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INTRODUCTION
The terms immunotherapy of cancer and biotherapy of cancer have been used interchangeably in the
past. Strictly speaking, biotherapy or biological therapy is more appropriate and is now considered the
4th modality of cancer therapy. It can be effective when used alone or in combination with surgery,
radiation or chemotherapy. To put biotherapy into a better perspective, it is important to clarify a historical
misconception associated with immunotherapy. The term biological response modifiers (BRMs), which had
been widely used in the 1970s, referred to agents or approaches, whose modes of action involve the host’s
own biological responses. Biological substances and BRMs work through many different mechanisms in
the biotherapy of cancer. These mechanisms involved for each substance/modifier may be one or several
of the following: (1) to increase the host’s antitumor response through augmentation or restoration of
effector mechanisms or decrease a component of the host response that is deleterious (such as with immune
checkpoint inhibitors, e.g. anti-CTLA-4)[1]; (2) to augment host defenses through the administration of
certain immune cells, natural biological substances, or synthetic derivatives thereof as effectors (direct or
indirect) of antitumor responses; (3) to enhance the host responses using modified tumor cells or other types
of vaccines to stimulate greater immune responses or increase the sensitivity of tumor cells in vivo; (4) to
increase the maturation, differentiation or dormancy of tumor cells; (5) to interfere with growth-promoting
factors or signaling pathways of tumor cells concerning proliferation, migration/invasion, apoptosis, and
angiogenesis; (6) to use biological molecules to target and bind to cancer cells or immune cells to induce
greater effective cytostatic/cytotoxic antitumor activity; and (7) to use biological molecules to modify the
tumor microenvironment or the host immune system such as allowing effector T cells or natural killer
(NK) cells to effectively target and eradicate tumor cells. Thus, one can envisage biotherapy with immune
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modulatory properties, as well as direct cytolytic, cytostatic growth-inhibitory, or maturational effects
on tumor cells. This is, in part, the reason why cancer biotherapy provides a much broader spectrum of
antitumor action than cancer immunotherapy.
This article is an updated version of the commentary entitled, “Cancer biotherapy: more than
immunotherapy” by Oldham[2] published in Cancer Biother Radiopharm 2017;32:111-4.
Biotherapy of cancer can be effective against clinically apparent, even bulky cancer, and treatment should not
be restricted to situations where the tumor mass is imperceptible. Thus, a clinical trial designed for cancer
biotherapy can be similar to other modalities as long as one measures both the specificity and activity of
biological response affected by these approaches. Nevertheless, the specificity of biotherapy often requires
individualized testing and therapy, one important aspect of biotherapy that is different from chemotherapy.
It should be stated at this onset that the literature addressing the concepts highlighted in this paper is
immense and will not be exhaustively reviewed here. Instead, we provide a commentary on immunotherapy
vs. biotherapy of cancer from both the historical and future perspectives with an overview of the current
trends in research focusing particularly on recent cellular, vaccine and targeting strategies that have real
potential for patients.

HISTORICAL PERSPECTIVES
The use of chemical and biological compounds to modulate biological responses has been under active
investigation for more than five decades. While various chemical, bacterial extracts and viruses have been
found to modulate immune responses in experimental animals, and to a much less extent in humans, these
nonspecific immune modulators have not been highly effective as therapy for human cancers. Molecular
biologists have developed many new technologies in the isolation of genes and their subsequent transcription
and translation into protein production, yielding high levels of purity. These processes make virtually
unlimited quantities of purified biological products available for both experimental and therapeutic use. In
vitro assays of biological activity (bioassays or functional assays) were intensely developed and used to define
and quantify the activity of a given biological molecule in the 1980s, and the paradigm of cancer research
and therapy has changed substantially. These assays, such as flow cytometry, enzyme-linked immunosorbent
assays, immunoprecipitation, immunoblotting, immunohistochemistry, human leukocyte antigen (HLA)
typing, epitope prediction, tetramer assays, detection of circulating cancer cells, cytotoxicity assays, CRISPER
gene-editing[3], humanized mice and liquid biopsy have allowed the precise determination of identity, activity
and specificity of these molecules or cells as part of cancer therapeutics. Some of them also provided the
monitoring assays for the patients before, during and after treatment.
