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Dasatinib as a Network-modulating 
Tyrosine Kinase Inhibitor in  
Philadelphia Chromosome-positive 
Leukemias: Integration of BCR-ABL1, 
SRC, and MAPK Signaling
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Abstract

Philadelphia chromosome-positive leukemias involve signaling systems beyond BCR-ABL1, and treatment response may 
depend on this wider network biology. Second-generation BCR-ABL1 tyrosine kinase inhibitors such as dasatinib, nilotinib, 
and bosutinib show variable clinical responses according to diagnosis and disease stage. Dasatinib is effective in this context 
because it is active against SRC-family kinases as well as receptor-proximal kinases and downstream outputs involving the 
MAPK/ERK, PI3K/AKT and JAK/STAT pathways. This broader pharmacological profile may impair compensatory signaling, 
which may partly account for its activity against CML and Philadelphia chromosome-positive ALL, especially if SRC-linked 
or ERK-mediated persistence underlies treatment escape. However, the same breadth could trigger pleural effusion and 
immune-related effects, underscoring the need for personalized dosing, toxicity monitoring, and adaptive interpretation 
of responses. This review combines many forms of evidence, including mechanistic, phosphoproteomic, immunologic and 
clinical evidence, to show that dasatinib acts as a network-modulating tyrosine kinase inhibitor rather than only as an 
ABL1-directed agent. Translational biomarkers, host immune responses, and systems-biology strategies may help predict 
incomplete pathway inhibition, guide treatment selection, and improve the durability of deep molecular remission.
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Introduction

Philadelphia chromosome-positive leukemias are hemato-
logic malignancies defined by the BCR-ABL1 fusion kinase. 
The use of tyrosine kinase inhibitors has changed chronic 
myeloid leukemia from a frequently fatal disease to a control-
lable disease over the long term, though durable molecular 
eradication is inconsistent, and many patients eventually 
require therapy for a prolonged period. In Ph-positive acute 
lymphoblastic leukemia, relapse risk, measurable residual 
disease and lineage-specific resistance continue to drive 
treatment response, making outcomes more aggressive, indi-
cating that therapeutic success cannot be accounted for by 
mere inhibition of the BCR-ABL1 catalytic domain.1–5 Hence, 
a network-based view is useful in this context, since  
BCR-ABL1 is a signaling hub that activates interconnected 

RAS-RAF-MEK-ERK, PI3K-AKT-mTOR, and JAK-STAT 
pathways. Further, disease behavior is influenced by lineage, 
BCR-ABL1 isoform, stem/progenitor state, marrow niche 
protection, cytokine exposure, and immune context.6–9 
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Dasatinib is particularly relevant because it inhibits ABL1 
and SRC-family kinases, thereby suppressing BCR-ABL1 
signaling and some compensatory pathways that sustain 
downstream MAPK/ERK, PI3K/AKT, and JAK/STAT out-
puts. This review thus applies a network-modulation frame-
work focused on BCR-ABL1 hub signaling, SRC-family 
kinase reinforcement, and MAPK/ERK output recovery, 
while integrating systems-level evidence concerning immune 
effects, translational biomarkers, and predictive modelling of 
durable molecular remission.10,11 As of 2026, it is relevant to 
compare dasatinib with asciminib. Dasatinib is an ATP-
competitive multikinase inhibitor with ABL1/SRC-family 
activity and broader kinome engagement, whereas asciminib 
is a first-in-class STAMP allosteric inhibitor that binds the 
ABL1 myristoyl pocket and locks BCR-ABL1 in an inactive 
conformation. Preclinical and clinical studies indicate that 
asciminib, an allosteric inhibitor targeting the ABL1 myris-
toyl pocket, is active against native and several ATP-binding-
site-mutated forms of BCR-ABL1, including T315I.12,13

