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FOXO04-DRI showed robust senolytic activity and extraordinary functional gains in mice, but
studies were short-to-medium term, did not assess lifespan, and lacked comprehensive
chronic-toxicity or carcinogenicity evaluations. It was developed as a research tool (not a
clinical candidate), no human trials exist, and mechanistic safety concerns (p53 pathway
disruption, off-target apoptosis, immune sequelae, delivery/toxicity issues) remain
unexamined; anecdotal self-experimentation does not demonstrate safety.

? Unknow safety

C Caution for subjects at elevated risk for cancers, Do NOT use with active cancer

Likely effective for selective senolysis and certain functional improvements based on
animal evidence

Possibly effective for longevity

Disclaimer: These notes are not authoritative and should not be interpreted as definitive
scientific guidance. They are summaries, compilations and plausible extrapolations drawn from
the most relevant research | was able to locate, and may omit nuances, conflicting data, or
emerging evidence. The material reflects an attempt to organize and understand
complex topics, not to provide clinical recommendations or expert
interpretation.

This document was updated 22-Aug-26. The most recent version of this
document is available at https://researcher6076.com/pdfs/fox04-dri.pdf.

FOXO04-DRI is a synthetic D-retro-inverso peptide designed to disrupt the FOX0O4-p53
interaction and trigger apoptosis in senescent cells.

FOXO4-DRlI’s long-term human safety is unknown. Disruption of FOXO4-p53 signaling, possible
off-target apoptosis, and removal of senescent cells with beneficial structural or repair functions
create plausible safety concerns. Short-term tolerability in animal studies provides limited
reassurance. Occasional reports of practitioner use provide only anecdotal reassurance and do
not constitute safety evidence. Neither source resolves chronic toxicity, carcinogenicity, or
human safety.-

FOXO4-DRl is likely effective for selective senolysis and certain functional improvements based
on strong animal evidence. Longevity efficacy is possible based on mechanistic extrapolation
but has not been tested directly.

This evidence, taken together, suggest FOXO4-DRI looks mechanistically promising, but the
safety concerns are large and unresolved.
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Extraordinary Results and Important Caveats

The 2017 FOXO4-DRI mouse study (Baar et al., Cell) tested whether a designer peptide could
selectively induce apoptosis in senescent cells and thereby improve health in aged, progeroid,
and chemotherapy-damaged mice. Short treatment blocks produced rapid and visible
improvements: better kidney function, restored physical activity, improved fur density,
normalized weight after chemotherapy, and reductions in molecular senescence markers such
as p16 and SASP cytokines. These functional and appearance-related gains were accompanied
by improvements in selected measures of tissue architecture and organ function in the studied
mouse models. No adverse effects were reported in the limited short-term experiments, but
these findings do not establish broader or long-term safety.

Based on preclinical evidence, FOXO4-DRl is likely to act against some DNA-damage-induced
senescent cells. Activity against the following senescent-cell categories is plausible but less
directly established:

e Oxidative-stress—associated senescent cells
e Oncogene-induced senescent cells
e Senescent cells with a high senescence-associated secretory phenotype (SASP)

These cell populations may contribute to chronic inflammation and other age-associated
dysfunctions.

e Chronic inflammation

e Tissue stiffness

e Impaired wound healing
e Vascular dysfunction

e Epithelial barrier decline

However, the study comes with major caveats that must be emphasized. FOXO4-DRI remains an
experimental preclinical peptide. Although the original research discussed its therapeutic
potential, it has not been developed or validated for clinical use in humans. There have been
no human trials, no chronic toxicity studies, and only very limited animal testing, all with
short follow-up windows measured in weeks. The mechanistic understanding of senolytics in
general is still early and incomplete, and the long-term consequences of large-scale
senescent-cell clearance, on cancer risk, stem-cell pools, immune surveillance, or organ
aging remain unknown. In short, the FOXO4-DRI mouse study is an intriguing proof-of-concept,
not evidence of safety or efficacy in humans.
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Biological Mechanism

FOXO4-DRIl is proposed to disrupt a survival pathway used by some senescent cells, making
susceptible cells more likely to undergo apoptosis. In these cells, the transcription factor FOX0O4
can accumulate in the nucleus and bind p53, restraining its pro-apoptotic activity. This
interaction may help damaged cells persist and continue secreting senescence-associated
secretory phenotype (SASP) factors. FOXO4-DRl is a D-retro-inverso peptide engineered to
mimic the FOXO4 region that binds p53, with a reversed sequence and D-amino-acid structure
that increases stability. By competing with endogenous FOXO4, the peptide can displace p53
and promote its movement out of the nucleus, plausibly activating mitochondrial apoptotic
pathways. Preclinical studies indicate preferential killing of some susceptible senescent cells
relative to nonsenescent controls, but this selectivity is not universal. Dependence on the
FOX04-p53 pathway varies among cell types and senescent states, and effects on healthy cells
cannot be excluded.