Since the early 1970s, inbred or syngeneic animals were used experimentally because it was realized that the
variability in cancer behavior could be due to the differences in major histocompatibility complex (MHC)
among out-bred animals[4]. Therapeutic manipulations using these syngeneic animals with transplantable
tumors met with challenges, since they were very different from animals with naturally occurring cancers.
Thus, the relevance of these animal models for cancer in humans was questionable. As opposed to
transplantable cancers arising from carcinogenic stimuli in a particular organ starting from one cell or a
few cells, naturally occurring cancers have been gone through a prolonged period of latency, before they are
pathologically diagnosed as malignancies. In humans, these initial tumor foci may be in a benign or dormant
state for various lengths of time ranging from 1% to 30% of human lifespan before there is a clinical evidence
of cancer. Dissemination of these cells from the primary lesion may occur anytime during the development
of the primary tumor. Subsequently, growth and metastasis may occur over periods of months to years
from the primary or secondary lesions. Although we have learned a great deal about the basic biology of
tumorigenesis and cancer pathophysiology from experimentally induced cancers, such as the importance of
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MHC molecules in cancer and transplantation[5], they have been considered highly artificial in many ways.
For instance, a high dose of carcinogen may result in cancer in a given strain of syngeneic mice in a short
time. Transplantable tumors developed in such a way have been maintained in vitro and in vivo intermittently
for years. When these tumor cells were used in transplantable models by injecting cells into young, syngeneic
animals, thereby circumventing the influences of environmental and genetic factors that are indeed operative
in human situations, results obtained from these studies have only most remote relevance to cancers in
humans. Thus, these transplantable tumors are simply not analogous to clinical cancers and the conclusions
drawn from them are less likely to be applicable to human cancers.
Early immunotherapy experiments produced a dogma that immunological manipulations could only
work when the tumor cell mass was imperceptible (< 108 cells), which presented real problems for clinical
immunotherapy, because the tumor mass at clinical diagnosis or after surgery is at least two orders of
magnitude greater than 108 cells. Despite the obvious difficulties with experimental models and translation
to humans, clinicians began large-scale immunotherapy trials in the 1970s. The results of initial, small,
uncontrolled trials were often reported as positive. However, when large, randomized, controlled studies
were conducted to confirm the efficacy of a particular immunotherapy regimen in a particular type of cancer,
some of the controlled studies were positive and but most yielded marginal or negative results. Therefore,
overall cancer immunotherapy developed a bad image among physicians, chemotherapists in particular, by
the end of the 1970s.
Looking back, there were a number of reasons that could be considered for the failure of cancer
immunotherapy to establish itself as a major treatment modality. One of the reasons was a lack of definition
for highly purified immunotherapeutic agents. For instance, any of the nonspecific approaches using complex
chemicals and poorly defined bacterial and viral extracts to stimulate the immune response of patients often
made the interpretation of results difficult. Consequently, there were problems in reproducibility of the
results generated even by members of the same research group. Thus, molecular definition of the molecules
in question, such as immune modulators, lymphokines/cytokines, tumor antigens and antibodies, became
the hot subject for many investigators to pursue. Another reason was the general lack of understanding of
the immune responses in cancer patients then, such as the rule of MHC-restriction[6], definition of T cell
receptor, and interactions among components at the region of immunological synapse[7]. Immunotherapy is
not an appropriate term for the modern use of biologic substances and BRMs in medicine. Biological control
mechanisms should be envisioned on a much broader basis than the immune system. Immunotherapy
remains a subcategory of biotherapy, but growth and differentiation (maturation) factors, cytokines,
angiogenic inhibitors, and recently identified immune checkpoint inhibitors, and synthetic derived molecular
analogues are indeed much broader than immunotherapy.