Methods

Data Sources

A structured narrative review was conducted using PubMed/
MEDLINE, Scopus, Web of Science Core Collection, and 
Google Scholar. The literature search covered database incep-
tion through February 2026, with no lower publication-year 
restriction; the included evidence base spanned 1993–2026. 
Search terms were combined using Boolean operators and 
included: (“dasatinib” OR “BMS-354825”) AND (“BCR-
ABL1” OR “Philadelphia chromosome” OR “chronic mye-
loid leukemia” OR “CML” OR “Ph-positive acute 
lymphoblastic leukemia” OR “Ph+ ALL”) AND (“SRC-
family kinase” OR “LYN” OR “HCK” OR “FGR”  
OR “MAPK” OR “ERK” OR “PI3K” OR “AKT” OR “JAK” 
OR “STAT5” OR “resistance” OR “molecular response” OR 
“treatment-free remission” OR “phosphoproteomics” OR 
“pharmacokinetics” OR “biomarker”). Reference lists of  
eligible articles and relevant guidance documents were addi-
tionally screened to identify foundational and recent studies.

Study Selection

Records were screened in two stages: title and abstract review 
followed by full-text assessment. Eligible sources included 
peer-reviewed mechanistic and preclinical studies; chemi-
cal-proteomic and phosphoproteomic investigations; phar-
macokinetic-pharmacodynamic studies; randomized and 
non-randomized clinical trials; observational cohorts; and 
authoritative guidelines or high-quality reviews directly 

addressing BCR-ABL1 network signaling, SRC-family 
kinases, MAPK/ERK escape, dasatinib pharmacology, treat-
ment resistance, molecular-response kinetics, immune effects, 
translational biomarkers, or clinical outcomes in chronic 
myeloid leukemia or Philadelphia chromosome-positive 
acute lymphoblastic leukemia. Duplicate records, conference 
abstracts without adequate methodological detail, non- 
English full texts without an accessible English version, and 
publications unrelated to BCR-ABL1-driven leukemias or 
dasatinib network pharmacology were excluded.

Data Extraction

Data were extracted into a structured evidence matrix com-
prising publication year, study design, disease subtype and 
phase, experimental model or patient population, BCR-ABL1 
isoform or mutation status, intervention and comparator, 
dasatinib exposure or dosing, molecular targets and pathway 
readouts, resistance mechanism, pharmacokinetic-pharmaco-
dynamic variables, immune or toxicity effects, molecular 
response, measurable residual disease, survival outcomes, 
and translational implications. Owing to substantial heteroge-
neity in study designs, experimental models, assays, and 
reported outcomes, quantitative meta-analysis was not appro-
priate. The evidence was therefore synthesized narratively 
and organized into the thematic domains presented in the 
Results, Tables 1 and 2, and Figure 1.

Results

The literature synthesis identified interconnected evidence 
across BCR-ABL1 hub biology, SRC-family kinase rein-
forcement, MAPK/ERK escape, PI3K/AKT/mTOR and JAK/
STAT persistence, dasatinib network pharmacology, primi-
tive-cell and microenvironmental protection, translational 
biomarkers, immune effects, toxicity, and clinical response. 
These findings are presented in the following thematic 
sections.

Clinical and Biological Challenges  
in the Modern TKI Era

In Ph-positive CML, variability in early BCR-ABL1 decline 
should be viewed as a meaningful biological signal reflecting 
BCR-ABL1 dependence, drug exposure, leukemic-cell turno-
ver, stem/progenitor persistence, and compensatory survival 
pathways (Table 1). The core downstream signaling modules 
and network properties that preserve signaling output under 
TKI pressure are summarized in Table 2. Therefore, early 
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molecular response, sustained deep molecular response, and 
treatment-free remission have become central elements of 
long-term TKI strategy.14,15 The 3-month BCR-ABL1 tran-
script level and transcript-decline kinetics predict later molec-
ular outcomes, with halving time providing additional 
prognostic value even among patients with BCR-ABL1 
>10% at 3 months.15–17 Deep molecular suppression also var-
ies between TKIs; ENESTnd showed higher rates of MMR, 
MR4.5, and estimated treatment-free remission eligibility 
with nilotinib than with imatinib, although survival remained 
favorable.19 ENESTfreedom, confirmed that treatment-free 
remission is achievable but not universal, with many patients 
regaining molecular response after restarting therapy.18 
Longer treatment duration, longer deep molecular response 
duration, transcript type such as e14a2, immune markers 
involving natural killer cells, regulatory T cells and mono-
cytic myeloid-derived suppressor cells, as well as adequate 
drug exposure and OCT-1 activity, further influence response 
depth and relapse risk.20,21,34 Persistence and minimal residual 
disease are now understood as network-driven residual states 
rather than simple failure of BCR-ABL1 inhibition, because 
primitive leukemic stem and progenitor cells can survive 
through cytokine-supported, niche-protected, and BCR-
ABL1-independent mechanisms despite effective kinase  
suppression.22,23 SRC-family kinase activity contributes to 
this survival architecture by sustaining downstream STAT5, 
AKT, and MAPK signaling, and increased SRC activity has 
been linked to imatinib resistance even in the absence of 
ABL1 kinase-domain mutations.24,25 Bone marrow niche  
signals also promote residual-cell protection through  