FOXO04-DRI may affect susceptible senescent cells in several tissues. Possible responsive tissue
and cell types include:

e Renal tubular epithelial cells

e Liver cells affected by chemotherapy-induced senescence

e Fibroblasts, including dermal and keloid fibroblasts

e Keratinocytes

e Vascular endothelial and microvascular cells

e Other epithelial cells with high FOXO4 activity or a strong senescence-associated
secretory phenotype (SASP)

Responsiveness may depend more on the molecular state of the senescent cell, including its
reliance on the FOXO4-p53 pathway, than on tissue type alone.

Designed For Cell penetration
The amino acid sequence for FOX04-DRlI
LTLRKEPASEIAQSILEAYSQNGWANRRSGGKRPPPRRRQRRKKRG

This sequence contains a clear basic, arginine/lysine-rich region that is a cell-penetrating
peptide (CPP) motif. The C-terminal segment “RRRQRRKKR?” is highly similar to canonical
CPPs (e.g., TAT or poly-arginine) and confers some membrane-translocation activity.

e CPPs arerichin basic residues. Arginine (R) and lysine (K) are the hallmark residues that
enable electrostatic interaction with negatively charged cell membranes.
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¢ Motif similarity to TAT. The canonical HIV-TAT CPP is YGRKKRRQRRR. The amino acid
sequence above has a tail ... RRRQRRKKR... which shares the same basic residue pattern and
order (multiple R/K in close succession), which commonly mediates uptake.

¢ Poly-arginine behavior. Short runs of arginine (R4-R9) are themselves effective CPPs; this
sequence contains a run of three R’s followed immediately by another R-rich stretch, which is
consistent with CPP function.

Dosage & Patterns

FOXO4-DRI has no human trails, and no clinical data to determine least-effective or maximum-
safe dose. Notes below explore a dose and pattern extrapolated from limited animal studies.

A possible human-equivalent dose estimate based on body-surface-area scaling is
approximately 25-30 mg total per administration. This is an extrapolated exposure estimate,
not an established effective dose, minimum effective dose, or maximum safe dose. Differences
in administration route and human pharmacokinetics could substantially alter the resulting
exposure.

Dosing Notes

Dose

Baar et al. (2017) and Hu et al. (2025) both administered FOXO4-DRI to mice at 5 mg/kg by
intraperitoneal injection. A5 mg/kg dose in mice converts to a human-equivalent exposure of
about 0.4 mg/kg when you apply standard body-surface-area scaling (Km mouse 3, Km human
37), so: 5 mg/kg x (3/37) = 0.4 mg/kg. For a 150 lb (68 kg) human, that’s roughly 0.4 mg/kg x

68 kg = 27 mg, approximately 25-30 mg total.

Patterns

These studies used substantially different treatment durations. Baar et al. used every-other-
day administration for three doses in the relevant short-course experiments, whereas Hu et al.
administered it every two days for one month. These studies establish 5 mg/kg as a studied
mouse dose but do not establish a preferred mouse treatment schedule, let alone a preferred
human treatment schedule. Mice in the Hu et al. study received a total exposure of FOXO4-DRI
approximately five times greater than those in the Bear et al. study. Animal studies using
repeated administration beyond three doses show that FOXO4-DRI can remain biologically
active across an extended treatment period.

Despite prolonged exposure, Hu et al. do not report clinical adverse events, mortality, weight
loss, injection reactions, hematologic toxicity, or organ toxicity attributable to FOXO4-DRlI.
But there is an important catch: those endpoints were essentially not the focus of the study.
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Itis plausible that repeated exposure in humans could produce more extensive or sustained
senescent-cell clearance and subsequent tissue remodeling than a brief course. The
consequences would likely depend on the tissue and disease context, because prolonged
senolysis has produced both beneficial and adverse outcomes in animal models.

