Supplementary Information

Curcumin Nanodelivery for Tumor-Associated Macrophage Reprogramming and Immune-Checkpoint Sensitization:

Engineering the Tumor Immune Microenvironment

Supplementary Table S1. Detailed evidence matrix for principal experimental studies relevant to curcumin nanodelivery, TAM remodeling, and immune/
checkpoint outcomes. Panel A. Pharmaceutical, model, exposure, and comparator characteristics

Cur loading / Cur dose, route Release Macrophage source / Intracellular
Refs. System / cargo Size / PDI 9 ! ' . Tumor model / host/n phag Exposure measurement parent Cur in Key controls / comparators
EE schedule behavior readout
TAMs?
M2pep-Cs-Cur 4T1 TNBC; animal-
. NPs 10 mg/kg IV .
M2pep-chitosan- ; method description .
: ) g2d (formulation . ) . THP-1-derived . .
Cur nanoparticles; dose- parent-Cur-  First 2 h: ~20% internally inconsistent macrophades in vitro: Fluorescence No. Uptake signal  Control, NP, NP + anti-PD-L1.
Dong etal. M2pep intended for 182 +15.3 EE ~84%; L b ’ 0 (C57BL/6J stated in one phag ’ imaging/flow cytometry did not quantify No anti-PD-L1-only arm; no
. . equivalent dose (pH 7.4), ~30% . tumor macrophage .
[40] M2-like nm; PDINR loading 5.6% . section; female nude . for nanoparticle uptake; released parent macrophage
not explicitly (6.5), ~40% (5.0) . . uptake/polarization . . X
macrophage S mice described for L tumor-level efficacy Cur inside TAMs depletion/blockade/ rescue
taraetin reported); anti- implantation); efficac analyses in vivo
geting PD-L1 12.5 mg/kg n_‘; ! y
IP g3d -
Self-assembled Cur-equivalent
i Lo pH 7.4, 37°C;
Cgr PDA coated Final ~180 dose 5 mg/kg IV ~50% cumulative PBS, free Cur, Cur-PDA, Cur-
with J774A.1 nm; exact . across Cur- . .
. . Cur loading . Cur release from . Tumor FACS: DiR-labeled carrier tumor PDA@CM, Cur-PDA@CM +
Liu et al. macrophage final PDI NR containing . CT26 in female BALB/c; . . .
o 16.8 +1.2% final system at 72 , CDA45/F4/80 with imaging; tumor No NIR. Macrophage membrane
[41] membrane (Cur- (within groups; NIR 808 efficacy n=6/group . L :
) (HPLC) ) h; NIR CD86/CD206 phenotype analysis coating is not evidence of TAM-
PDA@CM); tumor-  acceptable nm, 1 W/cm?, 5 . )
) T . accelerates directed delivery
homing biomimetic  range) min at 24 h post-
: L release
carrier injection
Cur-loaded Cur 2.5 mg/kg Local intratumoral
Exj:i\:éuca':izlgzre_ ~142.2 nm; mrtig;urmz_rrall Into tITiOSélr\lelg— Bilateral orthotopic 4T1in C57BL/6-derived aéir:lnlstratlon; tumor-cell No. No direct cyy  COntrol, free Cur, Cur-CSNPs,
Zhang et al. b PDI NR; EE 18.66%; P y 99 ' female BALB/c; efficacy BMDMs co-cultured with o Cur-CSNPs + 980 nm;
(Cur-CSNPs); Cur tumor; 980 nm, 1  markedly faster ] ; - fluorescence/lysosomal guantification in .
[42] zeta +18.2 DL 2.05% . n=>5; selected tissue/IHC  treated 4T1 cells; distal- o untreated distal tumor models
acts as W/cmz2, 20 min; after 980-nm localization; no BMDMSs/TAMs
. mV . L n=3 tumor CD86/CD206 IHC L abscopal response
photosensitizer + repeated once irradiation guantitative in vivo
HIF-1a modulator after 3d parent-Cur PK
~70% aPD-1
" I 15h - No. Whole- .
Dual pH-sensitive ~50 nm at NR in main Cur 2 mg/kg + ;‘: easfej g?’cfr RAW?264.7 LC-MS quantified whole- ;)rent ((:)uer tumor PBS, free Cur formulation, free
Xiao et al. CUR@PPC-aPD-1 pH 7.4;~43 aPD-1 1.2 mg/kg PH 0.9, B16F10 in C57BL/6; ) tumor Cur >10 uM from P aPD-1, Cur-only nanocarrier,
] summary 12.7% at 48 h pH . macrophages; tumor ] measured, not . . :
[43] nanodrug; Cur + nm at pH IV on days 6, 9, n=5/group for efficacy . 12-48 h; tracer/MRI . antibody-bearing carrier, dual
. used here 7.4; faster under immune analyses . L TAM intracellular
anti-PD-1 6.5 12, 15 . carrier localization nanodrug
lysosome-like Cur
acidity
101.7 nm; gﬂ;rreesire)zzzgle: Nile-red/DiR surrogate
pH-sensitive PDI 0.121 Cur 6.1% Cur 4 mg/kg + preferentially at Hepa1—6 in C57BL/6, RAW?264.7 in vitro; u_ptake .and. PBS, Cur@CPP, aPD-
Wang et al. Cur@CPP-aPD-L1 o i immunocompetent; biodistribution; Alexa488- L1@CPP, Cur@CPP-aPD-L1;
. . (blank 87.2 loading; aPD- aPD-L1 2 mg/kg pH 5.5; aPD-L1 . : tumor F4/80 and . No .
[44] micelle; Cur + anti- . efficacy n=5; immune o aPD-L1 binding; no component-level checkpoint
nm; PDI L1 5% loading 1V g3d, day 0-30 released F4/80+CD206 in vivo o
PD-L1 . assays n=3 guantitative parent-Cur controls
0.111) preferentially at fissue assa
pH 6.5 y
Liao et al PD1- Cur-PLGA Cur loading Cur-equivalent 4 Cur release: Cur- 4T1/BALB/c (n=5 DiR-labeled nanoparticle PBS, free Cur, PD1
[45] ' overexpressing 149.4+1.5 quantified by = mg/kg IV on days PLGA 59.638% efficacy); RM-1/C57BL/6  No TAM-specific assay biodistribution- tur?mr No nanovesicles, Cur-PLGA,
tumor-cell nm; final UV-vis;exact 0,2,4,6 and PD1@Cur- validation ' PD1@Cur-PLGA