CXCR4-mediated stromal migration, dormancy, E-selectin/
CD44-dependent anchorage, and persistence of quiescent 
leukemic stem-cell subsets such as CD93-positive and CD26-
positive populations.26–28 Accordingly, resistance in BCR-
ABL1-driven leukemias should be interpreted as a mechanistic 
spectrum that includes ABL1-centered causes such as 
kinase-domain mutations, BCR-ABL1 amplification or over-
expression, and inadequate intracellular drug exposure, as 
well as partially ABL1-independent mechanisms involving 
parallel signaling, microenvironmental support, and restora-
tion of downstream pathway outputs.5 This distinction is clin-
ically important because ABL1 mutations are more common 
in advanced phases, whereas mutation-negative resistance 
requires assessment of exposure and compensatory signaling; 
the broader ABL/SRC inhibitory profile of dasatinib may 
therefore be relevant in resistant CML and particularly in 
Ph-positive ALL, where comparative clinical data support 
dasatinib over imatinib in selected settings.29,30

Molecular Architecture of BCR-ABL1 
Signaling as a Hub System

BCR-ABL1 Isoforms and Signaling Bias

BCR-ABL1 isoforms create distinct signaling contexts rather 
than merely producing kinases of different molecular size. 
The BCR-derived N-terminal region influences oligomeriza-
tion, localization, adaptor recruitment, and interaction net-
works; p210 isoforms predominate in CML, whereas p190 is 

Figure 1.  Kinome network map illustrating dasatinib-mediated collapse of the Philadelphia chromosome-positive leukemic survival 
network. 
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more frequent in Ph-positive B-ALL, contributing to differ-
ences in JAK/STAT, SRC-family kinase, and ERK-associated 
signaling.7,39,40 This isoform bias is not explained only by cat-
alytic strength, as p190 lacks the BCR-derived DH-PH 
domain tandem but retains a similar ABL1 kinase domain, 
and shared activation markers do not support the view that 
p190 is simply a more active kinase. Instead, p190 preferen-
tially engages trafficking and lymphoid-associated pathways, 
while p210 is more linked to myeloid regulatory programs, 
including AP2-related biology and STAT5/ERK1/2 
signaling.7 

Clinically, this helps explain the rarity of e1a2/p190 
transcripts in typical CML and transcript-related differences  
in molecular quantification in Ph-positive acute leukemias.40  The 
principal ABL1-centered, exposure-related, network/bypass, 
and lineage-dependent resistance mechanisms are summarized 
in Table 1. Functionally, BCR-ABL1 acts as a phosphoryla-
tion-mediated signaling scaffold as well as a kinase: BCR coiled-
coil-driven oligomerization enables trans-autophosphorylation 
and formation of phosphotyrosine docking sites, while ABL1 
SH3/SH2 domains and catalytic activity organize downstream  
signaling.41,42 Tyr177 is a central hub residue, recruiting 
GRB2, linking GRB2-SOS to RAS signaling, and engaging 
GAB2 to expand PI3K/AKT and RAS/ERK outputs; Y177F 
substitution and Gab2 loss markedly impair BCR-ABL1-
mediated transformation.43 Proteomic studies further show 
that BCR-ABL1 forms a layered adaptor network involving 
Grb2/Gab2/ShcI, CrkI, Dok1/Dok2, CRKL, SHC1, GRB2, 
SOS1, c-CBL, p85alpha-PI3K, STS1, and SHIP2, and impor-
tantly, catalytic inhibition by TKIs may suppress kinase 
activity without fully dismantling this signalosome, allowing 
rapid signaling recovery after drug pressure is removed  
(Table 2).6,44