Certain specific developments over the past thirty years led to biotherapy becoming the 4th modality of
cancer treatment[8,9]. Advances in molecular biology have given scientists the greater capacity to clone
individual genes and produce large quantities of highly purified gene products as medicines. The proteins
resulting from the cloned genes have a level of purity and homogeneity on a par with drugs and can be
produced in unlimited amounts. They can be analyzed alone or in combination with other gene products as
to achieve their optimal effects in cancer biotherapy. Additionally, progress in genomic and gene mapping
science, nucleic acid sequencing and translation, protein synthesis, isolation and purification of the biological
products, as well as in mass culture of cells with the use of bioreactors has given the scientific community the
power to identify of new biological molecules, modify nucleic acids and proteins at the nucleotide or amino
acid level to manipulate, optimize their biological activity, and use clinically. The elucidation of the human
genome and the encoded products have considerably broadened the opportunities for the advancement of
cancer biotherapy. Along with tumor cell vaccines and non-specific immune stimulators such as bacillus
Calmette-Guerin, adoptive cell therapy and monoclonal antibodies (mAbs) are two popular biotherapeutic
approaches used clinically. Some of their specific components such as chimeric antigen receptor (CAR)-T
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cells, gamma delta T (gdT), and immune checkpoint inhibitors in the form of mAbs are currently still under
active investigation (see “Future perspectives” below).
Adoptive cell-based therapy

A variety of effector cells including NK[10], lymphokine-activated killer (LAK)[11,12], cytokine-induced killer
(CIK)[13], tumor-infiltrating lymphocyte (TIL)[14], dendritic cell (DC)[15] and antigenic peptide pulsedDC expanded cytotoxic tlymphocyte (CTL)[16], and gdT[17] cells have been used as part of adoptive cellbased immunotherapies for different human cancer types, with varying degrees of efficacies obtained in
the past. Most important developments in the cell-based immunotherapy in recent years include (1) the
rapid expansion methods for NK and TILs using stimulatory or feeder cells transfected with the genes of
continuous 4-1BB co-stimulatory signals[18,19]; and (2) the development of engineered T cell receptor (TCR)-T
cells[20] and CAR-T cells[21], modes of T cell adoptive cell immunotherapy with impressive clinical results that
had not been achieved previously. Apart from its ease for expansion, potent killing effect and requirement of
only one in vivo administration, another advantage of CAR-T therapy is independent of TCR recognition.
In other words, its tumor killing should be effective for patients in whom the surface HLA-class I expression
on cancer cells was deficient or lost[22,23], or whose tumors were drug-resistant[24], as long as the patient’s
tumor cells could all be detected by the CAR-T cells to be infused[24,25]. It is well known that the expression of
HLA class I in cancer cells of patients with the advanced stage or under the influence of treatment tends to
become deficient or lost totally[22,23,26], one way for tumor cells to escape from the host immune surveillance.
Of note, these modes of adoptive cell transfer are considered personalized immunotherapies, as patients’ own
immune cells are processed, expanded, and infused back to the individual patients.
Monoclonal antibodies

The discovery of hybridoma technology in the 1970s for the production mAbs was another major technical
advance[27]. The limitation of the use of polyclonal antibodies have been the inability to generate reproducible,
high-titer, specific antibodies, and to precisely define the antigenic molecules identified with such polyclonal
antibodies. The development of mAbs each with its fine specificity has largely circumvented the problems
associated with polyclonal antibodies, allowing an alternative way, other than molecular cloning, to produce
a variety of biologicals of therapeutic grade. Furthermore, processes to be able to “chimerize” or “humanize”
murine mAbs have produced therapeutic antibodies to be used in the clinical treatment of cancer and
autoimmune patients possible with low immunogenicity. mAbs are highly specific for the antigens on
the tumor cells and immune cells. In addition, these mAbs and genetic sequencing testing allow for the
individual tailoring of treatment to each patient, now known as “precision medicine”. To be specific for
cancer patients, such tailoring is called “precision oncology”.

FUTURE PERSPECTIVES
There is no doubt that we now have more powerful tools and technologies for improving cancer therapy.
