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SUMMARY

Hematopoietic progenitor kinase 1 (HPK1) induces potent anti-tumor immunity in preclinical models by acti

vating and recruiting T cells, B cells, and dendritic cells into the tumor microenvironment (TME). Here, we eval

uate NDI-101150, a potent, selective HPK1 inhibitor, in a phase 1/2 trial as a monotherapy or in combination 

with pembrolizumab in patients with advanced solid tumors. The monotherapy maximum tolerated dose 

(MTD) is 150 mg once daily, and doses tested up to 100 mg once daily are combinable with pembrolizumab 

without reaching an MTD. In clear cell renal cell carcinoma, the investigator-assessed overall response rate 

with monotherapy treatment is 13.6%, including one complete response and two partial responses, with a clin

ical benefit rate of 27.3% and a disease control rate of 54.5%. Pharmacodynamic analyses show pharmaco

dynamic biomarker phospho-SLP76 inhibition and increased activated CD8+ T cells and dendritic cells in 

the TME, supporting continued development (clinical registration number NCT05128487).

INTRODUCTION

Immune CPIs, including antibodies targeting programmed cell 

death protein 1 (PD-1), its ligand programmed cell death ligand 

1 (PD-L1), and cytotoxic T-lymphocyte-associated antigen 4 

(CTLA-4), have substantially improved clinical outcomes in pa

tients with advanced solid tumors. These therapies work by 

enhancing T cell functions, either by amplifying effector cell ac

tivity or by increasing the size and diversity of anti-tumor T cell 

populations.1–6 Despite their transformative impact, responses 

to CPIs are limited to a subset of patients7,8 and can often lack 

durability due to defined immune resistance archetypes.9 For 

example, in patients with advanced renal cell carcinoma 

(RCC), most patients experience disease progression on first- 

line CPIs.10–13 It is proposed that the TME changes to a more im

munosuppressed state, including loss of sufficient and suitable 

antigens, dysfunctional T cells, and lack of TME inflammation, 

to render these tumors resistant to CPI.14–18 These challenges 

underscore the need for immunomodulatory therapies with 

mechanisms of action to overcome immunosuppression and 

deepen and extend clinical responses.

HPK1 is a serine/threonine kinase and member of the MAP4K 

family, a group of proteins that regulate physiological processes 

such as cellular signal transduction, including immune 
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responses.19 HPK1 acts as a key intracellular regulator, func

tioning predominantly as a negative feedback modulator 

following T cell, B cell, and dendritic cell (DC) receptor stimula

tion.19–21 Upon T cell and B cell receptor stimulation, HPK1 

phosphorylates key adaptor proteins, SLP76 (on serine 376) in 

T cells and BLNK (on threonine 152) in B cells, leading to desta

bilization and attenuation of the downstream activation cas

cades.22–27 Although not as well understood at a molecular level, 

HPK1 has also been shown to modulate DC activation.28 Genetic 

knockout studies have demonstrated that loss of hpk1 leads to 

T cell activation even under various immunosuppressive environ

ments, including overexpression of prostaglandin E2 (PGE2), 

T cell exhaustion, and T regulatory cells29,30 that are often char

acteristic of patients’ TMEs that have progressed on prior 

CPIs.14–16 This highlights the potential of HPK1 inhibition as a 

pharmacological mechanism to promote anti-tumor activity in 

this environment. Consistent with the proposed mechanism of 

action, hpk1 knockout mice exhibit enhanced T cell infiltration 

into the tumor that is correlated with diminished growth of a va

riety of implanted syngeneic tumor cells.21,31

While genetic knockout studies establish HPK1 as a compel

ling target for cancer immunotherapy, one of the biggest hurdles 

in developing an effective HPK1 inhibitor has been identifying 

agents that are potent against and highly selective for HPK1 

while not impacting other MAP4K family members. Selectivity 

is crucial for this approach, because while HPK1 is a negative 

regulator of immune cell activation, closely related mitogen-acti

vated protein kinase kinase kinase kinase (MAP4K) family mem

bers have the opposite effect. One notable example is germinal 

center kinase-like kinase (GLK), which transduces receptor- 

mediated signals that promote immune cell activation.32 There

fore, a small molecule that inhibits GLK with similar potency as 

HPK1 would dampen immune cell activation, effectively 

canceling out HPK1 inhibition and its ability to enhance anti-tu

mor immune cell responses. NDI-101150, a potent small mole

cule HPK1 inhibitor, was specifically designed to address the 

selectivity challenge against other closely related MAP4K family 

members.33

Consistent with the genetic hpk1 knockout studies, pharma

cological inhibition of HPK1 with NDI-101150 has shown broad 

immunomodulatory activity in preclinical systems that are asso

ciated with primary or acquired resistance to CPI therapy.34 NDI- 

101150 reinvigorated exhausted human T cells and restored 

effector function in the presence of suppressive mediators 

such as transforming growth factor β, adenosine, and PGE2, 

where checkpoint inhibition is not expected to and, in fact, did 

not have any effect. In addition to its effect on T cells, NDI- 

101150 enhanced B cell and DC activity, increasing cytokine 

secretion and co-stimulatory receptor expression on bone- 

marrow-derived DCs, respectively. In vivo, treatment with NDI- 

101150 resulted in robust tumor growth inhibition and generation 

of long-term immune memory in the EMT-6 syngeneic mouse 

model, with tumors showing increased infiltration of cytotoxic 

CD8+ T cells, CD19+ B cells, and DCs. NDI-101150 also showed 

efficacy in syngeneic mouse tumors that are less sensitive to 

anti-PD1.

To evaluate the clinical activity of NDI-101150, we conducted 

a human phase 1/2 trial in patients with advanced solid tumors 

that were refractory to standard-of-care (SOC) therapies, 

including those who had progressed on prior CPIs. The initial 

dose escalation assessed the safety and tolerability of NDI- 

101150, both as a monotherapy or in combination with SOC 

pembrolizumab. Once a monotherapy maximum tolerated 

dose (MTD) was determined, tumor-specific expansion cohorts 

were initiated in renal cell carcinoma (RCC), non-small cell lung 

cancer (NSCLC), and gastric/gastro-esophageal junction (G/ 

GEJ) cancers. Here, we report final outcomes for safety, efficacy, 

PK, PD, and exploratory translational studies.

RESULTS

Patients

Between 03 November 2021 and 11 November 2024, a total of 

106 patients with advanced solid tumors were enrolled in the 

study, including 94 receiving NDI-101150 monotherapy and 12 

patients receiving NDI-101150 and pembrolizumab as a combi

nation therapy (Figure 1). Overall, the most common tumor types 

were RCC (n = 38; 36%), NSCLC (n = 17; 16%), and G/GEJ can

cer (n = 12; 11%). There were 39 patients (37%) with other tumor 

types, including pancreatic, colorectal, endometrial, melanoma, 

ovarian, anal, tonsil, uterine, chondrosarcoma, and soft tissue 

sarcoma. Fifty seven percent of the participants were male 

with a median age of 66 years (range: 21–90 years). Median num

ber of prior treatments was 3 (range: 0–10), and 69 patients 

(63%) had received prior immunotherapy (Tables 1, S1, S2, 

and S3; Data S1).

