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The Perspective by Chan and co-workers, 
(Analysis of nanoparticle delivery to tumours, 
Nat. Rev. Mater. 1, 16014 (2016))1 continues 
an important discussion on the effectiveness 
of nanoparticle-based therapeutics. I note, 
however, that this retrospective study relies 
heavily on an unconventional parameter to 
assess the success or failure of nanomedicine; 
namely, the average amount of detectable 
nanoparticle carrier present over time in the 
tumour tissue.  

At the Nanotechnology Characterization 
Laboratory (NCL), we have conducted over 
150 extensive pharmacokinetic (PK) and tox-
icological preclinical studies for proprietary 
nanomedicines. NCL studies have found that 
the ‘nanoparticle in tumour’ parameter does 
not serve as a good surrogate for therapeutic 
index, nor does it govern regulatory approval 
of nanoformulations2. In contrast to the analy-
sis used by Chan and co-workers, evaluation 
of the nanoparticle’s active pharmaceutical 
ingredient (API; that is, the drug) is the far 
more relevant consideration and is required 
to compare critical factors such as PK, toxicity 
and efficacy among formulations.

 Traditional PK parameters, such as peak 
drug concentration (Cmax), clearance rate 
from the body (CL), elimination half-life 
(t1/2) and volume of distribution (Vd), pro-
vide comparative information on the effects 
imposed on the API by the nanoformula-
tion3. The Cmax of the API, for example, helps 
determine if an adequate cancer-killing dose 
reaches the tumour. The method selected in 
the Perspective involves the calculation of an 
average nanoparticle concentration, which 
precludes evaluation of these important PK 
parameters. The API exists in encapsulated, 
free and protein-bound forms. Free API is 
the bioactive form that can induce a cancer-
killing effect. The only aim of the Perspective 
was to measure the encapsulated form, with 
the assumption that the drug remains with 
the nanoparticle. The authors also errone-
ously interchange nanoparticle and API area 
under the curve results in their calculations, 
which we infer from the experimental design 
and experimental data in the cited references.  
These oversights highlight the ambiguity of 
their ‘nanoparticle in the tumour’ premise 
and inferences.

Accumulation in the tumour is certainly 
an important problem for nanomedicines that 
rely on an external stimulus. Nanoparticles 
that contain an imaging agent and/or have 
a non-chemical mechanism of action (for 
example, laser-induced thermal ablation), 
require a sufficient concentration of particles 
in the tumour to transduce the stimulus into 
a cytotoxic action. In the case of nanoparticle- 
delivered small molecule drugs, it seems intui-
tive that the more nanoparticles there are in 
the tumour tissue, the more drug is delivered. 
However, it is misleading to place undue 
importance on this one parameter in lieu of 
classical pharmacological evaluation of drugs.

Liposomal doxorubicin (Doxil) is a histori-
cal example to bring further clinical perspec-
tive to the authors’ assumptions. For Doxil, 
less than 1% of the injected dose is detectable 
in the tumour, yet this is many times greater 
than an equivalent dose of traditionally for-
mulated doxorubicin4,5. Clinically, liposomal 
doxorubicin also dramatically enhances the 
length of tumour exposure with a t1/2 that is 
nearly fivefold greater and a CL that is three 
orders of magnitude slower than traditionally 
formulated doxorubicin. These combined 
effects bestow an improved anticancer treat-
ment for patients with significantly reduced 
cardiotoxicity6.  

The Doxil example points out how nano-
formulations can advantageously alter the PK 
and toxicity profile of a drug to improve the 
quality of life for the patient. But why have 
we not seen huge improvements in clinical 
efficacy for nanomedicines and dramatic 
increases in survival rates? To date, the major-
ity of nanoparticle-based therapies in clinical 
trials incorporate off-patent cytotoxic agents 
to de-risk regulatory evaluation. Despite the 
reformulation, it is still the same API with 
the same cellular mechanism of action and 
the same potential for drug resistance. One 
should not expect remarkable improvements 
in efficacy if the cytotoxic agent is unchanged. 
That said, the pharmaceutical industry is now 
marrying potent novel drugs with nanopar-
ticles early in the preclinical phase and tak-
ing into account relevant structure–activity 
relationships during the development stage7. 
The resulting nanoformulations are intended 
for first-in-man studies, thus we anticipate 

advances in clinical efficacy as these progress 
to phase II and III trials. 

Regarding clinical translation, the state-
ment “…we have not observed significant 
clinical translation of cancer nanomedicines” 
is quickly rebutted by empirical evidence. 
According to Clinicaltrials.gov, a search on 
5 August 2016, using “(nanoparticle OR lipo-
some OR micelle) AND cancer” yields over 
500 clinical studies, with nearly 25% of those 
in Phase III trials. Celator Pharmaceuticals 
is a relevant case study in this regard. The 
company recently completed their phase III 
trial on CPX-351 (VYXEOS), a nanoparticle 
formulation of cytarabine and daunorubicin. 
The nanoparticle carrier allows the drugs to 
be co-administered at a fixed, optimal ratio. In 
patients with high-risk acute myeloid leuke-
mia (AML), CPX-351 revealed a 31% reduc-
tion in the risk of death compared with the 
standard of care regimen for the two drugs. 
With respect to mean overall survival, AML 
patients treated with CPX-351 lived 9.56 
months compared with 5.95 months for the 
legacy combination8. Celator is being acquired 
by Jazz Pharmaceuticals for US$1.5 billion9. 

In summary, the overarching goal of nano-
medicine is to improve patient outcomes. 
As indicated above, nanoformulations now 
have a clinical track record for improving 
the PK profile of a drug and decreasing tox-
icity. Evaluating nanomedicine solely on the 
basis of the %ID of nanoparticles that reach 
the tumour is unconventional and has led 
the authors to a conjecture that is inconsist-
ent with the observed clinical results. The 
parameters used in measuring the success of 
nanomedicine translation to the clinic should 
include considerations of pharmacokinetics, 
toxicity, efficacy and the overall impact on 
patient outcomes.
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