SRC-family Kinases as Amplification, 
Bypass, and Lineage-modulating Nodes

In Ph-positive leukemias, SRC-family kinases are context- 
dependent signaling contributors rather than passive co-activated 
proteins. LYN, Hck, and Fgr are direct BCR-ABL1 activation 
targets in B-lineage disease, and genetic models show that 
loss of these kinases blocks B-lymphoblastic leukemia induc-
tion while still allowing CML-like disease, indicating stronger 
SFK dependence in lymphoid transformation.49 In CML, 
increased phosphorylated SRC in CD34+ and CD34+CD38– 
progenitor compartments suggests relevance in primitive and 
advanced-phase disease, even when bulk leukemic signaling 
remains mainly BCR-ABL1 driven.49 Mechanistically,  
BCR-ABL1 and SFKs form a bidirectional reinforcement 
layer: LYN may initially function downstream of BCR-
ABL1, but under therapeutic pressure, it can become partly 
BCR-ABL1-independent, sustaining Tyr177 phosphorylation, 

Gab2-associated adaptor signaling, and downstream pathway 
propagation despite ABL inhibition.50 This contributes to 
clinically relevant phenotypes such as survival signaling, 
adhesion-mediated tolerance, stromal and fibronectin protec-
tion, CXCR4-mediated migration, altered trafficking, and 
microenvironmental resistance.36,50–52 During disease progres-
sion, leukemic survival may shift from single-driver ABL1 
dependence toward broader pathway flexibility involving 
SFKs, growth factor signals, receptor-driven ERK recovery, 
and niche-derived protection. Dasatinib can inhibit SRC 
activity and reduce P-MAPK, P-AKT, and P-STAT5 in 
growth factor-independent primitive CML progenitors, 
although growth factor exposure can attenuate these effects, 
showing that extrinsic signals may restore downstream  
outputs even during combined ABL/SRC inhibition.24 In 
Ph-positive B-ALL, preclinical and clinical data support 
stronger SFK-relevant TKI selection: combined SRC and 
BCR-ABL inhibition improves survival in models, pediatric 
dasatinib therapy improves 4-year event-free survival, overall 
survival, and relapse rates compared with imatinib, and  
adult pooled JALSG data show higher complete molecular 
response and improved 3-year outcomes with dasatinib-based  
chemotherapy.29,30,49 Overall, SFK biology appears more  
outcome-relevant in Ph-positive ALL than in typical chronic- 
phase CML, particularly when lymphoid signaling programs 
dominate.49

MAPK Signaling as a Convergence Node 
and Common Escape Output

The MAPK pathway is organized as a RAS-RAF-MEK1/2-
ERK1/2 cascade, with ERK acting as a major convergence 
output for proliferative and survival signaling in BCR-ABL1-
positive leukemias. ERK activation occurs through the classi-
cal BCR-ABL1-GRB2/SOS-RAS axis as well as receptor- and 
growth factor-mediated inputs from the hematopoietic niche; 
therefore, p-ERK should be interpreted as a shared down-
stream readout rather than a marker of one upstream driver.46 
Treatment escape can occur through several MAPK control 
points, including RAS activation, RAF activation and dimer-
ization, MEK-dependent ERK phosphorylation, and feed-
back regulators that normally restrain pathway activity.53 
Under kinase inhibition, MAPK can become an escape route 
because suppression of BCR-ABL1 may release MEK-
dependent negative feedback, restore responsiveness to 
growth factor receptor signals, and permit ERK rebound 
despite continued proximal target inhibition.46,53 This is sup-
ported by primary CD34+ CML studies in which imatinib 
reduced BCR-ABL1 activity but increased p42/44 MAPK 
activity in a growth factor-dependent manner, and by imatin-
ib-resistant K562 cells where ERK1/2 activation persisted 
despite BCR-ABL1 inhibition, with MEK blockade enhancing 
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imatinib activity.46,48 Asmussen and colleagues further showed 
that BCR-ABL1 can impose MEK-dependent negative-feed-
back rewiring of myeloid growth factor receptor signaling, 
creating an addiction-like state that may be altered when 
treatment releases or rewires feedback control.53 Accordingly, 
co-targeting MAPK is rational when sustained ERK output 
persists: MEK1/2 inhibitors sensitize BCR-ABL-positive 
leukemia cells to imatinib and dasatinib in models involving 
BCR-ABL overexpression or LYN overexpression, although 
T315I resistance remains a limitation.54 Similarly, in BCR-
ABL1-independent imatinib resistance driven by sustained 
RAF/MEK/ERK activity and PRKCH upregulation, com-
bined imatinib and trametinib produced synergistic killing 
and improved survival in murine CML models.55 Overall, 
MAPK/ERK output recovery represents a key resistance 
mechanism, especially in primitive or growth factor-sup-
ported compartments not fully controlled by ABL inhibition 
alone.24,46