Of the 106 patients, 53 patients were enrolled in the dose 

escalation phase and 53 were enrolled in the dose expansion 

phase. In the dose escalation phase, patients with any type of 

advanced solid tumors were treated with one of the five doses 

of NDI-101150 monotherapy (50, 100, 140, 150, and 200 mg, 

once daily oral dosing) or one of the two doses of NDI-101150 

(50 or 100 mg, once daily oral dosing) in combination with 

200 mg of pembrolizumab (dosed intravenously every 3 weeks). 

In the dose expansion phase, patients with RCC received either 

100 or 150 mg of NDI-101150 monotherapy, and patients with 

NSCLC or G/GEJ cancer received 100 mg of NDI-101150 mono

therapy. NDI-101150 and pembrolizumab combination therapy 

was not tested in the dose expansion phase.

Safety

The safety analysis set comprised all 106 patients. A summary of 

the treatment-related adverse events (TRAEs) is listed in Table 2, 

with a more detailed summary stratified by dose and treatment 

condition (monotherapy vs. combination) listed in Tables S4, 

S5, S6, S7, and S8. In the monotherapy cohort, 79% of patients 

across all doses experienced any grade TRAE, with the most 

common TRAEs being nausea (43%), diarrhea (35%), vomiting 

(29%), fatigue (29%), and anemia (11%). Grade ≥3 TRAEs 

occurred in 13 (14%) patients, of which there was one incidence 

(1%) of grade 4 TRAE (aplastic anemia). The most common 

grade ≥3 TRAEs were fatigue (2%), dyspnea (2%), lymphocyte 

count decreased (1%), diarrhea (1%), colitis (1%), anemia 

(1%), and proteinuria (1%). The incidence of grade ≥3 TRAEs 

was lower in the 50–150 mg cohorts (11%) compared with the 

200 mg cohort (44%). Immune-related AEs (irAEs) in the 
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monotherapy arm (occurring in ≥3 patients) included skin and 

subcutaneous disorders (5%), immune-mediated dermatitis 

(3%), gastrointestinal disorders (3%) and immune-mediated 

lung disease (3%) (Table S9). Three patients experienced 

dose-limiting toxicities (DLTs) at 200 mg including acute kidney 

injury, pneumonitis, and fatigue (all grade 3), whereas no patients 

experienced DLTs in the 50–150 mg cohorts. Hence, following a 

standard 3 + 3 dose escalation design, 200 mg was declared as a 

non-tolerated dose and 150 mg was identified to be the MTD.

In patients receiving NDI-101150 and SOC pembrolizumab as 

a combination therapy, the incidence, class, and severity of 

TRAEs were comparable to NDI-101150 monotherapy. In the 

combination arm (n = 12), the most frequently reported any- 

grade TRAEs were diarrhea (33%), nausea (33%), vomiting 

(25%), constipation (17%), and fatigue (17%). Grade ≥3 

TRAEs were constipation and elevated AST, both occurring in 

1 (8%) patient each. There were two subjects at the 50 mg 

dose level combination arm that experienced irAEs (immune 

system disorder, cytokine release syndrome, musculoskeletal 

Figure 1. Consort diagram 

A flow diagram detailing patients enrolled in the 

study. *Includes patients who receive any amount 

of IMP (NDI-101150) monotherapy or in combi

nation with pembrolizumab. The Safety Analysis 

Set is the primary analysis set for all safety end

points, excluding DLT evaluation. †Includes all 

patients with measurable disease at baseline who 

receive assigned IMP and have at least one post- 

baseline response assessment.

disorder, and immune-mediated 

arthritis). There were no irAEs reported 

in the 100 mg combination arm. Combin

ability was demonstrated for both the 50 

and 100 mg dose of NDI-101150 with 

pembrolizumab, and an MTD for the 

combination therapy was not reached.

Efficacy

The efficacy analysis set included 77 

response-evaluable patients (68 in the 

monotherapy arm and nine in the combi

nation arm with pembrolizumab), all of 

whom had measurable disease at base

line and at least one post-baseline 

assessment after receiving a minimum 

of one dose of NDI-101150. Among 

these, patients with RCC (n = 32) demon

strated the best overall response to NDI- 

101150 monotherapy (Table 3; 

Figure 2A). Within RCC, three of 22 pa

tients achieved objective responses 

(13.6%, 95% confidence interval [CI]: 

2.9%–34.9%) in clear cell RCC (ccRCC), 

the most common RCC subtype; one pa

tient in the 50 mg cohort experienced a 

confirmed complete response (CR), while 

two patients in the 100 mg cohort achieved confirmed partial re

sponses (PRs; Figure 2B). These responders had markedly 

different responses to prior CPI. The patient with a CR had pre

viously received two lines of therapy in the advanced setting, 

including a tyrosine kinase inhibitor (TKI, pazopanib), followed 

by a CPI (nivolumab), with prolonged responses of approxi

mately 22 and 45 months, respectively. The patient progressed 

on nivolumab as manifested by a new lung lesion and was sub

sequently treated with 50 mg NDI-101150 47 days following the 

last dose of nivolumab. This resulted in a PR at first disease 

assessment by computed tomography (CT) scan at 8 weeks 

post 1st dose and was completely resolved at the second dis

ease assessment after an additional 8 weeks, with the patient 

continuing to be on NDI-101150 treatment at 50 mg for 

8.5 months (Figure 2C). In contrast, one patient with a PR, 

treated with 100 mg NDI-101150, was refractory to prior CPI 

therapy (nivolumab). This patient had four reported prior lines 

of therapy and responded well to two separate regimens of 

TKIs—first to cabozantinib for 32 months and then to tivozanib 
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for 14 months—while an interspersed CPI therapy with nivolu

mab was not effective, as disease progression was observed 

in under 2 months (Figure 2D). The second patient with a PR 

had undergone six prior lines of therapy, including a TKI/CPI 

combination, with better outcomes on combination therapy (on 

therapy for 2+ years) than on CPI monotherapy (on nivolumab 

for ∼2.5 months; Figure 2E). Based on these case studies, 

NDI-101150 treatment results in anti-tumor activity with sub

stantial clinical benefit to ccRCC patients who are heavily pre- 

treated (up to six prior lines) and refractory to or progressed on 

prior CPI. In addition to the patients with either a CR or PR, three 

ccRCC patients had durable SD for approximately 8, 11, and 

25 months, respectively. Overall, six patients (27.3%, 95% CI: 

10.7%–50.2%) with ccRCC derived clinical benefit (CR + PR + 

Table 1. Baseline characteristics of patients receiving NDI-101150 monotherapy and NDI-101150 + pembrolizumab combination 

therapy

Monotherapy (N = 94) Combination therapy (N = 12) Overall (N = 106)

Age, median (min–max) 66 (21–90) 66 (49–83) 66 (21–90)

Gender, n (%) Male 53 (56.4) 7 (58.3) 60 (56.6)