Cancer biotherapy provides additional approaches which may work effectively in combination with surgery,
radiation, targeted therapy or chemotherapy. It may work effectively through mAbs in directing radioisotopes
selectively to the tumor cells and with chemotherapy, and other cytostatic and cytotoxic molecules as
immunoconjugates in directing those molecules to the tumor bed, enhancing selectivity and biological
activity. It may also work more effectively through a combination treatment of both innate and adaptive
cellular therapy as compared with single cell therapy alone[28,29]. Thus, biotherapy offers the great hope to
cancer patients for selective treatment to enhance therapeutic/toxic ratio and at the same time lessen the
problem of nonspecific toxicity, a major impediment to the development of more effective cancer treatment.
The coming decade will have many opportunities to pursue new approaches in cancer treatment. Basic
scientists and physician/scientists requiring special training and expertise will use new techniques in the
laboratory and clinic. Currently, the medical oncologist trained in the administration of chemotherapy drugs
is not well prepared to administer biological substances for cancer treatment. Biotherapy uses biological
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substances that are often active in association with the immune system. The diversity of the immune system
is best understood by clinical immunologists and cell biologists who are well suited to assist in the translation
of these approaches to the clinic. This concept was first put forwarded in 1977 by the Nobel laureate Sir Peter
Medawar[30].
“The cure for cancer is never going to be found. It is far more likely that each tumor in each patient is going
to present a unique problem for which laboratory workers and clinicians between them to work out a unique
problem.”
Cancer classification and biology have largely been embedded in the minds of pathologists and transmitted
through textbooks of medicine to medical students who become clinicians at later dates. These concepts
classify cancers categorically according to the tissue origin and biological features. Despite the laboratory
observations that phenotypic analysis and even the genotype of cancer biology confer great diversity within
cancers of same histological type, we continue to evolve new therapeutics as if all breast cancers, all lung
cancers, and all colorectal cancers are similar. However, this is fundamentally and biologically incorrect.
There has never been a technology that allowed cancer biologists to understand cancer on an individualistic
basis. Now it is possible to generate antibodies and type tumors specifically, leading to the generation of
cocktails of antibodies or immune conjugates to respond to diversity inherent in cancer biology[31]. Below are
the most recently developed innovative strategies to cancer biotherapy which are listed under the following
three subtitles, each being involved with the cells and agents mentioned in the “Historical Perspectives”
section, namely CAR-T cells and immune checkpoint inhibitors, anti-PD1 and anti-PDL1.
Immunotargeting cancer stem cells and metastasis

Metastases, often resistant to conventional therapy, are the major cause of death from cancer or the treatment
failure. In most cancer patients, metastases have already taken place at the time of diagnosis. Most recently,
the successful identification of two cellular entities, namely cancer stem cells (CSCs) and metastatic cancer
stem cells (mCSCs) with the expression of CXCR4[21,32], both constituted very small proportions of cells
within a given tumor, has stimulated a new direction for investigations as to how to eradicate or control of
these two cell types. Of note, the CXCR4-positive mCSCs with metastatic potential constitute much lower
numbers than the tumoroigenic CSCs in the given tumor[32,33]. This is because both entities are considered
the root causes of cancer (tumorigenesis), with the latter being the cause of both tumorigenic and metastatic
activities. The predominant subpopulations of cells within a tumor belong to so called non-CSCs which
are heterogeneous with more than one differentiated phenotype. These non-CSCs are believed to be more
sensitive to be killed by conventional therapies, such as radiation and chemotherapy. Expression of surface
antigens such as ALDH, CD44, EpCAM, or CD133, which distinguish CSCs from non-CSC tumor cells and
normal counterpart cells, together with CSC immunogenicity and relatively low toxicity of immunotherapies,
makes immunotargeting of CSCs/mCSCs a promising approach for cancer biotherapy[32-35]. The approaches
to target and eliminate CSCs include using NK, DCs, T cells, mAbs, and bispecific antibodiess. A case in
point, Her2- specific T cells from glioblastoma multiforme (GBM) patients were constructed by genetic
transfer of Her2-specific CAR[36]. These Her2-specific CAR-T cells showed cytotoxicity against Her2-positive
targets in vitro and secreted immunostimulatory Th1 cytokines. The Her2-specific CAR-T cells were able to
kill in vitro autologous CD133-positive GBM stem cells expressing Her2, which were found to be resistant
to current conventional therapies. Adoptive transfer of Her2-specific CAR-T cells prepared in such a way
resulted in prolonged regression of autologous orthotropic GBM xenografts[36,37]. These findings confirm the
Her2-specific CAR-T cells targeted and eradicated Her2-positive tumor cells and their putative cancer stem
cells. Furthermore, NK[38] and CIK with or without DCs[39] were found to effectively kill stem-like cancer
cells. Incidentally, synergistic targeting of breast CSCs by human gdT cells and cytotoxic CD8+ T cells in
combination has also been reported[28]. Further technical refinements along this line of investigations are
currently underway in a number of laboratories.