Dasatinib: Mechanistic Pharmacology 
Interpreted as Network Modulation

Dasatinib is best understood as a kinase inhibitor with broad 
network reach rather than a narrowly ABL1-directed agent. 
Chemical-proteomic profiling shows that dasatinib engages 
ABL1, SRC-family kinases, TEC-family kinases, BTK, 
DDR1, and additional kinase/non-kinase targets, enabling  
suppression of multiple inputs that can restore MAPK,  
PI3K-AKT, and STAT signaling during BCR-ABL1  
inhibition.10,56 This breadth complements potent BCR-ABL1 
inhibition; the original inhibitor-comparison study reported  
that dasatinib was approximately 325 fold more potent than 
imatinib against unmutated BCR-ABL in vitro.57 Clinically, 
dasatinib has rapid absorption, a short terminal half-life, 
dose-proportional exposure across approved dosing ranges, 
and limited food effect, suggesting that brief but potent kinase 
suppression may still produce durable biological effects if  
critical signaling thresholds are crossed.58 Patient-linked 
PK-PD data support this network view: in newly diagnosed 
chronic-phase CML, time above a patient-specific IC50 for 
CRKL phosphorylation in bone marrow CD34+ cells correlated 
with early BCR-ABL1 transcript kinetics, indicating that con-
trol depends on how long primitive compartments remain 
below a functional signaling threshold rather than on bulk 
kinase inhibition alone.59 Dose-optimization data from CA180-
034 showed that 100 mg once daily retained efficacy while 
reducing pleural-effusion-related dose interruption compared 
with 70 mg twice daily, supporting intermittent high-potency 
suppression with improved tolerability in many patients.60 
However, dasatinib’s broad Kinome engagement also shapes 
non-ABL clinical phenotypes, including lymphocytosis in 
approximately one-third of patients and rapid effects on lym-
phocyte trafficking through reduced migration toward CCL19/

CCL21 and altered CCR7 expression after first exposure  
(Figure 1).61,62 Pleural effusion remains a characteristic toxicity 
and appears schedule-sensitive, with clinical data supporting 
lower pleural-effusion-related interruption with 100 mg once-
daily dosing compared with 70 mg twice daily and identifying 
risk factors in Ph-positive leukemia populations.60,63