Female 41 (43.6) 5 (41.7) 46 (43.4)

Tumor type, n (%) RCC 38 (40.4) 0 38 (35.8)

ccRCC 29 (30.8) 0 29 (27.3)

non-ccRCC 9 (9.5) 0 9 (8.4)

NSCLC 13 (13.8) 4 (33.3) 17 (16.0)

G/GEJ 12 (12.8) 0 12 (11.3)

Other 31 (33.0) 8 (66.7) 39 (36.8)

ECOG PS score 0 31 (33.0) 5 (41.7) 36 (34.0)

1 63 (67.0) 7 (58.3) 70 (66.0)

Prior lines of therapy, median (min–max) 3 (0–10) 3 (1–8) 3 (0–10)

ECOG PS, Eastern Cooperative Oncology Group performance status; ccRCC, clear cell renal cell carcinoma; G/GEJ, gastric and gastroesophageal 

junction; nccRCC, non-clear cell renal cell carcinoma; NSCLC, non-small cell lung cancer; PS, performance status; RCC, renal cell carcinoma; TRAE, 

treatment-related adverse event. 

Note: the risk status was determined in those patients enrolled in the dose expansion phase of the study.

Table 2. Most common any grade and ≥ grade 3 TRAEs in patients receiving NDI-101150 monotherapy or NDI-101150 + 

pembrolizumab combination therapy

Preferred term, n Patients (%)

Monotherapy (n = 94) Combination (n = 12)

50-150 mg QD (n = 85) 200 mg QD (n = 9)

50 or 100mg NDI-101150 

+ SoC Pembro

Any grade ≥ Grade 3 Any grade ≥ Grade 3 Any grade ≥ Grade 3

Patients at least one TRAE 

95% CI

66 (77.6) 

67.3%, 86.0%

9 (10.6) 

5.0%, 19.2%

8 (88.9) 

51.8%, 99.7%

4 (44.4) 

13.7%, 78.8%

11 (91.7) 

61.5%, 99.8%

2 (16.7) 

2.1%, 48.4%

Nausea 37 (43.5) 0 3 (33.3) 0 4 (33.3) 0

Diarrhea 27 (31.8) 0 6 (66.7) 1 (11.1) 4 (33.3) 0

Fatigue 24 (28.2) 1 (1.2) 3 (33.3) 1 (11.1) 2 (16.7) 0

Vomiting 22 (25.9) 0 5 (55.6) 0 3 (25.0) 0

Anemia 9 (10.6) 1 (1.2) 1 (11.1) 0 0 0

Blood creatinine increased 7 (8.2) 0 0 0 0 0

Decreased appetite 5 (5.9) 0 0 0 0 0

Pruritus 5 (5.9) 0 1 (11.1) 0 0 0

Platelet count decreased 4 (4.7) 1 (1.2) 1 (11.1) 0 0 0

Constipation 3 (3.5) 0 1 (11.1) 0 2 (16.7) 1 (8.3)

Dyspnea 3 (3.5) 2 (2.4) 1 (11.1) 0 0 0

Immune-mediated dermatitis 3 (3.5) 0 0 0 0 0

Proteinuria 3 (3.5) 1 (1.2) 0 0 0 0

CI, confidence interval (Clopper-Pearson method); TRAE, treatment-related adverse event; QD, once daily dosing. 

Note: patients reporting more than one event are counted only once for each preferred term. 

Table 2 lists the most common TRAE experienced in three or more patients in the 50–150 mg monotherapy group.
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SD ≥ 6 months) and 12 (54.5%, 95% CI: 32.25%–75.6%) expe

rienced disease control (CR + PR + SD of any duration) with NDI- 

101150 monotherapy. Clinical benefit and disease control were 

observed across multiple dose levels, indicating that the dose 

range of 50–150 mg was efficacious.

Preliminary disease control with NDI-101150 monotherapy 

was also observed in other tumor types, including pancreatic 

and endometrial cancers. One pancreatic cancer patient treated 

with 200 mg achieved SD for approximately 14 months, while an 

endometrial cancer patient treated with 150 mg maintained SD 

for 7 months (Figure 2B). No additional objective responses 

were observed within the non-ccRCC monotherapy or combina

tion arms. Of note, no RCC patients were enrolled in the combi

nation cohort.

Pharmacokinetics

All 106 subjects were evaluable for PK analysis, including six pa

tients specifically enrolled to assess the effect of food on PK 

(food effect). Following oral administration of NDI-101150 (50, 

100, 140, 150, and 200 mg as monotherapy; 50 and 100 mg in 

combination with pembrolizumab), time to maximum concentra

tion (Tmax) ranged from 1 to 8 h, with comparable exposures 

observed between monotherapy and combination cohorts. 

NDI-101150 mean half-life ranged from 6 to 10 h across cohorts. 

Dose proportionality for both maximum observed plasma con

centration (Cmax) and area under the plasma concentration- 

time curve from time zero to 24 h post-dose (AUC0–24h) was 

observed between 50 and 150 mg on cycle 1 day 1 (C1D1), cycle 

1 day 15 (C1D15), and cycle 2 day 1 (C2D1), although values at 

150 and 200 mg overlapped within standard deviations. Mean

ingful accumulation (≥2-fold) in Cmax and AUC0–24h occurred at 

doses ≤150 mg (monotherapy and combination) between 

C1D1 and C1D15/C2D1, while minimal accumulation at 

200 mg was likely attributable to increased vomiting in both fre

quency and duration. In a pilot food-effect cohort at the 150 mg 

dose, high-fat meals resulted in delayed absorption and 45% 

and 22% decreases in Cmax and AUC0–24h, respectively, 

compared to the fasted state; however, no exposure differences 

were anticipated in fed states. Plasma concentration profiles 

over time for fasted patients and detailed PK parameters for all 

patients (fed and fasted) are provided in Figure 3A and 

Tables S10, S11, and S12. Together, these results demonstrate 

that NDI-101150 exhibits predictable, dose-proportional PK be

tween 50 and 150 mg, with similar exposures when dosed as 

monotherapy or in combination with pembrolizumab. In addition, 

initial data suggest a minimal clinically meaningful food effect.