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We may have to design the strategies of targeting metastasis at two levels, one to prevent metastasis of
the primary tumor by targeting CSCs, and another to target the established metastasis through CSCs and
mCSCs. In addition to various cell-based immunotherapies such as CAR-T cells, much of in vitro and in
vivo studies or clinical trials in the identification of various biological agents including a number of small
molecules and botanical nutraceuticals. For example, being a potent BRM itself, withaferin-A, a withanolide
extracted from the Indian winter cherry Withania somnifera, was found to be able to selectively block certain
signaling pathways involved in the proliferation/migration/apoptosis/angiogensesis/antioxidant in the two
types of CSC entities[34,40]. In contrast, those of the non-CSC and normal cell counter parts were relatively not
affected by withaferin-A. Many botanical and many other biological and synthetic compounds are currently
being under active investigation with regard to their targeting potentials on CSCs and/or mCSCs of a variety
of tumors.
Immunotargeting the tumor microenvironment

Investigation into targeting the tumor microenvironment is also becoming one of the major cancer
biotherapeutic strategies in the recent years[41,42]. The tumor microenvironment includes infiltration of
carcinoma-associated fibroblasts such as myofibroblasts and mesenchymal stem cells, infiltration of
inflammatory cells such as T cells, macrophages, DC cells, NK cells, myeloid derived suppressor cells,
regulatory T cells, and infiltration of blood cells such as blood endothelial cells and lymphatic endothelail
cells, and non-cellular components for remodeling of extracellular matrix, etc. The recognition of the
importance of tumor microenvironment in cancer progression has indeed led to a shift from a cancercentered view of cancer development to the concept of a complex cancer microenvironment or an ecosystem.
In a tumor microenvironment, various cellular and molecular components are as influential as cancer cells
themselves for cancer progression including dissemination[41]. One feature of such a microenvironment is
that minor changes in a single component noted above may cause a reorganization of the whole system.
Consequently, the interference with any element of the tumor microenvironment provides an opportunity
to tip off the balance of the ecosystem or counteract the cancer progression. The use of an inhibitor of
checkpoint molecules, namely humanized mAb anti-CTLA-4 or anti-PD1 [43,44], or CAR-T cells [42] in
combination with chemotherapy leading to some encouraging clinical results may therefore be considered as
the successful stories of targeting the tumor microenvironment.
Neoantigen/RNA mutanome vaccines

Clearly, T cells can be generated, induced and manipulated in a similar way a mAbs for specific cellular
therapy[20,30]. Surely enough, thanks to the cutting edge technologies of prediction and identification of target
epitopes for peptide design, very impressive clinical results was recently obtained by two groups, Harvard
Medical School, Boston, USA and Biopharmaceutical New Technologies corporation/medical Center of
Gutenberg University, Mainz, Germany, using personalized neoantigen[45] and RNA mutanome[46] vaccines
respectively, for patients with melanoma. A few months after vaccination, some of these patients achieving
partial responses found to have recurrent disease were treated with anti-PD1 therapy, and encouragingly
experienced complete tumor regression[45]. The personalized vaccine therapies in both studies could induce
de novo T-cell clones that reacted with multiple individual-specific neoantigens or mutated gene products,
and recognized endogenously processed antigens, and hence autologous tumor cells. Such induced
immunogenicity could therefore have better chances of targeting a diversity of cancer clones per patient
with a high response rate, addressing tumor heterogeneity as well as minimizing the tumor escape by loss
of antigen. These two innovative studies with different preparations of vaccines again demonstrate exciting
examples of precision oncology/medicine.

