwent 
comprehensive transcriptomic tumor immune 
profiling, of which 41 patients received a tyro-
sine kinase inhibitor with CSF1R inhibitory 
properties. Patients were excluded if tumor 
biopsy was performed over 24 months prior to 
initiation of CSF1R inhibitor (Figure S1). Twenty-
one patients received a tyrosine kinase inhibi-
tor with CSF1R inhibition within 24 months of  
a tissue biopsy on which immune profiling was 
performed. 

Baseline patient demographics and charac- 
teristics are summarized in Table 1. Fifteen 
patients (71.4%) were men. The median age at 
the time of biopsy sent for immune profiling was 
61 years (range, 29-76 years). Gastrointestinal 
malignancies were the most common histolog-
ic subtype. Overall, 95.3% of patients had an 
ECOG of 0 or 1 at the time of initiation of CSF1R 
inhibition. Patients were treated with six differ-

ent tyrosine kinase inhibitors with CSF1R inhibi-
tion (Tables 1 and S1). Among 21 patients, 11 
(52.4%) received pazopanib (IC50 for CSF1R = 
146 nM). The median number of prior syste- 
mic lines of therapy was four. Seven patients 
(33.3%) were treated with a tyrosine kinase 
inhibitor as monotherapy. Comparing clinical 
characteristics between patients with CSF1R 
RNA rank < 50 percentile versus ≥ 50 percen-
tile, there was no statistically significant differ-
ence in age, sex, prior systemic lines of therapy, 
or median number of drugs administered.

When comparing all 514 patients, the median 
overall survival (OS) from time of biopsy in 
patients with CSF1R RNA expression rank < 50 
percentile was 28.07 months, which was not 
statistically different from patients with CSF1R 
≥ 50 percentile whose median overall survival 
was 38.04 months (P = 0.23) (Figure 1).

Among twenty-one patients treated with a 
CSF1R inhibitor, seven (33.3%) had tumors wi- 
th CSF1R RNA expression rank < 50 percentile, 
eight (38.1%) had tumor tissue with CSF1R  
RNA expression rank 50-74 percentile, and six 
patient samples (28.6%) had CSF1R expres-
sion ≥ 75 percentile. The median progression-
free survival (PFS) from time of CSF1R inhibitor 
initiation was 1.74 months (95% CI, 0.95-2.53 
months) for CSF1R expression ≥ 75, and 4.04 
months (95% CI, 0-14.50 months) for CSF1R 
expression < 50 percentile (P = 0.08) (Figure 
2). Median PFS between CSF1R 50-74 percen-
tile (3.75 months) and CSF1R < 50 percentile 
(4.04 months) showed no difference (P = 0.43) 
(Table 2). There was no significant difference in 
PFS between the groups.

Median OS from time of CSF1R inhibitor initia-
tion among patients with CSF1R expression ≥ 
75 percentile was 5.26 months (95% CI, 0.69-
9.83 months) and 13.25 months (95% CI not 
calculable) for CSF1R expression < 50 percen-
tile (P = 0.35). Overall survival was numerically 
better in patients with CSF1R expression 50-74 
percentile at 20.51 months (95% CI, 0-42.69 
months) compared to CSF1R expression < 50 
percentile, but the difference in median OS was 
not statistically significant (P = 0.64) (Table 2). 
There was no statistically significant difference 
in clinical outcomes (PFS and OS) based on 
type of cancer, number of prior lines of therapy 
or single or combination therapy approach 
(Table 2). Moreover, among 14 patients with 
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CSF1R expression ≥ 50 percentile, only 1 
patient (7.1%) (clear cell renal cell carcinoma) 
had a partial response to pazopanib on radio-
graphic imaging (duration of response = 18 
months). 

Since treatment with CSF1R inhibition in pa- 
tients with increased CSF1R expression was 
not correlated with a significant benefit on  
clinical outcomes (PFS and OS), we constructed 
a heat map of other immune markers (PD-1, 
PD-L1, PD-L2, BTLA, CTLA4, LAG3, TIM3, 
TNFRSF14, VISTA) evaluated on immune pro- 
filing (Figure 3). Of the 14 patients with CSF1R 
≥ 50 percentile, all had intermediate or high 

expression of two or more additional immune 
checkpoints that were upregulated.

Discussion

CSF1R plays a pivotal role in the M2 polariza-
tion of macrophages as well as the recruitment 
and survival of TAMs [1]. This axis impedes the 
immune surveillance mechanism. Inhibition of 
the CSF1R pathway depletes TAMs from the 
tumor and surrounding microenvironment, off- 
ering a potential therapeutic target to activate 
anti-tumor immunity.

