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a  b  s  t  r  a  c  t

Nanomaterials  with well-defined  size,  shape,  composition,  and  surface  functionalities  offer  multimodal
and  multifunctional  platforms  for  various  bioanalytical,  bioimaging,  and  therapeutic  applications.  In  this
review, we  focus  on  the different  theranostic  formulations  of  nanomaterials  based  on  gold,  silver,  silica,
semiconductor  quantum  dots,  upconversion  lanthanides,  oxide  magnets,  polymers,  liposomes,  carbon
nanotubes,  graphene  and  carbon  nanohorns,  and  their  applications  in  photothermal  and  photodynamic
therapy  of  cancer.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Phototherapy is a form of medical treatment in which light is
used to treat diseases such as cancers and peripheral infections
to normalize the body and relieve the depression. Photother-
mal  therapy (PTT) and photodynamic therapy (PDT) are the two
kinds of phototherapy used for the treatment of diseases so far.
In PTT, a photothermal (PT) agent is employed for the selec-
tive local heating for healing abnormal cells or tissues; whereas,
in PDT, the treatment occurs through a series of photochemi-
cal reactions triggered by photoactivated molecules or materials
called photosensitizer (PS) drugs. In recent past, nanomaterials
are used in different aspects of cancer management in terms of
nanomedicine. On the basis of the growing applications of nano-
materials in PDT and PPT of cancer, in this review, we mainly focus
on the different formulations of nanomaterials suitable for PTT and
PDT.

1.1. Photothermal therapy

Thermal treatment of cancerous cells by applying the local heat-
ing to 70 ◦C and general hyperthermia (heating to 41–47 ◦C) is
known since 18th century [1]. During the local heating or hyper-
thermia, cells undergo irreversible damage due to the denaturation
of proteins and the disruption of the cell membrane. But these
thermal treatments damage the healthy tissues as well. More
recently, incorporation of laser radiation treatment in thermal can-
cer therapy opened up a PT method for the selective treatment
of cancers. As a result, laser radiation with fiber-optic waveguides
finds growing applications in cancer therapy, which is called laser
hyperthermia [2]. The main drawback of the laser treatment is
the requirement of high-power lasers for the effective stimula-
tion of the tumor cell death [3]. Meanwhile PTT was proposed,
in which a PT agent helps the selective heating at the local envi-
ronment [4]. Basic requirements of PTT are a biocompatible PT
agent with large absorption coefficient in the NIR regions and an
NIR light source. Thus, surface-modified nanomaterials of carbon,
metals, and semiconductors with NIR absorption can be ideal PT
agents. The percentage increase in the temperature during PTT
strongly depends on the NIR absorption wavelength and the coef-
ficient as well as the power of the excitation light [5]. Illumination
of nanomaterials with NIR laser results in an increase in the tem-
perature of the medium, which reaches a maximum value when
the NIR absorption maximum coincides with the laser wavelength
(Fig. 1).

1.2. Photodynamic therapy

The basic principle underlying PDT of cancers is a chain of pho-
tochemical reactions triggered by a photoactivated PS drug. During
the irradiation of a PS drug at a suitable wavelength, it will be acti-
vated to the excited singlet (S1) and subsequently to the triplet
(T1) state via intersystem crossing. The lifetime of the T1 state is
longer than that of S1, which facilitates the extended interactions
of the PS drug in the T1 states with the surrounding molecules
[6]. Two types of mechanisms, Type I and Type II, are known for
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