nanovesicle-coated 177 +5.7

DLE/DLC not

PLGA 58.315%

targeting; carrier-

Cur-PLGA nm reported in at84 h associated signal
(PD1@Cur-PLGA); extracted
engineered PD1 main-text
provides values
checkpoint binding
Exact Cur-
equivalent dose
Hollow for
Cu9ss@PCM@Cu efficacy/checkpoi -
. 30 min: 10.03% . .
r; thermally . nt regimen not o AKR subcutaneous tumor DiD-labeled nanoparticle Base 7-arm PTT/Cur controls;
. 161.8+1.9  Curloading . at37°Cvs 54.1% . . . . .
: triggered Cur ] - independently o, in male C57 mice; e tumor accumulation; checkpoint study includes
Ji et al. [46] . nm; PDI efficiency . . at 44°C; : . No TAM-specific assay No :
release; anti-PD-1 stated in main efficacy and checkpoint tumor-cell PD-L1 and control, anti-PD-1, nano+laser,
i 0.330 11.7% i . NIR/power- . ) .
added in efficacy section; studies, n=6 immune readouts nano-+laser+anti-PD-1
. . dependent
checkpoint IV nanopatrticle
experiment studies used 2.5
mg/kg; laser 980
nm, 1 W/cm?
HCT116 nude
mice: anti-PD-L1
10 mg/kg; free
Cur 50 mg/kg;
free combination
at 10 + 50 mg/kg;
anti-PD-L1-PBA-
Conjugate Cur ADC
ROS-responsive composition nominally 10 H202/ROS- :
. . . HCT11 T ; PD- . .
Ding et al. anti-PD-L1-PBA- reported; mg/kg; all g3d for  responsive Cur c §xenograft n . Umor response, PBS, anti-PD-L1, Cur, anti-PD-
. NR . nude mice; n not stated in  No TAM assay L1/CSN5; no parent-Cur No
[47] Cur antibody-drug conventional 4 wk. ADC dose release from PBA accessible methods cell-resolved PK L1 + Cur, ADC
conjugate (ADC) EE/DL not basis (total linkage
applicable/NR  conjugate,
antibody-
equivalent, or
Cur-equivalent)
and
administration
route not
specified.
200 pL IV
tre'atment via tall Ultrasound-
vein, followed by . ]
Ultrasound- US (1 MHz, 1.5 triggered Formulation/cellular
i ' I . k
respor_15|ve W/cmz, 50% duty nanobubble ) Hepal-6 subcutaneous in uptake an-d tumor Control, NBs+US, Cur+US,
Xu et al. Cur/miR-16-5p co- 546.2+8.5 Cur EE rupture/release; i : response; Cur .
i cycle, 120 s) for i BALBI/c (allogeneic strain  No TAM assay . No Cur-NBs+US, miR-16-NBs+US,
[48] loaded nm; PDINR  ~55.6% no conventional concentration inferred .
all non-control . context); n=5/group L Cur/miR-16-NBs+US
nanobubbles; FoUDS: cumulative from EE in vitro, not cell-
UTMD groups, release value resolved in vivo
treatments every
L extracted
other day; in vivo
Cur mg/kg NR
40 or 80 mg/kg;
:glrlri/irfl?sft?astig; 4T1 metastatic breast micgsggi%ip trizzigce ) No pharmacokinetic or
Shiri et al. Dendrogomal NR NR route not clearly NR cgncer n BALB/.C; 27 STATA4/IL-12 vs cell-resolved Cur No Control, DNC 40 mg/kg, DNC
[50] curcumin (DNC) . mice equally divided 80 mg/kg
reported in STAT3/IL-10/Argl gene  exposure measurement
. (n=9/group) .
accessible expression
primary article
Mukherjee Curcumin-CD68 NR Not reported CC-CD68Ab NR GL261 syngeneic Tumor-associated Ibal+ Targeted adduct delivery Vehicle vs CCP vs CC-
et al. [51] antibody adduct as adduct: 120 glioblastoma; survival microglia/macrophages;  and systemic phytosome; CD68Ab; important limitation:



(intranasal) and conventional pmol/mouse per cohorts vehicle n=10, ARG1/iINOS phenotype no quantitative CD68 also expressed by GL261
commercial nanoparticle IN administration CCP n=10, CC-CD68Ab and NF-kB/p65—-STAT1 intracellular parent Cur in tumor cells
curcumin EE/DL (Cur:Ab 1:1), n=8 signaling readouts; no TAMs
phytosome g72h x4 then q7d independent
(CCP/Meriva; i.p.) x4; CCP macrophage functional
phytosome: 2 mg assay
formulation/mous
e IP g72h for 1
month. Both
treatments started
d10 after GL261
implantation; CCP
mass is not pure-
Cur mass.
Commercial .
L261/C57BL Ibal+ TAMSs; t P :
phytosomal CCP 2 mg/mouse G 61/C57BL/6 ) ba . S Systemic CC produc_ed Vehicle, CCP, CCP+NK1.1;
Mukheriee Phytosomal curcuminoid IP daily x5 (short- immunocompetent; ARGL1/iINOS, IL-10/I1L-12, sub-IC50 plasma Cur in NK1.1 antibody 100 ua/mouse-
J curcumin NR . y L NR vehicle n=5, CCP n=5, STAT1/STATS; prior/linked PK; no TAM No ' y H9 ’
et al. [52] . preparation; term mechanistic : . ) separate IL-12 blockade
(CCP/Meriva) _ CCP+NK1.1 n=4 in key peripheral macrophage intracellular parent-Cur .
conventional study) experiment recruitment uantification experiments
EE/DL NR P q
TrLp 1.28 mM+
Liposomal (200 pL/mouse,
particles; . containing 0.256
. Multi-agent . : .
. . median . pumol Cur) i.p.; GL261 glioblastoma in . Plasma parent Cur: peak
Liposomal TriCurin liposomal . Tumor-associated .
i hydrodynam o short-term q24 h male C57BL/6 mice; . . ~ ~0.61 pM at 10 min and : . )
. (TrLp): Cur + L formulation; ) N microglia/macrophages; - Vehicle, Cur-liposome, TrLp;
Mukherjee . . ic diameter o x5 from day 12; n=3/group short-term . . ~210 nM maintained at . PR
epicatechin gallate Cur-specific NR L M2-like—M1-like . ] No multi-agent attribution limits
et al. [53] ~200 nm for long-term q72 h mechanistic cohort and . 60 min after TrLp; no e
+ resveratrol at EE/DL not N changes; activated NK . Cur-specific inference
TrLp (~260 for 60 days. Cur- n=4/group long-term . TAM intracellular parent-
CEER 4:1:12.5 used for . ) recruitment
nm for Cur- - liposome survival cohort Cur measurement
: attribution
liposome comparator: 5
comparator) mM, same
volume/schedule
Final
CMCs-
D+C/NPs: Cur EE 64.39
CMCS-coated pH-
+ + %: -
Wu et al responsive Cur + égzlfn?m_' E:gg 3)9 EOX Tail vein qld x7; H-responsive 4T1 mouse tumor; 7 ;::furs:ljlr:'si]g;eig;?r: ; no PBS, free DOX, free Cur+DOX,
' doxorubicin ) ' T numeric Cur/DOX  ° P ' No TAM assay ging; No CMCS-C/NPs, CMCS-D/NPs,
[93] . uncoated 4.15% for release groups, n=5/group parent-Cur cell-resolved
nanoparticles ] . doses NR D+C/NPs, CMCS-D+C/NPs
(CMCS-D+C/NPS) D+C/NPs: final CMCS- measurement
163.92 + D+C/NPs
4.02 nm;
PDI NR