We hypothesized that malignancies with high 
CSF1R RNA expression may demonstrate bet-

Table 1. Demographics and baseline clinical characteristics of patients who received tyrosine kinase 
inhibitors with CSF1R inhibitory action (N = 21)
Demographics N (%)
Age1 < 61 years old 10 (47.6)

≥ 61 years old 11 (52.4)
Gender Male 15 (71.4)

Female 6 (28.6)
Diagnosis Gastrointestinal cancer 7 (33.3)

Sarcoma 4 (19.1)
Gynecologic cancer 3 (14.3)
Lung cancer 2 (9.5)
Thyroid cancer 2 (9.5)
Other malignancy2 3 (14.3)

ECOG3 0 6 (28.6)
1 14 (66.7)
2 1 (4.7)

CSF1R RNA expression rank 0-49 percentile 7 (33.3)
50-74 percentile 8 (38.1)
≥ 75 percentile 6 (28.6)

CSF1R inhibitor4 Pazopanib 11 (52.4)
Sorafenib 4 (19.1)
Regorafenib 3 (14.3)
Sunitinib 1 (4.7)
Crizotinib 1 (4.7)
Entrectinib 1 (4.7)

Comparison of patients with CSF1R RNA rank < 50 percentile (N = 7) versus ≥ 50 percentile (N = 14)
CSF1R < 50 (n = 7) CSF1R ≥ 50 (n = 14) P-value

Median age-year (range) 61 (41-67) 59 (29-76) 0.915

Number men (%) 5 (71.4) 10 (71.4) 16

Number ECOG 0-1 (%) 7 (100) 13 (92.9) 0.476

Number with gastrointestinal cancer (%) 3 (42.9) 4 (28.6) 0.516

Median number of lines of therapy prior to CSF1R inhibitor (range) 3 (1-4) 4 (1-5) 0.095

Median number of drugs administered along with CSF1R inhibitor (range) 1 (0-2) 2 (0-2) 0.165

There was no statistically significant difference in age, sex, primary tumor histology, prior systemic lines of therapy, or the median number of drugs 
administered between patient tumors with low CSF1R RNA expression < 50 percentile (N = 7) and intermediate to high CSF1R expression ≥ 50 
percentile. 1Median age 61 years of was used as a cutoff. Age range 29-76 years. 2Other malignancies include adrenocortical carcinoma (N = 1), 
renal cell carcinoma (N = 1), and neuroendocrine (N = 1). 3ECOG denotes Eastern Cooperative Oncology Group. 4See Table S1 for anti-CSF1R 50% 
inhibitory concentration (IC50) activities among different tyrosine kinase inhibitors. 5Student’s T-test performed. 6Chi-squared test performed.
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ter clinical outcome with CSF1R inhibition when 
compared to CSF1R low tumors. To our sur-
prise, in the current study, we did not observe  
a statistically significant PFS or OS difference 
between patients with low or high CSF1R ex- 
pression who were treated with CSF1R inhibi-
tors. Previous clinical studies have demonstrat-
ed a correlation between high CSF1R expres-
sion and inferior outcomes. In an evaluation of 
breast cancer patients, CSF1R positive tumors 
were more frequently identified among node 
positive patients, and there was an inferior OS 
in breast cancer patients with high CSF1R 
expression [16, 17]. High CSF1R expression via 
IHC in gastric cancer patients was also associ-
ated with lymph node and peritoneal metasta-
ses, where patients with CSF1R overexpression 
were also found to have inferior disease-free 
survival and overall survival [18]. Depending on 
tumor histology type, CSF1R has been of mixed 
prognostic significance, but in our analysis, 
CSF1R expression in 514 patients had no im- 
pact on survival. This might explain why there 
was no survival advantage to CSF1R inhibition.

It may also be that targeting CSF1R alone is 
insufficient. Previous in vitro studies have sh- 
own that single-agent CSF1R inhibition had a 
modest response to tumor growth. CSF1R inhi-
bition depleted TAMs, but monotherapy did not 
improve survival in mesothelioma mouse mod-
els [19]. However, data showed a synergistic 
effect between anti-PD-1 therapy and CSF1R 

blockade in lung squamous cell carcinoma 
mouse models with improved response rates 
with the addition of pexidartinib compared to 
single agent PD-1 blockade [20]. All patients in 
our study appeared to have moderate or high 
expression of other immune markers in addi-
tion to CSF1R. Given the co-expression of other 
checkpoint markers, it is likely that use of 
CSF1R inhibitors in combination with other 
checkpoint inhibitors that are simultaneously 
upregulated are needed to derive a clinical  
benefit [21]. Early phase clinical trial data  
previously examined combination therapy with 
CSF1R inhibitor carbiralizumab and nivolumab 
in melanoma, lung cancer, and renal cell carci-
noma with favorable safety data and pharma-
codynamic activity, suggesting feasibility of 
combination therapy [22]. 