Administration

Mouse studies administered FOXO4-DRI by intraperitoneal injection. In the absence of
comparative pharmacokinetic data, human intramuscular administration is selected here as
a speculative substitute for the mouse intraperitoneal route. This choice does not establish
that intramuscular administration reproduces the absorption, peak exposure, or bioavailability
produced by intraperitoneal administration in mice.

Improving Immune Clerance with Thymulin and Ta1

FOXO4-DRI-induced cell death is expected to release intracellular contents and senescence-
associated secretory phenotype (SASP) factors that can serve as danger signals and antigenic
material. Immune support during this period could plausibly:

e Improve clearance of residual cellular debris, potentially reducing prolonged local
inflammation.

e Support antigen presentation and T-cell priming, which may contribute to continued
immune surveillance of newly senescent cells.

One plausible scheduling approach is to use several daily thymulin doses as a short
induction, stop thymulin 24 hours before the first FOXO4-DRI administration, and administer
thymosin alpha-1 (Ta1) approximately 24 hours after each FOX0O4-DRI administration.

Thymulin before the intervention could plausibly modulate thymic and immune signaling
before senolysis begins. Stopping it 24 hours before FOXO4-DRl is intended to separate that
signaling from the senolytic intervention.

Administering Ta1 approximately 24 hours after FOXO4-DRI could plausibly support dendritic-
cell activity, antigen presentation, and downstream immune responses while senescent-cell
debris is being processed.

Together, this immune-support sequence may plausibly improve clearance of senescent-cell
debris and promote resolution of SASP-associated inflammation.

Clean Window

A speculative precaution is to schedule FOXO4-DRI during a period without active infection,
acute injury, or substantial tissue remodeling. Recent illness, injury, or strenuous exercise can
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produce transient inflammatory and repair signaling that may complicate the biological
response. Allowing recovery before the intervention may provide a cleaner biological window.

Temporally separating FOXO4-DRI from restorative or growth-promoting peptides is a
plausible strategy for reducing uncertain biological interactions. Senolysis involves
apoptosis and cellular-debris clearance, whereas restorative peptides may influence
proliferation, anabolism, mitochondrial activity, or immune signaling. Overlapping these effects
could alter the response to either intervention, although the direction and clinical significance
are unknown. A speculative washout interval can be informed by each compound’s half-life and
the expected persistence of its downstream effects, but no single interval applies to all peptides.

A plausible strategy to create a clean window for FOXO4-DRI and support it with an optimized
immune system might look like this.

Day Phase Mechanistically plausible approach

—30 Preparation Stop GH-axis peptides: CJC-1295, ipamorelin, tesamorelin and
similar GH secretagogues.

=15 Preparation Stop major repair/regenerative peptides: BPC-157, TB-500, ARA-
290.

-8 Quietwindow Stop GHK-Cu and KPV. Stop elective NMN, spermidine, and
Apigenin.

-7 Quietwindow Stop heavy resistance training and other deliberately muscle-

damaging exercise. Normal daily activity/light exercise is different
from producing significant DOMS or tissue injury.

-7 Pre-treatment Using Thymulin to prepare immune system for clearance in the days
leading up to senolysis is speculative.

0 Senolysis First FOXO4-DRI exposure.
+1 Senolysis/clearance Speculative use of Ta1 to strengthen immune clearance.
+2 Senolysis Second FOXO4-DRI exposure.
+3 Senolysis/clearance Speculative use of Ta1 to strengthen immune clearance.
+4 Senolysis Third/final FOXO4-DRI exposure.
+7 Apoptosis/clearance Speculative use of Tal, maybe every day, to strengthen immune
clearance.
+10 Clearance > Clearance/efferocytosis increasingly gives way to resolution. Ta1
resolution rationale begins diminishing.
+11 Resolution KPV becomes reasonable to reintroduce.
This document provides educational summaries of limited and evolving peptide data. Updated:
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Day Phase Mechanistically plausible approach

+11 Exercise transition Progressive resistance training can resume if recovery is normal.

Avoid maximal/high-volume eccentric training.

+14 Resolution > Epitalon becomes conceptually appropriate if beingused as a
regeneration separate longevity/reset intervention.

+14 Regeneration BPC-157 and ARA-290 could return.