Panel A note: NR = not measured/reported after verification of the full primary article and available supplementary material; inability to access or verify a source is not coded as NR. Carrier-
associated fluorescence, surrogate dyes, and whole-tumor measurements are explicitly distinguished from released parent-Cur measurement. Doses refer to the principal in vivo efficacy design unless
otherwise stated. Reference numbers correspond to the main manuscript.

Supplementary Table S1 (continued) Panel B. Mechanistic, immune, safety, limitation, and D1-D8 evidence coding

Path f i | . D i heckpoi i D . L
Refs. athway /functiona TAM evidence ownstream immune Checkpoint Synergy /resistance  Dependence Safety Principal limitation D1 D2 D3 D4 D5 D6 D7 D8
evidence evidence design / response evidence test
- o int- + - -
COX-2 downregulatgd, Targeted Immupe/checkpomt NP + anti-PD-L1 Combination benefit No S Animal-host
COX-2 overexpression  macrophage associated tumor outperformed NP reported: formal macroohage  tolerability: inconsistency: no
Dong et al. [40] attenuated NP-induced uptake/reprogrammin  benefit; details less alone, but anti-PD- P o .p 9 : Y . y: D D D I I NR
) synergy/resistance depletion/blo  conventional anti-PD-L1-only arm;
macrophage g; TNBC co-culture causally resolved than L1 monotherapy .
reversal not established ckade/rescue safety only no macrophage