Therefore, we believe a rationally selected com-
bination, based on genomic profiling results, is 
crucial for optimizing therapeutic outcomes. An 
individualized approach to therapy based on 
genomic sequencing previously demonstrated 
improved clinical outcomes when selected by a 
molecular tumor board [23, 24]. High matching 
of therapies to genomic alterations correlated 
with better survival outcomes [25]. Targeting 
multiple immune markers based on RNA ex- 
pression markers may be important to identify-
ing the optimal population to derive clinical 
benefit from a combination approach with 
CSF1R inhibitors. 

There were several limitations to our study. The 
sample size was small with multiple primary 
tumor histologies. Therefore, our sample popu-
lation was heterogenous. In addition, multiple 
CSF1R inhibitors were used with varying inhibi-
tory concentrations of CSF1R (Table S1). Drugs 
such as pexidartinib, a highly potent CSF1R 
inhibitor, were not available at the time of study. 
More potent inhibitors for CSF1R may be need-
ed to see clinical benefit. In addition, data anal-
ysis was performed retrospectively, although 
immune profiling, used in selecting patients  
for treatment was performed prospectively. 
Other limitations include the fact that RNA 
expression does not necessarily correlate with 
the protein/receptor level and our study was 
unable to evaluate CSF1R protein expression. 
Additional studies correlating RNA sequencing 
and immunohistochemistry data are needed.

In conclusion, although our study did not see a 
clinical benefit from CSF1R inhibition among 

Figure 1. Kaplan-Meier analysis of overall based on 
RNA expression rank of CSF1R (n = 514). There is no 
significant difference between mOS based on CSF1R 
expression rank ≥ 50 percentile (34.05 months) 
compared to CSF1R < 50 percentile (28.07 months) 
(P = 0.23) among all patients whose tumor tissue 
was sent for genomic profiling. Survival is calculated 
from date of biopsy to date of death or last contact 
(if patient still alive at last contact, survival was cen-
sored on that date). 



CSF1R inhibition for advanced cancers

3262 Am J Cancer Res 2023;13(7):3257-3265

Figure 2. Kaplan-Meier analysis of progression-free survival and overall survival from initiation of tyrosine kinase inhibitor with CSF1R inhibition based on RNA 
expression rank of CSF1R. A. Comparison of median PFS between CSF1R 50-74 percentile (3.75 months) and CSF1R < 50 percentile (4.04 months) showed no dif-
ference (P = 0.43). B. Median PFS showed a trend towards worse PFS in patients with CSF1R expression ≥ 75 percentile at 1.74 months compared to 4.04 months 
for CSF1R < 50 percentile (P = 0.08). C. Median PFS was not statistically different between CSF1R < 50 percentile (4.04 months) and CSF1R ≥ 50 (2.56 months) 
(P = 0.22). D. OS was compared between CSF1R 50-74 percentile (20.51 months) and CSF1R < 50 percentile (13.25 months) with no statistically significant differ-
ence (P = 0.64). E. No statistically significant difference in OS was observed based on CSF1R ≥ 75 percentile compared to CSF1R < 50 percentile (5.26 months vs 
13.25 months) (P = 0.35). F. Median OS was not significantly prolonged among patients with CSF1R ≥ 50 percentile treated with a CSF1R inhibitor (20.51 months) 
compared to CSF1R < 50 percentile (13.25 months), although there was a trend toward a longer OS (P = 0.42). 1(+) indicates censored event.
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Table 2. Clinical outcomes among patients who received tyrosine kinase inhibitors with CSF1R inhibi-
tion (N = 21)

Characteristics N

PFS OS

Median (months)
(95% CI)

Univariate
Median (months)

(95% CI)

Univariate

HR (95% CI) P-
value HR (95% CI) P-

value
CSF1R (RNA expression rank) < 50 7 4.04 (0-14.50) Reference - 13.25 (CI not calculable) Reference -

≥ 50-74 8 3.75 (1.61-5.89) 1.6 (0.50-5.15) 0.43 20.51 (0-42.69) 0.71 (0.17-2.99) 0.64

CSF1R (RNA expression rank) < 50 7 4.04 (0-14.50) Reference - 13.25 (CI not calculable) Reference -

≥ 75 6 1.74 (0.95-2.53) 3.79 (0.86-16.67) 0.08 5.26 (0.69-9.83) 2.06 (0.45-9.35) 0.35

CSF1R (RNA expression rank) < 50 7 4.04 (0-14.50) Reference - 13.25 (CI not calculable) Reference -

≥ 50 14 2.56 (0.27-4.85) 1.93 (0.66-5.65) 0.22 20.51 (0-53.77) 0.58 (0.16-2.18) 0.42

Gastrointestinal cancer Yes 7 3.91 (3.49-4.33) Reference - 13.24 (4.14-22.35) Reference -