Pharmacodynamic studies

To determine the level of HPK inhibition that NDI-101150 

achieved in patients, a whole blood assay was developed to 

assess phosphorylated SLP76 following ex vivo stimulation 

(anti-CD3/anti-CD28). Upon T cell receptor activation, SLP76 is 

directly phosphorylated by HPK1, leading to its degradation 

and negative regulation of the T cell activation cascade. There

fore, the reduction in pSLP76 levels serves as a measure of 

HPK1 inhibition mediated by NDI-101150 treatment. Preclinical 

dose fractionation studies in a CT-26 syngeneic tumor model 

indicated that maintaining at least 50% reduction of pSLP76 

for 14–18 h was required to observe anti-tumor activity 

(Figure S1).34 Phospho-SLP76 data were available for 65 of 

106 patients treated on-study across all monotherapy and com

bination cohorts. The reasons for analysis failure in the 41 

Table 3. Summary of responses in patients receiving NDI-101150 monotherapy

BOR, n (%)

RCC

NSCLC (n = 8) G/GEJ (n = 9) Other* (n = 19) Total (n = 68)ccRCC (n = 22) nccRCC (n = 10) All RCC (n = 32)

CR 1 (4.5) 0 1 (3.1) 0 0 0 1 (1.5)

PR 2 (9.1) 0 2 (6.3) 0 0 0 2 (2.9)

SD 9 (40.9) 3 (30.0) 12 (37.5) 2 (25.0) 2 (22.2) 2 (10.5) 18 (26.5)

PD 10 (45.5) 7 (70.0) 17 (53.1) 6 (75.0) 7 (77.8) 16 (84.2) 46 (67.6)

NE 0 0 0 0 0 1 (1.5)** 1 (1.5)**

ORR 3 (13.6) 0 3 (9.4) 0 0 0 3 (4.4)

ORR 95% CI 2.9%,34.9% 0.0%,30.8% 2.0%,25.0% 0.0%,36.9% 0.0%,33.6% 0.0%,17.6% 0.9%,12.4%

CBR 6 (27.3) 0 6 (18.8) 0 0 2 (10.5) 8 (11.8)

CBR 95% CI 10.7%,50.2% 0.0%,30.8% 7.2%,36.4% 0.0%,36.9% 0.0%,33.6% 1.3%,33.1% 5.2%,21.9%

DCR 12 (54.5) 3 (30.0) 15 (46.9) 2 (25.0) 2 (22.2) 2 (10.5) 21 (30.9)

DCR 95%CI 35.2%. 75.6% 6.7%, 65.2% 29.1%, 65.3% 3.2%, 65.1% 2.8, 60.0% 1.3%, 33.1% 20.2%, 43.3%

Note: two-sided 95% confidence interval calculated using the exact Clopper-Pearson method for binomial proportions. 

*Other tumor types include pancreatic, colorectal, endometrial, melanoma, ovarian, anal cancer, chondrosarcoma, soft tissue sarcoma, tonsil, and 

uterine. One of the 19 patients in the ‘‘other’’ tumor category was evaluable for response; however, the overall disease assessment classified the pa

tient as non-evaluable due to one of the target lesions being unmeasurable. 

**One of the 19 patients in the ‘‘other tumor’’ category was evaluable for response; however, the overall disease assessment classified the patient as 

non-evaluable. 

Abbreviations: ccRCC, clear cell renal cell carcinoma; CBR, clinical benefit rate; CR, complete response; CI, confidence interval; DCR, disease control 

rate; dSD, durable stable disease; ORR, objective response rate; nccRCC, non-clear cell renal cell carcinoma; NE, non-evaluable; PD, progressive 

disease; PR, partial response; GEJ, gastric and esophageal junction; RCC, renal cell carcinoma; NSCLC, non-small cell lung cancer; SD, stable dis

ease; PD, progressive disease. dSD, SD for 6 months or longer; ORR, CR + PR/total; CBR, CR + PR + dSD/total; DCR, CR + PR + SD/total.
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patients with insufficient data included failure of T cells to 

respond to ex vivo anti-CD3/anti-CD28 stimulation, technical 

quality control failures, and samples either not being received 

or received out of the stability window. On cycle 1 day 1, a clear 

PK/PD relationship was observed (Figure 3B), with nonlinear 

regression analysis identifying a clinical pSLP76 half maximal 

inhibitory concentration (IC50) of 64 ng/mL total drug exposure. 

By day 15, steady state plasma concentrations at all doses of 

NDI-101150 exceeded the pSLP76 IC50 for a period consistent 

with pre-clinical dose fractionation studies. Additionally, longitu

dinal analysis of pSLP76 showed that by day 8 all doses 

achieved >50% inhibition (Figure S2). Importantly, no meaningful 

differences were observed in pSLP76 inhibition between mono

therapy and pembrolizumab combination samples, indicating a 

consistent effect of NDI-101150 across both treatment settings.

To determine whether NDI-101150-mediated HPK1 inhibition 

altered pSLP76 levels in the TME, paired pre- and on-treatment 

tumor biopsies from 14 patients were analyzed using a two-plex 

(CD3 and pSLP76) immunofluorescence assay. After approxi

mately 28 days of therapy, there was a 73% reduction in the 

mean percentage of CD3+pSLP76+ cells compared to baseline 

(Wilcoxon signed-rank test, single-hypothesis p = 0.025), with 

71% (10/14) of patients exhibiting a decreased percentage of 

CD3+pSLP76+ cells following NDI-101150 treatment 

(Figure 3C).

Translational analyses

A multiplex immunophenotyping assay was developed and per

formed on 12 paired pre-dose and on-treatment tumor biopsies 

to evaluate the effect of NDI-101150 on immune cells in the tu

mor after 28 days of treatment. In 10 of 12 patients, an increase 

in the percentage of activated CD8+ T cells was observed on 

treatment. Overall, a 2.5× median increase in CD8+granzymeB+ 

(baseline median = 3.7%, on-treatment median = 8.7%) and 

Figure 2. Best overall response in patients receiving NDI-101150 monotherapy, with scans showing changes in target lesion pre- and post- 

treatment with NDI-101150 monotherapy 

ccRCC, clear cell carcinoma; G/GEJ, gastric and esophageal junction; nccRCC, non-clear cell carcinoma; NSCLC, non-small cell lung cancer; RCC, renal cell 

carcinoma. Other tumor types included pancreatic, colorectal, endometrial, melanoma, ovarian, rectal cancer, chondrosarcoma, soft tissue sarcoma, tonsil 

cancer, and uterine cancer. 

(A) Waterfall plot shows the best percent change in sums of target lesion size compared to baseline for individual patients (n = 51). Indications shown include 

G/GEJ, NSCLC, ccRCC, and RCC not diagnosed as clear cell (nccRCC). 

(B) Spider plot of best overall response in patients (n = 51) who received NDI-101150 monotherapy evaluated based on RECIST v.1.1. Each line represents one 

patient, the indications shown include G/GEJ, NSCLC, ccRCC, and RCC not diagnosed as clear cell (nccRCC). The horizontal dotted lines at + 20% represent 

cutoffs for progressive disease and at − 30% represent cutoffs for partial response. The vertical dotted line represents the six-month cutoff and is representative 

of those patients achieving durable SD. 

(C) Vignette of a patient with ccRCC who had a complete response after NDI-101150 monotherapy. 

(D) Vignette of a patient with ccRCC who had a partial response after NDI-101150 monotherapy. 

(E) Vignette of a patient with ccRCC who had a partial response after NDI-101150 monotherapy.
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approximately 6.5× median increase in CD8+granzymeB+Ki67+ 

(baseline median = 0.6%, on-treatment median = 4.01%) cells 

were observed, with both increases being statistically significant 

(Wilcoxon signed-rank test, p < 0.01; Figure 3D). Of the 12 

pre-dose biopsies, eight were considered fresh (biopsy taken 

within 28 days prior to NDI-101150 treatment) while four were 

archival (range 1–5 years prior to NDI-101150 treatment). There 

were no observed differences in the percentage of cells detected 

Figure 3. Pharmacokinetic, pharmacodynamic, and translational outcomes 

Pharmacokinetic, pharmacodynamic, and translational results from advanced solid tumor patients treated with NDI-101150 are shown. 