+14 Normal training Heavy resistance training can reasonably resume.

+18 Regeneration TB-500 could return.

+21 Full restoration GH-axis peptides return last. (Date consistent with GH-axis

washout, if doing concurrently.)

Possible Duration of Effects

FOXO04-DR/I’s effects may plausibly outlast the treatment period because cells eliminated
by senolysis remain absent until new senescent cells accumulate. Based on studies of other

senolytics, some effects could persist for months and possibly longer, but durability is likely to

vary by tissue, ongoing injury, age, and the extent of initial clearance.

If, when, and how often to repeat this protocol is completely unknown.

Potential Benefits (Extrapolations from Animal and Mechanistic Evidence)

Improved physical resilience and fitness are possible. Mice treated with FOXO4-DRI
showed measurable improvements in voluntary activity and responsiveness compared with
aged controls. If this maps to humans, the subject might notice better stamina, quicker
recovery from exertion, orimproved exercise tolerance.

Improved organ-function markers are possible. In mouse studies, FOXO4-DRI improved
kidney-function markers in aged and progeroid models and reduced liver-injury markers after
chemotherapy. If these findings map to humans, possible effects could include
improvements in kidney or liver biomarkers.

Reduced systemic inflammatory signaling (lower SASP burden). Clearing SASP-producing
senescent cells tends to lower circulating pro-inflammatory cytokines in preclinical models;
the subject might see reductions in research-level inflammation markers (e.g., IL-6) and
subjective reductions in low-grade inflammatory symptoms.

Improved tissue appearance and regenerative features. Aged mice regained fur density
and showed improved tissue homeostasis after FOXO4-DRI; in humans this could translate
to improvements in skin quality, wound healing kinetics, or other tissue-level signs of
rejuvenation.

Potential downstream multi-system benefits. By reducing senescent-cell burden,
preclinical senolytic work suggests possible improvements across multiple age-related
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domains (mobility, metabolic markers, organ resilience), so the subject might experience
broad but modest gains rather than a single dramatic effect.

e Extended healthspan and lifespan. Speculative based on studies of other synolytics
(Dasatinib + quercetin) in aged mice

Possible functional gains would more plausibly be modest to moderate, not a dramatic reversal
of aging.

Mice and humans differ in senescent-cell types, immune clearance, and tissue turnover;
positive mouse results do not guarantee similar human outcomes. Not all senescent cells rely
on the same survival pathways (FOXO4-p53 dependence varies), so FOXO4-DRI may clear
some senescent populations but spare others.

Potential Applications

e Age-related cellular senescence.

Cautions

e Potential interactions with cancer or cancer therapy.

e Being conservative

Known and Theoretical Risks

« Possible off-target apoptosis. Acute; severity unknown. FOXO4-DRI disrupts FOXO4-p53
signaling, so susceptible nonsenescent cells that depend on related survival signaling could
plausibly be affected. Preclinical studies showed preferential activity against selected
senescent cells relative to tested nonsenescent controls, but the human off-target profile is
unknown.

o Transient inflammatory response during cellular clearance. Acute; mild to moderate.
Senescent-cell apoptosis creates debris that requires immune clearance and could plausibly
produce temporary local or systemic inflammatory symptoms. Because apoptosis also stops
ongoing SASP production, the direction and magnitude of the inflammatory response are
uncertain.

o Transient organ-biomarker abnormalities. Acute; mild to moderate. Off-target apoptosis,
an inflammatory response, or altered cellular-debris clearance could plausibly cause
temporary changes in liver, kidney, or cardiac biomarkers.

e Possible hematologic effects. Acute; severity unknown. The off-target profile of systemic
FOXO4-DRI exposure is undefined, so changes in blood counts or susceptible blood or
marrow cell populations remain possible. Limited mouse studies did not show noticeable
changes in platelet counts or the tested whole-blood measures.
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e Possible vascular or epithelial-barrier disruption. Acute; severity unknown. If susceptible

senescent endothelial or epithelial cells are temporarily contributing to tissue structure or
repair, their rapid clearance could plausibly alter local permeability or barrier integrity.

¢ Possible short-term immune perturbation. Acute; mild to moderate. Changes in SASP
signaling and cellular-debris clearance could plausibly alter local immune recruitment or
activation, producing either reduced surveillance or transient inflammation.