reprogramming and

effects partly

uptake/state evidence

absent



restored TNBC
proliferation/migration/i
nvasion; IL-17/TNF-a

reversed by COX-2
overexpression; no
intracellular parent-

necessity; no TAM
parent-Cur PK

changes supportive Cur assay
Tumor CD86/CD206 Bod TAM phenotype
ROS/photothermal + shifts after therapy; . . . Y based mainly on
Cur effects; no macrophage No strong adaptive No checkpoint NIR adds multimodal weight/organ marker proportions;
Liu et al. [41] ' . P g_ immune functional P benefit; no formal No histology and . P p ' NR I NR NR NR
macrophage-specific membrane is tumor- . therapy . carrier homing does
. endpoint checkpoint synergy serum safety .
causal pathway test homing camouflage, not establish TAM
. assessments .
not TAM targeting delivery
HIF-1a inhibi i M h
tumorchlslt;;teedr Igur— BMDM CD86 No Sl Sy “rs C(;cl);rizzqcs)n"
17.2—33.1%; CD206 = CD4+/CD8+ infiltration : PDT + Cur weight; major- .p .
Zhang et al. CSNP PDT; no : . ) No checkpoint . . " macrophage primarily marker-
. 73.6—35.8%; distal increased; abscopal S multifunctionality; not . organ H&E . NR I I NR NR
[42] rescue/perturbation . inhibitor i depletion/res . . based; Cur delivered
) tumor growth suppression checkpoint synergy without toxic
proving HIF-1a CD861/CD206| cue damage to tumor cells, not
necessity for TAM shift 9 quantified in TAMs
Macrophage
CUR@PPC pathway/cytokine . Actual anti-PD-1 Major- Whole-tumor Cur
. Reduced suppressive . ] Strong component-level No e
suppresses NF-kB/pho-  modulation; nanodrug oviokines/Treas: included; dual combination desian: macrophage organ/biodistri  LC-MS does not
Xiao et al. [43] p65, CCL22, TGF-B, IL- uptake y gs. nanodrug 9 ' _p 9 bution establish Cur D I D D D NR
. . : . enhanced tumor T-cell . macrophage necessity  depletion/blo B
10 and PD-L1 in inferred/visualized, infiltration/function compared with not tested ckirescue assessments  concentration inside
RAW264.7/tumor cells  no TAM parent-Cur single components reported TAMs
guantification
. Surrogate uptake
RAW264.7 f | PP-aPD-L1 L .
NF-kB/IKBa pathway . 6 uncFlona cur@c a. Combination superior to : rather than parent
) cytokine/transcript compared with . No Major-organ )
suppressed,; CD3/CD81, Treg|, single-component Cur; fewer TAMs
changes + fewer . Cur@CPP and . macrophage  H&E; no
Wang et al. [44] macrophage/tumor IFN-y1; immune ) carriers; formal X . may reflect D I D D D I
F4/80+ and ) aPD-L1@CPP; . depletion/res  important . .
MCP-1, TGF-, COX- remodeling mathematical synergy . recruitment/depletio
F4/80+CD206+ tumor actual aPD-L1 cue abnormalities
2/PD-L1 reduced not reported n as well as
cells therapy :
reprogramming
PD1- .
overexpressing Major-organ Mechanism is
Cur inhibits NF-kB/Bcl- Mature DCs 1.77x nanovesicle itself No TAM H&E and DC/CD8/ICD-
. - PBS; CD8+ T cells : Integrated ICD + dependence; serum
: 2 and activates No TAM-specific provides PD1/PD- . : . . centered, not TAM-
Liao et al. [45] 1.60x PBS; engineered checkpoint- no immune- chemistry; _ . D NR NR D D NR
caspase/Bax; ICD measurement . L1 blockade; not a S . ) mediated; DIR
ICD/cytokine . binding carrier cell depletion good .
markers measured o conventional . ., ... tracks carrier rather
activation . test reported  biocompatibilit
separate antibody than Cur
combination y
Blood/chemist
Tumor-cell EGFR/p- Actual anti-PD-1 Combo tumor weight ry/organ Multimodal PTT/Cur
STAT3/PD-L1 reduced; CRT1; CTL/DCt; monotheraoy and 18.81x smaller than histology; effects complicate
. ICD via No TAM Treg|; CD8 infiltration Py anti-PD-1 and 5.52x No TAM long- attribution; efficacy
Ji et al. [46] . . . L nano+laser : . D NR NR D D NR
ROS/mitochondrial measurement in combination 1.9% smaller than dependence term/systemic  dose not explicitly
comparator - .
damage; no TAM control included nano-+laser; not formal toxicity still matched to 2.5
pathway synergy calculation noted as mg/kg imaging dose
future need
Immune-potentiation ~ \i-PD-LLis Irrr?orgzlr?%c:)e'fllzf/?t
PD-L1/CSN5 and ROS- . P covalently ADC superior to free o '
. ) claims but nude host . : ) ] . . antibody-drug
Ding et al. [47] responsive release; No TAM limits adaptive integrated in ADC; Cur; conventional ICB No Major-organ coniugate differs | NR NR I | NR
9 ' ADC IC50 0.5196 vs measurement . P free anti-PD-L1 + sensitization not H&E reported Iug .
checkpoint . from conventional
free Cur 5.504 pg/mL . . Cur comparator established .
interpretation checkpoint
present N
combination
. . . - + ul Major-
miR-16-5p suppresses No TAM NK/T-cell enrichment No checkpoint E?Jl;:ggantu-tgsr?nuc;d No HZJE rw?trr?::t Hepal-6/BALB/c
Xu et al. [48] PD-L1; Cur/UTMD and immune activation inhibitor . .y, TAM/immune . allogeneic context; D NR NR D NR NR
. measurement . attribute all immune . obvious :
induces ICD reported administered depletion . no checkpoint
effects to Cur lesions