(A) NDI-101150 total plasma concentrations, expressed as mean ± SD, had a near dose-proportional increase on day 1, with drug accumulation observed at 

steady state (day 15) sufficient to cover the pSLP76 whole blood clinical IC50 (represented by the dashed line). Doses represented include 50 mg (blue line; 0–24 h, 

n = 8; 336–360 h, n = 3), 100 mg (orange line; 0–24 h, n = 43; 336–360 h, n = 30), and 150 mg (purple line; 0–24 h n = 27; 336–360 h, n = 22). 

(B) A relationship between total NDI-101150 exposure and inhibition of the pSLP76 at C1D1 was established, including a clinical IC50 of 67 ng/mL (total con

centration). Data from the combination (n = 28 points, including from available time points with both PK and PD data from 10 patients) cohorts are included, with 

no differences observed when compared to monotherapy (n = 141 points, including from available time points with both PK and PD data from 55 patients). 

(C) Tissue pSLP76 data from 13 patients was collected utilizing a 2-Plex (CD3. pSLP76) immunofluorescence assay; results from tissue samples collected 

following 28 ( ±7 days) of NDI-101150 treatment show a clear reduction in percent CD3+pSLP76 cells compared to tissue samples collected pre-NDI-101150 

treatment (Wilcoxon signed-rank test, single-hypothesis p = 0.025). 

(D) Quantitative analysis of whole slides images from the individual patients (n = 11) with paired pre-dose and on-treatment biopsies show an increased number of 

CD8 T cells that are activated either through the co-expression of granzyme B or both granzyme B and Ki-67 in the on-treatment sample (Wilcoxon signed-rank 

test, p = 0.004, FDR-adjusted p = 0.03). 

(E) 12-Plex representative images from a clear cell RCC patient at baseline and following 28 days of NDI-101150 treatment at 100 mg QD are shown, 

demonstrating an increase in the CD8 cells that are activated through the increased expression of granzyme B and increase of dendritic cells represented by 

CD11c. Scale bar represents 200 μm. See also Figures S1, S2, S3, S4, and S5; Tables S10, S11, S12, S13, and S14.
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between the fresh and archive pre-dose biopsies (Table S13), 

demonstrating that the archival samples analyzed were repre

sentative of the pre-dose TME. In Figure 3E, representative 

baseline and on-treatment images from a patient with ccRCC 

who underwent fresh biopsies of a rib metastasis at baseline 

and on day 28 are shown. These images show a marked increase 

in CD8+ cells post-treatment, with many of the cells co-express

ing activation markers granzyme B and/or Ki-67. Within the im

ages, cytokeratin staining clearly delineates tumor borders, 

demonstrating that the increase in CD8+ T cells following NDI- 

101150 treatment is observed in both tumor and peri-tumor re

gions. These results align with broader preclinical data showing 

robust immune cell recruitment and activation within the TME 

following HPK1 inhibition. Evaluation of PD-1 and LAG3 on 

CD3+CD8+ cells showed only minimal increases, indicating 

that NDI-101150 did not induce phenotypic exhaustion in tu

mor-infiltrating CD8 T cells within the first 28 days of treatment 

(Figure S3). Similarly, the number of T regulatory cells in the 

on-treatment samples were also only marginally elevated 

compared to the baseline samples (Table S14).

To broaden and corroborate the immunophenotyping find

ings, we performed digital spatial profiling of tissue biopsies us

ing the whole transcriptome GeoMx assay. To refine our anal

ysis, tissue samples were annotated into tumor and non-tumor 

regions by pathologist-reviewed H&E-stained slides. By 

comparing gene expressions from regions of interest in a set of 

10 paired pre and on-treatment biopsy samples across indica

tions (ccRCC n = 8, G/GEJ n = 1, and NSCLC n = 1), we observed 

significant enrichment of multiple immune-related gene sets up

regulated in the tumor compartment on treatment. Many of these 

gene sets, such as those reflecting cytotoxic CD8 T cell activa

tion (e.g., PRF1, GZMB, FASLG, and CXCR6), corroborate 

results from the 12-plex assay that show an increase in T cell 

activation markers (granzyme B+ and Ki67+) following NDI- 

101150 treatment. In addition, we detected increased expres

sion of genes related to activation of the interferon response 

(e.g., STAT1, IRF1, GBP4, and ISG15) and presence of myeloid 

dendritic cells (e.g., D86, XCR1, CD33, and SLAMF8), extending 

the 12-plex findings and consistent with the proposed mecha

nism of HPK1 inhibition from pre-clinical studies34 (signatures, 

p < 0.05, Wilcoxon signed-rank test; Figure S4).

DISCUSSION

Here, we report that NDI-101150, a potent highly selective HPK1 

inhibitor, exerts immunomodulatory effects through a mecha

nism of action that broadly activates B cells, DCs, and T cells, 

leading to robust monotherapy anti-cancer activity. Notably, 

this effect persists in tumor settings that have become resistant 

or are refractory to checkpoint inhibition, including in ccRCC pa

tients who had progressed on multiple previous therapies. 

Among 22 response evaluable patients with ccRCC, three pa

tients (13.6%) achieved an objective response, including one 

CR and two PRs, and three additional patients achieved durable 

SD, lasting approximately 8, 11, and 25 months, respectively, re

sulting in a clinical benefit rate (CBR) of 27.3% and a disease 

control rate (DCR) of 54.5%. There were limited sample sizes 

in the expansion cohorts for NSCLC and G/GEJ, constraining a 

true efficacy analysis (particularly given the biological heteroge

neity of these tumors). Moving forward, biomarker discovery to 

identify patients with other tumor types that may benefit from 

HPK1 inhibition should be prioritized.

NDI-101150 was well tolerated both as monotherapy and in 

combination with the anti-PD-1 antibody pembrolizumab in pa

tients with advanced solid tumors. The MTD for monotherapy 

was determined to be 150 mg once daily, while combinability 

with pembrolizumab was demonstrated to be 100 mg of NDI- 

101150. An MTD in the combination setting was not established. 

In the monotherapy cohorts up to 150 mg, grade 3 or higher 

TRAEs were uncommon (11% of patients, 50–150 mg doses). 

In comparison, other reported HPK1 inhibitors tested in the clinic 

have not been able to demonstrate single agent anti-cancer ac

tivity coupled with a favorable safety profile like NDI-101150. 