Risks related to what we simply do not know

e Senescent cells have context-dependent beneficial roles (wound healing, remodeling) and
harmful roles (SASP). The idea that wholesale removal could impair tissue integrity is a
theoretical risk and discussed as an active research topic.

¢ Long-term cancer risk trajectory — whether FOXO4-DRI increases, decreases, or shift
cancer risks across organs is unknown.

e Chronic organ remodeling outcomes — long-term effects on stem-cell pools, fibrosis
progression/regression, and functional reserve remain uncharacterized.

¢ Human pharmacology and immunogenicity — human ADME, immunogenicity, and
off-target binding profiles are incompletely defined.

¢ Interactions with comorbidities and common medications — effects in patients with
diabetes, CKD, cardiovascular disease, or on anticoagulants/chemotherapy are not
established.

¢ Heterogeneity of senescent phenotypes — tissue- and cell-type differences in senescence

markers mean efficacy and safety may vary widely between organs and individuals.

Recovery Timelines and Future Senescence Profile

Below is a mechanistic extrapolation of the timelines for reaccumulation of senescent cells in
the human body after a senolytic burst.

Possible Early Changes (Speculative Timing: Days to Approximately Two Weeks)

e Possible reduction in susceptible senescent cells. FOXO4-DRI may induce apoptosis in
responsive senescent cells within days, reducing the burden of those cell populations.

e Plausible reduction in SASP signaling. Removing responsive senescent cells could reduce
their ongoing production of inflammatory cytokines and matrix-modifying factors.

e Plausible reduction in paracrine senescence signaling. Lower SASP signaling could
reduce the induction of senescence-like states in surrounding cells.

e Possible early subjective effects. If reduced inflammatory signaling produces noticeable
effects, these could include changes in perceived energy, stiffness, or recovery.
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Possible Intermediate Tissue Changes (Speculative Timing: Weeks to Months)

e Plausible improvementin tissue signaling. Reduced SASP activity could improve the local
environment for stem, progenitor, and differentiated cells.

e Possible compensatory remodeling. Surviving cells and local repair systems may adapt
after susceptible senescent cells are removed, but the form and extent of that response may
vary among tissues.

¢ Functional improvements. Mouse studies reported improvements in kidney-function
markers, voluntary activity, responsiveness, and vascular function after FOXO4-DRlI
treatment. If these findings translate to humans, possible changes could include improved
resilience, recovery, or organ biomarkers.

Possible Temporary Reduction in Senescent-Cell Accumulation (Timing Uncertain)

e Plausible reduction in paracrine senescence. Lower SASP signaling could temporarily
reduce the induction of senescence-like states in nearby cells.

e Possible slower reaccumulation. A less inflammatory tissue environment could temporarily
reduce one contributor to new senescent-cell formation, while other drivers of senescence
continue.

Possible Long-Term Senescent-Cell Reaccumulation (Timing Unknown)

e Ongoing drivers continue. Telomere attrition, mitochondrial dysfunction, DNA damage,
metabolic stress, and other sources of cellular senescence continue after treatment.

o Likely reaccumulation. Because new senescent cells continue to form, senescent-cell
burden is likely to rise after an initial reduction.

e Possible long-term trajectory. The rate of reaccumulation could return to its previous
trajectory, remain temporarily altered, or vary with tissue, age, disease, and subsequent
injury.

o Possible residual benefit. If the initially cleared populations are not fully replaced,
cumulative senescent-cell burden may remain lower than it would have been without
treatment. A permanent baseline shift cannot be assumed.

Recovery Summary

After a senolytic intervention, the following trajectory is possible:

e Clearance of susceptible senescent cells may occur within days.

¢ Functional improvements may develop over weeks to months.

e Reduced SASP signaling may plausibly slow paracrine senescence temporarily.

e Senescent-cell reaccumulation is likely as aging, injury, and other drivers continue.

Why a Human Study Is Unlikely in the Near Term

FOXO4-DRI does not yet have the preclinical development package normally needed to support
a human trial. Important gaps include human-relevant pharmacokinetics, dose-ranging
toxicology, chronic toxicity, carcinogenicity, immunogenicity, off-target binding, and validated
methods for measuring target engagement.
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Atrial in healthy participants seeking a possible longevity benefit would present a difficult ethical
risk-benefit calculation. The benefits are unproven, while potential harms involving tumor
suppression, tissue repair, or organ function could be serious and might not become apparent
during a short study. Older participants could have greater senescent-cell burden but could also
be more vulnerable to unintended effects.