treatment; in vivo
Cur mg/kg NR

Macrophage
Macrophage No attribution based
Turrlee STATA PSSP S50 o g e e
Shiri etal. [50]  and IL-121: STAT3, IL- o o' 9 lymphocyte/checkpoint None et No y gay’g I NR NR I I NR NR NR
10, Arg1] signatures; no cell- functional endooint formal multimodal reported at expression, not
» AT9 resolved functional P synergy studied doses  purified TAM
macrophage assay in linked work  function or Cur
exposure
Ibal+ microglial Ibal+ microglial
ARG1|/INOS?t with phenotype and cell-
directly measured NF- specific pathway
KB/p65 and STAT1 activity measured; . CD68 is also
. e : . . No No major
. expression/phosphoryla  tumor remission Immune-mediated Delivery strategies ) abundant on GL261
Mukherjee et o . : . . ) ) macrophage  systemic i
tion; tumor remission associated with tumor control inferred;  None compared; no X L tumor cells; targeted | I I D I I NR NR
al. [51] . . ) . depletion/res  toxicity signal
associated with treatment, but no checkpoint therapy checkpoint synergy . adduct therefore not
. cue emphasized .
treatment, without macrophage TAM-specific
demonstration of functional causality
macrophage-specific not independently
causal dependence tested
NK1.1
Activated NK neutralization  Short-course NK dependence
H . + - . .
TAM STAT3/P-STAT3  Cell-resolved Ibal+ ;ifzs:t?a?2;||§cp Immune mechanism ka)I;;klaz " gg;tgsgtenns?v iearzfonpsr::ggd’
Mukherj  STAT1/P-  TAM f i h i ’ .
ukherjee et suppressed; S / stateffunction reversed by NK1.1 None stronger than Id!rect shows NK e long-term necessity not I I NR D D D NR NR
al. [52] STAT11; ARG1/IL-10); and macrophage T tumor cytotoxicity at L - . )
. . neutralization; IL-12 : contribution, nanomedicine directly tested; TAM
iINOS/IL-121 recruitment sub-IC50 systemic Cur
blockade reduces NK not safety parent-Cur
recruitment macrophage  package unmeasured
necessity
TriCurin is
intrinsically multi-
Cell-resolved Ibal+ agent; Cur-specific
TAM/microglia shift: Activated NK-cell L attribution is limited
. . - TriCurin is intrinsically No . .
Mukheriee et p53/apoptosis + ARGL1 decreased and recruitment within multi-agent: response macrophage Preclinical despite plasma
: microglial/macrophage  iNOS increased; TrLp GBM was directly None gent, : P .p g tolerability parent-Cur I I NR | D D NR NR
al. [53] . ] . cannot be assigned to depletion/res
state changes in GL261 produced larger measured; associated only measurement. No
. Cur alone cue .
changes than Cur- with tumor control TAM intracellular
liposome Cur measurement or
macrophage-
dependence test.
Cur+DOX co-delivery Increased tumor CD8
increased ROS, CRT IHC signal and serum
exposure, HMGB1 IL-6 (252.73), IFN-y o .

S F I . Multi- ICD
redistribution, and ATP (1891.72), and GZMB ormal in vitro drug Body weight, ult-agent IC
release in 4T1 cells; (48.51 pg/mL) in the synergy; in vivo TIR hemolysis platform; no

; . . L 0 , .
Wu et al. [93] Cur:DOX 1:1 yielded ClI No TAM dual-NP group; No checkpoint 84.27 +1.72% vs 56.38 No and organ TAM/chgckpomt . D I NR | NR | NR NR
L measurement Lo therapy 1+6.61% DOX NP and mechanism; numeric
0.43 in vitro. ER-stress supportive immune- safety L
s . 70.14 +3.07% uncoated in-vivo drug doses
pathway activation evidence dual NP assessments not reported
activation/dependence without direct P
was not directly functional DC/NK/T-
established. cell assays
Evidence coding: D = directly demonstrated within that domain; | = indirect/supportive, partial, or resolution-limited evidence; NR = not measured/reported. Domains are independent rather than cumulative. D1,

pharmaceutical/formulation performance; D2, tumor delivery/exposure; D3, TAM-specific uptake plus intracellular parent-Cur exposure; D4, cell-specific pathway modulation; D5, functional TAM reprogramming; D6, downstream
immune restoration; D7, checkpoint-therapy response; D8, translational/human relevance. For D2, carrier- or surrogate-dye-based tumor imaging without quantitative measurement of parent Cur in tumor tissue is coded | rather than
D, even when the fluorescence signal itself is quantified. For D3, carrier-associated fluorescence or surrogate-dye uptake without quantitative intracellular parent Cur is coded I rather than D. For D4, D denotes directly measured



pathway modulation in the relevant cell. Causal pathway dependence is not inferred from D4 = D and requires a perturbation or rescue experiment; direct molecular target engagement requires independent drug-target binding or
occupancy evidence. Marker-only macrophage shifts are generally coded | for D5 unless accompanied by independent functional/cytokine evidence. NR values were not inferred.