Previously, CFI-40211, an HPK1 inhibitor, administered alone 

or in combination with pembrolizumab reported DCRs of 18% 

and 29%, respectively, but was associated with high-grade 

TRAEs in over half of the patients,35 resulting in a potentially un

favorable risk/benefit ratio. BGB-1502, another HPK1 inhibitor, 

was evaluated as a monotherapy or in combination with the 

anti-PD-1 inhibitor tislelizumab in patients with CPI-refractory 

advanced solid tumors. While the monotherapy arm showed a 

manageable safety profile (grade ≥3 TRAE rate of 12%), no 

objective responses were observed, and target engagement 

was limited.36 One potential explanation for greater activity of 

NDI-101150 is its selectivity: NDI-101150 is 377-fold more 

selective for HPK1 relative to GLK, a closely related MAP4K fam

ily kinase that promotes immune cell signaling, thus leading to 

effective immune suppression. HPK1 inhibitors with weaker 

selectivity across MAP4K kinases such as GLK may lose efficacy 

because the effect is counteracted by GLK-dependent signaling 

dampening the immune response in the absence of exquisite 

selectivity.

Clinical PK, PD, and translational analyses further supported 

the monotherapy activity observed with NDI-101150. Dose-pro

portional increases in plasma exposure were observed between 

50 and 150 mgs on day 1, with steady-state exposures in all dose 

cohorts exceeding the IC50 for the PD biomarker pSLP76, which 

was shown previously to be required for efficacy in pre-clinical 

dose fractionation studies. This was a key finding since we had 

observed objective responses at our lowest starting dose of 

50 mg in our study. Through our translation studies, we 

confirmed the proposed mechanism of action described in pre

clinical models by demonstrating an increased immune cell infil

tration and gene expression changes consistent with immune 

modulation post-NDI-101150 treatment34 (though we acknowl

edge the limitation of a limited sample size for translational anal

ysis, which can introduce selection bias and potentially limit 

generalizability). Complementary to the 12-plex findings, digital 

spatial profiling confirmed upregulation of immune-activating 

gene sets, including those involved in the interferon response 

and CD8+ T cell activation, as well as genes associated with 

the presence of dendritic cells. Taken together, the monotherapy 

responses observed in heavily pre-treated patients, especially 

those who had progressed on prior CPI, are consistent with 

the hypothesis and potential of NDI-101150 to be effective in 

these hard-to-treat patient populations. Additionally, the 
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responses seen in our study occurred in patients who had vary

ing responses to prior CPI, demonstrating the potential of HPK 

inhibition through NDI-101150 to provide benefit to patients 

who have progressed on a range of prior therapies and combina

tions that are consistent with the current treatment landscape in 

ccRCC.

To further develop NDI-101150 and determine how it could fit 

in the current treatment landscape in RCC and other indications 

of unmet need, it is important to contextualize our results within 

the sequence of current regimens and recently published clinical 

studies. The TiNivo-237 and CONTACT-0338 trials reported on 

the efficacy of CPI rechallenge (in combination with a TKI) in 

advanced RCC patients that had progressed on prior CPI ther

apy. Both studies demonstrated no clinical benefit from adding 

existing CPIs to TKIs as a combination in this post-CPI refractory 

setting, highlighting the challenge of immunotherapies in the 

post-CPI setting. In contrast, NDI-101150, which exerts a 

broad-ranging mechanism of action by modulating both adap

tive and innate immunity through HPK1 inhibition in B cells, 

DCs, and T cells, has shown promising monotherapy activity 

specifically in patients who were refractory to or had progressed 

on prior CPI therapy. These early findings support the hypothesis 

that CPI-refractory RCC tumors that otherwise do not typically 

respond to a rechallenge with current CPIs with a similar mech

anism of action may be sensitive to HPK1 inhibitors and could 

address the high unmet medical need for additional effective 

treatments for RCC patients who have exhausted prior 

therapies.

Recently, belzutifan, an agent with a mechanism of action 

targeting hypoxia-inducible factor-2 alpha was approved for 

treatment in adult patients with von Hippel-Lindau-disease- 

associated RCC who do not require immediate surgery as well 

as use in pretreated advanced clear cell RCC after progression 

on prior CPI and vascular endothelial growth factor (VEGF)-tar

geted therapy. Moreover, two belzutifan combination trials addi

tionally reported positive outcomes, demonstrating improved 

progression-free survival (PFS) and objective response rate 

(ORR) by combining with lenvatinib, a multiple TKI, in RCC pa

tients who had progressed on prior CPI therapies as well as in 

combination with pembrolizumab in the adjuvant setting, 

showing superior disease-free survival (DFS) compared to 

SOC pembrolizumab alone,39,40 thus positioning belzutifan 

potentially into earlier lines of therapy. Given these positive 

data readouts with complementary mechanism of actions espe

cially in patients who were previously refractory or had pro

gressed on prior CPIs in addition to positioning in the adjuvant 

setting, a immunomodulatory mechanism like a HPK1 inhibitor 

similarly offers potential for combinations with multiple agents 

given their complementary mechanisms (HIF2alpha, TKI or 

anti-PD1) for patients progressing on prior CPI and TKI regi

mens, leading to potentially broader and deeper clinical 

response.

Of particular interest is to also examine the effects of an HPK1 

inhibitor in combination with a CPI and/or belzutifan as frontline 

exposure. This needs to take the evolving treatment landscape in 

RCC in context. In the adjuvant setting for intermediate-high or 

high-risk RCC, the new SOC could possibly include belzutifan 

in combination with pembrolizumab. Additionally, first-line 

RCC treatments currently include an ipilimumab-nivolumab or 

CPI-TKI combination. In view of the TiNivo-2 and CONTACT- 

03 studies, it will be interesting to see whether CPI-CPI or CPI- 

TKI first-line treatment paradigm will remain SOC with the 

current use of a pembrolizumab-based treatment regimen in 

the adjuvant setting. This further provides a rationale for an 

immunomodulator like NDI-101150 in combination with either a 

CPI, TKI, or HIF2alpha inhibitor to be assessed as a valuable 

treatment option for earlier lines in the future. One limitation of 

our human phase 1/2 study is the small and heterogeneous pa

tient population with a broad range of prior therapies across 

diverse tumor types. It will be interesting to further examine effi

cacy and safety in a more homogenous patient population to 

validate and contextualize our early findings, which requires 

larger controlled studies.

In conclusion, this human study demonstrated that NDI- 

101150, a potent and selective HPK1 inhibitor, delivers a 

manageable safety profile with impressive single-agent activity 

in heavily pretreated patients with advanced solid tumors, partic

ularly in those with ccRCC who have stopped responding to 

SOC treatments, including CPIs. The observed objective re

sponses, durable disease control, and immune activation of 

the TME provide clinical validation for this immunomodulatory 

mechanism of action in a challenging patient population. To 

our knowledge, the observation of robust single-agent activity 

with this immunotherapy follows a long period of rather disap

pointing results of other check point inhibitors or immunomodu

latory agents.41,42 Collectively these findings support the 

continued clinical development of NDI-101150 across both early 

and later lines of therapy and underscore the need for larger, ran

domized studies to confirm its efficacy and define its role within 

the evolving treatment landscape for advanced solid tumors.