No 14 3.35 (0-6.71) 1.47 (0.53-4.04) 0.45 20.51 (0-47.40) 0.61 (0.19-1.94) 0.40

Number of prior lines of therapy ≥ 4 9 2.56 (1.22-3.91) Reference - 22.52 (4.00-41.04) Reference -

< 4 12 4.04 (2.31-5.78) 0.60 (0.22-1.62) 0.31 20.51 (6.11-34.92) 1.20 (0.38-3.79) 0.75

Single agent therapy Yes 7 3.35 (0.79-5.92) Reference - 22.52 (5.40-39.64) Reference -

No 14 3.75 (1.28-6.22) 0.71 (0.26-1.92) 0.49 13.25 (0.15-26.34) 2.51 (0.67-9.43) 0.17
Median progression-free survival (PFS) and overall survival (OS) were assessed. Univariate Cox regression analysis was performed for each variable to calculate hazard 
ratios (HR) with 95% confidence intervals (CI).

Figure 3. Expression pattern of multiple checkpoint markers among 
patients who received tyrosine kinase inhibitor with CSF1R inhibi-
tion (N = 21). Numbers indicate RNA expression rank, color coding 
was based on RNA expression rank of low, intermediate, or high, 
corresponding to values of 0-24, 25-74, and 75-100 percentile, re-
spectively. Patients with intermediate or high CSF1R expression all 
demonstrated simultaneous intermediate or high expression of two 
or more other immune checkpoint proteins.
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patients with high CSF1R RNA expression, the 
co-expression of other checkpoint markers is 
interesting and would benefit from further ex- 
ploration to confirm if optimized combination 
immune therapy based on RNA expression lev-
els may elicit improved clinical outcomes.
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Figure S1. Consort diagram of the study. 514 patients underwent immune profiling with Omniseq assay. Twenty-
one patients were initiated on tyrosine kinase inhibitors (TKI) with CSF1R inhibitor activity. Clinical outcomes of 
progression-free survival (PFS) and overall survival (OS) were assessed based on CSF1R RNA expression rank, using 
cutoffs of 50 and 75 percentile rank.

Table S1. CSF1R half-maximal inhibitory concentrations (IC50) of tyrosine kinase inhibitors with 
CSF1R inhibition administered to patients during the study
CSF1R inhibitor IC50 for CSF1R References
Pazopanib (GW786034) 146 nM https://www.selleckchem.com/products/pazopanib.html
Regorafenib (BAY73-4506) Kd 10 nM https://www.accessdata.fda.gov/drugsatfda_docs/

nda/2019/203085Orig1s007.pdf
Sorafenib (BAY43-9006) 107 nM/L  

enzyme assay
Guo J, Marcotte PA, McCall JO, Dai Y, Pease LJ, Michaelides 
MR, Davidsen SK, Glaser KB. Inhibition of phosphorylation 
of the colony-stimulating factor-1 receptor (c-Fms) tyrosine 
kinase in transfected cells by ABT-869 and other tyrosine 
kinase inhibitors. Mol Cancer Ther. 2006 Apr;5(4):1007-13.

20 nM/L cellular assay https://mct.aacrjournals.org/content/5/4/1007.long
Sunitinib (SU11248) 7 nM/L enzyme assay Guo J, Marcotte PA, McCall JO, Dai Y, Pease LJ, Michaelides 

MR, Davidsen SK, Glaser KB. Inhibition of phosphorylation 
of the colony-stimulating factor-1 receptor (c-Fms) tyrosine 
kinase in transfected cells by ABT-869 and other tyrosine 
kinase inhibitors. Mol Cancer Ther. 2006 Apr;5(4):1007-13.

61 nM/L cellular assay https://mct.aacrjournals.org/content/5/4/1007.long
Crizotinib (PF-02341066) Kd 6.681 http://ruben.ucsd.edu/dnet/tar_html/CSF1R.html
Entrectinib (RXDX-101) Ki 7.402 http://ruben.ucsd.edu/dnet/tar_html/CSF1R.html
Pexidartinib 17 nM Benner B, Good L, Quiroga D, Schultz TE, Kassem M, Carson 

WE, Cherian MA, Sardesai S, Wesolowski R. Pexidartinib, 
a novel small molecule CSF-1R inhibitor in use for tenosy-
novial giant cell tumor: a systematic review of pre-clinical 
and clinical development. Drug Des Devel Ther. 2020 May 
4;14:1693-1704. (Note: not used during study since it was 
not yet available)

1Kd denotes dissociation constant. 2Ki denotes inhibition constant. Ki refers to inhibition constant, while Kd means dissociation 
constant. Both terms are used to describe the binding affinity that a small molecule or macromolecule has for an enzyme or 
receptor. IC50 stands for inhibitory concentration 50%. That is, the concentration of inhibitor required to reduce the biologi-
cal activity of interest to half of the uninhibited value. Because it does not directly measure a binding equilibrium, IC50 is less 
precise than Ki or Kd.