Systems-level Evidence for  
Dasatinib-induced Network Remodeling

Systems-level evidence supports dasatinib as a network- 
modulating TKI when target-engagement methods are combined 
with downstream pathway readouts. Chemical proteomics  
identifies dasatinib-bound kinases, while quantitative phos-
phoproteomics and time-resolved assays show how these 
interactions reshape leukemic signaling beyond single-node 
ABL1 inhibition.10,64 The integrated network model of dasati-
nib-mediated pathway suppression, downstream conver-
gence, and residual signaling rebound is shown in Figure 1. In 
BCR-ABL-dependent K562 cells, triple-SILAC phosphopro-
teomics showed that dasatinib affected nearly 1,000 phospho-
peptides within a dataset of 5,689 phosphopeptides from 
1,889 proteins and 5,063 Class I phosphosites; about 12% of 
phosphopeptides were suppressed at least twofold by 5 nM 
dasatinib and about 17% by 50 nM.64 Suppressed events 
included ABL1/SRC and ERK1/2 activation-loop phos-
phosites, with 97 suppressed sites matching the ERK1/2 sub-
strate motif, supporting downstream MAPK-output inhibition 
as a consequence of broad upstream kinase engagement.64 
Time-resolved studies suggest a hierarchy in which proximal 
kinase inhibition is followed by reduced ERK, STAT, and 
AKT outputs, while longer exposure may induce feedback 
and transcriptional remodeling through SOCS, CISH, SPRY, 
SPRED, PIM1, CCND1, MYC, ETV5, and EGR1.53 Despite 
its short half-life, transient high-potency dasatinib exposure 
can commit BCR-ABL1-dependent cells to apoptosis and 
reduce clonogenicity, supporting a threshold-and-commitment 
model rather than a need for uninterrupted suppression.65 
However, signaling outcomes depend on disease wiring and 
microenvironmental context: stromal co-culture models of 
BCR-ABL-positive ALL showed non-mutational adaptive 
resistance with recovery of viability and pathway phospho-
rylation by Days 8–10 despite initial inhibition, while primi-
tive CML compartments showed potent SFK inhibition 
without complete eradication of CD34+ CD38– cells because 
growth factors could partly restore MAPK and survival sign-
aling.24,66,67 Clinical PK-PD modeling further links this sys-
tems concept to exposure, showing that CD34+ cell time 
above IC50, reported at 12.6 hours, correlated with ≥3-log 
BCR-ABL1 mRNA reduction at 3 months, with an odds ratio 
of 4.8 above this threshold.59 Finally, target engagement  
and phosphoproteomic studies show that dasatinib affects 
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multiple kinase classes, including ABL, SRC-family kinases, 
TEC-family kinases such as BTK, and adhesion/cytoskeletal 
signaling clusters, indicating coordinated pathway remode-
ling rather than isolated ABL1 blockade.10,56,64

Cellular Phenotype Remodeling  
Under Dasatinib

Dasatinib alters cells rapidly, causing disruption of signaling 
mechanisms, commitment to apoptotic death, and reduced cell 
proliferation. In cells that depend on BCR-ABL, short expo-
sure may be enough to cross the apoptotic threshold, with a 
4-hour-long dasatinib exposure followed by drug removal pro-
ducing comparable apoptosis to prolonged exposure in CML 
stem/progenitor cells.65 This effect is through suppression of 
the ERK activation-loop and ERK-substrate motif sites, in 
addition to altered feedback regulators such as SOCS, SPRY 
and SPRED.53,64 However, stroma rescue and growth factor res-
cue reestablish survival pathways with the consequence that 
apoptosis rates will be lower despite initial kinase inhibition.66 

Primitive Compartments and 
Microenvironmental Protection

The primitive leukemic compartments respond differently 
compared to the bulk, and this has an influence on the failure 
of biochemical inhibition toward eradication. Dasatinib may 
interact more strongly than imatinib with early progenitors, 
but quiescent CD34+CD38− populations can persist in the 
presence of effective pCrkL inhibition due to reasons related 
to cellular state and signal circuitry rather than poor entry.65,67 
Microenvironmental support contributes to persistence fur-
ther: in BCR-ABL-positive ALL stromal models, dasatinib 
reduced viability initially to 30%–40%, yet cells recovered by 
Days 8–10 with restored BCR/ABL and downstream phospho-
rylation, and there were no detectable ABL kinase-domain 
mutations.66 Increased CXCR4 and enhanced apoptosis with 
AMD3100 suggest that stromal adhesion and chemokine 
retention are major contributors to dasatinib tolerance.66