Supplementary Table S2. Chemical identity and evidentiary classification of curcumin-related compounds and formulations discussed in the review

Study / ref.

Dong et al. [40]

Liu et al. [41]

Zhang et al.
[42]

Xiao et al. [43]

Wang et al.
[44]

Liao et al. [45]

Ji et al. [46]

Ding et al. [47]

Xu et al. [48]

Shiri et al. [50]
Mukherjee et
al. [51]

Mukherjee et
al. [52]

Mukherjee et
al. [53]

Wu et al. [93]
Zhou et al. [56]

Zhang et al.
[54]

Formulation /
system

M2pep-Cs-Cur NP

Cur-PDA@CM

Cur-CSNPs

CUR@PPC-aPD-1

Cur@CPP-aPD-L1

PD1@Cur-PLGA

Cu9S8@PCM@Cur
+ anti-PD-1

anti-PD-L1-PBA-Cur
ADC

Cur/miR-16-5p
nanobubbles

Dendrosomal
curcumin (DNC)

CC-CD68Ab adduct
and CCP/Meriva

CCP/Meriva
phytosomal curcumin

Liposomal TriCurin
(TrLp)

CMCS-D+C/NPs
Tetrahydrocurcumin

Hydrazinocurcumin
nanoparticles

Chemical identity of
Cur-related component

Parent curcumin

Parent curcumin

Parent curcumin

Parent curcumin + anti-
PD-1

Parent curcumin + anti-
PD-L1

Parent curcumin

Parent curcumin

Cur moiety covalently
conjugated through ROS-
responsive PBA linker
Parent curcumin + miR-
16-5p

Parent curcumin
formulated in
dendrosomes

Curcumin in antibody
adduct; commercial
phytosomal preparation
contains curcuminoids
Commercial curcuminoid
phytosome

Curcumin + epicatechin
gallate + resveratrol
(C:E:R 4:1:12.5)

Parent curcumin +
doxorubicin

Tetrahydrocurcumin

Hydrazinocurcumin

Identity category

Parent Cur; single Cur
cargo

Parent Cur; self-
assembled Cur core

Parent Cur

Parent Cur in multi-
component therapeutic
system

Parent Cur in co-delivery
system

Parent Cur; despite
“curcuminoids” in title,
experimental cargo is Cur
Parent Cur in
thermoresponsive
multimodal system

Parent-Cur-derived
conjugate / releasable Cur

Parent Cur in multi-agent
co-delivery system

Parent Cur formulation

Parent Cur / curcuminoid
formulation

Curcuminoid formulation

Multi-agent polyphenol
formulation

Parent Cur in multi-agent
chemotherapy system
Reduced Cur
metabolite/derivative

Synthetic Cur derivative

Role in study

TAM-targeted Cur delivery /
macrophage remodeling; checkpoint
combination

Biomimetic tumor delivery, PTT, TAM
phenotype modulation

Difunctional photosensitizer and HIF-
1a modulator in PDT

NF-kB inhibition integrated with PD-1
blockade

NF-kB/TME modulation + checkpoint
blockade

ICD induction combined with
engineered PD1/PD-L1 blockade

Heat-triggered chemotherapy/ICD
and tumor-cell PD-L1 modulation;
anti-PD-1 combination

PD-L1-directed Cur delivery
Cur-associated ICD + miR-16-

mediated PD-L1 suppression

Macrophage-associated antitumor
effects in metastatic breast cancer

Microglia/macrophage delivery and
glioblastoma control

TAM/microglia repolarization and
NK-dependent tumor control

TAM/microglia repolarization + NK
recruitment

ICD amplification and immune
activation

SPP1/CD44-associated macrophage
polarization in colorectal cancer

STAT3-associated TAM re-education

Evidence
class

Core

Core

Core

Core

Core

Core

Core

Core-
supportive

Supportive

Core-
supportive

Core-
supportive

Core-
supportive

Supportive

Supportive
Supportive

Historical /
supportive

Reason for classification / interpretive caution

Directly relevant to nanodelivery + TAM axis, but no anti-PD-L1-only
arm and no macrophage-dependence test.

Parent Cur is the drug; macrophage membrane is a
carrier/camouflage element and should not be interpreted as TAM
targeting.

