Thymosin Alpha-1 (TA1)
A Clinical Learning Guide for Medical Providers
Immunomodulatory Peptide + 28 Amino Acids * Thymalfasin (ZADAXIN) + TLR Modulator

Evidence base at a glance: The most clinically validated peptide in this series. Approved in >35
countries for hepatitis B/C, with Phase Ill RCTs and large meta-analyses across sepsis, COVID-19,
and NSCLC. NOT FDA-approved in the US (investigational/off-label). Acts as an immune
MODULATOR — restoring homeostasis — not a blunt stimulant, with an exceptional safety record.

1. Peptide Profile

Common name: Thymosin Alpha-1 (TA1 / Ta1); trade name Thymalfasin (ZADAXIN)
Classification: Immunomodulatory peptide; thymic-derived

Structure: 28 amino acids (~3,108 Da); cleaved from prothymosin-a; N-terminal acetylation is key to
bioactivity

Half-life: ~2 hours in serum

Regulatory status: Approved in >35 countries (China, Italy, Philippines, etc.) for hepatitis B and C; NOT
FDA-approved in the US — investigational/off-label

Patent holder: SciClone Pharmaceuticals (ZADAXIN)
Standard dose: 1.6 mg subcutaneous, twice weekly (varies widely by indication)

Tolerability: Well tolerated with minimal adverse events across all trials; no treatment discontinuations
reported

Established & Investigational Uses

+ Approved: hepatitis B and C — as adjunct and as monotherapy

» Strong evidence (off-label): sepsis immunomodulation (reduced 28-day mortality); cancer
adjuvant (NSCLC, hepatocellular carcinoma); vaccine enhancement in elderly and
immunocompromised; COVID-19/viral iliness with lymphopenia

2. Modes of Action & Mechanisms

TA1 is best understood as an immune MODULATOR rather than a simple stimulant: it works through
Toll-like receptors to restore immune homeostasis, polarizing toward a Th1 response while simultaneously
maintaining anti-inflammatory balance. It bridges both the innate and adaptive arms of immunity.

Toll-Like Receptor Signaling

— Primary TLR2 and TLR9 agonist on myeloid and dendritic cells; also engages TLR3, 4, 5, and 7

— Works through both MyD88-dependent and -independent pathways, enhancing pattern-recognition
signaling

— Key cascades: MyD88 — IRAK4/1 — TRAF6 — IKK — NF-kB; TLR2/p38 MAPK; TLR9/MyD88/IRF7
— IFN-a/y; PI3K/AKT survival; TRIF (TLR3/4) — IRF3

Cytokine Output (the modulation signature)

* Increases: IL-2, IL-10, IL-12, IFN-qa, IFN-y
* Decreases: IL-1B and TNF-a (anti-inflammatory)

* Net effect: Th1 polarization with maintained anti-inflammatory balance — restoring homeostasis in
dysregulated states

T-Cell & Cellular Immune Effects



CD4+ T cells 1 differentiation and count

CD8+ T cells 1 maturation; | exhaustion (| PD-1, | Tim-3)
NK cells 1 cytotoxic activity

Dendritic cells 1 maturation and antigen presentation
Tregs 1 via the IDO / IL-10 pathway

TA1 also promotes thymic output (raising circulating TRECSs), protects thymocytes from
glucocorticoid-induced apoptosis, enhances IL-2 receptor expression, and restores Th1/Th2 balance — a
coordinated reversal of immune exhaustion and senescence.

Antioxidant & Cytoprotective Effects

* Raises intracellular glutathione; enhances superoxide dismutase, catalase, and glutathione
peroxidase; reduces ROS

» Liver cytoprotection via SOD/GPx modulation; stabilizes immune-cell membranes; attenuates
mitochondrial dysfunction in activated immune cells (largely in vitro/animal)

3. Points of Clinical Relevance

1. It is a modulator, not a stimulant — which is why it is broadly useful and safe
TA1 simultaneously boosts antiviral/antitumor immunity (Th1, CD8, NK, dendritic cells) AND damps
excess inflammation (| TNF-a, | IL-1B, 1 IL-10). This homeostatic restoration — rather than blunt
activation — underlies both its efficacy in immune paralysis and its remarkable tolerability.