Limitations of the study

The single-arm phase 1/2 study is limited by its open-label 

design and lacks a randomized comparator, restricting definitive 

assessment of NDI-101150 benefit. In addition, data from this 

study demonstrate that NDI-101150 has a favorable safety pro

file as monotherapy or in combination with pembrolizumab, 

monotherapy anti-tumor activity in ccRCC, and on-target activa

tion of the tumor immune environment; further studies in a larger 

and less heterogeneous patient population will be needed to 

confirm and expand these findings in both mono and combina

tion therapies.
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STAR★METHODS

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Anti-CD45 BD Biosciences RRID:AB_2869519

Anti-CD3 BioLegend RRID:AB_2904327

Anti-CD4 BioLegend RRID:AB_10965645

Anti-CD8 BD Biosciences Cat# 563677

Phospo-SLP76 (S376) Cell Signaling Technologies Cat# 76143

Anti-human CD3 Stimulation Agent BioLegend RRID:AB_11150592

Anti-human CD28 Stimulation Agent BioLegend RRID:AB_11148949

Goat anti-mouse IgG ThermoFisher (Invitrogen) Cat# 31160

BD PhosFlow Lyse/Fix Buffer BD Biosciences RRID:AB_2869117

BD PhosFlow Perm/Wash Buffer BD Biosciences RRID:AB_2869104

Human TruStain FcX BioLegend RRID:AB_2818986

Anti-KI-67 Clone SP6 Abcam RRID:AB_2924695

Anti- Granzyme B Clone EPR8260 Abcam Cat# ab226162

Anti-LAG3 Clone EPR20261 Abcam Cat# ab227579

Anti-HLA-DR Clone TAL1B5 Abcam RRID:AB_3492081

Anit-CD8 Clone C8/144B Biocare Cat# 3160

Anti-PD-1 Clone CAL20 Abcam Cat# ab251613

Anti-FoxP3 Clone 236A/E7 ThermoFisher (Invitrogen) Cat# 14-4777

Anti-CD11c Clone EP1347Y Abcam RRID:AB_2864379

Anti-CD3 Clone BC33 Biocare Cat# 3170

Anti-CD4 Clone SP35 Abcam Cat# ab238798

Anti-CD20 Clone L26 ThermoFisher (Invitrogen) Cat# 14-0202

Anti-CK Clone AE1/AE3 Fortis Life Sciences Cat# A500-019A

Anti-pSLP76 (Ser376) [E3G9U]-T91 ISP Cell Signaling Technology Cat# 10190SF

Biological samples

Human Blood Patients in this study N/A

Human tumor tissue samples Patients in this study N/A

Software and algorithms

Phoenix® WinNonlin® v.8.5. Certara N/A

BD LSRFortessaTM Cell Analyzer BD Biosciences Cat# 647800L

BD FACSDivaTM v9.0 BD Biosciences N/A

FlowCut® v1.0 CellCarta N/A

CellEngine® v6.1 CellCarta N/A

Ultivue’s UltiStacker Software Ultivue N/A

Other

Antibody Diluent Ultivue Cat# 40390

Pre-Amplification Mix Ultivue Cat# 40039

Amplification Solution Ultivue Cat# 40030

Bond Wash Solution Leica Biosystems Cat# AR9590

Bond ER2 Solution Leica Biosystems Cat# AR9640
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EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Study design and patients

NDI-101150 was tested in a human, multicenter, open-label, Phase 1/2 trial as a monotherapy or in combination with pembrolizumab 

in patients with advanced solid tumors who were ineligible for or refractory to standard-of-care therapy. Fifty seven percent of the 

participants were male with a median age of 66 years (range: 21–90). The dose-escalation phase of the study included patients 

with histologically or cytologically confirmed advanced or metastatic solid tumors for whom no standard therapies were available 

or whose tumors were refractory to standard therapy. Patients with measurable or non-measurable disease were allowed in the 

dose escalation phase of the study. In the dose expansion phase, patients with histologically or cytologically confirmed advanced 

or metastatic RCC, NSCLC, and G/GEJ for which no standard therapies were available or were refractory to standard therapy 

were included. Patients were required to have measurable disease using Response Evaluation Criteria In Solid Tumors version 

1.1 (RECIST v1.1) to enroll in the dose expansion phase of the study.

The study protocol was reviewed and approved by an independent ethics committee and relevant regulatory authority in the United 

States of America. The full study protocol can be found as supplementary information (Data S1). The study design and execution of 

the study adhered to all relevant regulations concerning the use of human study participants. All patients or their legal representatives 

provided written informed consent before participating in the study.

METHOD DETAILS

Study treatment and assessments

In patients who received NDI-101150 monotherapy, NDI-101150 was administered orally in capsule form every day continuously in 

4-week cycles (28 days) at each of the pre-specified doses of 50 mg, 100 mg, 140 mg, 150 mg, and 200 mg. In patients who received 

the combination therapy, NDI-101150 was administered orally in capsule form continuously once daily in 3-week cycles (21 days) at 

50 mg or 100 mg doses, and pembrolizumab was administered intravenously at 200 mg dose every 3 weeks (Q3W) following the 

pembrolizumab USPI.43 On days when NDI-101150 and pembrolizumab were co-administered, NDI-101150 was administered first 

and observed for at least 30 min prior to administration of pembrolizumab. Each dose of pembrolizumab was administered at the 

study center. Study treatment was continued until occurrence of any of the following events which led to permanent discontinuation 

of study drug, including occurrence of disease progression, unacceptable toxicity, withdrawal of consent by patient, withdrawal of 

the patient by the investigator, death, start of new systemic anti-cancer treatment, or termination of the study by Sponsor.

Using a standard 3 + 3 design, DLTs were evaluated during the first 4 weeks (28 days) of NDI-101150 monotherapy escalation co

horts, or during the first 6 weeks (42 days) of NDI-101150 and pembrolizumab combination escalation cohorts. The DLTs were eval

uated using the NCI CTCAE Criteria v5.0.

Tumor response was evaluated by the study investigators according to RECIST v1.1. The response was categorized as complete 

response (CR), partial response (PR), stable disease (SD), progressive disease (PD), and non-evaluable (NE). Radiographic tumor 

assessments (via computed tomography) were conducted approximately every 8 weeks (±7 days) from Cycle 1 Day 1 (C1D1) dosing 

in the monotherapy cohorts or every 9 weeks (±7 days) from C1D1 dosing for the NDI-101150 and pembrolizumab combination ther

apy cohorts until discontinuation of study treatment or withdrawal of consent, whichever occurred first. The CR and PR were 

confirmed with at least one subsequent imaging scan.

Objectives

For the dose escalation phase, the primary endpoint was determination of DLT associated with NDI-101150 monotherapy or in com

bination with pembrolizumab in all solid tumor patients. For the dose expansion phase, the primary endpoint was evaluation of ORR 

as per RECISTv1.1 in patients with RCC, NSCLC, and G/GEJ. Objective response rate was a secondary endpoint for dose escalation 

cohorts, while secondary endpoints for both dose escalation and expansion phases included assessment of incidence of adverse 

events (AEs), serious AEs (SAEs), clinical benefit rate (CBR), duration of response (DOR), time to response (TTR), progression free 

survival (PFS), overall survival (OS), and pharmacokinetic (PK) profile associated with NDI-101150 monotherapy or in combination 

with pembrolizumab. The CBR was defined as CR + PR + SD ≥ 6 months, while disease control rate was defined as CR + PR + 

SD of any duration.