The financial barriers are also substantial. Longevity and general healthspan are difficult trial
endpoints, and demonstrating prevention or delayed functional decline could require large study
populations and years of follow-up. The absence of validated surrogate markers for meaningful
senolytic benefit would further increase trial size, duration, and cost.

Commercial uncertainty could also discourage investment. Uncertainty involving intellectual
property, development ownership, the regulatory pathway, and eventual reimbursement makes it
difficult to predict whether the cost of development could be recovered. Together, these ethical,
scientific, regulatory, and financial barriers make a human FOXO4-DRI study unlikely in the near
term.

How Can an Individual Weight the Risk Benefits of FOXO4-DRI?
This is about risk awareness, decision quality, and self-protection.

1. Start with the baseline: human evidence is very limited

A healthy older adult needs to understand:

e There is no human pharmacokinetic data.
e Thereis no human safety data.

e Thereis no carcinogenicity data.

e Thereis no lifespan data in animals.

e Thereis no human dose-response curve.

This differs from rapamycin, metformin, and fisetin, all of which have human data. FOXO4-DRI
remains preclinical. Consequently, uncertainty about its human dose, safety, and benefits is
exceptionally high.

A person must be comfortable with that level of uncertainty before they even think about next
steps.

2. Understand the type of risk, not just the magnitude
The danger with FOXO4-DRlI is not “you might feel sick for a few days.”
The danger is:

¢ You may disrupt p53-mediated tumor suppression and accelerate a latent cancer.
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e You may impair tissue repair.
e You may trigger organ-specific toxicity that has never been mapped.
¢ You may cause irreversible long-term effects that appear months or years later.

A healthy older adult must understand that these are not hypothetical in the abstract, they are
mechanistically plausible.

This is not like trying a supplement. This is trying a research-only apoptosis-modifying molecule.
3. If someone still wants to self-experiment, the minimum responsible posture is:
A. Treat it like a personal research project, not a wellness routine

That means:

Documenting everything

Establishing baselines

Stopping immediately at any adverse signal
B. Use additional caution during:

e active infection

e recentsurgery

e wound healing

e high inflammatory load

e unexplained fatigue

e unexplained weight loss
e any cancer history

e any precancerous lesions
e anyabnormalimaging

e anyabnormal bloodwork

Active illness, injury, and tissue repair may involve stressed or repair-associated cells.
FOXO4-DRI could plausibly affect some of these cell populations, increasing the biological
uncertainty associated with treatment timing.-

C. Have a clinician involved — not to approve it, but to monitor you
Aresponsible person would:

e Share their plan with a clinician
e Askfor neutral monitoring
e Getbaseline labs
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e Getfollow-up labs
e Agree to stop if anything deviates

This is not about asking permission. It’s about not flying blind.
4. The mindset that protects a self-experimenter the most
A healthy older adult should adopt these principles:

» Treat the risks as potentially greater than current evidence reveals.

Treat the benefits as potentially smaller than mechanistic or animal findings suggest.
Give substantial weight to the unknowns.

Recognize that early human use may reveal unanticipated adverse effects.

YV V V V

Recognize that an apoptosis-modifying compound could cause serious or lasting harm.
This mindset doesn’t forbid experimentation; it simply forces clarity.
5. The most important truth: healthspan enthusiasm is not a justification

A healthy older adult who is passionate about health and longevity is exactly the kind of person
who needs to be most careful, because:

Enthusiasm can feel like evidence.

Novelty can feel like progress.

Mechanistic plausibility can feel like safety.
Mouse data can feel like human relevance.

YV VV VY V

“Everyone else is trying things” can feel like justification.
But none of those are substitutes for actual safety data.

If you are determined to self-experiment, do it with full awareness that you are stepping outside
the boundaries of known human biology. Treat it with the seriousness of a clinical researcher, not
the optimism of a biohacker.

Your healthspan is not improved by taking risks you don’t fully understand.

Conclusions

Serious uncertainties remain without longer-term preclinical studies and human data. Animal
evidence supports likely selective senolysis and certain functional improvements, but human
benefits remain possible and cannot yet be reliably weighed against the unknown human safety
profile.
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