2. The human evidence is genuinely strong and quantified
Unlike most peptides in this series, TA1 has Phase Il hepatitis B RCTs, a 19-RCT sepsis
meta-analysis (=41% reduction in 28-day mortality), COVID-19 mortality reduction (30% — 11%), and
a >1,000-patient NSCLC analysis showing improved disease-free and overall survival. This is a
clinically validated agent, not a preclinical curiosity.

3. Biomarker-guided selection works — use CD4/CD8 thresholds
The greatest benefit in viral/critical illness is seen in lymphopenic patients, with validated thresholds of
CD8+ <400/uL or CD4+ <650/uL marking strong candidates. TA1 is best deployed as targeted
immune rescue in the immunosuppressed, not as a blanket immune 'booster.’

4. Reverses T-cell exhaustion — a mechanistic bridge to checkpoint therapy
By lowering PD-1 and Tim-3 and restoring thymic output, TA1 'primes' exhausted T cells. This makes
the emerging TA1 + checkpoint-inhibitor combination (a 'prime + release' model) mechanistically
rational, with early NSCLC data showing improved outcomes and reduced pneumonitis.

5. Cancer-adjuvant benefit is duration-dependent (>24 months)
In resected NSCLC, benefit scales with treatment duration: >24 months yielded markedly better
survival than <12 months, working by increasing tumor-infiltrating T cells and IFN-y. Counsel patients
that meaningful oncologic benefit requires a long, sustained course — there is no observed ceiling
effect.

6. Timing matters in viral iliness — treat early and frequently
Dr. Seeds's practical emphasis: TA1 is most effective once a viral iliness is active, given multiple times
daily in the first 5-7 days, where it can meaningfully reduce viral load and symptom burden. It is an
acute immune rescue, not a pre-exposure prophylactic.

7. Exceptional safety profile with essentially no significant systemic adverse events
Across all reviewed trials — including high-dose sepsis protocols — only mild, transient injection-site
reactions were seen, with no hepatotoxicity, no significant CBC changes, and no clinically significant
drug interactions. This safety margin is a major part of its clinical appeal.



4. General Dosing & Delivery Options

Dosing is highly indication-dependent and varies more than most peptides — from a single
vaccine-day dose to multiple daily doses in acute sepsis. The standard reference dose is 1.6 mg
SC; protocols below reflect trials and evolving practice.

Dosing by Indication

I = R == R =R

General immune support 1.5mg SC 2-3%/week 4-12 weeks
Chronic hepatitis B 1.6 mg SC 2x/week 26-52 weeks
Sepsis 1.6 mg SC 1-2x daily 5-7 days, then taper
COVID-19 (severe) 1.0-1.6 mg SC 1-3x daily 7-10 days

Cancer adjuvant 1.6 mg SC 2-3%/week >24 months
Vaccine adjuvant 1.6 mg SC Single dose Day of vaccination
HIV/AIDS (immune recon.) 3.2mg SC Weekly Per protocol

Administration & Preparation
» Subcutaneous injection only; standard vial is 1.6 mg lyophilized powder reconstituted with ~1 mL
sterile or bacteriostatic water

* Rotate sites (abdomen, thigh, flank); administer at room temperature; use immediately after
reconstitution

Cycling
* Immune support: 4—-12 weeks, often seasonal
» Chronic infection / dysbiosis: 6—12 months continuous; breaks of 4-8 weeks between cycles,
restart if immune markers decline
» Cancer adjuvant: >24 months for optimal benefit; no ceiling effect observed

5. Evidence Profile

Hepatitis B (Phase Ill RCTs)

* Chien 1998: 98 patients, 1.6 mg 2x/week x 26 wks — complete virological response 40.6% vs
9.4% (highly significant); response accumulated after treatment ended

* Mutchnick 1999: 97 patients, 6 months — complete response 14% vs 4%; delayed+sustained 25%
vs 13%; well tolerated. The delayed-response pattern supports an immunological (not direct
antiviral) mechanism

Sepsis & COVID-19
Liu 2016 (sepsis) 19 RCTs, 1,354 patients — 28-day mortality RR 0.59 Systematic Review
(=41% reduction); | APACHE Il; no severe AEs
Liu 2020 (COVID-19) 76 severe cases — mortality 11% vs 30%; restored Clinical Trial
CD4/CD8, reversed exhaustion, 1 thymic output
Wu 2020 (COVID-19) Multicenter cohort — 28-day mortality HR 0.11; attenuated = Clinical Trial

lung injury; benefit greatest in lymphopenia

Oncology



* NSCLC (Guo 2021): 1,027 TA1 patients, propensity-matched — independent predictor of DFS and
OS; >24-month course: 5-yr DFS 84.7% / OS 92.2% vs <12 months DFS 66.1% / OS 64.5%