Pharmacokinetic analysis

NDI-101150 plasma concentrations were analyzed on Cycle 1 Days 1 and 15, and/or Cycle 2 Day 1 pre-dose, and at 0.5, 1, 2, 3, 4, 6, 

8, and 24 h post dose. Additional pre-dose samples were collected on Cycle 1 Day 22, Cycle 2 Day 15, and Cycle 3 Day 1.

For the pilot food-effect cohort, on Cycle 0 Day 1, following the 2-h fast pre-dose, patients were given a high-fat and high-calorie 

meal along with 240 mL of water (fed condition), approximately 30 min before administration of NDI-101150. On Cycle 1 Day 1 (and all 

other days of treatment), patients fasted for 2 h taking NDI-101150 (modified fasted condition). Blood samples for PK were collected 

at pre-dose, 0.5, 1, 2, 3, 4, 6, 8, 24, 48 (Cycle 0 only), and 72 (Cycle 0 only) hours post-dose.

Plasma concentrations of NDI-101150 were determined, using a validated high-performance liquid chromatographic-tandem 

mass spectrometry (LC-MS/MS) method. Briefly, plasma samples were fortified with an internal standard (NDI-101150-d6) and 
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extracted by protein precipitation. Reversed-phase high-pressure liquid chromatography (HPLC) separation was achieved with an 

ACE 3 C18 column (50 × 2.1mm, 3.0 μm). MS/MS detection was set at mass transitions of m/z 487.2→386.1 for NDI-101150 in 

TurboIonSpray positive mode. The standard curve had a dynamic range of 1.00–1000 ng/mL.

Key PK parameters evaluated by non-compartmental analysis (NCA; Phoenix WinNonlin , Certara) included maximum observed 

plasma concentration (Cmax), time of maximum plasma concentration (Tmax), area under the plasma concentration-time curve from 

time zero to 24 h post-dose (AUC0–24h), terminal elimination half-life (t½), and accumulation ratio (RA).

Whole blood pSLP76 assay

Baseline (pre-dose Cycle 1 Day 1) samples were compared to on-treatment samples taken after dosing on Cycle 1 Days 1 and 15 at 2, 

and 4 h, and pre-dose samples on Cycle 1 Days 2, 8, 15, and 21. Following collection in sodium heparin vacutainers, blood was ship

ped overnight to a third-party vendor (CellCarta) and processed. Briefly, 90 μLs of whole blood was stimulated with anti-CD3/anti- 

CD28 or phosphate buffered saline (unstimulated control). Following stimulation, cells were lysed and fixed, then frozen as cell pellets 

at − 80◦C for storage. For analysis, both unstimulated and stimulated frozen cell pellets samples were thawed. The cells were then 

blocked to reduce nonspecific binding, followed by surface staining. Next, cell permeabilization followed by intracellular staining of 

pSLP76 (Serine 376) was performed. Finally, samples were acquired on a BD LSRFortessa cytometer for analysis. Flow analysis was 

performed utilizing a standard gating procedure (Figure S5) and percent of baseline was analyzed for the median fluorescence in

tensity of the CD3+CD8+pSLP76+ population. Samples were considered outside of stability if they were received greater than three 

days following collection and/or processed more than four days after collection. Following staining samples were considered stable 

for 24 h at 2◦C–8◦C or frozen for <5 weeks (35 days). Anything beyond this was considered an assay failure.

Tissue immunofluorescence assays

Tumor tissue biopsies were considered optional during the dose escalation phase of the study, while in dose expansion, biopsies 

were mandatory at baseline (archival pre-dose was acceptable with medical monitor approval) and on treatment (Day 28 ± 

7 days). 4-micron formalin-fixed paraffin-embedded tumor tissue sections from pre- and on-treatment patient samples were evalu

ated with Ultivue’s InSituPlex. The multiplex immunofluorescence assays used custom 12-plex (CD3, CD4, CD8, CD11c, CD20, 

FoxP3, GrzB, HLA-DR, Ki-67, Lag3, pan-CK, and PD-1) and 2-plex (CD3, pSLP76) U-VUE panels. Images were quality controlled 

for necrotic areas of tissue as well as edge staining, folds, tears, blurred and/or misaligned areas, and other artifacts excluded as 

needed throughout. Large areas of autofluorescence in red cells and elastic fibers were also excluded from analysis as needed to 

reduce false positives. Standard image analysis was performed as previously outlined.44 For pSLP76 analysis, tumor tissue levels 

were calculated from 2-Plex immunofluorescence as CD3+pSLP76+ densities normalized to total CD3+ densities. Likewise, 

12-Plex analyses were normalized to the parental cell type (e.g.,.CD3+CD8+GrzB+, densities were normalized to CD3+CD8+ 

densities).

Digital spatial profiling

Digital spatial profiling (DSP) experiments were performed according to the Nanostring GeoMx-NGS DSP Instrument Manual. Briefly, 

FFPE tissues from pre- and on-treatment biopsies were analyzed for spatially resolved profiling of the whole transcriptome atlas us

ing NanoString’s GeoMx DSP platform at Canopy Biosciences, Hayward, CA (Bruker Nano Inc, Billerica, MA, USA). Slides were 

imaged in the Cy5/666 nm channel to detect CD45 (Cell Signaling Technology, 19744). Photo-cleavable RNA probes were released 

from CD45 positive and CD45 negative cellular segments by UV light and sequenced using an NGS readout (Illumina NovaSeq X Plus 

system). For each 4-micron slide, 10 regions of interest (5 regions corresponded to tumor areas, and 5 regions corresponded to non- 

tumor areas) of ∼450,000 mm2 as defined by a pathologist were selected and segmented into CD45+/− cells. FASTQ files were pro

cessed using the Nanostring GeoMx NGS Pipeline v2.2. For analysis, NGS counts were processed as recommended by Nanostring. 

Target counts were normalized with a third quartile normalization. Targets with 1% segments above the limit of quantification were 

kept. Linear Mixed Effects models were used to characterize and derive p-values for differences in expression between experimental 

groups. Differential gene expression and unsupervised clustering were performed using the GeoMx Data Analysis suite. Gene set 

enrichment analysis (GSEA) was performed using the fGSEA package from Bioconductor on log2 fold-change values between exper

imental groups. Immune gene sets were obtained from published datasets.45–47

QUANTIFICATION AND STATISTICAL ANALYSIS

Clinical data processing, tabulation of descriptive statistics, calculation of inferential statistics and graphical representations except 

for PK parameter estimation and translational analyses utilized SAS (release 9.4 or higher). A detailed summary of statistical analyses 

are outlined in the statistical analysis plan (Data S1).

ADDITIONAL RESOURCES

The study was registered with ClinicalTrials.gov, number NCT05128487.
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