Translational Biomarkers for  
Network-modulating Therapy

Dasatinib biomarkers should be organized by three levels, such 
as proximal target engagement, downstream output suppression 
and adaptive bypass. The affirmation of BCR-ABL substrate 
inhibition by phospho-CRKL does not imply a collapse of the 
network, as the complete inhibition of pCRKL in advanced-
phase patients does not result in a hematologic response.72  
More informative approaches may involve the assessment  
of compartment-specific signaling, for which validated  
flow- or mass-cytometry panels are available. Markers include 

the use of pABL, pCRKL, pSTAT5, pSTAT3, and pCREB in  
CD34+ subpopulations. Studies of dasatinib pharmacodynamics 
show that T>IC50 values can predict clinical outcome (3-log 
BCR-ABL1 reduction at 3 months with T>IC50 ≥12.6 hours and 
MR4 at 6 months with T>IC50≥12.8 hours).59 

Resistance Classification and Clinical 
Interpretation

Integrating mutation testing with functional pathway rebound 
should classify resistance. Sanger sequencing is usually fairly 
insensitive, with a detection rate of 10%–20% for mutant 
clones, so this technique is likely to miss low-level ABL1 
mutant clones.73 In contrast, NGS has the capability of detect-
ing smaller resistant subclones and monitoring their expan-
sion,68 and the clinical relevance of low-level resistant 
mutations, including T315I, may be an issue if the molecular 
response is less than optimal, so it is important to interpret 
mutation status with SRC, ERK, STAT, and other rebound 
markers.68 Monitoring of BCR-ABL1 on the International 
Scale should remain standardized as routine practice; very-
low-level assays should not be used as strict treatment-free 
remission gates unless calibration, signal-to-noise limits, and 
inter-laboratory standardization are clearly established.69

Clinical Evidence, Immune Effects,  
and Future Directions

Clinically, early molecular response and BCR-ABL1 halving 
time can be interpreted as functional readouts of whether 
therapy has shifted the leukemic network into a suppressed 
state; this interpretation is consistent with ELN 2020 and 
2025 milestone-based management principles and with 
kinetic analyses showing worse outcomes among slower 
responders.14,16,70 In advanced-phase CML, ABL suppression 
alone is often insufficient, supporting multi-node approaches 
such as ponatinib-based combinations with venetoclax and 
decitabine, which have shown marrow remission activity in 
advanced Ph-positive myeloid disease.71 In Ph-positive ALL, 
lymphoid SRC-linked wiring provides a rationale for dasati-
nib, with pediatric data showing superior 4-year event-free 
and overall survival compared with imatinib.29 Dasatinib  
toxicity, including pleural effusion, should be viewed as  
target-breadth physiology, while immune effects such as large 
granular lymphocytosis, natural killer-cell changes, altered 
cytotoxic T-cell responses, and rapid chemokine-migration 
changes may contribute to MRD control and treatment-free 
remission biology.20,61–63 Future predictive models should 
integrate transcript kinetics, ABL1 mutation status, pCRKL 
suppression, SRC/ERK/STAT/AKT activity, immune signa-
tures, microenvironmental markers, pharmacokinetics, adher-
ence, and toxicity to guide individualized dosing and 
combination strategies.59,70,72
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Conclusion

Philadelphia chromosome-positive leukemias are adaptive 
signaling diseases in which clinical response depends on the 
depth, duration, and breadth of pathway suppression. BCR-
ABL1 remains the initiating oncogenic driver, but persis-
tence, heterogeneous molecular kinetics, mutation-negative 
resistance, and relapse after treatment interruption show that 
proximal ABL inhibition alone may not ensure biological 
eradication. Dasatinib occupies a distinct therapeutic position 
because it combines potent ABL1 inhibition with activity 
against SRC-family kinases and receptor-proximal signaling 
inputs that converge on MAPK/ERK, PI3K/AKT, and JAK/
STAT outputs. This wider pharmacological reach may explain 
its activity in CML and Ph-positive ALL, while also account-
ing for target-breadth toxicities and immune effects. Future 
clinical translation should move beyond single-marker inter-
pretation toward integrated models combining BCR-ABL1 
kinetics, phosphoproteomic output, immune signatures, phar-
macokinetic-pharmacodynamic exposure, MRD dynamics, 
and toxicity. Such an approach may refine dasatinib dosing, 
support rational combination therapy, and improve the selec-
tion of patients most likely to achieve durable deep molecular 
response and treatment-free remission.
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