* Hepatocellular carcinoma: TA1 + TACE improved outcomes vs TACE alone (cohort studies)

* Melanoma / breast (preclinical): TA1-Fc fusion showed antitumor activity and 1 tumor-infiltrating
CD4/CD8 T cells in mouse models — clinical translation not yet established

Comparison to Other Immunomodulators

Mechanism TLR2/9 agonist JAK-STAT T-cell expansion Checkpoint blockade
Toxicity Minimal Mod-High High Moderate

FDA approved (US) No Yes Yes Yes

Cost Low—Mod Moderate Very high Very high

Critical gaps: No large Phase Il RCTs in Western populations, and the US FDA regulatory pathway
is unclear. Cancer monotherapy data are limited, optimal dosing and combination strategies are
undetermined, no standardized guidelines exist, and neurogenesis/neuroprotective effects remain
preliminary (animal only).

6. Clinical Considerations

Contraindications & Red Flags

* Hypersensitivity: to TA1 or formulation components — absolute contraindication

* Post-transplant / on immunosuppressants: relative contraindication — may counteract the
immunosuppressive regimen; coordinate with the transplant specialist

* Active autoimmune flare: theoretical risk of exacerbation — avoid; understand the patient's
dominant immune axis first

» Primary immune deficiency: no evidence of benefit — avoid

» Not a replacement: for standard antiviral or antibiotic therapy — it is adjunctive (though gaining
ground in antiviral use)

Special Populations

* Pregnancy/lactation: insufficient data — use only if benefit clearly exceeds risk (generally avoid)

» Pediatric: limited data; safety extrapolated from adults; individualize and lower dosing

» Elderly and dialysis patients: enhanced vaccine response at standard dose; HIV: 3.2 mg SC weekly
safely augments immune reconstitution

Monitoring Parameters
+ Baseline and follow-up immune panel: CD4+, CD8+, NK cells, lymphocyte count, CBC with
differential
* Inflammatory markers (CRP, IL-6, TNF-a) and disease-specific workup (viral loads, LFTs for
hepatitis, tumor markers)
» Recheck immune markers every 4—6 weeks during active treatment; inspect injection sites each visit

Safety Profile

Injection-site reactions Most common AE — mild, transient redness/swelling; diminish over time
Systemic adverse events None significant across all reviewed trials
Treatment discontinuation None due to TA1 (including high-dose sepsis protocols)

Hepatotoxicity Not observed in any trial



Hematological / drug interactions No significant CBC changes; no clinically significant interactions

Regulatory Status

Approved in >35 countries for hepatitis B/C but NOT FDA-approved in the US, where all use is
investigational and off-label. It is safe in combination with IFN-a, chemotherapy, antiviral agents, and
PD-1 inhibitors per the literature.

7. Final Note

Thymosin Alpha-1 is the standout of this series in terms of clinical maturity. It is approved across much of
the world, backed by Phase Ill RCTs and large meta-analyses, and distinguished by an almost unique
combination of broad efficacy and an exceptional safety record. lts defining characteristic is that it
modulates rather than merely stimulates — restoring immune homeostasis by raising antiviral and
antitumor capacity while simultaneously calming excess inflammation.

For the practicing clinician, TA1 is most compelling as targeted immune rescue in the immunosuppressed
or immunoparalyzed: lymphopenic viral illness (treated early and aggressively), sepsis with immune
paralysis, hepatitis B, vaccine enhancement in the elderly and dialysis patients, and long-duration NSCLC
adjuvant therapy. The principal cautions are mechanistically logical — avoid in transplant patients on
immunosuppression, in active autoimmune flares, and in primary immune deficiency — and
biomarker-guided selection (CD4/CD8 thresholds) sharpens both efficacy and appropriateness. The main
honest limitation is the absence of large Western Phase lll trials and an unclear US regulatory path, not a
lack of mechanism or signal.

Bottom line: The most clinically validated peptide here — a safe, low-cost immune MODULATOR
with real Phase Ill and meta-analytic support across hepatitis B, sepsis, COVID-19, and NSCLC.
Best used as biomarker-guided immune rescue in the immunosuppressed;
investigational/off-label in the US, with logical cautions in transplant, autoimmune, and
primary-immunodeficiency settings.
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