Parent Cur is directly loaded; TAM shift is downstream of treated
tumor cells and is primarily marker-defined.

Cur identity is parent compound; anti-PD-1 is a separate therapeutic
component with appropriate single-component comparators.

Parent Cur is encapsulated and aPD-L1 is surface-linked/released,;
immune effects arise from both components.

Methods explicitly prepare Cur-loaded PLGA. Engineered PD1
nanovesicles independently contribute checkpoint-blocking activity.

Parent Cur is released from PCM; PTT and anti-PD-1 independently
contribute to efficacy.

Chemically linked Cur is not identical to freely administered parent Cur
until linker cleavage; ADC architecture differs from standard ICB
combination.

No checkpoint inhibitor is administered; PD-L1 suppression cannot be
attributed to Cur alone because miR-16-5p is an active co-cargo.

Relevant to macrophage biology, but lacks cell-resolved Cur exposure
and modern formulation characterization.

CD68 is also expressed by GL261 tumor cells; commercial CCP is not
a chemically pure parent-Cur-only preparation.

Strong macrophage/NK mechanism, but exposure is a phytosomal
curcuminoid mixture rather than analytically isolated parent Cur.
Cannot assign the observed biological effect specifically to Cur
because two active polyphenols are co-formulated at a synergistic
ratio.

Formal Cur/DOX synergy is shown, but TAM involvement and
checkpoint therapy are absent; immune effects are not Cur-specific.
Chemically distinct from parent Cur; useful for curcuminoid biology but
should not be cited as direct evidence of parent-Cur pharmacology.
Chemically distinct from parent Cur. The 2013 article carries an
Expression of Concern [55] and should not serve as a secure
evidentiary pillar.



Parent Cur; non-nano Direct checkpoint-combination Useful for checkpoint combination logic, but not a nanodelivery or

I.[1 F +anti-PD-1 P [ o : . [
Guo et al. [100] Free Cur + anti arent curcumin combination evidence in HCC Supportive TAM-targeted study.
Salih et al. Free Cur in A549 : . Tumor-cell IFN-y/STAT1-associated : Cell-specific tumor-cell evidence; does not establish macrophage PD-
Parent curcumin Parent Cur; non-nano . Supportive . .

[101] cells PD-L1 regulation L1 regulation or checkpoint response.

Zheng et al. Free Cur. n . . AKT/mT.ORCUSTATS/PD-Ll . Supports tumor-cell PD-L1/immune mechanism but is not evidence of
anaplastic thyroid Parent curcumin Parent Cur; non-nano modulation and CD8-related Supportive .

[97] . . : . TAM-targeted nanodelivery.
carcinoma antitumor immunity

Table S2 note: “Parent Cur” denotes curcumin itself; “curcuminoid formulation” denotes a preparation that is not analytically equivalent to isolated parent Cur; “derivative/metabolite” denotes a chemically distinct Cur-related molecule;
“multi-agent” denotes systems containing another active therapeutic cargo or polyphenol whose contribution cannot be assigned to Cur without component controls. “Core” identifies studies directly informing the review’s nanodelivery—
TAM-—checkpoint axis; “supportive” identifies studies that inform only part of that axis or use chemically distinct/multi-agent preparations. Reference [54] should be interpreted together with the Expression of Concern cited as [55] in
the revised manuscript.

Abbreviations: ADC, antibody-drug conjugate; BMDM, bone-marrow-derived macrophage; CM, cell membrane; CPP, CDM-PEG-PDPA micelle platform; Cur, curcumin; DC, dendritic cell; DLE/DLC, drug loading
efficiency/capacity; DL, drug loading; DOX, doxorubicin; EE, encapsulation efficiency; HCC, hepatocellular carcinoma; ICD, immunogenic cell death; ICB, immune-checkpoint blockade; IHC, immunohistochemistry; IP,
intraperitoneal; 1V, intravenous; LC-MS, liquid chromatography-mass spectrometry; NIR, near-infrared; NR, not measured/reported; NV, nanovesicle; PDI, polydispersity index; PDT, photodynamic therapy; PLGA, poly(lactic-co-
glycolic acid); PTT, photothermal therapy; TAM, tumor-associated macrophage; TIR, tumor inhibition rate; TME, tumor microenvironment; TNBC, triple-negative breast cancer; US, ultrasound; UTMD, ultrasound-targeted
microbubble destruction.
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