IMMUNOTHERAPY IS INCLUDED IN BIOTHERAPY
Biotherapy is constituted more broadly to include all the factors described above. To take advantage of
the opportunities available through biotherapy, major structural changes are necessary in our system
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of translation of developmental therapies from a concept to the laboratory and then to the clinic. We
cannot afford to develop biological substances in a protracted, expensive, unidimensional manner of
drug development. We have a large number of biological substances, and the current system of access and
opportunity for patients, the system of funding research, our method of government regulation, and our
reimbursement system for the developmental therapies must undergo major structural changes. We are now
faced with the reality of many more opportunities for effective cancer biotherapy than the mechanisms by
which these opportunities can be tested and brought into clinical reality.
Development of new therapeutic programs have functioned under a format in which a new drug is brought
to the clinic through phase I clinical trial for toxicity followed by phase 2 for activity with the assumption
that short-term effects on cancer, i.e. response rate. It will ultimately lead, if positive, to survival benefits,
including overall survival and progression-free survival. Although this paradigm has been useful in
developing chemotherapeutic drugs, there is much to suggest that we should now broaden our concept
of developmental therapeutics to include the idea of cancer control, as cancer biotherapy becomes more
utilized. As analogue to the treatment of chronic diseases such as diabetes mellitus, it is likely that through
the use of biotherapeutic agents, we may achieve a long-term control of cancer growth and dissemination
without eradication of cancer, i.e. to live with tumor[47,48]. This is often associated with the induction of longterm memory T cells and/or tumor dormancy. The combined use of DC vaccines, inhibitors (chimeric/
humanized mAbs) of immune checkpoint molecules, such as CTLA-4, or PD1 and chemotherapy on cancer
patients, resulted in survival benefits[1,43,44].

CONCLUSIONS
The individualization/personalization of cancer treatment represents the major challenge of the next
decade[20,30,45,46]. Clearly, cancer can be characterized on an individual basis and therapy developed for
individual patients. However, bringing this individualized approach to the clinic and merging it with a
more general approach of cancer treatment is a major challenge. One strategy would be to reduce the bulk
of cancer through a more generalized approach, such as surgery, radiotherapy, chemotherapy or targeted
therapy, with application of more specific approach to eradicate or control residual cancer using some form
of biotherapy. Included are manipulation of tumor microenvironment, targeting cancer stem cells, to enhance
T cells infiltration and access to the tumor, augmentation of MHC expression for adequate presentation
of tumor peptide antigens, generated by the treatments. These strategic approaches, while conceptually
pleasing, are difficult to bring into the clinic for individual patients, because of the labor intensiveness, cost
and complicated nature of a multidimensional therapeutic program.
An additional feature is that many of the more specific approaches to cancer treatment, notably, engineered
TCR-T and CAR-T cell therapies[49,50], and most recently personalized neoantigen peptide or RNA mutanome
vaccines[45,46] are patient-specific and developed in good tissue practice (GTP) or good manufacturing
practice (GMP) laboratories that are remote from clinical trial site. These logistical issues alongside the
governmental regulatory issue are complicated and costly. With the initial success for CD19/CD20-positive
leukemia/lymphoma with CAR-T cell therapy and for melaonoma with neoantigen vaccines, biotech/
biopharma companies and university hospitals/medical centers have both put their great efforts as one
of the top priorities in attempts to bring this type of novel approach to the clinic for other hematological
malignancies as well as many other types of solid tumors[20,37,49-52].
The major advantages of most cancer biotherapy including cell-based immunotherapeutic strategies are low
or acceptable toxicity, and the ability to target defined molecules, signaling pathways, or cell subpopulations.
On the other hand, biotherapy is more effective in some type of cancers and often needs to be companied by
conventional strategies such as surgery/chemotherapy. Furthermore, good equipped laboratories including
a wet research lab and a government-certified GTP/GMP facility, and at the same time close collaborations
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between basic scientists and clinical oncologists will require for the success implementation of a cancer
biotherapy program. Despite these challenges, it is becoming a fascinating treatment mode in the fighting
cancer and its further development in the near future is anticipated.
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